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ABSTRACT

A method has been developed for studying the feasibility of
reducing annoyance due to aircraft noise by modifying the flight
trajectories over a community. Numerical optimization is used to com-
pute the optimum flight paths, based upon a parametric form that
implicitly includes some of“the problem restrictions. The other con-
straints are formulated as penalties in the cost function. Various
aircraft on multiple trajectores (landing and takeoff) can be considered.
The modular design employed allows for the substitution of alternate
models of the population distribution, aircraft noise, flight paths, and
annoyance, or for the addition of other features (e.g., fuel consump-
tion) in the cost function. A reduction in the required amount of
searching over local minima has been achieved through use of the
presence of statistical lateral dispersion in the flight paths.

Three annoyance models have been studied: Noise Impact Index
(NII), Level-Weighted Population (LWP), and Highly Annoyed Population
Number EHAPN). It is shown that NII is not suitable for comparing
different annoyance reduction strategies in any one community. Use of
either LWP or HAPN as the criterion indicates that significant reductions
in community annoyance are possible through this approach.

The equivalent aircraft noise concept has been developed, by
which the time needed for computation of the noise levels is reduced
significantly when a large variety of aircraft is under consideration.
This concept has also bee¢i shown fo have applications in the problem of

aircraft-trajectory assignments as it relates to noise reduction.
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1t is found that, generally, the population distribution does not
have a dominant influence in determining the optimum set of flight paths
when the mixture of aircraft on those paths changes; the optimum set

may have to be recumputed for a change in the flight mix,

-
LS
[}
4
1
T e
e e - TN e i -~ T« 3 ST -

T

o R Rk e




I A ok . Pk w“ Bise "“

Y SN

TABLE OF CONTENTS

A ls sr-]v‘ RI\(:’L‘ 1 * . * LS L] L] . * . ’ 1] L3 L » L] L] . L . L

LIST OF FIGURES « v v v v v v v v v v s C
LIST OF TABLES o v v v v v v v v v v v v s
LIST OF SYMBOLS . « v v v v v v et e e e ot s
CHAPTER I, INTRODUCTION . . ., .\ . . . .

CHAPTER 1. THE APPROACH TO THE SOLUTION

CHAPTER II1. THL ANNQYANCE MODELS . . . .

Afrcraft Noise Model . . . . . . .
The Population Model, . . . o
Level-weighted %pulahon (LWP) :
Noise Tmpact Index (NID . . .

Highly Annoyed Population Numbm (HI\PN) .

¥ ] * ¥ * +
* ’ . ) v *
+ .

SHAPTER IV, THE TRAJECTORY MODEL . . . . . e e vy e
Typical Tlight Paths « .« . o v . . v 0 v v v v v s
A, Landing. « . . . . o v v v v v v . .
B. Takeoff . . . . . . .
RESEMEHONS « & v v v v v e e e e e
A. Aircraft Dynamic Constraints . . v e e e e
1. TLateral constraint . . ., . . . .. e e e
« 2. TLongitudinal constraim Ve e e e e e e e
B. Passenger Ride Quality Constraints . . , . . . . . .
C. Regulatory Constraints . . . . ., .. C
D. Pilot Operating Constraints . ., ., . . . . ., , ..
E. Threshold Noise Constraint . . . . . . . v . . . ..
l:‘lig}\t; l)atl‘ MOC‘QI 1] * * L3 * * L] . * 3 ¥ . L] L] . » ] t L .
CHAPTER V. THE OPTIMIZATION SCHEME . . . . .. .,
Steepest Deseent. . . . . o . . o . G e e e e e
S'LLQ})Q%L Descent: BExample 1 . . .« . ., .. .
Newton's Method . v . « v v . « v v v o v v oo o ;
Newton's Method: Example 2 e e
Conjugate Gradient Methods . . . . . . . - G e
Gonjugate Gradient Method: L\amplo 3. G e e e
QGuasi-Newton Methods . . . ., . . . N .

it

T e e s B o A e S . e e e

33

54
56
58
59
63
63




TABLE OF CONTENTS (Continued)

Page
Davidon-Fletcher-Powell Method with Self-Scaling
and Restart. . . . . . 63
A. Requirement for Step-wise Descent Ve e e e e e e 65
B. Positive Definiteness of Sk v b e e e e e e e 66
C. Convergence of Sy to g'l. e e e e e e e Ve 68
Modified D-F-P Method: - Example 4. . . . . C e e e e 70
CHAPTER VI, THE COST FUNCTION ., .. .. ... e s 73
The Penalty Functions . . . . . « . « . v v v v v v v v v v 73
The Total Cost., . . . . . v v . v v v v v v v e e e 74
Modifying the Cost Function: Inclusion of .
Fuel and Time of Flight . . . . . . Ch b e e e e e 76
CHAPTER VII. INTEGRATION OF THE MODELS , ., . . . . . .. 78
The Flyover/Noise Simulation: Small Airports . . . . . . . . 78
Large Airports and the Equivalent Aircraft Concept . . . .. 80
Equivalent Aircraft Coefficients and the Assignment
Problem, . . . . . . . .. e e e e e P s e e e e 84
The Integrated System .................... 88
Local Minima and the Population Distribution . . . . . . . .. 90
Global Searching . . . . . . I e e e e e e 98
CHAPTER VIII. RESULTS . . . . . . . . ... .. . )
Takeoff Trajectory . . . . . . . . . v o v o oo 108
Comparison of Annoyance Models C b e e e s e s e 110
Fuel and Time of Flight Study . . . . . . . . . . . . . . .. 112
Cyclic Optimization . . . . . . . . . . . ... e e e e 117
Population Distribution and Aircraft Mix . ., . . . P A
CHAPTER IX. CONCLUSIONS AND RECOMMENDATIONS
FOR FURTHER STUDIES . . . . . . . . . . e e e e e e 129
APPENDIX ,
A SPECIAL CONSIDERATIONS FOR THE NOISE
LEVEL CALCULATIONS . . . . . . . .. e e e e 133
THE LINE SEARCH . . . . . . . . . . . o v o v v v 136
C DETERMINATION OF TANGENT POINTS AND
CENTER OF CIRCLE AT A CORNER POINT . . . . .. 140
D MANIP2 AND CYCLIC PROGRAM LISTINGS . . . . . .. 145
REFERENCES. . . . . . + « ¢ v « v v s v v v v v v v v v v w190

iv

i e e Yk A 3 7




LIST OF FIGURES

Figure

3.1 EPNL vs, Slant Range for DC-8-30,3° Approach . . . . . . 15
3.2 Population Grid at Patrick Henry Airport (Partial). . . . . 18

3.3 Impact Intensity Weighting Function . . . . .

L 21

3.4 A Simple Population Distmbutxon and the Problem

with NII L] . 1] . . * * L] . . . . .

<

4.1 ILS Landing Approach at Patrick Henry Airport . . . . . . 29

4.2 Typical Takeoff Trajectory (Ground Track) .

4.3a Horizontal Flight Path Angle. . . . . . . .
4.3b Vertical Flight Path Angle. . . . . . . . .

30
' 2N B S I D D B ] 34
34

4.4a Ground Track, Linear Seament Representation. . . . . . . 39
4.4b Profile, Linear Segment Representation . . . . . . . . . . 39
4.5 Variable Endpoint . . . . . . . . . .. e e e e e e 41

4,6 Corner Points That Specify an Impossible Trajectory. . . . 43
4,7 Relations Needed to Specify Feasible Flight Paths . . . . . 43

4.8a Sampling the Distances Between Two Paths

4.8b Two Crossing Trajectories With Y, 2 d

min
4.9 The Final Heading Constraints. . . . . . .
5.1 Steepest Descent Example , . . . . . . . .
5.2 Newton's Method Example . . .*. . . . . .
5.3 Conjugate Gradients Example . . . . . . .
5.4 Modified D-F+«P Example . . . . . . . . ..
7.1  Equivalent Aircraft Noise Data Fit. . . . .

v

T - . s
. - A‘hwka;.v.ﬁ.“Mn.M\_..‘-ﬁthu.-&‘nmwm}m!ﬂmn"mm

[} L] * . * . . . 45 ;
C e e e e 45

..... ... 55 |
59
e 64
e 7
R )

S T, L R e e R g



7.2
7.3
7.4
7.5

7.6a

7.6b
7.6¢
7.7a

7.7h
7.8
8.1a

8.1b

8.2
8.3a
8.3b

8.3c

8.4a
-8.4b
8.4c

LIST OF FIGURES (Continued)

Plot of €y oq V&' Equivalent Number of Aircraft .

Plot of Logy,

Several Docal Minima. . . . . . . . . .

Uniform Discrete Population Distribution and
Straight Flight Paths . , . . . o

NII' vs, Trajectory Direction , .
NII' vs, Trajectory Direction

Lateral Dispersion in the Nominal Flight Paths at
Lambert-St. Louis International Airport . .

Starting Points for Track #7

cz,eq
System Flowchart . . . , .

Vs, LoglON

[} L}

13 » * L} .

uuuuu

a/c

13

[3 »

. » ) .

Local Minima in a Fictitious Population Distribution.

Phoenix (Sky Harbor International Awpom)

Population Distribution

* ’ ¢ [3 .

’ .

St. Louis (Lambert-St. Louis International Airport)
Population Distribution ‘.

Single Takeoff Trajectory - Nominal and Optimum , . . .
Nominal Trajectories at Phoenix SKky Harbor Airport

Optimum (NIT) Trajectomes at Phoenix Sky Harbor

Airport . . . .

Optimum (LWP or HAPN) Trajectories at Phoenix
Sky Harbor Airport . . .

nnnnnn

-----

L N )

[ .

* LY 0

aaaaa

*

NII vs, Fuel and Time of Flight Cost (CF,TOF) R

Optimum Trajectories, w[f‘,TOF =

Optimum Trajectories, WE TOF
t

T o e
i Y

< i

.

vi

(3 * . [ € .

Page

85
87
89
91

93
94
96

106

107
109
111

113

114
116
118
118




LIST OF FIGURES (Continued)
8.4 Optimum Trajectories, Wp qpp =1.0 + oo v o v L. 119
8.4e Optimum Trajectories, We TOF = 10.0.........,,. 19
1000 . ... ...... 120

8.4f Optimum Trajectories, Wp rOF
8.5 St. Louis’ Nominal Trajectory Set . . . . . . . ... ... 121
8.5b St, Louis Optimuin Trajectory Set . . ., . . . . . . .+ . . 122

[

I

| 8.6 Fictitious Population Distribution - The Effect

| of Different Aircraft Mixes . . . . . . . . . .. .. co.o 124
|
’a

8.7a Optimum (NII) Landing Trajectories at Phoenix
Sky HaI‘bOI‘ Ail’port (DC'lO miX) D S Y R P T ) 126

8.7b Optimum (LWP) Landing Trajectories at Phoenix
| Sky Harbor Airport (DC-10 miX) . . . . . . +v . v « « 4 127
| B.1 Line Search by Cubic Fit . . . . . . . . .. .. ... .. 139

C.1 The Tangent Points . . . . + « v v v v v v v v v v v v . 142

vii




LIST OF TABLES
Table Page
3.1 LA vs, Slant Range for Some Commercial Aircraft . . . . . 16

3.2 Comparison of NII vs LWP (Simple Population
Distribution . . . . . . e e e e e e s e e e s 25

8.1 Comparison of Annoyance Measures (for Phoenix
Sky Harbor) . . oo v v v v v v v v v . C e e e e 115

"-"iii




R . e

o

A(X)

o ™ e

-

e e s 8

+*

LIST OF SYMBOLS

Arbitrary vector
Annoyance function

Linear coefficient (n-vector) in quadratic cost
function; arbitrary vector

Constant term in quadratic cost function

Aircraft noise level coefficients; constants in
the aircraft dynamic constraints

Equivalent aircraft noise level coefficient,
Constants in the aircraft dynamic constraints
Aircraft stability coefficients

Decibel

Davidon-Fletcher-Powell (optimization algorithm)
Search direction in the k-th iteration

Unit vector along d,

Energy of radiated sound; error in the approximate
solution X,

Reference sound energy

Effective Perceived Noise decibel
Effective Perceived Noise Level
Cost function

Cost function including penalties
Cost of fuel and time of flight
Hessian of the cost (n X n matrix)
Acceleration due to gravity

Gradient of the cost function (n-vector); m-vector
of constraints

ix

e e

-




LIST OF SYMBOLS (Continued)

m-vector of constraints
Highly Annoyed Population Number
Sound intensity

. Initial Approach Fix

Sound‘ intensity reference level

Integrated Perceived Noise Level

Constants in the cubic fit line search
Length along a flight path

Le‘ngths‘ of adjacent trajectory segments
Length of a rectangular population grid cell
Total trajectory length

Level-Weighted Population

Mass of an aircraft; number of constraints
Direction modifying matrix (n x n)

Number of unknown parametérs; number of corner
point coordinates; number of population grid cells

Number of noise level samples per day
Equivalent number of aircraft

Total number of flights per day

Noise Impact Index

Modified Noise Impact Index
Population distribution function
Penalty function

Population in grid cell i

s )
-y e g e Al o b s e e

a . e
I T e



LIST OF SYMBCLS (Continued)

PNL . Perceived Noise Level
Prrotal Total pu, lation included in annoyance calculation
dx n-vector used in modified D-F~-P method
9 | , . Dynamic pressure
| Q Quadr;tic weighting matrix (n x n)
: r Distance (range) from an aircraft to any point
E R Radius of curvature of a flight path's ground
; track
‘ S Wwing reference area
, s Approximation of the inverse Hessian, an (n x n)
- matrix
; Vi Magnitude of total aircraft velocity
v Magnitude of average total aircraft velocity
WCLdn) Impact intensity weighting function
| wl",'I‘OF Fuel and time of flight weight
WHAP Weighting function used in HAPN
Wi Day-night weighting factor
E ’ X n-vector of unknown parameters
x* Optimum value of x
X Corner point, x~coordinate
r' X Final trajectory point, x-coordinate
L Xg Initial trajectory point, x-coordinate
Xy Tangent point on trajectory, x-coordinate
N4 Distance between trajectories along an arbitrary
direction
xi
—— A . -




R 2 Al

O nax

6r1,6r2,5r3
)
%4isp

t

*

LIST OF SYMBOLS (Continued)

Corner point, y=-coordinate
Final trajectory point, y-coordinate

Initial trajectory point, y-coordinate

_Tangent point on trajectory, y-coordinate

Corne;‘ point, z-coordinate

Average altitude during a turn

Final trajectory point, z-coordinate
Initial trajectory point, z-coordinate
Tangenfé point on trajectory, z-coordinate
Search parameter in k~-th iteration
Optimum value of oy

Flight path angle

Climb angle

Descent angle

Scaling factor in modified D~F-P method
Final opening angle

Maximum aileron deflection

Maximum rudder defiection

Constants depending upon control surface
deflection limits *

Angle of straight-line trajectory with respect to

fictitious population distribution x-axis

Angle of dispersion with respect to mean flight

path

m-vector of penalty weights

xii




- = i e

=

LIST OF SYMBOLS (Continued)

Standard deviation in the lateral dispersion of
flight paths

Standard deviation in the vertical dispersion of
flight paths

Maximum roll angle

m-vec.tor of penalty or barrier functions
Yaw angle

Maximum allowed yaw rate

m-vector of penalty or barrier weights

1*




CHAPTER 1
INTRODUCTION

The question to be considered is this: Is it possible to achieve a
substantiai reduction in community annoyance due to aircraft noise

thcough the use of. trajectory modifications? While not a complete

remedy for the problem of aircraft noise, such modifications will be .

shown to aid significantly in its solution. What is particularly appealing
about this technique of noise control is that its cost is relatively low
compared with other methods._ This study has produced a‘system that
may be used to analyze the noise effect of aircraft operations on a
given population and to minimize that effect (the community annoyance)

to the extent possible via modifications in the flight paths.

Historical Background

The problem of severe aircraft noise began in the 1950's with the
advent of the commercial jet airliners. Complaints and litigation pro-
ceedings followed soon thereafter, with the result that numerous studies
were begun. As the use of jet transportation became more extensive,
so did the awareness of the effects of its noise upon the environment
and people living near airport terminals. Today the aircraft noise issue
is perceived by the airiine industry a% one of its most important prob-
lems.

Analyzing the noise effects of aircraft operations is not a wholly
objective matter; the physical measurements of sound levels are only

part of the analysis, Numerous physical measures of scund noise levels
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have been defined, e.g. La, r“dn'i Some of these attempt to include %
the frequency response of the human ear, while others try to indicate
the degree of perceived annoyance. Ref. [1) is a useful compendium of

these measures and rating schemes,

Less easy to quantify, and open to many interpretations, are the
subjective psychological and.sociological effects of the noise, collectively

referred to as "noise annoyance." Several attempts have been made to

relate the physical measurement to the noise annoyance. Alexander [2]
| examined some of the relationship models used Viﬂ studies of the aircraft
| noise problem, Tarnopolsky [3] has studied the mental health effects

from extended exposure to aircraft noise. While Borsky [4] showed
: that a linear relationship exists between the percentage of people
’ "highly annoyed" and the noise exposure level (Ldn) in the range 55 to

80 dB, ‘Kryter [5, p.444] indicates that the relationship is nonlinear

(power law) in terms of the maximum EPNL.2 More recent studies by
von Gierke [6] and Goldstein [7] have used a single quantity to repre- 1
r sent the average degree of noise annoyance to a community, This
measure, the Noise Impact Index (NII) has the properties of intensivity i

' (includes the intensity of the annoyance) and extensivity (includes the

| 1 Both of these are logarithmic measures of sound power intensity. L
» is the A-weighted sound level, with the weighting based upon th&
frequency response of the human ear, L, is the average day-night
sound level, based upon the average powe{“"hensity (A-weighted) dur-
ing a 24-hour period. Nighttime sound levels are weighted more
heavily in the average. Chapter III elaborales on these measures.

2 The Effective Perceived Noise Level (EPNL) is a measure of the
sound power density averaged over a short period of time (8 seconds),
with spectral weighting. See Appendix A. é




extent of the annoyance, f.e, the numbers of people affected). The
Noise Impact Index is defined as the weighted sum of all the people
affected, divided by the total affected population. Schultz [8] has
shown that the proper weighting to be used for the NII is a nonlinear
function of the noise exposure level (in Ldn).

Methods for reducing -the annoyance due to aircraft operations

generally lie in one of three categories: 1) noise source modifications,

2) land use control, and 3) aircraft operational control. Noise source
modification is more readily used in the design stage of future aircraft
than it is in existing ones, where "retrofitting" the engine nacelles with
sound absorption material is cquile costly. For example, the estimated
$202,000, while the cost of replacing the engines' front fans with
quieter ones is $1,000,000 {9]. Land use control involves areas exper-
iencing the most noise annoyance near an airport, Such land areas may
be purchased by the airport, or perhaps zoned as industrial areas,
thus reducing the numbers of people affected. This remedy is not
suitable for metropolitan areas where land for housing is in short sup-
ply.

The third method for reducing noise annoyance, aircraft opera-
tional control, requires a method of predicting noise levels that will be
experienced as a result of whatever operational changes are made.
Considerable effort has been made in this regard. Padula and Liu [10)
examined a mathematical model which treated an aircraft as a moving
prolate spheroid that scattered acoustic waves from a trailing point
source. Barkhana and Cook {11] presented a model for determining the

region on the ground that would experience noise above 70 EPNdB.
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Dunn and Peart [12] studied five basic aircraft types: turbojet, turbo-
fan, turboprop, V/STOL, and the helicopter, developing models of both
the noise sources and the noise levels contours. These have been
incorporated into coripuit~ programs for noise level estimation by
Crowley et al. [13]. 'The statistical lateral dispersion of flight paths

about the nominally specified trajectories has been analyzed by Filotas

[14], who finds that this has a significant effect on noise levels on the

ground fairly near to the mean flight paths. The most sophisticated
model devised for predicting sound levels is t:he FAA Integrated Noise
Model. A variety of noise ratings may be estimated based upon actual
atmospheric conditions and the mixture of aircraft landing and taking-
off at a particular site.

The more common methods used to reduce aircraft noise effects
through operational controls are the procedures of two-segment
approach and thrust cut-back on takeoff. Zalovcik [15] empirically
determined that a combination of the two -- a 6 degree slide slope
(angle of .the flight path with respect to the ground) followed by the
standard 3 degree slope, and an associated thrust reduction -- could
yield a decrease in sound pressure levels (SPL) of up to 14 dB. Glick
et al., [16], simulating aircraft operations near the San Jose Municipal
Airport, studied similar operational modifications, including alternate
routes for approaches and landings; however, no systematic method for
varying the flight paths was employed.

Jacob [17] presented an analytic solution to the problem of mini-
mizing the average effective perceived noise level for landing aircraft

confined to a vertical plane. Barkhana et al. [18] showed the
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feasibility of computing trajectories in three dimensions, with noise
impact as part of the performance measure being minimized. Their
method, a ‘combination of dynamic simulation and the use of steepest
descents to determine the aircraft control inputs, required large
amounts of computer time. A somewhat different method, parameter

optimization, had been shown by Rader and Hull [19] to be relevent to

the computation of optimum aircraft trajectories. They employed a

gradient 'method to find the angle-of-attack history for supersonic
aircraft that results in the minimum time-to-climb trajectory at full
power. A fifth-order Tschebycheff polynomial series was used to
approximate the angle-of-attack history, with the polynomial coefficients
as the parameters to be determined by the optimization scheme.

Jacobson et al, [20] developed a system for determining optimum
aircraft landing trajectories (via parametric optimization) with respect to
the NII, for Boeing 707 and 727 aircraft. In the work reported here,
the system has been expanded to include both takeoff and landing
paths, and a variety of commercial aircraft.

Using this system, the current study has been directed to certain
essential problems of noise impact reduction through the use of opera-
tional controls. First is the matter of which has the dominant influence
in determining the noise impact on a community: the particular assign-
ment of aircraft to the various trajectories, or the population distribu-
tion. This has an important bearing on the work of the air traffic
controllers, who must make the flight path assignments; récomputing
the optimum trajectories for a c}j\ange in the aircraft mixture is, at

present, a lengthy process.
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Also examined has been the problem of aircraft takeoff. Because
they are less severely constrained, trajectories used in taking off are
more easily .modified to reduce the noise impact than are landing trajec-
tories. The endpoint of a takeoff path is not restricted to be a specific
point. in space, and the rate of climb is allowed to vary more than the
rate of descent ih the landing case.

Another problem inherent to trajectory modications is that of
restricting the fuel consumed and/or the time of flight., Although
reduced noise effects are desired, it would noth be acceptable to achieve
them at great expense in terms of fuel or time. A study has been
conducted on the effects of including the fuel and time of flight in the
performance measure.

Previous work [21] relied on NII as the measure of noise annoy-
ance to a community. While NII acts as a good indication of annoyance
per person in comparing communities of different sizes, it does not
reliably measure the change in annoyance for modified trajectories in
any one community. This has prompted the examination of alternate
measures and their effects on the optimum trajectories thus computed.

The parameter optimization approach works well for airports of
modest size, where the number of trajectories and hence, the number of
parameters needed to specify them, is small. For larger airports, the
number of parameters required can result in memory requirements that
exceed the capabilities of the computer being used. An alternative
scheme has been devised for determining the solution in this situation.
In addition, the concept of "equivalent aircraft type" has been devel-

oped, in which the noise characteristics of all the aircraft on a given




trajectory are lumped together into a single "equivalent aircraft." This
transformation has yielded a considerable reduction in the time required
to calculate the noise levels experienced by the populace, and as a
byproduct, some insight into the sensitivity of these levels to changes

in th» numbers of aircraft on the flight paths.

Lastly, the’penalty function method of including the various con-
straints in the problem formulation has been examined to determine the
correct weighting for the penalties.

Chapter Il is an outline of the problem solution method. Following
it are detailed descriptions in Chapters III to VII of the models devel-
oped and employed in the optimization software. Chapter VIII contains

the results, and Chapter IX, the conclusions and recommendations.
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CHAPTER II
THE APPROACH TO THE SQLUTION

To examine the feasibility of reducing noise impact on a community
using operational changes in aircraft flight paths, several major compo-
nents of the system ,must be considered. These include: specifying
aircraft trajectories, incorpo;.*ating passenger, pilot, aircraft, and regu- ,
latory restrictjons,, and searching for "best" paths that reduce the
noise impact. In this chapter, each of these areas is addressed in
order to show the rationale behind the approach developed for solving
the problem.

Although specific mathematical models and functions have been
employed in the development, it is not claimed that they are the sole
choices., The modularity of the approach allows for perhaps more
accurate replacements to be made in any of the areas subsequently
discussed.

Any attempt to reduce noise in a community requires some quanti-
tative evéfuation (i.e. model) of the effects of the noise, From the
model may be extracted a measure, a numerical function, that quantifies
the noise effect.! Many such models (and measures) have been estab-
lished, emphasizing different noise eff?ects. For example, the Speech
Interference Level (SIL) attémpts to quantify the interference of noise

with speech communication, while the Percent Hearing Loss (PHL)

! 1t is preferred that the measure be a scalar quantity, a single value,
for purposes of ranking different solutions to a particular noise
problem. A unique method of ranking different collections of values
does not exist.
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measure is intended to predict that physiological effect for a given
range of average noise levels. For the model of overall annoyance of a
community because of noise, there are two major considerations: the
intensity of the sound levels present and the ext¢nt of those levels in
terms of the numbers of people exposed to them. “Among the measures

that attempt to indicate both. the intensity and extersity of the noise is

the Noise Impact Index (NII), which has been the principal ixezsure

used in this study. |

The model of annoyance upon which NII is based “'treats extensity
and intensity in the following ways: For annoyance £)1tensity, it is
assumed the psychological response to noise depends upon the average
noise levels experienced. Nighttime leveis are weighted more heavily
than are daytime levels. The intensity of annoyance is represented by
a nonlinear weighting function of the average sound level. For annoy-
ance extensity, the NII model attempts to indicate the annoyance of the
entire community exposed, by including the number of people exposed
at different levels, Intensity and extensity are combined in the NII by
summing the number of people exposed to a given noise level, multiplied
by the intensity weighting of that level. This sum is then normalized
by the total population exposed to annoying levels, giving an indication
of the average annoyance per person ir the community.

Once the annoyance measure has been chosen, a practical way to
evaluate it must be devised. In the use of NII, this entails the use of
two mathematical models: a noise level model and a population distribu-
tion model. Under ideal conditions, it may be assumed with reasonable

accuracy that the noise levels from aircraft far away (several hundred
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meters) depend only upon the distance from the aircraft.? Since the
details of that dependence (and the flight paths) are known for all the
alrcraft opérating in the area, it is possible to compute the average
noise level at any point on the ground. The spatial distribution of
people around an airport may be approximated by dividing the region
into a number of smaller areas (cells). United States Census Data can
then be used to obtain the number of people in each cell. For given
sets of trajectories and the associated aircraft on them, the average
sound level in each cell can be calculated. It is then a straightforward
matter to calculate the NII for those given conditions.

With a practical implementation of the annoyance measure estab-
lished, it is then feasible to begin the search for trajectories that
result in the minimum possible value of the measure. Traditionally,
aircraft trajectory modification has been performed using the calculus of
variations or dynamic programming to solve the equations of motion of
the aircraft, subject to certain constraint and minimize some criterion
referred to as the cost function. Typically the cost function has a
physical significance, such as the total fuel consumed by the aircraft
flying these trajectories, While this method of dynamic simulation works
well for aircraft confined to a vertical plane (see for example Erz-
berger [22]), the complexity of the equations in three dimensions
results in a large increase in the amount of time needed for computa-

tion.

2 This also assumes given puwer and control settings on the aircraft.
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An alternative technique has been applied here. Each trajectory is
modelled as a specific functional in parametric form. The optimization
process then consists of searching for the set of parameters that speci-
fies the optimum set of trajectories, i.e., the set that results in the
minimum value of the cost function. In this transformed version of the

problem, the nimber of variables to be determined, and hence, the

computation time, is smaller than in the original form, but the presence ’

of various restrictions on the trajectories now creates some difficulty.
Whereas these restrictions may be readily handled in the simulation
technique and in fact are often automatically built into the problem
formulation, they must be explicitly included when employing the
parameter optimization scheme.

Two classes of optimization methods exist for solving this type of
problem. The first, referred to as primal methods, searches for the
set of parameters that will result in the optimum solution, but the
search is conducted over only those sets of parameters that specify
acceptable~solutions, i.e., no restriction is violated. The second class,
approximating methods, searches over any sets of parameters without
restriction, Inclusion of the problem constraints is accomplished by
adding terms (penalty or barrier functions) to the cost function. The
penalty functions are such that the cbst function increases when con-
straints are violated; if no viclation occurs, then no penalties are
added. The unrestricted optimization will then, ideally, avoid
restricted sets of parameters in its search for the lowest vaiue of the
cost function., For reasons given in Chapter V, an approximating

method was chosen for this work. The unconstrained optimization

o A e o T P R
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method used was the one of Davidon, Fletcher, and Powell, modified by
Luenberger [23] to improve its performance in a variety of problems.

As for the formulation of the cost function, clearly the minimization
of annoyance is the true objective, given that the presence of the
penalties is a necessity; however, other concerns may be included,
weighted in proportion to their importance. For example, this work
contains a study of the effects upon the solution if the total fuel con-
sumed and time of flight are included. |

A suitable parametric form for mathematically describing the tra-
jectories is one that requires a small number of parameters, but that
still has sufficient flexibility to satisfy all of the constraints. A good
choice for such a trajectory model is a set of linear segments joined by
smooth arcs. The types of flight paths that result from this model are
similar to those currently flown by commercial airliners. This is
desirable from the perspective of the pilots, who must not be burdened
with overly complicated flight paths. A trajectory is completely speci-
fied once -the coordinate of the intersections of its linear segments are
determined. This is the result of the optimization process.

Included in the constraints are: the dynamic capabilities of the
aircraft, considerations of passenger comfort, maintenance of safe
separation distances between two trajectories, avoidance of frequent
high noise level flights over any one area, and a limit to the number of
maneuvers required of the pilots. If some constraints place different
requirements upon some property of the trajectory set, then the most

restrictive of the constraints prevails.
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In the following chapters, the models and measures used in the
solution method are treated in detail. Chapter III develops the annoy-
ance model and considers alternative to NII. Chapter IV derives the

trajectory model. The optimization method is described in Chapter V.

Finally in this development, the cost function, including the formulation

of the constraint' penalties, is discussed in Chapter VI,

B TPy Y TP




CHAPTER III
THE ANNOYANCE MODELS

As discussed in the previous chapter, a desirable community noise
annoyance model includes both the intensity and extensity of the annoy-

ance and has assoclated with it a scalar measure that quantifies the

annoyance, Three measures are examined in the following sections: .

Noise Impact Index (NII), Level-Weighted Population (LWP), and Highly
Annoyed Population Number (HAPN). First, however, models of air-
craft noise level and population distribution, which are required by the

annoyance models, are developed.

Aircraft Noise Model

For most types of aircraft, the sound level or intensity (pouwer per
unit area) in dB units may be expressed as a function of the distance r
from the plane;

A ¢y - czloglor (3~1)

where ¢4 “and C, arc constants for a given type of aircraft operating
with given power and contiol settings,

The human ear converts sound energy into nerve impulses with
some filtering of certain frequency ranges, In order to account for
this, a measure of sound level that includes an approximation of the
ear's frequency response has been devised (see Ref. {1]). Known as

the A-weighted level, LA indicates the "instantaneously" perceived?

! Actually, the time required to perceive a change in sound level is
about 0.5 sec. See Kryter {5, p.3].

N




14

sound level. There are, however, other measures that incorporate the
duration of the noise or the presence of high amplitude pure tones in
predicting the judged sound level, Of particular interest here is a
scale known as Effective Perceived Noise Level (EPNL), whose units are
EPNdB. In developing the noise model for this work, data from the
Federal Aviation'Administration's Integrated Noise Model (see Ref. [24])

has been employed. These relate the noise level in EPNdB to the

distance trom a particular type of aircraft. Figure 3.1 shows an
example of the data for a DC-8-30 jet approaching for landing on a 3°
glide slope. The solid line is the least squares fit of the data. It has
the relation
= 155.74 - 28.32-1og10r. (3-2)
Similar fits were obtained for other types of aircraft to be studied.
The results are shown in Table 3.1,

All three of the annoyance indicators to be examined use La for
calculating the annoyance intensity. The approximate conversion is

L, ~ EPNL - 13dB. (3-3)

A
This relation is derived in Appendix A, along with the procedure for

calculation noise levels when multiple sources are present.

The Population Model .

In order to assess the extensity of noise annoyance, a model of
the population distribution is required. Some annoyance measures are
cast in terms of population distribution as a function of noise level;
however, for computational purposes, it is better to start with the

spatial distribution of people. This is compatible with the noise model
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Table 3,1

Lp vs. Slant Range for Some Commercial A?\.ircra\ft'r

Lp = C; = €y » logmr, r = slant range (meters)

3¢ Glide slope appraches

¥

-

A/C Name ¢y Cy
DC-8-30 155.74 20.32
DC-9 w/SAM 142.28 24.65
DC-10-10 146.22 28.80
707 w/SAM 135.11 23.60
720 140.88 21.95
727-200 139.47 22,66
727 w/SAM 124.28 18.74
737-100/200 154.74 29,52
737 w/SAM 147.31 26.96
747-200 139.89 24.78
L-1011 136.94 24.49
A~-300 166.47 37.20
BAC-111 150.72 27.06
VC-10 142.65 22.95
CV-990 157.34 27.16
SST 136.22 15.96

16

TData obtained from Ref. [24] and reduced by least square-error fits.
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already developed (the two are appropriately combined later in this
chapter) and has the advantage of being independently calculable (i.e.
no noise calculations are required).

As described in Chapter II, the distribution is approximated by
determining the number of people inside each cell of a grid that over-

lays a map of ‘the community, The grid should contain a sufficient

number of cells to insure good resolution of the distribution, but not so

many cells that large numbers of calculations occur in the annoyance
measure evaluation. A scheme that satisfies both of these conditions is
one in which the size of the cells grows with distance from the airport.
The small cells near the airport provide better resolution in a region
where the noise levels are changing more rapidly over the ground.

As an example, Figure 3.2 shows the grid used for the Patrick
Henry Airport at Hampton, Virginia. (Some of the grid lines in the
center are not shown, so that the runways will be visible.) Here, the
cells adjacent to the runways are 400 meters on a side. The length of
a cell side grows both horizontally and vertically, according to the
relation

Ly = 1321 (3-4)

where 1, is the length of cell k in either direction. Covering a square
region 32,000 meters on a side, the grid contains 576 cells, approxi-
mately 11 times fewer than if all the cells were 400 meters on a side.

Alternative grid schemes also may be used. Some examples are:
concentric rings divided into sectors by radial lines (with the ring radii
either constant, or growing with distance), and square cells of constant

dimensions (if the number required is acceptable).
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Population Grid at Patrick Henry Airport (Partial)
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Once the grid scheme is chosen, the number of people in each grid
cell may be determined using United States Census Data in a computer
program called SITE II [25]. It requires as input a reference point in
latitude and longitude, and coordinates with respect to the reference
that specify the boundaries of each cell. The population in each cell is
output, along with a variety-of demographic information. Although only
the population data have been used in this study, the other data could
be useful in an annoyance measure that includes sé)cial and economic
information. |

In each grid call, it is presumed that the population is concen-
trated at the geometric centroid of the cell. This is done to simplify
the noise level calculations, i.e., all the peopie will receive the noise
level present at the centroid. Chang {26, p.29] has shown that this is
a good approximation in that the aircraft trajectories determined using
this method are not significantly different from those calculated using

more exact methods.

Leve]rWeig-fmted Population (LWP)

This indicator of community annoyance, devised by the National
Academy of Sciences Committee on Hearing, Bioacoustics and Biomech-
anics [27] assumes that the intensity of annoyance due to noise varies
with the noise level. The relation between annoyance and noise level is

characterized by the intensity weighting function W(Ldn), where Ldn is




the average day-night noise level. Ldn is defined as?

N L, /10
b wtlo Ayt
t=1
Ly, = 10 X logyq N ; (3-5)

w, = { 1 for noise between 7 A.M. and 10 P.M.
t "+! 10 for noise between 10 P.M, and 7 A.M.,

N = Number of noise level samples taken in 24 hours,

Lp = t-th sample of the noise level, A-weighted.

A plot of W(Ldn) is shown in Figure 3.3. The analytic expression
for it is: |

0.103 L
3,96 x 107841 dn

0.03L

0

(3-6)

an) = 4. 0.08L

0.2+10 dn + 1.43 x 10" '+10 dn

This function is based upon a collection of social surveys of annoyance
caused by various types of noise {8]. Although this synthesis respre-
sents possibly the best available data for annoyance prediction, its
mathematical model has the property of being unbounded. This is
acceptable, though, if there is a bound to the largest value of Ldn
likely to be encountered.

Level-Weighted Population is defined by
and P(Lg,) d(@g) (3-7)

where p(Eﬂn) is the number of people receiving noise between Ldn and

WP = [ W(L

Ldn + d(Ldn). The integration is performed over the range of Ldn

considered to be annoying. By convention, the lower limit is 55 dB;

2 Lin relies upon the concept of energy addition, which is developed in
Appendix A.
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SOUND LEVEL WEIGHTING FUNCTION
FOR OVERALL IMPACT ANALYSIS
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the upper limit is the highest level present. Evaluation of this integral

is facilitated by approximating it as a descrete sum

n .

1

where i is the index of a population group, P(Ldn)i is the number of
people in group"i, r‘dn is the noise level they receive and W(L,.); is
the intensity weighting for that L, .

Noise Impact Index (NII)

s This measure, also developed by the National Academy of Sciences,
is defined as

Lwp , (3-9)
(Ldn)d(Ldn)

where the symbols and limits of integration are the same as in Equation

z : NII = Tp

(3-7). Again, a discrete sum is usually used to approximate the integ-

ral: |

r J p(Ldn)d(Ldn) ~ Z P(Ldn)i %
- = total population exposed to annoying noise levels. i

| The purpose of the denominator is to normalize LWP, making NII an 1

indicator of the average annoyance per person in the community. Such

an indicator is quite useful when comparing noise problems in communi-

‘_; ties with widely different populations: (LWP is not a good choice for

use in such comparisons because it tends to grow with population size.)
There is, however, a serious problem with NII regarding its use in
comparing different strategies for noise reduction in any one éommunity.
As an example of the problem, consider a simple population distribution

of just two clusters of people, as shown in Figure 3,4. The people




Dttt o

23

TIN M uRIqoId 93 pue uonnqiusiq uoneindog siduis v p-g aunbiy

ateas
s1939m 00y 0

= =

0008="4a

KB

SoandS K e

AR T R T




i
:

24

receive noise from aircraft flying on one of the tracks (ground projec-
tions) shown. Table 3.2 gives the results for each of the tracks.

Tracks'z, 3, and 4 all have lower LWP than Track 1, but the NII
values rank differently. Track 2 has the lowest NII value and Track
4, with the lowest LWP value, has the highest NII. The problem occurs
because both LWP and the denominator in Equation (3-9) both change,

but by different factors, Clearly, the use of Track 4, where 2,000 '

people receive an Ldn of 67dB is superior (in terms of total community
annoyance) to the use of Track 3, where 8,000 people receive an Lan
of 64dB. The LWP measure indicates this intuitive choice, while the NII
shows the opposite. In Chapter VIII, it will be demonstrated that a

similar situation occurs for a real population distribution.

Highly Annoyed Population Number (HAPN)

Perhaps a more tangible indicator of community annoyance would be
desirable. An example of such an indicator is HAPN, which attempts to
measure the total number of people who are highly annoyed.

The :nodel of annoyance intensity used by HAP differs from that of
LWP and NII in two ways: the sound level scale used is maximum
dB(A), and the intensity weighting function is:?3

6.5885 x 1072 . (Lxmax)5'957603

W 2

= { - (3‘16)
AP * ¢ 5885 x 1071 > 75.3 dB(A)

* I‘Ama:-c

3 This weighting was obtained by a least square-error fit of data in
Kryter [5, p.444].
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where

L = {maximum A-level received, 7 A.M. to 10 P.M.
Amax maximum A-level received + 10dB, 10 P.M. to 7 A.M.

Wyap 18 interpreted as the fraction of people receiving the noise who

will be highly annoyed. i
The definition is

] »

n
: -~ . L L . ’ ]
| HARN = 2 (Wyap(T max,day)s " Pi * Yiunp(ha, max,night)s B}

where the day-night notation is as indicated in Equation (3-5), Py is
the i-th population group, n is the number of groups, and Prrotal is
the total population being considered. Note that daytime and nighttime
levels are treated separately, so that it is possible for some population

groups to be included twice. Dividing by the total population does not

I g v T

present the same problem here as does the denominator of Equation

r (3-5), since P'I‘otal is a constant for a given community.
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CHAPTER 1V
THE TRAJECTORY MODEL

Having established in Chapter II that each trajectory should be
determined by specifying the unknowns in a general parametric expres-
slon, the next matter is to choose that expression, using a form that is
compatible with the restricti:ms involved in the problem. In developing
a suitable expression, or model, it is helpful first to examine the sorts
of flight paths that are currently used in the region near an airport
terminal (within 30,000 meters, where the noise levels are significant).
Next, all of the restrictions that pertain directly to the trajectories
must be inspected and cast in mathematical terms, Finally, a choice of
the parametric form of the flight paths may be made, and the restric-

tions restated In terms specific to that form,

Typical Flight Paths
A. Landing

4n general, an airport will have several runways and be
receiving flights from a number of directions. For reasons of safety
and organization (from the aspect of air traffic controllers), the number
of pathy available into the runways is limited by requiring that each
aircraft first fly to a reporting point (also referred to as an arrival fix
or an entry point). From there it proceeds to its assigned runway,
with the requirement that as it passes over a point called the inner
marker, its heading must be toward the runway and remain so until

touchdown. The direction of all traffic, taking off and landing, on a

27
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L)

given runway is fixed at any given time, determined chiefly by the
wind velocity in the area, Figure 4.1 is a reproduction of an approach
"plate" used by pilots with instrument landing systems (ILS) in the
aircraft. The projection of the trajectory onto the ground is referred
to as the "ground track." This particular plate, for Patrick Henry

International Airport at Hampton, Virginia, indicates two initial ap-

proach fixes (IAF's), Swing and Franklin, for use with the major run-

way. The entry points and inner markers conveniently serve as end-
points? for the landing trajectories that are to i)e computed.
B. Takeoff

Takeoff paths are considerably less restricted than are land-
ing paths. An aircraft taking off may execute a turn before crossing
over the inner marker. It may then proceed along a path that is not
required to pass through a reporting point (or "exit fix"). Figure 4.2
shows a typical takeoff path (ground track) for Lambert-St. Louis
International Airport.

.Except for their different endpoint conditions, landing and
takeoff ground tracks are seen to be rather similar; each consists of a
combination of straight segments and smooth turns. As for the vertical
projection of each type of path (called the "profile"), landing aircraft
usually do not descend with a glide slope of more than three degrees,

while those taking off may climb at angles as great as fifteen degrees.

1 A fixed entry point is not required for aircraft with more sophisti-
cated navigation equipment, such as VOR/DME (VHF Omni-Range/
Distance Measuring Equipment). The flight path model should there-
fore allow for moveable entry points.
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Restrictions

The restrictions that pertain directly to the feasibility of the
trajectories‘ can be grouped into four categories: aircraft dynamics,
passenger comfort, statutory regulations, and piloting considerations.
A fifth constraint, concerning the maximum allowable number of high-
level noise events for a given population grid cell, has been included in
this work.

A. Aircraft Dynamic Constraints

The aircraft dynamic constraints limit a trajectory to one

which given types of aircraft are capable of flying. The restrictions
may be stated in terms of fixed properties of the aircraft and maximum
allowable control surface deflections. In the event of several restric-
tions on any one quantity, the most severe will prevail. The following
expressions, developed from linear equations of aircraft motion [28],
are divided into lateral (parallel to the locally flat ground) and longi-

tudinal (in a vertical plane) constraints.

1. Lateral Constraint

h Wmax s (cl + C2C3) min((Srl, 5”2» 51’3) (4-1)
where
6[‘ ; (bmax
1 - et CyCs .
5"2 N 6"max
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The right-hand side of Eqn. (4-1) will be a constant for a given
type of aircraft, and the left side may be written in terms of the func-
tion that sﬁecifies the trajectory. In Figure 4.3a, the ground track is
described in Cartesian coordinates as y = f(x). With respect to the
arbitrary x-axis, the slope of the flight path is dy/dx, with corres-
ponding angle ' -

¥ = tan-ldy/dx (4-2)
however the quantity of interest is the rate at which that angle is

changing (also the yaw rate of the aircraft):

= -4 a1 = Olean~1 d¥ydx -
¥ = oF tan  dy/dx = go(tan 39T (4-3)

But dx/dt is the x-component of the aircraft's velocity (with respect to

the ground-fixed coordinate system):

1

dx _ w -
V ===V cox ¥ = V( ) (4-4)
X dt [1+ (dy/d0)?2)® "
where V is the average, total velocity, so that
. 2 24§ T
~ y = — (d%y/dx2)V =V (4-5)

[1 + (dy/dx)21%%  R(x)

where R(X) is the radius of curvature. The constraint (4-1) may now

be written
213/2 -
[+ (QY/dx) ] = R(x) > v * (4-6)
d2%y/dx? (c1 + c2c3)min(6r1,5r2,6r3)
2. Longitudinal Constraint
Vg  SYSY BT

max max
where y is the angle of the flight path with respect to the horizontal,

and Ydm and y, are the maximum allowable angles of descent and
ax max
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climb, respectively. Referring to Figure (4-3b), it is seen that, in
cartesian coordinates

tan y = g-;- (4-8)

so that Eqn. (4-7) may be rewritten
tan y; £ 9% Stany, . (4-9)

B. Passenger Ride Quality Constraints
The passenger comfort, or ride quality, constraints limit the
operation of an aircraft to those maneuvers {found statistically to be
acceptable to the passengers: An expression of these limitations (see
Ref. [30]) for an aircraft executing a coordinated turn® with climb or
descent is

0.0665¢, | +0.07|p [ +0.008[6 | -0.118[8 |<cC, (4-10)

max ‘ ‘max

C = {0.76 for 90% passenger satisfaction
1.76 for 80% passenger satisfaction,

where ¢ .. = maximum roll angle (degrees)
Prhax = maximum roll rate (degree/sec)
Ynax ° maximum pitch angle (degrees)
Ymax = maximum flight path angle (degrees).

For a coordinated turn and considering only the roll angle

part of Eqn. (4-10), the constraint may be written

2

xlCi

sind - -
S 8costp ng (4-11)

3 A coordinated turn is one in which no sideslip occurs, i.e. the
component of gravitational force along a wing provides the centripetal
force necessary to maintain the particular turning radius being used.
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or, using derivatives of the trajectory function: i

[1 + (dy/dx)?)%/ V2 (4-12)
. _ L ]
d?y/dx2 ~C,8

0.19 for 90% passenger satisfaction

where  C, = {0.50 for 80% passenger satisfaction

v = average total velocity
g "= acceleration due to gravity
o = roll angle.

C. Regulatory Constraints
Regulations affecting allowable flight paths may pertain either €
to safety, governmental security, or noise annoyance. Safety restric- |
tions involve single trajectories (e.g. avoidance of low altitude obsta-
cles) and multiple paths (e.g. maintenance of safe separating dis-
tances); military installations often prohibit general and commercial
aviation flights from passing too closely for security reasons; and there
may be certain areas (e.g. schools and hospitals) which are particularly
sensitive to noise from nearby aircraft,
“I'wo safety restrictions that apply to every airport have been
included in this study, They are:
1. A safe distance should be maintained between any two
trajectories as far as is possible. Because several
trajectories may share a single runway, the region in
which this restriction applies often excludes an area
within several miles of the airport. The minimum allowed

separating distance used in this work was 800 meters.
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2. No landing aircraft should be required to execute a turn
of more than 45 degrees, as it crosses the inner marker,
in order to come into alignment with the runway. This
is referred to here as the final heading requirement,

Restrictions that are related to special areas to be avoided,

for security or ‘anno'yance reasons, are particular to the given airport
community being considered. Although not included in this study,
these constraints could be formulated and contained in the problem as
described in Chapter VI. |
D. Pilot Operating Constraints
It is possible that the optimum trajectories computed would
require more maneuvering of an aircraft than a pilot can or is willing to
perform, especially in the near terminal area, where his attention is
required on a number of matters. The constraints then, are to limit
the number and complexity of the turning maneuvers on the flight
paths.
E. Threshold Noise Constraint
A difficulty with all three of the annoyance measures dis-
cussed in Chapter III (and other ratings) is that an "improvement," as
determined by these measures, can be made by exchanging a large
number of people exposed to medium noise levels for a small group
exposed to extremely high levels. To avoid this possibility, a con-

straint is imposed that prohibits any area® (grid cell) from receiving

4 For some cells near an airport, the high levels may be unavoidable
due to runway locations. These cells must be excluded from the
restriction.
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maximum noise levels (L ) during a flyover, at or above a "thres-

hold" level, more than Njax times per day. The threshold level and
value of Nm‘ax chosen should be as small as possible, without overly re-

stricting the possible trajectories.

Flight Path Model

In selecting an appropriate parametric form for specifying a tra-

jectory, it is necessary to weigh the benefits of a large number of
parameters --more degrees of freedom and hence, more flexibility --
against the attendant increase in computation needed to determine the
values of those parameters., Chang [26], for example, reported that
using only five terms in a Fourier series representation of aircraft
landing trajectories (the unknown parameters were the Fourier coef-
ficients) led to overly complicated flight paths, while increasing the
number of terms would have resulted in unacceptable computational
requirements without necessarily simplifying the paths.

The model chosen for a flight path in this work avoids that prob-
lem by di‘;"e'\:tly relating the maximum number of turning maneuvers to
the number of parameters to be determined. Each trajectory is repre-
sented by a chain of linear segments joined by helical arcs (circular in
the ground plane, linear in the profil.e). Figures 4.4a and 4.4b show
an example of a path with three segments. The two intersections of the
lincar segments in Figure 4.4a are called "corner points;" the cartesian
coordinate of these points, along with those of the other trajectories,

make up the set of parameters to be determined. In the ground plane,

a circular arc with minimum radius (determined by the dynamic and

. N A : :
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Figure 4.4a Ground Track, Linear Segment Representation
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Figure 4.4b Profile, Linear Segment Representation
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passenger comfort constraints) is inscribed in the angle between any
two linear segments. The arc, tangent to both segments, describes the
ground track of the path flown during a turn at that corner. Between
tangent points, as shown in Figure 4.4b, the profile of the path is
& approximated by a linear segment. The resulting turn, in three di-
i; mensions, is a helical arc. - Since each corner point (requiring three
i coordinates) may have at most one turn, the cemplexity of the flight
path is limited in a natural way by the allowed flexibility, i.e. the
number of corner points used.
Also treated in an implicit way are the endpoint restrictions.
Since only the corner points' coordinates are variables, the endpoints of
a trajectory may be placed in the appropriate (constant) positions
without need of an explicit restriction to.hold them constant. For
exampie, in Figure 4.4a, a landing path begins "at the entry point
(arrival fix) and ends at the mner marker ‘after which the aircraft
’ flies straight to the runway. I‘o:..:ukeofis (md jandinqs not requlred
| to report to the entry point), the q:dpoxntf-gway fmm the runway may
be made variable as shown in Figure 4.5. ‘Here, a pseudo-segment has
been added so that the true endpoint becomes a variable corner point.
“7p  The pseudo-segment must be long. enough-{p prcvant a .\dohuon n[ the
I : = dynamic and passenger comfort constrainfd (subse mcusm)_*
and no noise calculations should involVE" this wttlouaahqmeﬂﬁ“ ,‘ ,
Explicit statements of the ranqlningva'comus;ntsfml;.e requtrod ior -t

e o el Sk 2 S

o T this particular trajectory model. %e*lateral dynamic restriction,

! .ﬂ-w-rw«m«.u h;..".-»-..__,'

t (4-6) and passenger comfort conWﬁ gp} (4.‘}2‘;"0.. f 2 3,

-

ties involving the radius of curvaﬁrnfot ﬁe’ % “"
R B YRR v 'nr rﬁﬂ‘p\ ¢
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, v 1, (4-13)
g (Cl+6203)min(6r1,6r26r3)

72
R > max { X
2

where R is the radius of curvature of any point on the ground track.
For the linear segments of a path, R » «; for the turns at the corner
point, R is just the radius of the circular arc used to describe a turn

in the ground tiack. Generally, the passenger comfort term (first on

the right in Eqn. (4-13)) is the larger, so that a constant value of R '

(R,....) that satisfies Eqn. (4-13) may be employed for all turns once

min
the maximum value of V is known for a trajectory.

Incorporation of the longitudinal dynamic constraint is equally
straightforward. Eqn. (4-9) involves only the vertical slope (the slope
of the profile with respect to the ground plane), a quantity that is
reaiiily calculated once the coordinates of the tangent points are known
(see Figures 4.4a,b). Appendix C gives a derivation of the formulae
used to obtain these coordinates,

Because of the form of the flight path model used here, some
additional ~restrictions on the feasibility of any trajectory must be in-
cluded. As shown in Figure 4.6, it is possible to specify corner points
that result in nonsensical trajectories for a given value of R i
Figure 4.7 indicates the pertinent quantities to use in the restrictions.
The first restriction prevents a path’ from becoming disconnected be-
tween any two corner points by requiring that

min min

(4-14)

tan%

BT e TR
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Second, for the outermost segment in the chain, an explicit requirement
that the circular arc have a tangent point on the segment® must be

stated, i‘e.:

Rmin
s S 4 |

o =1
tm12

(4-15)

Maintaining'a safe distance between any two trajectories may be
accomplished by sampling the distance between their ground tracks at a
number of locations, as shown in Figure 4.8a. This test makes two
assumptions: that the profiles of the two paths are sufficiently similar

to allow these sampled distances in the ground plane to be good approx-

imations of the actual distances, and that enough samples can be taken
to obtain an accurate representation of spacing between the two paths,
The first assumption is not an object of concern because it leads, at
most, to an underestimation of the spacing. As for the number of
samples needed, it has been found in this work that as few as ten
measurements will suffice; however, as shown in Figure 4.8b, the
successive’ values ;;i must be tested not only for minimum magnitude,
but also for a change in sign, indicating a crossing of the paths. The

two constraints are then:

v i = g b=
Yi 2 dmin’ r=1, 8 (4-16)
Yi¥in >0, i=1, s-1 (4=17)

where s is the number of samples. As stated previously, when two or

more flight paths share the same runway, or use runways whose ends

SThe assumption of tangency is necessary for determining the
expression for the arc, as developed in Appendix C. On the other
segments, Eqn. (4-14) or (418), (4-19) assure this condition.
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Figure 4.8a Sampling the Distances Between Two Paths

Runway

Figure 4.8b Two Crossing Trajectories with v 2 d
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are close together, the separation constraint, Eqn. (4-16), should not
be applied near these runways where the close spacing between trajec-
torles is unavoidable. Further, at larger airports with sophisticated
navigational and air traffic control systems, both the separation and
crossover restrictions, Eqns. (4-16) and (4-17) may not be required.

The final ﬁeadif\g constraint is modelled by requiring that the
angle 6, and length ]1' shown in Figure 4.9, satisfy the following:

5 > 135°, (4-18)
1 )
1, ¢ 3l (4-19)

Together, these guarantee that a landing aircraft will have a path
aligned with the runway before reaching it, and that any final turn will
be no greater than 45°,

Finally, the threshold noise constraint (which is independent of
the trajectory model) requires an analytic form. In each grid cell to
which the constraint applies, the maximum A-level (LA,max) exper-

ienced during each aircraft flyover may not exceed a threshold level

(I‘A '1‘hresh) more than Nmax times per day. This may be expressed as
et §

Ne , |

iiN* + wax(0, LA,maxi B I'A,Tln:esh] jed £0 (4-20)
where N¥= index of the f{irst flyover after N .. flights with L

A, max;
2 L,A,Thresh 1

Ng = number of flights during a 24 hour period,

j = index for the grid cells to be included in this constraint,
i.e., a set denoted J.
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CHAPTER V
THE OPTIMIZATION SCHEME

In Chapter II, the notion of representing each aircraft trajectory
in parametric form was introduced, the idea being to reduce the amount

of computation required for determining the optimum set of flight paths.

This chapter develops the numerical algorithm that will be used to .

determing the optimum parameter values, In fact, several algorithms
are described in the development, giving a good representation of
available methods that are compatible with the solution approach adopted
in this work.

All of the optimization methods to be discussed require a criterion,
referred to here as the cost function, by which to judge the improve-
ment being made in a system. The cost function must depend, perhaps
implicitly, only upon the parameters needed to describe the system (in
this case, those that specify the trajectories). As formulated in Chap-
ter VI, the cost will be a function (explicitly) of the noise annoyance,
the so]utic;n restrictions (constraints), and if desired, other attributes
of the system. All of these components, however, depend upon the
trajectories, which in turn, are functions of the parameters.

Most optimization algorithms are jterative descent methods. They
approximate the solution to a problem usually in several steps, with
each successive step making use of previous approximations. This
search progresses in such a way that the value of the cost function at

each iteration is lower the previous value; the search is then said to be

48
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x

descending.! All of the optimization methods suitable for this work
involve derivatives of the cost function with respect to the unknown
parameters. Because the cost function includes the annoyance model,
which lacks a tractable analytic expression, derivatives of the cost are
best determined numerically, This strongly influences the choice of
which class of optimization methods to employ.

Of the two suitable for use in this work, primal and approximating
methods, the former relies more upon extremely accurate derivative
calculations. These methods search over only those parameter combina-
tions not prohibited by the restrictions. Although primal algorithms
offer the advantage of "suboptimal" solutions at each iteration? (reduced
cost and all constraints satisfied), the necessity of large numbers of
calculations to compute the derivatives accurately outbalances the at-
tractive features.

The approximating methods begin with a problem in the form

minimize f£(x)
xek" : (5-1)

subject to: h (x) < ¢
where X is an n- vector whose components are the parameters to be
determined f(x) is the cost function, h(x) is an m-vector-valued func-

tion that includes all the constraints, ¢ is a constant m-vector, and E"

1 It is always possible to cast an optimization problem in a form that
seeks a minimum value of the cost.

2 If for some reason the iterative process must stop before reaching the
optimal solution, these sub-optimal solutions offer at least an improve-
ment over the initial condition.

e e
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is Buclidean n-space. With the appropriate transformation, the problem

becomes unconstrained:?

minimize E(x) = £(x) + w tb(x) (5-2)
;_c_sE“
where w is a m-vector of constants, called the weighting or controlling
parameter, and ¢(Xx) is an ‘m-vector-valued function that depends upon
the problem constraints.

Two forms are popular for use in constructing ¢(x): barriers and
penalties. Barrier functions‘are not useful in the work for two rea-
sons. First is their requirement that the initial point in the search be
a feasible point (satisfy all the constraints). Determining a feasible
starting point can be quite difficult for cases with many trajectories
having several segments. More important though, is a fundamental
defficiency of barrier methods. Theoretically, the term ng(g) would
create a 'barrier" in the n-dimensional surface defined by the modified
cost function in Eqn. (5-2). Presumably, the solution point Xy
(obtainedﬁin the k-th iteration) would not move near the barrier, in-
curring a high cost, in the next iteration. This, however, is not the
case if large changes in x are allowed; it is possible for the solution to
"jump" the barrier, giving an X4l that has a lower cost, but that is

infeasible. Without explicitly checking the solution at each iteration,

this condition would go "undetected" by the optimization algorithm,

3 Formally, the problem is constrained by the requirement xsEn, but
computationally, the solution is unrestricted in real n-space.

LG .- o~ - N &\lh
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Fortunately, the penalty methods are somewhat more robust in this
respect, Although they also permit infeasible solutions to pass for
feasible ones, the condition is detectable and automatically corrected by

the standard procedure for implementing the penalty methods,

A popular form for the penalty function is (see Ref, [23])

. 2 -
’ 'Ry = fmax(0, (h; (x)-e)]) (5-3)
| with the weighting parameters chosen as
‘ E’.'l = [“1: Pzp veey pm]p My .>. 0. (5-4)
The problem is then expressed as (c.f. Eqn. (4-2)):
} . m

minimize f£(x) + ‘Z piPi(g). (5-5)

xeED 1=1
, To remove totally the approximation in the constraints, introduced

by the penalties, the problem must be solved a number of times, with i‘

increasing values of the by A sequence {g’}, with d: 1 > Wy is used to

determine a sequence of solutions {_‘j}. While some of the _.j may

' violate constraints, it may be shown (see Luenberger {23, pp. 278-
280]) thaf any limit point* of the sequence {;_(_j} associated with the
sequence {gj} is a solution to the original problem, Eqn. (5-1).

As a practical matter, though, it is necessary only to use a value
of p that results (at worst) in acceptably small violations of the con-
: straints. Some experimentation with the particular problem being solved

may be required to determine the components of y that will give accept-

able results. Too large values tend to slow the convergence to the

1 If these exists a subset K of the positive integers such that the sub-
sequence {ﬁk}ksl{ converges to X, then x is a limit point of {§k}.
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solution, while small values may result in constraint violations that are
excessive (by whatever approximation standards apply).

With the contrained problem formulated as an unconstrained one, a
suitable optimization method must be selected, The following sections
develop several traditional algorithms, leading to the technique chosen
for this study. * -

As with most nonlinear problems, the task of finding the minimum
of a nonlinear function f(X) lacks a general, closed-form solution,
Iterative technique, however, can be used to make successive approxi-
mations of the solution, until the calculated value is judged to be rea-
sonably close to the actual one,

Once a starting point is chosen, new points are generated by a
recursion of the form

K1 = B ¥ o gy (5-6)
where dy is the "direction" vector and a is a scalar that determines

how far to move along the direction d) in order to reach X, ... The

values of o and g_k vary in the methods subsequently discussed.

Steepest Descent

Perilaps the most "short-sighted" of its type, this method often
gives satisfactory resuits, but more important, it serves as a foundation
for the more sophisticated algorithms.

Given a function f(x) and a point Xg the task is to find a good
direction (in n-space) in which to search for a new point Xy, such that
f(_}gl) < f()_(_o). The first approach is conveniently provided by a prop-

erty of the gradient operator
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Y= g;i- [él]r (a row vector), (5-7)
namely that g(x) = QTf(_x_') is a vector that points in the direction in
which £(Xx) is increasing most rapidly. Since the problem Is to find the
minimum value of £(x), the direction in which to search s along -g(x).

Chis will result'in the most rapid decrease of f(x) for thal iteration.

(Later methods sacrifice this immediate improvement for other advant-

ages.)

As stated carlier, it is not practical to obtain an analytic expres-
sion for g(Xx) in the problem under consideration. An approximate
numerical form

£(xpy %y ooy X+ A%, 400, X ) - £(x) 1., (5-8)
Let®)]; ~ | .;1Ax Ly i

i=1,n
has been employed. In the limit ax » 0, Eqn. (5-8) yields the exact
gradient; small values of Ax should therefore be used to obtain accurate
approximations.
The method of steepest descent is stated as the following algo-

rithm:

Steepest Descent Algorithm

Step 0: Choose an initial point Xy, set k=0,
Step 1: Compute d} = -g; (x})
Step 2: Minimize (with respect to ak>0)

fxy + o dy)

e g 5 P e Y, g -
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Iterative values of x,  up to k=4 are shown as circles, connected
by line segments to indicate the progression. This example demon-
strates a major problem of steepest descent, namely, its slow conver-
gence properties, Its initial step to X Is directly "downhill," causing
a large decrease In the value of f(x); however, once in the shallow
regfon, it oscillates fneffectually, making slow progress. The curvature
along the valley prevents -g(x), the search direction, from pointing
directly to the solution, A more rigorous explanation of the conver-
gence properties of this algorithm may be found in Luenberger (23, pp.
148-155],

Newton's Method

A more sophisticated approach to the general problem of minimizing
a function f is to approximate that function with a quadratic form in the
region of the solution:

£(x) ~c = b'x + % xQx. (5-10)

This approximate function has a minimum at
- 57"« - 9'1}}, (5-11)
provided that Q is a positive definite symmetric matrix,® Taylor's
Theorem® may be used to expand f(x) about X. keeping only up to
gquadratic terms:
E(x) = £0x) + ZECe) (xmx,) + BGemx)" Flx) (%), (5-12)
where E(X,) the Hesslan of f, is the nxn matrix of second-partial

derivatives of f(x), evaluated at x,,

5 In R", a matrix Q, is positive definite if g(_Tg:-_g > 0 for all x70.

6 See Pierre [32].
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92£(x)
. F(x) =[5;;5;;] . (5-13)

Comparing terms of (5-12) with (5-11) gives a minimum? at
, -1
(xx) = -[Fae)1™! _£(x)T, (5-14)
from which follows the recursion
. _ -1 }
Xppp = X - [E(Gx)] f(xk) (5-15)
The algorithm for Newton's method is then:

Newton's Methyod

Step 0: Choose an initial point x,, set k = 0.

0
{ Step 1: Compute E(Ek)’ [_}:(xk)]_1
Step 2: Set X1 = X " [E(ﬂk)]-ls(ik)-
Set k=k+1
Go to Step 1.
As before", this procedure continues until a stopping criterion is met.
No line search is required, but computing, inverting, and storing
the inverse Hessian requires more computing resource than does the
steepest descent algorithm. Newton's method does, however, converge
rapidly when Xy is near the solution x*. This depends somewhat upon
how nearly: quadratic f(x) is: a scaling factor ) and a line search
may be included for cases where the quadratic approximation is not

sufficient. The recursion then becomes

Xpeq = % - GG e, (5-16)

? The requirement that Q (and F) be positive definite is based upon
the necessary and sufficient conditions for x* to be a minimum point.
(See Luenberger [23, pp. 110-114]).

P e
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and a line search to minimize f(ﬁk + ak[g(ggk)]-lg_(ﬁk)) must be added

to Step 2 of the algorithm,

Newton's Method: Example 2

Figure 5.2 shows the results of applying Newton's method to the

same problem as'in Example-1. The pure form of the method, without

the search parameter o), Was used with excellent results, The seem-

ingly odd behavior exhibited in iteration 1 demonstrates how this
method, in sacrificing the initial rapid progress of steepest descent,

converges swiftly on the solution after only five iterations,

Conjugate Gradient Methods

Of the descent techniques examined thus far, one converges quite
slowly when near the solution, and the other, quite rapidly, but at the
expense of large increases in computation, A good compromise is pro-
vided by the conjugate gradient methods. These are developed quali-
tatively here; theoretical treatments may be found in Ref. [23] and
(321,

Conjugate gradient techniques are a subset of the more general
conjugate direction method. As the name implies, gradient information
is used in computing the search directions; it is the special conjugacy
of these directions that distinguishes the methods. The quadratic
problem considercd previously serves to illustrate the notions involved.

A quadratic function

BGo) = 4'0x - D'x (5-17)

e
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has a minimum at

X% = 9‘12 (5-18)

if Q is pos:itive definite. This solution may be expanded, using any
linearly independent set of vectors {d } -O' as
n-1

Xt = I ad (5-19)
- i=0

If the g_i are Q-orthogonal (or Q@-conjugate), i.e. Q?Qdi =0 for‘

i # j, then the following results®:

-1 n-1
Q@b = 2a.d, , (5-20)
i=0
-1 n-1
Qb = I a.Qd , (5~21)
- . 11
i=0
T -1 n~-1
490" = I a.d, Qd , (5-22)
i=0
T T
d.b = a.d.Qd. 5-23
o Jﬂgﬂ’ ( )
d.b
L (Xj = ""1‘-1-— . (5’2&)
d.Qd.
”JQ"J
The solution, in terms of the conjugate directions, is then
n-1 _d_'fh
R R (5-25)
1i=0 d.,Qd,
12

8 Proof that the Q-conjugate set {gi} are linearly independent:
Assume that the _qi are not linearly independent. Then there exist

n-1

oy # 0 such that X o:ldl 0. Multiplying by gl_j@ yields (for each i)
i=0

0,d,Qd; = 0. Since Q is positive definite, d,Qd, > 0 and o, = 0,

contradicting the assumption.
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All that remains is to specify the d, in terms of Q and b, the known
quantities in the problem.
What the conjugate gradient algorithm does is to compute the gi

iteratively, using linear combinations of the gradients in all previous

iterations.
,  'Conjugate Gradient Algorithm

Step 0: Set k =0, x, = Xy, dy = =gy = b - Qx,.

T
-8 4
Step 1: Compute a = Tk k (5-26)
4,94,
| K T X Oy (5-27)
T
B+
Step 2: B =tk (5-28)
3
| 4. Q95
r_ - . i
| drr = Bray * Bidy (5-29)

Step 3: Set k = k+1 and go to Step 1.
These iterative calculations are exact for a purely quadratic problem
and the sg}ution, Eqn. (5-25) is obtained in n steps. B
In general, the function being minimized is not quadratic. Near a ;
' minimum point, the Taylor expansion is gaw

£(x) = £(x¥) + Z£(x%) (x-x*%) + %(5-35"")]'2(5_*)(;5-5*) + 0(1x-x*13).
(5-31)

A necessary condition for x*¥ to be an unconstrained minimum point is
that Zf(x¥) = 0. The fouth term becomes negligible as x + x*, leaving
i only the quadratic term in x. This leads to the following extension of

the conjugate gradient algorithm in which Q is replaced by F.

=
P e e e .
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g General Conjugate Gradient Algorithm :
L — :
? Step 0: Set k =0, dy = -g; = O £(x;) (5-31) :
T \,
, "B
8 Step 1: Compute &) = rp=————— (5-32)
: d E(x, )dy
2 X =x, + a.d (5-33)
=k+1 =k k~k
Step 2: Compute g, _ SZ?f(xk+1) (5-34)
If k # mn-1 (m an integer),
T
B+ E(x)d
compute B, = ~5;l‘ kk (5-35)
.qu.(l‘.k)gk
set diy1 = “Bkay * Pydy (5-36)
k = ktl 1
Else,
Set dy .y = “Biyq (5-37) ;
k = k+1 }
Go to Step 1. |

In Step 2, the "else" branch is called a spacer (or restart) step.
It-is inserted to aid in the convergence to the solution by reinitiating
the conjugate direction calculations every n steps. i

A disadvantage of the above algorithm is its requirement of calcu- ‘
lating F(x). Even if storage of the nxn matric is not an obstacle,
numerical accuracy (along with that of g(x)) is still a concern. Errors
may grow during the iterative construction of the dy to the point that
even the spacer step cannot "recover" the search and no progress is

made.

- i
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Step 2: Set gk = -§kgk. (5-40)
Step 3: Minimize 13(5k + ukgk) with respect to o > 0 (5-41)
Set X, = X t o dy (5-42)
Ry = O dy (5-43)
G = Bge1 "~ Bk (5-44)

(Note: o, must be selected so that Bﬁgk >0)

Step 4: If k # mn (m an integer), set

T T T
_ Sk . Bidk | BiPg
Ske1 = U8~ 7 ] * e (5-45)
5 Skl Pk
Set k = k+1.
Go to Step 2,
Else,
Go to Step 1.

A. Requirement for step-wise descent
The above algorithm, along with steepest descent and New-
ton's method, belongs to a class of methods that use the recursion

oM (5-46)

= Xer1 T X T Ytk
to compute the minimum of f(x), where a > 0, and My is an nXxn
matrix that modifies the direction -g;, . For steepest descent, M, V1,
for Newton's Method, My = [F__(§k)]'1, and for this method, M, =
Sy = [g(gk)]‘l (a point which remains to be proved). A desirable

property of such iterative methods is that each step produces a lower

value of f(xX). The requirement on M, that insures this is now derived.

Using Taylor's theorem to expand f()i)x=x about Xy gives:

= ktl

E(Xpqp) = £00) + ZE(x ) (rpyq = %) + 0(1xy - x,1%), (5-47)
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into which Eqn. (56-46) may be inserted to yield:

E(x,,)) = £(x) - agM g + 0(1012), (5-48)
For small a, the trailing term becomes negligible compared to the second
term on the right. If f("-{»k*l) is to be less than _f(g_(_k) for small oy > 0,
then

: © BMBy > O (5-49)
This can be insured for all gy # 0 by requiring the M; be positive
definite. (Clearly, for steepest descent this is the case, but for New-
ton's method, Mk = [E(;_(_k)]-l is not guaranteed to be positive definite
except near a minimum.)
B. Positive Definiteness of §;

Given the algorithm for generating the Sy it will be shown

that the positive definiteness of §,,, follows from that of §, . For x &

T ‘ (x50 | &'pQ?
82 T WESE - Ve T T (5-50)
A2k Bk
where -
ll’
= Pl
b S
S
B 1 .
Substituting a = S¢p,, b = 8% gives
" @)@ - @b (x'p)?
X8 X = vy [ — T ]+ —5 (5-51)
b’b NS
By definition, q = g),, - g}, so that
T T T
Rk = BpBr+1 = BBy - (5-52)
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Since X+l is the minimum of f(x) along Py = “kg-k" then
af VECh )y OyRyiRy
5a(x, t ad) = - = =0 (5-53)
' d d d. d
~k—k —k=k
Therefore Eqn. (5-52) yields
T T
oot _ Bk T "RiBg (5-54)
By definition, p, = &) d, = -ap §,4g,, so that
T N T
Ridy = Yk (Si8y) 8y = 48 Sysy (5-55)
Eqn, (5-51) may now be written
T yei.T T \2 T 2
T (a’a)(b’b) - (a'b) (x'p,)
X §k+1§, = Yk [ T ‘ ]+ T (5-56)
b™b a,g S, 8
- = k2k~k=k
a

By the Cauchy=-Schwarz inequality,® the first term on the right of Eqn.
(5-56) is positive semi-definite, as is the second term, by virtue of the
definition of inner product. To demonstrate that both terms cannot
vanish simultaneously, assume that a = £b, for which case the first

term vanishes. Then x = £q; and

p.'f(.;a = énﬁg‘k = &dks',fﬁksk #0 (5-57)

since 8 is positive definite. Therefore, gc_TnS_kﬂg >0 for all x # 0.

Since the algorithm starts with Sy = L, all of the Sy will be positive
definite. Q.E.D.

An extremely useful piece of' information in this proof regards

the determination of a,. The magnitude of p}g, in Eqn. (5-55) is not

paramount; only its sign affects the definiteness of —S~k'rl' For this

9 Cauchy-Schwarz Inequality.
@2m™ 2 @2
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reason, the algorithm requires that the line search in Step 3 be accur=
ate enough only to give g'f(gk > 0. (When applied to nonquadratic
problems, 'the requirement that o, minimizes f(x) along x, + o, dg
becomes more stringent), |
C. Convergence of S to ,1_-:'1
For the rr{odified‘Davidon—Fletcher-Powell method, it may be
shown that if f(x) Is quadratic (F constant and positive definite), then
R}:ggj =0, 0<¢i<j<k (5-58)
and
SeqER; =y 0 <1<k (5-59)
from which the convergence of the algorithm in a finite number of steps
will be proved, along with the fact that § = F*,
A Taylor expansion of g(x) = “Tf(gg) gives
g(x) =~ glx) + L(x-x,). (5-60)
Using Eqn. (5-42) - (5-44) in the above yields
G = Bgey ~ B = EXyyp - B = Epy (5-61)
From (5-45)
Sr1 Ry = Sy = By (5-62)
The proof of (5-58) and (5-59) is by induction: They are
true for k = 0 by virtue of (5-61) and (5~62). Assuming that they are

true for iteration k-1, it will be shown that they are true for iteration

Using (5-61), gy may be constructed from previous itera-

By = Byap T ERyuy t oo tRpy) (5-63)

e iy A . L
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From (5-53) and (5-58)
nggk = g}‘giﬂ =0, 0<i<k. (5~64)
Transposing (5-62) and substituting into (5-64) yields
piES,g, =0, i<k (5-65)
From the definition of Py, the above may be rewritten
‘. pEp =0, i<k, (5-66)
proving (5-58) for .k.
Still assuming that (5-61) is true for k-1,
S Ep; =pg; s 0%4<Kk, (5-67)
which combined with (5-62) gives
i SierER; =By 0 0<i Sk QED.

Since the py are F-orthogonal, they are linearly independent
(see footnote 8)., If the matrix P whose columns are the Py is con-
structed
© BERgl Byl el Bpeyl o (5-68)
then (5-59) yields
- S FRP=P ., (5-69)

E=PP =1 (5-70)

and

(5-71)
Finally, this method is seen to be a conjugate direction meth-

od, by virtue of the F-conjugacy of the py. For the quadratic case

used in the preceeding analyses, it will converge in n steps or less.

The presence of the scaling factor Yi alters the eigenvalues in Sp = g‘l

at each iteration such that they span a small range. This leads to a
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better rate of convergence than was generally obtained in the original
method, For a development of this feature, see Ref, {23]. A pure
steepest descent step every n steps insures that the conjugate direction
process will be initiated in the vicinity of the minimum, where its con-

vergence is fastest.

»

Modified D-F-P Method: Example 4

Returning to the problem (5-9) used in the previous examples, the
last algorithm is employed with excellent results, Figure 5.4 shows that
after five iterations, the approximate solution is comparable to that of

the conjugate gradient method in Example 3.

The last algorithm was chosen for use in this study for
several reasons, First, it has convergence properties superior to those
of steepest descent. Second, it requires only first order derivative
information, which may be generated practically. Finally, the search
directions employed are guaranteed to decrease the cost function at
each iter:iiion, an assurance that the conjugate direction methods lack
for nonquadratic problems.

Until now, the problem of nonconvex (or multimodal) cost
functions has not been considered, The preceeding search methods all
refer to finding "a minimum" of the co;t, but in nonconvex cases, there
is more than one minimum, The lowest valued of these so-called rela-
tive or local minima is referred to as the absolute or global. minimum,
There is no way to guarantee that any of the standard iterative tech-

niques will converge to the global minimum of a nonconvex function.
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For simple functions, different starting points may be used to find all
of the local minima and hence, the global one. In Chapter VII, it will
be seen that the cost function employed in this work has far too many
local minima for this technique to be practical. A scheme for examining

ranges of the variables will be shown to be applicable.

»
-
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CHAPTER VI
THE COST FUNCTION

With analytic expressions for the noise annoyance (Chapter III)
and the system constraints (Chapter IV), it is possible to formulate a

mathematical crit“erion, the cost function, by which the amount of any

-

change may be judged. As explained in the preceeding chapter, in- ,

cluding the constraints as penalties in the cost function allows the use
of standard, unconstrained optimization techniques, which are more
practical for this work than are the so-called primal methods. While the
annoyance is the primary quantity to be minimized (with the penalties
as a necessary adjunct of the cost), it may be desired to include other
properties of the system in the cost, such as the fuel and time of flight

required for each trajectory.

The Penalty Functions

All of the constraints developed in Chapter IV, Eqns. (4-9) and
(4-13) through (4-20) are in the form
h, (%) < ¢ (6-1)
as required by Eqn. (5-1), even though the unknown x does not ap-
pear explicitly in any of them. Penalties in the form of Eqn. (5-3) may
then be written for each constraint as “follows:

[Dynamic and Passenger Comfort Constraint, Eqns. (4-9), (4-13)]

, 72 v _ 2
P, = Z 2 (max[0,max{ - 1-RD)
1 traj. corner ’ Cp8 ' (c1+c2c3)m1n(6r16r26r3)
points

(6-2)
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_dz dz
]
dl dl

1)?

Pz = 3 by (max[o0, tamydmax cmax (6-3)

traj. segments

- tany

(Geometric Feasibility Constraints, Eqns. (4-14), (4-15)]

R . R .
Py= I £ (max[o, |- o+ () -1 ])?
traj. corner tang taug
points (6-4)
Lo Rm'in
p, = Z (max[o0, 5 "L D? (6-5) .
traj. tan§
[Separation and Crossover Constraints, Eqn. (4-16), (4-17)]
5 2 )
Pe = b3 2 (max{o,d . - ¥. 1) (6-6
> all traj. i=1 ' min
pairs
s-1 )
Pe = 2 z (max[0, - §.¥...1) (6-7)
6 all traj. i=1 i7itl
pairs
[Final Heading Constraint, Eqns. (4-18), (4-19)]
P, = I (max[0, 135° - 8])2 (6-8)
traj.
Pg=_ I (max[0, 1, - 31])2 (6-9)
traj.
[Threshold Constraint,” Eqn. (4-20)]
Ne
2
By = j;‘iJ(max[O, {izN* max(O’LA,max,i - LA,Thresh)}]) (6-10)

The Total Cost

Adjoining the penalties to the desired. annoyance measures, say

NII, gives the total cost function:

F i B i S B ks sy b6t ocoa e S S IR Lo b O A it o e
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£(x) = wpAGx) + u'B(x) (6-11)
where A(X) is the annoyance (NII), wa is the annoyance weight, p is
the m-vector of penalty weights, and P(x) is the m-vector of penalties
(there are m constraints). As before, the variable X is present only in
a formal sense; it does not appear explicitly in these terms in this

work. . ’ .

They annoyance weight W, governs the relative importance of the °

annoyance, keeping it from being dominated by the penalty terms.
This is most important in cases where the ;)ptimal solution is on a
constraint boundary. 1In such a region, ETE‘_Q(_) will in general be
nonzero, but as discussed in Chapter V, small values are acceptable.
The purpose of Wa then is to insure that whatever reduction can be
made in the total cost corresponds to a decrease in the annoyance,
rather than a decrease in penalties that represent tolerable constraint
violations. When the constraints are violated excessively, the attendant
large penalties naturally should comprise the dominant portion of the
cost, -

Experimentally, the following values of Wa and the My have been

found to give satisfactory results when NII is used for the annoyance

measure:
My = 10% - 106 (lateral dynamic, passenger comfort)
Hy = 102 - 106 (longitudinal dynamic)
Mg = 104 - 108 (geometric feasibility)
by = 104 - 108 (geometric feasibility, first segment)




AL PR TR AT T

R

76

Mg = 103 (separation)

pg = 108 (crossover)

by = 104 - 108 (final heading)

Mg = 104 - 106 (final heading)

Mg = 108 (threshold noise).

The rather wide range in pz'merits some explanation. It has been often

found! in this work that the optimum trajectories will have the maximum
vertical slopes allowed by the longitudinal dynamic constraint, Eqn.
(4-9). This is intuitively expected, since the maximum slopes give the
highest average altitude, the largest average distances from all the
populace, and hence, the lowest average noise levels. Because of this
tendency in the solutions, the associated penalty (Pz) generally is non-
zero. Starting with a small value of Hy allows the optimization to work
on the ground tracks without hinderance from penalties on the profiles
{vertical components). After several iterations, Wy may be increased if

excessive longitudinal constraint violations are occurring.

Modifying the Cost Function: Inclusion of Fuel and Time of Flight

An example of altering the cost function to include other attributes

is a study conducted to examine the relationship between the noise

1 In cases where a trajectory segment passes over a region of low
population density, increasing its slope does not significantly lower
the noise levels and hence, the total community annoyance. The
optimization stops when the change in cost between successive itera-
tions is less than some criterion. Therefore such a segment may not
be exactly optimum, but practically it is so. Fuel consumption rates
that vary with climb and descent rates are not included in this analy-
sis.

N s e
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annoyance, and the fuel and time of flight needed. It is assumed that
the latter two vary linearly with the flight path length only. That is,
constant power settings and noise propogation characteristics are used.
The resulting term to be added to the cost is

1 (6-12)

fporor® = I W qoply

traj.
where WF,TOF is the fuel and time of flight weight, and lT is the
trajectory length. Eqn. (6-11) becomes
£1(0) = AR + £ pop(x) + WR(x). (6-13)
Using fl()g) as the cost function, a relation between the annoyance and
fF,TOI? was obtained by vax:ying WF!TOF. This investigation is re-
ported in Chapter VIII.

g



CHAPTER VII
INTEGRATION OF THE MODELS

The annoyance, flight path, and cost function models are combined
with the chosen optimization method to create a system for analyzing the
aircraft noise annoyance problem and the feasibility of remedying it
through trajectory 'lnodificat‘ions. While the components of the system .
are essentially modular (and hence, capable of being altered individually
without replacing the entire system), some linkage among them is re-
quired. Further, some special considerations must be given to larger

airports and to some population distributions.

The Flyover/Noise Simulation: Small Airports

At any airport, there are, in general, a number of flight paths
(both for takeoffs and landings) in use on a given day, with different
types and numbers of aircraft using these trajectories. In this work, it
is assumed that for the period of time under consideration, the type of
each path.(takeoff or landing) and the runway to which it is assigned
do not change. In addition, the noise level data used is that for
landing aircraft with constant power and control settings.!

Calculation of the annoyance measure requires information about
the distribution of the sound levels'(Ldn) on the ground; for the

current population distribution mbdel, only the sound levels at the cell

1 These assumptions are not fundamental to the operation of the sys-
tem. A more sophisticated noise model, for instance, that employs
thrust dependent noise data could be used instead of the present
one.
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centroids are needed. First, the position of each type of aircraft, on
each trajectory, is sampled at equal time intervals (10 sec.). Then
Egn. (3-1), along with data from Table 3.1, is used to compute the

sound level <LA) at each centroid due to each type of aircraft, from

every sample position and trajectory. This computational approach is

practical so long as'the number of flight paths and aircraft types is

small. Referring to Appendix A, these levels for all of the aircraft are
added on an energy basis,? and the average day-night level (Ldn) at
each centroid may then be calculated from Egqn. (3-5).

Knowledge of the Ldn distribution, along with the population
distribution, ailows the calculation of either LWP (c.f. Eqn. (3-8)) or
NII (c.f. Eqn. (3-9)); however, evaluation cf HAPN is not necessarily
as straightforward. This measure requires that the sound level (LA)
be calculated at each centroid, at each sampling instant, and that the
maximum values (day and night) be retained. At smaller airports,
where the flight operations are dispersed and non-overlapping in time,
the La values depend upon only one aircraft at any sampling instant.
For a larger number of operations where the overlap (in time) is un-
avoidable, the sequence of flight operations must be explicitly included
in the L

A calculations, since at every sampling instant the types of

2 It is not necessary to compute L, (at each centroid) for every sam-
pling instant, since these levelsAwill themselves be averaged (using
energy addition) to get L, . Only the energy term, Eqn. (A-4),
must be computed and acgﬂmulated (correctly weighted, c¢.f. Eqn.
(3-5)) into the total centroid energy for every sampling instant. If n
aircraft of the same type fly on a give trajectory, then their total
energy contribution at any centroid is n times the energy added by
one aircraft.

E™Y ~.‘.mv»:4;p&"2.;wm»,..em“/u. o

bR e




80

-

aircraft flying will determine the value of L, at any centroid. In this
study, only a situation of the former type has been considered for the

purpose of E:omparing HAPN with LWP and NII,

Large Airports and the Equivalent Aircraft Concept

Summing (on an, energy basis) over all trajectories, sample points,

and aircraft types may become impractical as the number of any of |

these grows, depending upon the computing resources available, At
large airports, such as the Lambert-St. Louis facility in St. Louis,
Missouri, the number of trajectories and aircraft (fifteen paths and five
hundred operations per day) }precludes the straightforward approach of
the last section. In such a case, the summation over aircraft types
may be removed by replacing the mixture of planes on each trajectory

with a single equivalent aircraft, whose sound level distribution is the

same as if all the aircraft assigned to that path were flying together on
it. For this treatment to be vaiid, it is necessary that either NII or
LWP be used as the annoyance measure. The reason is that both of
them are }unctions of the Ld‘n distribution, which depends only on the
total sound energy distribution, integrated over time (one 24-hour
period) and not ¢n the time history of the energy contributions (except
for the distinction between day and night occurrences).

The exact expression for the total sound level (using any power
intensity related scale) contributed from n sources is (see Appendix A)
n Li/lo

Z 10
=1

L,

0T = 10 - loglo : (A-6)
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with, from Eqn. (3-1)

L = W W log, ot (7-1)
where the éubscript i is the aircraft index and n is the total number of
aircraft. A simple, approximate expression for Eqn. (A-6) may be
obtained in the following way. For all the aircraft on a given traject-
ory, the approp‘riate'Li's are added (on an energy basis, and using the
Lin convention which weights nighttime energy terms with a factor of‘
ten), i.e. an equivalent level L* may be written

% n L.(r)/10

L (r) = 10 + log,, iElwilo 1 (7-2)
where the subscript k denotes that this is the L* contribution from the
k-th trajectory, and w; is the same time-of-day factor as in Eqn. (3-5),
If L:(r) vs. r is plotted for a wvariety of values of r, an excellent

approximation of the resulting data is the expression

*
Le 2 €1,k,eq ™ ©2,k,eq * 1°810(%) o (7-3)

where 1 k, eq and €3 k, eq are the equivalent aircraft noise coefficients
for the k-th trajectory. An example of this is shown in Figure 7.1.
The largest value of r was chosen to be 60,000 meters, since that is
the largest value of the range that would be encountered in the near
zone area (32,000 meter radius) of an airport. In this example, the
estimated correlation coefficient squar:ed in the least square-error fit
(dotted line) was r2 = 0.9995. (Spacing the abscissa values such that

rj+1 = ar,, where a is a constant, results in their being equally spaced

J
on a logarithmic scale, and gives a better curve fit.)
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*

With the coefficients 1k, eq and €2 k, eq for all the flight paths,
the total L* at any point on the ground, at each sampling instant is

just the sum (on an energy basis):

%*
N, LF /10
3T 10 bt

k=1

*
L, =10 * log,, ) (7-4)

where Np is the number of trajectories, and t is the sampling index.
*
Since the time~of-day weighting has already been included in Lt' the

expression for Lan becomes (c.f. En. (3-5))

N Lt/lo
I 10
L, =10 * log £=1 (7-5)
dn 10 N »

where N is the number of noise level samples.

This method of using equivalent aircraft coefficients reduces the
number of calculations needed to determine Lyn at each grid cell by a
factor approximately equal to the number of aircraft types that are
operating in an area., Since at many airports this number is frequently
on the orfler of ten, a considerable savings in computation time may be
achieved. (Minimal computation time is required to determine the equi-
valent aircraft noise coefficients.)

As it is the method relies upon the assumption that cl,i and Cz,i
are constant for each aircraft type. If varying thrust levels and
control settings are to be considered, it might be possible to make
these coefficients functions of time, and for a given airport, predict
their values (and hence, those of the equivalent aircraft coefficients)
by estimating the time histories of the thrust and controls. A second

disadvantage of the method is that La values are not computed at each
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sampling instant, Thus, the threshold noise constraint either must be 4
omitted or altered so that the limitation is in terms of Lyp In each grid

cell, rather than the maximum A-level experienced, Finally, the errors

introduced in the Ly, values by the equivalent aircraft method are

small (< 1 dB); however, the nonlinear intensity weighting function,
W(Ldn), may amplify these. errors, giving NII and LWP values that
differ by several percent from those calculated exactly. The amount of
error in NII and LWP changes with the sets of trajectories, but the

Jocations of the local minima do not differ significantly in comparisons of

the exact and approximate calculations,?

e

Equivalent Aircraft Coefficients and the Assignment Problem

An interesting feature of the equivalent aircraft method is that the

noise level coefficient 1 k,eq (k is the trajectory index) has a strong

e

dependence only on the total number of aircraft on a particular flight

path, as long as there is a uniform mixture of aircraft types present. i

A plot of ¢ vs. the L. -equivalent number? of aircraft per tra-
1,k,eq dn

jectory (fgr the Lambert/St. Louis International Airport) is shown in

| Figure 7.2. The dotted line is the least square-error fit and has the

form

' ! For example, using the Phoenix Sky Harbor Airport case, the error

| in NII for the nominal (currently specified) trajectories is 2.1% and

: for the optimum set, 0.2%. The corner pts. (equivalent aircraft
method) differ from the optimum ones (exact calculations) by no more
than 100 meters. :

F 2 The Ly convention of weighting a nighttime sound level with a factor

- ten is %quivalent to adding the sound levels, on an energy basis, of
ten identical sound level occurences. Hence, one nighttime flight is
equivalent (in Ldn calculations) to ten daytime flights.

. ]
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€1 kyeq = 3t P " 108y N0 (7-6)
where N, /C'is the Ldn-equivalent number of aircraft per trajectory and
in this case, a = 144.65 and b = 10.16. This fit has an estimated
correlation coefficient squared, r? = 0,993. As for the coefficient
v?,k,eq' the data (also for the Lambert-St. Louis case) are not as
strongly correlated with N, = Figure 7.3 shows a log-log plot of
Cz,k, eq VS, Na /e with the least square-error ,.fit (dotted line) for Na /c

> 250. The functional form is

= P .
€2,k,eq aNa/c ’ (7-7)

where a = 23.44 and b = 7.89 x 10'3; the estimated correlation coeffi-

cient squared is r2 = 0.894. Restricting Ny /c to values greater than
250 allows for a good fit of the data with a simple functional form. For
Na /e < 250, Eqn. (7-7) will not accurately predict ©2,k,eq’ and an
individual fit of the data, as in Figure 7.1, will be necessary.

These relations between the coefficients and N, /et Egqns. (7-6) and
(7-7), have a bearing on the problem of how to assign aircraft to the
different trajectories, with the community annoyance from noise as the
criterion.

In this work, the assignment problem is not considered (the
assignments are assumed to be known and remain constant for a given
airport); however, it will be a necessary addition in subsequent refine-
ments of this study. The aforementioned relations may be useful in

formulating a performancs criterion to be used in the initial assignment

of aircraft, or in altering an existing plan.
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The Integrated System

A general summary of the systems operation is provided by the
flowchart in’ Figure 7.4.

The input required is: 1) the population distribution data, 2) the
number of each aircraft type and their time-of-day designations (day

or night), 3) the noise level characteristics (either by individual air-

craft type or equivalent aircraft noise coefficients), 4) the constraint

data (minimum turning radius, threshold noise‘level, etc., and penalty
weights), 5) an initial set of flight paths (specified by their end points
and corner points), and 6) the stopping criteria (the maximum number
of iterations, and the lower limit on relative changes in the cost func-
tion).

For the initial trajectories, the total cost must be evaluated, before
starting the iterative search. (If the system is being used only for
evaluation of the trajectories, then no search is performed, and the
process stops after this step.) First, the annoyance measure (e.q.,
NII, LWP,. HAPN) is evaluated. Then the constraints are tested: a
violated constraint results in a positive penalty; otherwise, the penalty
is zero. Finally, the total cost is computed by adding the penalties to
the annoyance. As shown in Chapter VI, other cost terms may be
added to the total; the results of one $uch modification appear in Chap-
ter VIII.

Now the optimization loop begins. After each search step, a test
is made to determine if any of the stopping criterion is satisfied. If
not, the iteraticn continues; if so, the process stops and the "minimum"

annoyance trajectories are determined. In fact, the set determined may
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Input:

1) Population Distribution

2) Aircraft - Trajectory Assignments
3) Aircraft Noise Data

4) Constraint Parameters

5) Initial Set of Trajectories

6) Stopping Criteria

Evaluate Total Cost:
Annoyance
Constraints = Penalties
Total Cost = Annoyance + Penalties

New Set of

Trajectories

A
- * )
i k5 & Ok i L. e L e e

Search for Lower Cost:
Orne Iterative Step
In Optimization Scheme

'

NO Stopping

>riteria Met?

Minimum Annoyance Trajectories Found

Figure 7.4 System Flowchart
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¥

be only a locally minimum set (a problem discussed in the next section),
or perhaps not even that (the maximum limit on the number iterations
allowed maff have been reached); however, because of the type of
optimization method used (Chapter V), each successive set of paths will
result in a lower total cost (and a lower annoyance, if the penalties are

zero). L .

Besides a limit on the number of iterations, the stopping criteria -

include the tests: 1) Is the gradient of the cost function zero? (i.e.,
the search has found a local minimum), and 2) AIs the relative difference
between successive values of the cost negligible? (i.e., the search has
come close enough® to a local minimum to warrant no further search-

ing).

Local Minima and the Population Distribution

A problem with the optimization, already expressed in Chapter V,
is that of local minima in the cost function. As an example of the
problem, consider a cost function of two variables, for which the con-
tours are\ plotted in Figure 7.5. Points A, B, and C are the local
minima; point B corresponds to the lowest value of the cost, and hence,
is the global minimum. The difficulty associated with this situation is
that of finding point B by use of any of the optimization methods dis-

cussed in Chatper V. Given an initial point from which to search, each

3 The error in the solution, E = xk - x*¥ , where xk is the k-th

iterative solution and x* is the exact solution, may in fact be large.
If g, is small, though, and the relative difference between suc-
cessix)é costs is small, then further searching may not lead to a
significant reduction in the cost. Lacking other information, it may
be assumed that, practically, a local minimum has been located.
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of those methods will converge to one of the local minima, but will not
automatically find the global minimum, Which local minimum is found
depends upon the starting point in the search. The conventional
technique used to find the global minimum is to perform the optimization
a number of times, from different initial points. In cases where the
cost function has only a few minima, this approach may indeed ailow all
of them to be found. If the total number of local minima is unknown,
but judged to be small, it is often possible to estimate the probability
of overlooking a number of minima. That probability may then be made
acceptably small by repeating the optimization with a large enough
number of starting points, Ref. (35] and [36] are good examples of
this approach.

The cost function used in this work has an extremely large number
of local minima., This is demonstrated by considering the population
distribution shown in Figure 7.6a along with the simple straight-path
trajectory. This path is at a constant altitude (300 m.). There are
1000 people at each dot on the map. In Figure 7.6b, the resulting NII
values versus 0 are plotted (a typical mixture of commercial aircraft is
assumed for generating the noise levels),

Even though NII is computed from noise levels experienced by the
entire community, the local minima exhibited in Figure 7.6b demonstrate
the influence of high levels that occur locally within the community.
For instance, at 01 = 209, the trajectory passes close to one p‘o;ﬁulation
center and almost directly over another; the resulting noise level at
these points, and hence, their contributions to the NII will be high: a

peak occurs in Figure 7.6b at 01 = 20°, Conversely, at 0, = 26°, the
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*

population points nearest to the trajectory are farther away from it than
those in the first case. The noise levels they experience are lower,
and a minimum in the NII occurs at 0, = 26°, (At 0 = 45°, the sharp
peak is a local effect caused by the large number of population centers
directly beneath the path.)

This example demonstrates two important problems. First, there
are many local minima in the cost function, caused mostly by the use of
a particular representation of the population distribution.* In a realis-
tic case, there are more population centers and trajectories, which lead
to an even larger number of local minima. Second, the arbitrary lower
limit on I‘dn values to consider (55 dB) for use in the NII has altered
the results that would be expected intuitively. The envelope of NII
peaks in Figure 7.6b is seen to decrease as 0 increases, i.e., as more
of the population receives higher noise intensities, the community annoy-
ance decreases, This occurs because the denominator in Eqn, (3-9)
increases, in this case, faster than LWP. Once again, the inapprop-
riateness .of NII for use in comparing the annoyance from different
trajectories in a given community is in evidence.

A dramatic change in the number of local minima in this example
occurs if NII is calculated without a lower limit on the Lj. interval
(c.f. Egn. (3-9)) but with the total population fixed. This modified

version of NII will be denoted NII’. Figure 7.6c shows the results

4 In each population grid cell, the people are assumed to be concen-
trated at the geometric centroid of the cell. The overall result is a
discontinuous (discrete) density distribution.
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(solid line). The complete disappearance of all the local minima is

fortuitous in this case (the influence of local effects still persists,
though, as seen in the inset); it occurs as a consequence of the uni-
form (discrete) distribution of people and also because of the particular
degree of freedom given to trajectory variations here.5

There rematns the dilemma of local minima, caused by macroscopic
variations in the population density. Again, referring to Figure 7.6a,
assume that in Region I, there are 20,000 people at each population
center; in Region II, 25,000 people at each center; in Region III,
10,000 at each center; all other centers have 1,000 people. The result-
ing values of NII* vs. 0 appear in Figure 7.6c (dotted line). At 0 = 16°
and 6 = 70°, there are local minima, caused by the lack of large num-
bers of people close to these paths. Because the truly large clusters
of people are in Regions I, II and III, it is reasonable to conclude that
these minima are real effects of the population distribution, and not
artifices of its approximate representation, Note that at 6 = 8°, 82°,
420, 48°,.there are slight dips in NII’, caused by the flight path's
avoidance of all the nearest population centers.

The possibility of artificial minima remains, though. Note that at
0 = 8°, 42°, 48° and 82°, there are inflections in NII". Although not
minimum points, there correspond closely to minima in Figure 7.6b.

Further, no such behavior is secen in Figure 7.6c (solid line) for the

5 Only 6 may vary, which limits the possible paths. In the next sec-
tion, it will be seen that trajectories with several segments still have
locgl1 minimum problems with this type of population distribution
model.
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uniform distribuiion, It may be suspected then that artificially pro-
duced minima may occur even with the use of NII', depending upon the
actual distribution of people and the use of this population distribution

model.

Global Searchinq

-

Regardless of the cause of the local minima, some procedure for.

determining the optimum solution must be developed. First, it must be
recognized that finding the exact optimal set of flight paths is not as
important as determining a set (if one exists) that produces a signifi-
cant reduction in the annoyance measure, compared with the set pre-
sently used (nominal set). A given set will be considered optimum if
there is not another set, significantly different, with a lower cost
function value.

The definition of "significantly different" is developed in terms of
the statistical lateral dispersion of individual flights from the specified
trajectories. Galloway [37] states that the lateral dispersion of landing
aircraft ig approximately 750 m. at a distance of 16,000 m. from the
airport. This corresponds to an angular dispersion of approximately
3°, For takeoffs, where the paths are less tightly controlled, the
lateral dispersion is given in terms of the standard deviation (o) of the
side-line distance (y) from the specif}ed path, For straight-out take-

offs, the standard deviation grows lincarly with the distance 1 and is

given by
o, = 0.08 1 . (7-8)
After a turn, the dispersion is expressed as
= a > -
o, = 3.5 x 10% 0,/2 , (7-9)
T - o . L.Aﬁ;mi;m " _

—o =
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L3

where az/é (the standard deviation in altitude dispersion divided by the
average altitude during the turn) is generally a constant; the value
o‘z/é ~ 0,2, for variable weight transports, will be used here,

Eqn. (7-8) may be used to estimate the angular dispersion on
straight segments of a takeoff by assuming that all of the flights will lie
within 20_ of the specified .paths (a Gaussian distribution would contain

y

25% of the paths within Zoy of the mean path). The outermost path, to
either side of a straight segment, will then form an angle, edisp' with,

the segment, given by

can=l 0:16 1 _

O4isp = 1

99, (7-10)

A set of trajectories will be considered "significantly different"
from another set only if any path lies outside the dispersion limits of
the corresponding path in the other set. As an example of how this
may be used to restrict the amount of searching required in the optimi-
zation process, the flight paths at the Lambert-St. Louis International
Airport will be considered. Figure 7.7a shows the twelve nominal
takeoff paths and three nominal landing paths. The shaded regions
represent the predicted ’dispersion about each path. Note that the
trajectories with turns possess more average dispersion, c.f. Eqn.
(7-9); this is due to the extra drifting during a turn.

Searching for the optimum trajectory set within the dispersion
limits of this set is unprofitable since such an optimum would not by
definition be significantly different from the nominal set. Of'cou_rse, it
may happen that the nominal set is the optimum; but regardless, any

searching must occur "outside" the disperson boundaries. Different

N
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starting points (representing significantly different trajectory sets) are
used to perform the optimization a number of times. The lowest valued
local minimum is then taken to be the global minimum.

Choices for the starting point are limited by two factors: the
lateral dispersion on these paths and the constraints (particularly the
aircraft dynamic* and passenger comfort restrictions). For example as
shown in Figure 7.7b, there are only five choices for track #7 starting
points. Moving track #7 farther to the east would cause it to overlap
track #8, in which case the two paths would be replaced by one. Con-
sideration of cases farther to the north involves the same result with
track #3. Thus, the presence of many trajectories limits the required
amount of global searching, an important saving since the amount of
computation needed for the optimization (local) increases with the num-
ber of flight paths. At smaller airports, where the number of trajec-
tories is small, more starting points will be allowed, but the local
optimization will require less computation,

In situations where the search has converged to a local minimum
not significantly different from the starting point (but the existence of
one is suspected), restarting the optimization after perturbing the
corner points by some amount (~1,000 m.) may free the search from the
region of the local minimum, FPigure 7.8 shows an example of such a
situation using a fictitious population distribution. Here, the short-
range noise effects, as before, create a local minimum for the nominal
landing path directly over the two lower population clusters. Repeated
perturbation of the y-coordinates of the corner points eventually allows

the optimization to find the global minimum. It is well outside of the
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dispersion limits of the nominal path and the reduction in NII' is 39%.
The simplicity of the contrived problem provides for an easy decision
about which way to perturb the corner points. In a real case, the

direction may not be as obvious,

SR T
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CHAPTER VIII
RESULTS

Two computer programs for implementing the system described in
Chapter VII have been developed. The first, MANIP2, is a revision of
MANIP (see Ref,. [26]), with the following refinements: 1) optimization
of a flight path's vertical })rofile is included, 2) takeoff and landing
trajectories may be optimized, simultaneously, 3) a larger variety of
commercial aircraft noise data is included, and 4) fuel and time of flight
have been included in the cost function (as described in Chapter VI),
The second program, CYCLiC, has the same features as MANIP2,
except that 1) it employs the equivalent aircraft concept for computing
noise levels, 2) the optimization scheme is modified to reduce storage
requirements for large airports (i.e., many trajectories), and 3) fuel
and time of flight are not included in the cost. A more complete

description of CYCLIC is given in the Cyclic Optimization section of this

chapter. Both programs were written in FORTRAN IV for use on CDC
Cyber 170 series machines. Appendix D contains the source code
listings.

The results of several investigations appear in the following sec-
tions. Two airports were used in these studies: Phoenix Sky Harbor
International and Lambert-St. Louis International. Their respective
population distributions are depicted in Figures 8.1a and 8.1b. In each
grid section in Figure 8.1a (Pheoenix) the number shown is the popula-
tion count for that sector; smaller cell sizes in the St. Louis data
necessitate (for legibility) the use of population density shading in

Figure 8.1b. The body of results is divided as follows: 1) takeoff
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trajectories, 2) a comparison of optimum landing paths using NII, LWP,
and HAPN as the annoyance criterion, 3) many takeoff and landing
paths -- cyElic optimization, 4) a study of the effects of including the
fuel and time of flight costs in the total cost function, and 5) the role
of the population distribution in determining the optimum paths,

In all of the féllowing~ sections, the flight paths are represented

by their ground tracks, with the flight path angles, y-climb, and

yd-descent, indicated for each segment.

Takeoff Trajectory

Using the Lambert-St. Louis Airport community as a test case, a
single trajectory was optimized!, with LWP as the annoyance criterion.
Both the nominal and optimum paths as shown in Figure 8.2. The
nominal path was approximated by a five segment trajectory, with a 5°
flight path angle (y); the optimum path was restricted to three seg-
ments and y.. = 6° Nearly all of the variation between the two paths
is in the ground tracks., This phenomenon, seen throughout the re-
sults that"’follow, occurs because 1) variations in the population density
distribution occur only in the ground plane, and 2) the average dis-
tances from the flight paths to the population centers change more
rapidly due to horizontal variations .in the flight paths than due to
vertical variations (owing to the small angles between the ground and

the trajectories). The exception to this is, of course, when a segment

1 Aircraft-trajectory assignment data for St. Louis were provided by
the NASA-Langley Research Center [38].
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near the runway (and closer to the ground) passes close to a popula-
tion center. Then an increase in the flight path angle y will produce a
rapid decrease in the noise level at that center.

A point approximately 90 km. east of the airport was chosen as the
outermost endpoint. This allowed the position of corner point #2 to
vary without being restricted by the geometric constraints. The com-
parison of annoyance measures is as follows: nominal-LWP = 2571.1,
NII = 0,161; optimum-LWP = 1267,9 (50.6% lower than nominal), NII =
0.228 (42% higher than nominal). This increase in NII, while LWP is
decreasing, is another recurring phenomenon. It is caused by the
change in total population used to normalize NII (i.e. people receiving
Lyp > 55dB).

Comparison of Annoyance Models

In Chapter III, it was shown that for a simple population distribu-
tion (2 concentrated clusters of people), and a straight-line flight path,
the measures NII and LWP indicated significantly different optimum
positions Tor the path. Here, NII, LWP, and HAPN will be compared
for general trajectories and a real population distribution (Phoenix Sky
Harbor Airport community), This section also serves to illustrate the
calculation of optimum landing paths.

For landings on the runway indicated in Figure 8.3a there are two
entry points (initial approach fixes). This figure shows the nominal
ground tracks; the glide slopes are 3°. An estimate of the mixture of
aircraft types operating at this airport was obtained from data in the

Official Airline Guide [39]. Because the nominal paths are joined
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together over a large portion of their lengths, it is assumed that sepa-
ration for safety purposes is not a requirement for traffic control here;
therefore the separation constraint is bypassed. Note that there are
three segments on cach path, with some overlapping.

With NII as the annoyance measure, the optimum pair of trajector=-
ies obtained is Ythat shown -in Figure 8.3b. Values of NII, LWP and

HAPN for this pair are given in Table 8.1, along with comparisons with

the corresponding nominal values, |

With either LWP or HAPN as the annoyance measure, the optimum
pair i{s radically different, as seen in Figure 8.3¢c. The annoyance
measures associated with these flight paths are given in Table 8.1, It
is seen that the improvement in the annoyance based upon LWP or
HAPN is greater than that of NII. Further, NII increases when LWP
and HAPN decrease, and vice versa, another indication of the normali-

zation problem in NII,

Fuel and Time of Flight Study

As a;, example of how the system may be used to study associated
problem, the cost of fuel and time of flight (CF,TOP) has been incor#
porated in the total cost function. In this investigation, the relation
between Cp TOF and NII is examined.

Using the modified cost function, Eqn. (6-13), the optimization was
repeated for increasing values of WE TOF (the fuel and time of flight
weighting factor); the airport used was Phoenix Sky Harbor. Figure
8,4a summarizes the results, showing the relation between the NII, and

the fuel and time of flight cost (CP 'I‘OF)‘ Accompanying it are Figures
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.

8.4b through 8.4f, which show the optimum landing trajectories for each
value of WIS: , TOF used.

As expected, the flight paths become shorter (straighter) as
p TOF increases. ‘Trajectory #1 shortens rapidly (WF,TOF =0,1) to a
straight path, but trajectory #2 is hindered by two factors: a large

cluster of people southeast -of the runways (see Figure 8.1a), and the

final angle of approach restriction. For Wp pop S 3 shortening this

path will result in NII increases that are greater than any decrease in
the fuel and time of flight cost; hence, there is a flat region in Figure
8.4a for 0.1 ¢ wp pop ¢ 3. Larger values of Wp pop Increase the
relative importance of Cp TOF! and the total cost is reduced at the
expense of NII. It is impossible, though, for trajectory #2 to become
completely linear because of the final angle constraint. The effect of
CP,TOF is then saturated at Wp pop = 100. The extrapolation for very
small We TOF is based upon the value obtained for NII in the Com-

parison of Annoyance Measures section (where Wp mop = 0).

-~

Cyclic Optimization

At large airports such as Lambert-St. Louis International, the
large variety of aircraft that must be considered necessitates the use of
the equivalent aircraft concept in or'der to keep the computation time
manageable. Further, the number of trajectories being optimized (15 at
St. Louis) will require a considerable increase in storage requirements,
compared with those needed for Phoenix. If the storage required is in
excess of the allocated resources, the dilemma may be remedied by

optimizing the flight paths one at a time, cyclically. The power density
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contributions from the (temporarily) constant trajectories are stored and
then summed with those of the path being optimized in order to deter-
mine the L(;n value in each grid cell, As a result, the optimization
storage requirements are for only one trajectory, but the annoyance
measure is for the entire set of paths,

It should be nbted that this approach does not guarantee con-

vergence to a minimum; however, the results for the St. Louis case are

excellent, Figure 8.5a shows the nominal paths at Lambert-St. Louis
International (tracks 1-12; takeoff, 5°; track 13-15: landing, 3°).
Each trajectory is approximated with 5 segments. Judging by the
population distribution (Figure 8.1b), it was decided that paths 1,2,7,
8,9,13,14, and 15 could give the most improvement in the annoyance
(LWP). Using the program CYCLIC to cyclically optimize these paths
(see Appendix D), and allowing a maximum of three segments per tra-
jectory, the results obtained were: LWP decreased 26%, NII increased
1.5%, from the nominal vlaues. Figure 8.5b shows the improved tra-

jectories. -

Population Distribution and Aircraft Mix

In order to investigate the relative importance of the population
distribution vs, the aircraft mix (i.e., mixture of different aircraft
types) on the optimum flight paths, a study was conducted using two
different population distributions (one fictitious, one real), and two
different aircraft mixes.

Using the fictitious population distribution shown in Figure 8.6, a

single optimum landing trajectory (3°) was computed, using the CYCLIC
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program,? Two different mixtures of alrcraft types were investigated;
the degree of difference is evinced by the difference in their equivalent
aircraft noise coefficients:

Mix #1: ¢ o0 = = 24.23

Mix #2: cl,eq’ = 166.00 °2,eq = 28.60,
The optimum paths for the two mixes were nearly identical; no two

€2,eq

corresponding corner points differ by more than 36 m,

Wwith a real population distribution, though, a strong dependence
upon the aircraft mix is evident. For the Phbenix airport, two mixes
were examined:

Mix #1:

Mix #2:

= 169.47 = 24,37

= 28.60,

€1,eq €2,eq

5
4,eq
Mix #1 corresponds to the true mix at Phoenix, which was used in

the Comparison of Annoyance Models section and for which the optimum
results appear in Figure 8.3b (NII) and 8.3c (LWP). Mix #2 is all

DC-10 aircraft, with the equivalent amount of passenger seating of Mix

#1. In the case of Mix #2, the optimum paths are significantly differ-
ent, with either LWP or NII as the annoyance criterion. Figure 8.7a
and 8.7b depict the results.

The consequence of this example is that the relative importance of
the population distribution vs. the ‘aircraft mix in determining the
optimum trajectories cannot be stated in general. For a simple distri-

bution of people, corridors for optimum trajectories that are

2 Although only one trajectory, with three segments, was being opti-
mized, CYCLIC was used so that the equivalent aircraft concept could
be employed.
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;. independent of aircraft mix may exist (such appears to be case in the
E fictitious distribution in this example). A real population distribution,
E though, is 1isually more dispersed, which results in more people (on the
;_' average) being closer to the flight paths. Because of the nonlinearities
f in the noise and annoyance models, changes in the aircraft mix result
in a change in the annoyance of unpredictable magnitude., Therefore,
new optimum flight paths must be computed when the mix changes.?®
Y
!
r
]
i H
F
§
4
3 For a particular situation, however, experience may indicate that

small changes in the mix do not necessitate recomputation of the
trajectories.
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CHAPTER IX
CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDIES

3

This study has developed a method to assess the ability to reduce,
through operational controls, the annoyance caused by aircraft noise in
a community. Test. cases, using a computer implementation of the
method and actual airport siguations, have shown the feasibility of using
trajectory modifications in the solution to the problem of aircraft noise.
The amount of reduction that can be gained depends upon the airport,
aircraft mix, constraints, and_model of annoyance being used.

A comparison study of the annoyance measures NII, LWP, and
HAPN has shown that, in addition to resulting in different percentage
improvements, the optimum trajectories that result from using each of
these measures can be significantly different, Because of its mathe-
matical definition, NII has been shown to be an inferior indicator of the
amount of change in annoyance for a given community.

The method has a modular structure which allows for straight-
forward n;odification of any of its components, e.g., the flight path
model, the aircraft noise model, the optimization algorithm, etc. In
addition, the method may be expanded to include related problems in
the optimization. A particular example of this was demonstrated by
including the "costs" of fuel and time of flight in the cost function.
The modified system was then used to examine the influence of these
factors (along with the annoyance) on the resulting optimum flight

paths.
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Of particular importance is the finding that the population distri-
bution in a given community does not necessarily determine a unique set
of optimum'trajectories ; the mixture of aircraft strongly influences the
solution. This is unfortunate from a computational aspect, since the
mixtures on the flight paths generally will vary over time, requiring
that new optimuni sets be calculated.

Two concepts that may have applications elsewhere were developed
in this work, First, the complexity of computing the flight paths was
reduced by assuming a parametric solution and explicitly including
restrictions based upon analyses of the linear dynamic equations of
motion of the aircraft, This technique may be useful in situations
where the computing resources available prohibit the customary varia-
tional approach to flight path optimization. Second, the equivalent
aircraft concept not only reduces the time required for calculation of
noise levels due to multiple sources, but also provides a means for
predicting noise levels as a result of changes in the number of aircraft
on any trajectory.

The difficulty associated with searching over many local minima was
overcome by making use of the statistical lateral dispersions in the
trajectories. These dispersions limit the size of the alternative regions
(in the horizontal plane) in which to search for significantly different
optimum paths.

Finally, this approach to the problem of aircraft noise has shown
that annoyance can be reduced significantly via operational control.
The method provides a tool for those who must decide what action to
take in remedying the problem. It can also be used to optimally site

an airport in a community to minimize future noise problems.




Recommendations

It is felt that further work should employ a population distribution
model that does not artifically creat optimum pathways. An analytic
representation of the distribution (e.g. spline functions, or low order
polynomials) would likely aid in the operation of the method, without

necessarily increasing comput 'tional requirements.

Even with such a refinement, the difficulty of local minima in the '

cost function, caused by real, macroscopic variations in the population
density will persist. Use of the statistical lateral dispersion in flight
paths has been instrumental in restricting the global search and should
be automated.

The assumption of constant runway designations, i.e., takeoff or
landing, which was made in this study, is not generally true. Future

work should include the possibility of having to compute an alternate

set of flight paths, perhaps because of a change in the wind direction ,

during the day. The cumulative power density distributon from the
previous aptimum configuration would have to be retained and combined
with that of the new set in order to include the total effect over the
period of time in question. It is envisioned that air traffic controllers
could then use this method to compute alternate optimum flight paths in
real time. .

Finally, community land use planning could employ this system by
restricting the maximum noise levels in proposed sensitive arcas
(schools, hospitals, etc.). The cost function would be adjoined by
penalties for violations of these restrictions. Industrial areas where

high noise levels from aircraft would have little effect, would be

RSP PG 19 s e PTTT o e
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weighted less heavily in the annoyance calculation. As the final step,
the coordinates of the airport centroid would be included as unknown
parameters to be determined (with some restrictions) in the optimization
procedure. The result would be not only the optimum set of trajector-
ies, but also an optimally positioned airport.

»
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APPENDIX A
SPECIAL CONSIDERATIONS FOR THE NOISE LEVEL CALCULATIONS

Energy Addition

Sound intensity (power/area) is usually expressed in the form

L1}

L =10 - log,, {- (A-1)
- 0

where I is the intensity being characterized and I0 is a reference-

intensity (usually taken as the lowest audible intensity at 1,000 Hz,

0-16 watt/cm2). The units are called decibels (dB) and

approximately 1
provide a convenient scale for the extremely wide range of intensities
that may occur.

For a given volume of space (in which the intensity of sound is
constant), the acoustic energy received is proportional to the intensity
and the time of exposure. More precisely,

E = alAt (A-2)
where At is an increment of time during which I does not change appre-
ciably, E*is the increment of energy received, and a is a constant that
depends upon the volume of space being considered. The sound level
may then be expressed as

L =10 - log,, %; (A-3)

and
E=E, - 10/ 10 (A-4)
where Eg is the energy received from the reference sound.

This provides a powerful tool for "adding" sound from different
sources. Suppose that n different sources produce sound with levels Li
at a particular location. The total acoustic energy per unit volume of
space is

133
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n n Li/lo
ETOT = izl Bi = Eo 15110 (A-5)
Eqn. (A_-S)‘ is used to calculate the intensity level in dB:
n L,/10
Yoop = 10 * log, 15110 ‘ (A-6)

In Chapter III, the Ly, measure uses the energy addition method to
obtain a weighted average of noise levels occuring over a period of
time., The use of energy addition is often referred to as adding on an
"energy basis," although it is actually power densities that are being

added,

Conversion of EPNL to L A

The measure Effective Perceived Noise Level (EPNL) is based upon

Perceived Noise Level (PNL) in the following way (see Ref. (5], pp.
287-300.):

EPNL = IPNL - 12 + (onset corrections) + (impulse corrections)

(A-7)
where IPNL is the Integrated Perceived Noise Level
16 PNLi/ 10
IPNL = 10 1 log,, X 10 . (A-8)
i=1

The values of PNL are taken every 0.5 sec. for 8 sec., hence the
upper limit of 16 in the summation.
Neglecting the onset and impulse corrections (they are not signifi-
cant for aircraft noise) gives
16 PNL,/10

EPNL ~ 10 « log,, (210 * ) - 12 (A-9)
i=1
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16 PNL,/10
5 10
~ 10 + log,, ¢ iZL ) (A-10)
= 810 16

The last expression is just the average PNL (on an evergy basis).

= So for a constant PNL,
. o EBNL ~ PNL (A-11)
Finally, for nonimpulsive sound
ENL ~ L, + 13 dB, (A-12)
giving
L, ~ EPNL - 13 dB. (A-13)
3
4 .
f T
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APPENDIX B
THE LINE SEARCH

*

In Chapter V, several of the optimization methods require a one-
dimensional, or line, search in each iteration. The task is to find the
value of a that minimizes the cost function £, i.e.

miuémize £(x) + ad,)
where x, is the current position (at the k-th iteration) in E" and dy is
a unit vector that defines the search direction, relative to X, .

A successful method for finding «, which has been employed in
this work, is that of assuming a polynomial form in o for f(’—(-k + ugk),
the exact minimum of which is determined by the calculus of one vari-

able, The form used here is cubic, i.e.,

Ty =k 2 3 .
f(_:gk + o@_k) = ko + kla + kya® + k3a , (B-1)
for which the minimum occurs at a¥*, such that
-~ of = T W2 = -
aa_.,'k:t+2k2°' +3k3a =0, (B-2)
=0
and
9%f ~ 1
5o = 2k, + 6kya* > 0 . (B-3)
a=qs

The last equation eliminates one of the two roots of Eqn. (B-2), so

that a unique minimum is given once the ki are specified. This is

accomplished by calculating f and g—f{» at two values of a. Denoting

f(ao), f(al), g—gl(ao), and g-dg(al) by fo, fl, f(’), and f;, respectively,
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the minimum, o,, of the cubic function is given by the following: !

b e fo - £
u1=£0+f1'3[ml (B-4)
- 2 - bt k -
u, = [ul fofll (B-5)
. ' £:+u, ~u

- 1 2 1
a, =a, =~ (@, - a,) [ w5 | (B~6)

2 1 1 0 fl fo + .'Zu2
Calculation of the directional derivative g—g is normally performed

by projecting the gradient _g_(gk) = YTf(:;(_) onto the direction gk, i.e,
af - i 3 p -
=g - dy (8-7)

where (.) denotes the inner praduct in EM. Since derivatives of f must

be approximated numerically in this work, though, it is simpler to use

the definition of derivative to obtain

of f(g_k + Aagk) "__f("sk).

da = Ao (B-8)

where ék is a unit vector along dy and A0 is a small increment.
Choo'iiing values of % and oy for use in the cubic fit presents no
problems if f is cubic: the fit will be exact regardless of 'what values
of a are used. With a non-cubic f (as in this work), the value of d,
given by Eqns. (B-4) - (B-6), may not be the true minimum along ék;
however, as stated in Chapter V for the modified D-F-P method, a,
need only be accurate enough to insure that ETg > 0. A logical choice

for d is zero, since then fo = f(gk), a value known from the previous

—

1 From Luenberger [23 p. 142].
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iteration. If o, can be chosen such that it and a, "bracket" o¥*, the
true minimum, is greatly increased. A clever way of achieving this? (if
f is not ve;rying rapidly) is to make oy depend upon fo and fé in the
following manner:

o, = min [~2£0/i(;, “max]’ (B~9)
where O ax is 'a constant,’ limiting value. The expression -2f0/f6 is
seen in Figure B.l to represent the distance from ag =0 to the point of
intersection of the tangent to f at % and the a axis. Taking twice that
distance for oy gives a point on the other side of the true minimum o*,
The resulting cubic fit is shown as the dotted curve, with o, as its
minimum. In cases where ty is not sufficiantly close to o* to give
ng >0, the cubic fit is repeated, with ay = ap, and a; computed as
before, The convergence Is quite rapid, generally requiring no more
than two fits.

Finally, it should be noted that the use of ék rather than d; in
Eqn. (B—85 means that Ao is the magnitude of the increment (Aaék) ,

which should be small to obtain accurate derivatives. Use of gk, whose

norm varies between iterations, would give unpredictable results.

2 Fletcher and Powell [34] first proposed this scheme.
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APPENDIX C

DETERMINATION OF TANGENT POINTS AND
. CENTER OF CIRCLE AT A CORNER POINT

In order to evaluate some of the constraint equations in Chapter

IV, and for purposes of sampling an aircraft's position as described in

Chapter VII, it is necessary to know the cartesian coordinates of the

tangent points on a trajectory (see Figure C.,1). The value of Rmin is

determined by the dynamic and passenger comfort constraints (Eqn.

4-13), and the corner point coordinates are the unknowns that the

optimization scheme determines,

Ground Plane

First, the value of a is given (by the Law of Cosines) as:

32+b2“'02

_ -1
o = cos { 5ab ]
where
a=PP,), b=PyP,, and ¢ = '9193.

The distance | from the corner point of interest (xz,yz) is

min
l,‘:—nn-»-—-

o
tan2

so that the tangent points may then be expressed as

’

_ 1 -
X, = - ~(x1 x2)+x2

£l
PPy
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xT

~1

y =
tl

PPy
b'4 - ...__1_-.
t2 izig
» y = m-l-
t2 =
PyPy

141
(yy = vy) + v, (G-3b)
(x3 - x2) tx, (C-3c)
(Y3 = Yz) + Yor (c=-3d)

where X;, y; are the x and y coordinates of the i-th corner point.

The linearity of the segments requires that

z -2

S s (C-4a)
17 % PP,

Z - 2
L2 " %2 _ 1 ‘

<22 , (C-4b)
3° % BpP,

from which the wvalues of 24y and Zyn MAY be obtained (zi is the z

coordinate of the i-th corner point)

Although the coordinates of the tangent points in the ground plane

and Ry

specify the circular arc,

it is more convenient to express it

in terms of Rmin and the coordinates of the circle's center, (xC,yC).

This point is just the place of intersection of the two radii shown in

Figure C.1. The coordinates are given by

2
¢ o my -

m

Ve © m,

b, - b1

b, - m
= _1_5_:_52,1 - (C-5b)

(C-5a)

)

b

2
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where

X, = X
M, 1 -'tl
Ye1 " N
Xg = Xga
" Ty, -y
t2 " Y3
b, =

1 - Y0 T ™*ua

2 = Vg = MpXpn
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! APPENDIX D a
1

MANIP2 AND CYCLIC PROGRAM LISTINGS ,

?
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. - o PAY
. REVISED: FEB, 3, 168} o AT
. o PAY
I.'.il...lll!..llll..0'00..".9..O.IOll..ll.!l.l'...l...’...’.ll..... r‘!
. . PaI
. THIS PROGRAM LSES NOMLIMEAR OPTIMIZATION TECHNIGUES TO o MAT
. FIND THE SET CF AIPCRAFT TRAJECTCRIES WITH THE PINTHUM o PAT
. NCISE IMPACT INDEX (NII) FOP A SPECIFJED MIX OF AIPCRAFY s MAT
. ANC FOP THE PARTICULAR POPULATION DISYRISBUTION INPUT. . na;
. . MA
. THE SURROUTINES LSED ARES . MAT
. . MBI
' JPAREMS (NMACFTN PACKAGE ON NASA LRC PUELIC LIB) . MAY
. COSToCOSTL2ACCS»MENIT,PESUL T CRCSCYR)ONEWTONS MPLY rTENSPCSss PAT
. FGRAD; GAFA)EFFERs LINESCHICHECK)CCRNER)OYNARIDSNIT,HOLSEL & :A}
A
[ .
..l.ltl.l....lﬁ..l..'..'.l..’..'.!..!OC..I.'O....l'.ll'..l....l0'...""‘[

COMMON NTHAJONMBPONSEGH XMI396)sYM(396)pIM(3,6))ARPAYISTE,)9)pSPOSTITMAT
$03,200,3) s X003 ) aXFU2)sYCU3))YF(I)o20(2)p2F(2),NPOSTTS(I)) RHCIETE) ) NMAT

$ISEGL ) IPRCF)PAYIT)PENCRITHAWELTHTVICLASALWP) FATCFCoFATOFW Al
COMMON /DYMAMIC/ FADIUS,PWEIT1oPWEIT2)ZWEITL)GMAMIN)GMAMAX,NSAMP MAJ
COMMON /THPESH/ ALMAX MAXFLIT)TWEITIo TWEIT2)NPLANE ral
CCMMON /CROSS/ XBEGIN» XFINALIYDIS,CWEITI,CWEIT2 Ay

CCMPON /PRINT/ SYCENTR{3,3),SYCENTR(3,3)pSXT1(3,5),8YT1(3,5)»SZT1(MAT
mMaY

$3,5)pSXT203,5),SYT2(305),S2T2(2,5) »SANGLE(D)D)

COMMLN /SAMPLE/ SAMPT)PERIOCSSAFLYHINAC(3532)pCNOIS(1642) Pl!
DIMENSION YNOW(2G,1), OELTAX(IC), LABEL(E) AL
DIMENSICN XPGRTY(2)y YPORT(2), JN(30) MAT

DIMENSION NDCR2C(2;2)y NDCOSAM(3,2), NDCIC(392)s NTOTSAM(3,2), N72MAI
10(392), NT2720C(392)» NT27SAMI352)s NTATIC0(2,2)s NT3TSAM(2,2)s NTMAY
147200039205 NLIO11(3,2)» MA3OC(3,2)s NBACI11(2392)s NVC10(3p2)s NCVFAL
$660(3,2)s NSST(3,2)s NAMAC(32) EAT
EQUIVALENCE (NAC(1)sNDCE30(1))s (NACET),NDCISAMIL)), (NACI13)sNDCIPAT
$SO(1))s (NACE19),NTCTSAMIL) ), (NAC(25)oNT2C(2))s (NAC(31),NT27200( 1MAT

T8 s (NAL(ITIONT2TSAM(L)), (NACI43)sAT37100(1))s (NAC(4G), NTITSAM(INMAT

$))s (NACUSS5),NT&T720C(1)), (NACLEL)SNLIOLI(1) )y (NACLET) NAZQO(L)),MAT
$ (MACU72))NBACLLI(1))s (NACITG)SNVCIC(LI)) s (NAC(BE),NCVIICIL) )y (NMAT
SACISL),NESTI(LI)) vl
DATA ((CNOIS(I,d)pdnod, 2)p1m)p16)/1670T4920032215442E9240065,158422,M41
126 R0 167¢110230609152e6F 221095915154 792005¢€0126420,18,T4)166474,2VM81
$0,5291594315260.5¢9151080524.78914E0G4y24,49, 1760‘7;37.20:152-720?7?‘1

‘06513“‘05JI22“"5)1(‘903‘!2701‘.‘!1"5022'15 Q6/ MrY
DATA NAMEC/V(OC=-8-30 "yn NyNDCeG W/SARM," ENG B, uOCMAT
§=10=10 M,¥ N, NTCT W/ISAM MRMENG ", 1720 w,n T3
$ "y N727=200 "yn W27 WISEY "I"EBG nyn737=pL]
$16G/720","0 Ve 737 W/SAM VH,MENG Hy"74T7=200 LI MAT
$ "y 1011 oyt "y 4200 Von "ynBAC=11MAT
sl "yn ", "yC=1C vyn nyMCV=690 Hyn ey
$ WyNCCNCCRDE SW,nST "/ MY
DATA NaC/&BCOC/ val

NAMELIST ZACMIX/ MOCEAC)NDCGSEAM)NCCICHINTCTISAFINT2CHNT2T2CC,NT2TSAPMEL
$yNTI71C0,NTITSAMINTST200,NL 1011, NAICCHNEACLLL)NVCIO0)NCVEQONSST mMAY
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S0 00 00008020000 RERERRORCRRRRNRORR0RS0 000000 PRERBNOCERIINRSIINIGIONOIRNY P‘l ebo i
. o MAT 070 1
INPUT PARAMETERS!? PAT KO
N JENTRY o ®WFIXEU® FCR FIXED ENJRY PVS. Al 49C
. o WVARTAY FCF VARIABLE ENTRY PTS. Ma1  TCC
: ICNTINU = 0y INITIAL TPAJ'S ARE STRAIGHY LIMNES Al MNMC

« 1o INITIAL TRAJS ARE USER INPUY Mar 720

SAMPY o TIME IN SECCNOS AETWEEN NQOISE LEVEL SAMPLES

PERICD = TIME IMN HRS. CVER WHICH THE SIMULATION CCCURS PFAL  74C

¢
c.
c
C . .
C . .
C L] L]
C . .
C .
g . .
. .
C s  ACSPD = A/C SPEED IN METERS/SEC, « MAT 780
C . NTRAJ » NUPBER CF FLIGHT TRAJECTORIES « MAT TE0
C o NPAP » NUMBER OF POPULATICN PDINTS CN MAP o MO TT0
C o NSEG ® NUMBER OF LINE SEGMENTS ON EACH TRAJECTCRY o PAT TRC
C s  MAXIT o MAYIMUM NOo COF ITEFATICNS ALLCWED o MAY 760
c. IF CMLY PESULY OF INITIAL CONDITION IS NEEDED, SEY MAXIY o © o MAL pCC
€+ DELH » PERTURBATICN [METERS) IN X,Y CIRECTIGNS AT CORNER o MAT  mIC
C » POINTS ECP GRADIENT CALCULATICN o PAL 220
C o« STOPCHG = STCP CRITERION FOR SUCCESSIVE CCST CHANGE o MAT 83C
€+ XCaYCp20»XFoYFs2ZF o STARTING AND FINAL POINYS OF TRAJECTORIES o FAl P4Q
C o XFCRT,YPORY = AIRPCRY LCCATICN (METERS) o MAT  MSQ
C o xFpYFIM (I,J) » CCCRD'S CF J=TH CORNER PT. ON J=TH TRAJ, o MAT  BAQ
C o+ PREITY = PENALTY #EIGHT ON DYN, CONSYPs CN TRAJ'S « MAT 870
C . PWEJTZ = PENALTY WEIGHT CN CONSIRs ON FINAL ANGLE o AL B0
€ o RADIUS o MIN ALLCWEC TUPNING RADIUS (METERS) o AT 8QQ
; C . FATCFW = FUEL AND TIME GF FLIGHT WEIGHT « MADL 900
C o XMIN)XMAY YMIN)YMAX = BOUNDARIES OF AREA EXCLUCED o MA1 91C
C . ) FROM MAX, NCISE (THRESHOLD) CONSTR,. ¢ M1 920
k C o ALMAY & MAX, ALLCWED A=-LEVEL NOISE o MAT Q30
- €+ RATIC o EFACTICN CF FLIGHTS ALLOWED YD VICLATE MAX, A=LEVEL o MAY 94¢C
C . TREITY = PENALTY WEJGHY ON MAX. NOISE AND NUMBER CONSTR. o MAY oa2p
, C TWEIT2 » MOT USED NCws BUT SOPFE VALUE MPUST 8E INPULT o MAT Q80
, € . XBFGINyXFINAL = BOUNCARIES CN X=AXIS WHMERE SEPARATING o MAl a?e
¢ . CCASTR, IS IMPOSED . MAl oeC
c. YCIS & MIN. SEPARATING DISTANCE (YeAX]S) EBETWEEN TRAJ'S, o FAL 990
C o CHEITL,CWEIT2 = PENALTY WEIGHTS ON SEPe AND CRCSSCVER « MAT 10CC
¢ . CCMSTRYS, RESPECTIVELY o MAI 1C3C
C . IRFGF » C, MC PROFILE CPTYIMIZATICN o MAY 1020
¢ . 1o PROFILE CPTIMIZATION QCCLFS o MAI 1030
€+ NOTE! IPROF [S ALWAYS SET = 1 IN THIS PRCGPAM o MAT 104C
€« ZWELITL = PENALTY WEICHT ON VERTICAL SLOPE COMSTR, o AT 10°%0
C . GFAMAX » FAX, ALLCWED VERTICAL ANGLE ON EACK SEG. o MAT 1060
C .« GMAMIN « MIN, ALLCRED VERTICAL ANGLE CN EACH SEG. . MAY 1070
[ C o PENCRIT » MIN. SIGNIFICANT CYN. PENALTY LEVEL o MAl 108C
C . AWEIT & SCALING GN M1 . « PP J00OC
€. o o MAT 1100
€ s  ACMIX = NAMELIST: ACTYPE (I,1) « NCs OF ACTYPE ON TRAJ. T o M 1110
€. IN CAYTIPE . MAT 112C
. [ ACTYPE (1,2) « NCo OF ACTYPE CN TRAJS I o MAT 1130
: ¢ . AT NIGHT o PAT 1140
[ C 0'0'0"O"..ODOQI'!'Ol'.'OICCIl.0'0lll...OC.O.Q"..I..I.IIOCIll'.l... r“ 1150
o MAT 1160
CALL ODATE (DAT) MAT 1170
, ENCOCE (10,9010, IBAT) DAY MAT 118C 3
CALL REMAEX (IC&T) a1 116C ;
CALL JPACGAMS {JMN) MA1 22€CC ;
ENCLOE (7950200 JGENAME) UML) MY 1210
. CALL REMAPK (JCONAPE) MAT 1220
b WRITE (6,9110) MAl 123C
; WRITE (&,903C) MAl 1240
| WRITE (6, G040) JCONAME,JDAT FAT 1250
NPLANE « O MAT 12¢C
: < MAY 127C

G o s et oo ntenan 0esaestintonssessssotssesettoesaeseseseesosssnansintosnds ML 12600
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. o MAT 1260
. INPUT ALL THE JMFORMATION ¢ MAI 1200
N o MY 1710
00000 0000000 NENERENNN0NI RN IOIRIOIOIROIRSONOOIOIROIORGEORRRIRROROROOORTROICOCOETEssoone MAT 122¢
) MAL 1330
PEAD (7,6120) (LABEL(I)y»]nl,8) MAT 1340
FEAD (7,9050) TEMIRY MaY 1280
IF (JENTRY NEo"VAPTAN JAND JIENTRYJNESNFIXED®) CALL ERROR (4,"ILLEGAMAT 1360
sl ENTRY POINT TYPE) CHECK DATAM) Ay 137¢C
MAT 13PC
0000 000000000000,00C100000 0000000 0000000008 0s0000bonoensnsnsessssrses MA] 1390
. " . . o« MA1 1400
. ISEGYL o ) ¢ FINED EMTRY PYS.» 1ST SEG. INCLUDED IN ALL CALCS o« MAT 1610
. JSEGL » 2 t VARIABLE EMTRY PYSes» 1ST SEGe EXCLUDED o PAT l42¢C
. o MAT 1430
0000020003000 00000000000 00PRRURRPINIORRNRGRRORRRIERPENCCORRIRRROIRIRINSIIS ”" l‘fQ
AT 1450
1SEGY = ) PAL 1460
IF (TENTRYWEQe"VAFIAM) ISEGL o 2 MAT 147C
RE2ZD (75¢) ICNTINL)SAMPTY2PERICD,ACSPD " raAl 14RO
READ (7,%) NTRAJSNMAPINSEGHMAXIT PE1 1490
READ (7,%) DELF)STOPCHG MAY 1200
SAMLTH = SAMPT®ACSPL MAT 1%51C
DC 3C 1 = 1,NTRAJ R MAT 132¢C
FELD (70%) XCUY}oYOUI)W20(1) KT 183C
READ (7,%) XF(I)oYFLI))2F(]) FAY 1540
RELC (T7,%) XPORT(1)sYPORT(I) MAT 18%¢C
MAT 156¢
88008 000008000000 000000008000 00000R0 000000000000 0C00CQR000RR0C0C00R0RCCRRRTIRRTYS F‘! 1510
s o MAY 1%8C
B CALCULATE INITIAL COFNER POINTS o MAT 1%¢€0
. o MAT 1600
0080 00 Q0P RN LR N AN RARNERNOROOOINENRNOBIOOIOIOPIOINIOIOSERRRROROIOIRROCARAOIRNARSNSDOY "' 1610
MaT 1€20
XMUI1) = XCt 1) MAT 1ée30
YM(l,1) = YO(I) HAT 1é4C
Ir{l,1) » 20(1) Al 1650
XMOISNSEGeY) = XFL(I) MAY 1860
YM{T/NSEGel) » YF(]] MAT 1€7¢
ZMUISASEGHL) o 2F(1) MaY 1680
XM{T)NSEG*2) o (XPURT(I)eXF(IN)Z2. FAT 1A
YM(ToNSEGe2) o (YPCRT(I)eYF(I)) /2, M2T 17CC
IMUI,NSEGH2) = ZF(1)/20 Al 1710
1F {ICNTINLG.EC.1) GO TC 20 ' MAT 1720
CC 10 J o 2,MNSEG MAT 172¢C
- XMUIsd) ® YOUI)DS{FLOAT(U=1)7FLOATINSEG) ) (XF(L)=X PAT 1740
YM(Isd) » YOUL)S(FLCAT(J=1) /FLOATINSEG) IS (YF(])=Y ML 175C
IMGTed) o ZC(I)e(FLOAT(J=1)/FLOATINSEC))®(2F(T)=2 PAI 17¢C
10 CONTINUE MAT 177¢C
GC TO 3¢ . MAT 17RO
2¢ FEAD (75¢) (XMUT,Jd)sYMULs3) 2P (TsJd)sdm2sNSEC) Pal 17¢0
3¢ CONTINUE MAT 1m00
DC 4C 1 = 1,NMAP MAL 1R1C
BC 4C J « 4t MAT 1720
AFRAY(I,d) » 0. MAT 1630
4C CCNTINUVE MAT 18&C
PEAD (7s0) PWEITIHPWEIT2)RADILS)FATCFW MaT 1R%C
QEAD (Ty%) XMIN)XFAX,YMIN, YMAX . MAT 1R46C
RELD (7»0) ALMAX,RATIO»TWEITY,TWEIT2 MAl 127C
READ (7)¢) XBEGINSXFINEL)YDIS)CHREITIHCHETTYR MAL 1RPO
READ (7,%) IPRCFy2WEIT1)CMAMINSGMAMAY ,PENCRIT,AWELT FAY 1Rac
REAC (10)¢) ((AFPAY(I,J)pdels3)p(ARRAY(1,3),Jab,9))RHO(TI)»Tel,NMAPFAT 1900
%) ) MaAY 101
READ (7,aCMIX) MaAl 1620

-
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11¢

IPROF » }

L0 56 1 s 1)MTRPAS
D0 50 L = 1,32
NPLANE » hPl‘NE’N‘C(lIL’
CONTINVE

00 60 I o 1)NMAP
ARRAY(1,10) » 1,

MaY
val
rar
(4 )¢
ray
pry
PAL

IF (XMINGLECARRAY(Io3) o ANDGARRAY (I 1) eLEeXPAXoANDoYPINSLESARRAY (MI]

8 192)eANDOARRAY{1p2) oLEaYHANGANDARPAY (T 3)oNEsOs) ARRAY(1510) = ::{
$ 0,

CCNTINVE mal

MAXFLLY » lle(NPLAhE‘ﬂAYlﬂ‘Ocﬁ) ::X

1

90000000000 ¢0R0RRINOEREOROBRRROIRRNRRRNNLStORERORRNRRNRSRIRRRRRISIOIRRINY ::;
L ]

PRINT INFORMATICN IAPUT o MY

o MOY

0B RIOROE IO D QORISR NNUONINIEPURRNOIOONIIORIORRNENNORONSONRERORORMYS H:’

Mal

WRITE (£,913C) (LABEL(]))1e],8) Hat

WRITE (6,9140) HAX1TrNTRAJphSEG:NH&PpCElHnSTCPCHG mAx

WRITE (£59C60) SAMPY,PERICOIACSPD Ay

IF (LENTRYJEQe"FIXEL") WRITE (6,9070) L3

TF (IENTRYLEQeMVARIAM) WRITE (6,90€0) rAY

IF (IPRCF.EQsl) WRITE (6,5090) MAT

IF (IPRCF.ECO) WRITE {(6,91C0) MAY

WRITE (€920150) ALPAX, MAXFLIT) NMING XMAX,YMIN)YMAX may

WRI'TE (6»7160) XBEGIN,XFINAL»YDIS nal

WPITE (6,9170) 910XLS:PHEITI!PHE!72»295lTloYUEXTloYUElTZ:ChEl?lnCUFll

$EIT2 ) CMAMIN) GMAMAX, PENCRIT,AWELT, FATOFY Hal

00 90 [ = 1.NTRAJ ray

WRITE (659180) I,XO(I),YQUI)o200)sXFCI) YFLT)p2F (1) MaY

NSEGl = MNSEGe] MAT

DO 7CG J » 1,NSECL MY

WRITE (6092C0) JpXMUIpJd)aYM(1od)s 2N ) At

CCNTIMUE M

WRITE (6,9210) mat

D0 RO L = 1,31,2 mat

IF (NACUIoL)oNEosOSORNACIIoLo2)eNECO) WRITE (65922C) NAMACIL)oMAY

$ NAMACIL*1)oNACII,L))NAC(I L L) et

CONTINUE Mal

WRITE (€£,9190) XPCRY(I),YPORT(I) sl

CCNTINLE ral

N » 29(NSEG=]1)*NTRAY ral

NVAR o 2 LY R

IF (JPPOFeEQal) N » 3O(NSEG=1)*NTFAJ Ml

™ LF (IPFOF.ECe1) AVAR » 2 ral

0C 100 I = 1,NTRAJ FAT

HSEGLl » NSEG~1 mal

00 10CG J & 1,NSEG) Al

N0 10C K » 1,NVAR 4 3

L s (I=1)ONVARONSEGTe(Jm1)oNVAR 4K LY

IF (KeEQel) YNOW(L,)) o XM(IyJde1) AT

IF (KoECe2) XAOWIL,L) o YM{I,Jel) Mal

IF (KofQe3) UNCR{Lsl) = ZF(IsJel) Mat

COsTINUE MaY

0C 110 I = 1,N Mal

CELTAX(I) = DELH . sl

CONTINUE MAY

ey

00000 040000000000 00000R0RPRERRRIRIOSPEIRRRIIIROACIOIRISNIRIRNIOOIGEEIRRIECETOI]S P"

o Al

START CPTIMIZATICN o Mal

« M2l
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C .l.‘.....’.ll..l.......l.'........'........"...".......'....'.l.... ::} gz:g
CALL QONEWTON (MAXITVSTCPCHGN)XNOW»OELTAX)3C)PENCRIT) PaL 2%9¢C
step PAY 24C0
¢ VAL 281C
9C1IC FCERMAT (Al0) MaY 262C
9C2¢ FORMAY (A7) MAY 263¢C
G030 FCREAY (/7" NO APMBIENT NOISE INCLUOED",»//) MAT 2640
OG4C FCFMAY ‘lﬂloﬂlv .-...ooo-ooo'”oI'!O’v" W23 AN “oI'IOYp" Ra2XpRT2MRL 265¢C
XMy L OX ™oy LNyt M/ p i CX MRy ALCal o WaPy/slONpPa¥y I iNaa®y/yIMAT 2040
50!'"..0000-.-0-0-”;/) MAT 2470
ANE0 FORMAT 5(A%) MAY 2880
GOEC FCAMAT (5),"FOF LDN CALCULATIEN, SAMPLE TIME o %, 66,Co™ SECoNp /s SXPAT 26€0
$5MA/C LANDING PATTEFN FEPEATS EVERY MpF2,3,m HRS,")/p5X,"A/C SPEEDMAT 2700
$ 8 MUFL2,N MISH /11 MAT ?THO0
G070 RCRMAT (/26X ,FINED ENTRY POINTS®,/) LI 2F40
GO EC FORMAT (/7p&X)"VARJAELE ENYRY PO!NYS“:I) PaY 2730
GCRC FCPMAT (/24XsM™eo PFCFILES OPTIRIZED oe®»/) MAY 2740
G160 FOPMAT (/54Xp™ee CNLY CRDUND TRACKS ARE UPY!FIZED ve's /) MAY 27%0
911¢ FCRMAY {(1H))l0Hsee0e0evee,///) FAY 2768C
912¢ FORMAY (EAL0) MRY 2770
913C FCRMAT (1 X»EAL0) Al 27FC
9164C FORMAY (7/77s5%) "MANTNUNM TTERATICN SETI My 12,/,5X,"NUMBER OF TRI®,"MAT 270C
SJECTCRIESt "y L2575 5Yo"hUMBER OF SEGMENTS ON EACH TRAJECTORY! %,11,Ms] 2¢00
$/)%X,"NLMBER OF PCPLLATION POINTS CN THE MAPI ", Tap/sSX,"PERTUPS TMAL 2P1C
$RAJECTORIES IN X AND Y CIRECTIONS "yF1045," METERS FOR CALCULATINGMAY 2420
S GRADIENTS™)p/p5XpMEXIT CPITERION FOR CNEWTONT ®,1PE1649,/) MAT 2820
91%C FCRPAT {5X)mND BLCCK MAY RECEIVE "pFSelp" OF {0 HIGHER) A=LEVEL®)MAT 2040
$1 NISE MCRE THAN Myléas® TIMES A DAYW,//,3Xs%,,THIS CONSTRAINT m,nppl 2a%e
SEYCLLOES BLOCKS WITH CENTROIDS INSIDE THE PAMGES! "pF8.1," 10 NP EMAT 208C
Solo® (X) END MHpFBale" TO "o FBels® (YIN//) MAY 207¢C
916C FOPMAT (5X,40HWITHIN THE AREA OF Y=CCOFCINATES BETWEEN)FR 1,5k ANCMAL 28RC
$ sFE.1pblHy YHE SEPAFAVING OISTANCE BETWEEN TFAJECY!ENQFIES&/DﬁX)lrll 2r9¢C
$PESPOLLE BE AT LEASTIFe.1,7H METERS»//) )Y 290¢C
G17C FUEPAT (/pEX,"OTHERP CONSTRAINT PARAMETERST,/,oX, WMININMUM D‘DKLS'n"F‘l 291¢
$ CF CURVATURE (IM X=Y PLANE PROJECTICN) = ",1PEGe2,/s4X,"DYNAMIC PMAY 2020
SENALTY WEIGHYSS PWEITY o ®w,E9,2," PREIT2 o ")E9,2,7 JWEITL = ¥,MAT 26030
$£Q42, /06X, "MAXTIHUM NOISE LEVEL (THRESHOLO) M, "PENALTY WEIGHYST TWMAI 2640
SEITL o My EG o2 MTREIT2 ® "yEGe2s /) &Xo"SEPARATION PENALTY WEIGHTS: MAl 2450
SCWEITY & M EQ,2," CWEIT2 o MyEQe2)/sbXpWCMAMIN n 1,0PF5,1," GPAMAPIY 2G40
X 8 MyFB 1, NPENCRIT & My LPEQ,2," AWEIT » MpEG 2) 8K, "FAYOFW o ®)EQ.FA] 297C
82577 9SY )" INFORMATICON CF EACH INITIAL TRAJECTCRYI™,//) MAl 2980
GLEO FCPPAT (10Xs15HFLIGRTPATH NCt o I1p/912X, 1 3HINITIAL XsY)pZp1X,22HCOCHAT 2900
SPDINATES IN METEESH »3(FA1p3X)a/p 12X, IHEINAL XoYoZs1iX,23HCAORDINMAT 20CC
SATES IN METERSE »3(FFelp3X)s/s)2X»14HINITIAL CORNER,128H PCINT POSIMAL 301C
SSTIONSE 7 p1&X s 1OMCCRNER NCopbXp THX o SXoIHY 9%y 1HZ, /) Ml o302C
9160 FOPMAT (10X,"RUNWAY LOCATION! ®oFPelsJOXsFRGls//) FAT 2030
G200 FOFMAT (1BXpI110eX FRala3XNsFEalyp2XpFEul) MAY 2C4C
921C FORMAT (15Xp"A/C FIXM,T&E)"NOe OF A/C*p/7)T40s "DAYTIVFE®)3X, "NICGHTTMAT 205C
SIMEM,//) AL 3060
G22C FCRMATY (T20»2A30,742,13,752,13/) HAT 307¢C
END Mal 20PC
SUBRCUTINE COST (IGRAD)TCTAL,ANTI,,PNALTY,CLOSE»THRESH) ces 10
COMMON NTRAJSNMAP)NSEGHXMIIpe)) YN (@) s M (29 ¢ ) pARRAY (S TE)G)y SPOSTITCOCS ’c
$02,2C00 )0 X0(3)pXFI2)sYOUINYFL ) »2ZCUA) o ZF(I)sNPOSTTSIA),RHC(5T6),00S 3¢
SISEGL)IPROF,PAXTIT)PENCRIT)AWEIT)TVICLA»ALWR)FATCGFCHFATOFW Lo 40
CCMMON /CCRNER/ ANGLE(3,3),POSIT(3,200,3),XCENTP(2 231 YCENTR(3,3),C0¢ 50
$2CENTRIN D), lTl(3n5)»771(3:5’1211(’l5’017:‘31 YaYT2423,5)272(20%)0C0S €0
SNPLSITI3),DIS{2) ces T0
CCMMCN /PRINT/ SYCENTPU2,3)SYCENTRIA,2),SXTL(3»5)pSYTLI(305)»S2T2(0CS L]

resnet LRI g e e e A . e .




150
13,5)SXT20 30500 SYT20352)0S2T203)5)) SANGLETD, ) ces <o
E4TOFC0, ces  1ce
TCTAL=FATORC £es 11e
ANTTeTOTAL €0t 120
CLOSEsAN]] cCs  13¢
THOESHeCLOSE ces  1ec i
PNALTYeTHRESH ces 1t i
DL 1C I = 1,NNAP €or 160
PC 1C J = 405 €0s  17¢
ARRAY(1,J) = 0. crs  1ac
10 CENTIME ccs  1ec
CALL DWAARID (PMALTY) coe 200
TF (PNALTYSLTSPEMCRET) 6O TO 20 cos 21
TCTAL « PNALTY ecs 220
: IF (MAXIT.NEJO) PETLPN ces 23¢
- 2¢ CALL NOISEL (THPESH) fOS 240
, CALL NIT (ANIL) ces 230
1F (NTRAJLEG.Y) €O TC 30 ces  2ec
, CALL CRCSCVR (NPLEIT,POSITHCLESE) ere 270
| 3C TCTAL o ANJT#THFESHOCLOSESPNALTY4FATGEC oS 200
TF (1GRACLEQeL) RETUFN €cs 200
x CO 6C [ & 14NTRAJ ces 200
z T « XT3N cce 3¢
‘ SKT2(I1) » XT2UI1) cos  32¢
SYTL{Is1)} = YT)(1p)) €cs  23¢
SYT2UIp1) & YT2{1y1) cof  34cC
‘ - SITL(IN1) = ZT3(1,1) ces  asc
SZ12(1,1) » 2T2(151) crs  3¢0
DO 4C J o 24NSEG cos 379
‘ SKCENTR(I,d=1) ® YCENTR{[)J=1) cce  aee
' SYCENTR(I,J=1} o YCENTR{IsJd=li} ¢ts  38¢
SXTI(Isd1 o XTI d) ces  eoc
; SYTH{Iod)  YTL(I, ) €05 41C
SXT2(1,d) & ¥T201s4) ces  s2c
SYT201sd) v YI2UIp0) ces  43C
SITL(I0d) = 2T14150) €CS 440
$2T2010Jd) » 1T28104) cee 420
SANGLE(Tsd=1) » ANGLE{I,d=1) ers 4e0
“c CONTTHRUE ces 470
NPOSITS(1) « NPCSITIT) CCE erC
IPLST = NPOSITS(D) cee  4o¢
CC 50 J s 1y 1PCST €es  scc
SPOSTTIL,dod) o PCSIT(I,dp1) cos  sic
: SPUSIT(1,402) = PCSITII dp22 cce 820
SPGSITUI,Jpd) » FCSITU,d,2) cne 53¢
5C,  CONTINUE €Cs  =ac
#0™  CONTINUE ¢rs ss0
RETLON cce  sec
END ere €70
SLBFOUTINE CCSTI (TGRAD)NsFaXsANTT)PNELTY,CLESES) THRESH) NDEC) €c1 10

COMMON NYRAJONFAP)BSEG)XMIBpE)p YL E )0 212y )  ARPAY(S5TE, ) SFOSTICD) 20
$03520003) 0 XCUII,XFL2) s YCUIIHYFUD) o 2C(30 0 2F () HNPCSITSEIN, PHO{ETE) O b1

SISEGLIPFCE)PAXIY s PENCRIT)AREIT)TVICLA)ALWPSFATCFCHFATOFY (| se

OIMENSICM YINDEC, 1) ¢l 0

NVaR = 2 e ¢e

, IF {IPRCFLEQel) NVAF s 3 1 70
00 10 I » 1,NTPAY (48] 20

BSEGL » NSEG=1 (49 s0

DO 1 4 = 1aNSEGH cey 1ce

00 1C & & JyNVEF ccy  11c

T - .
e o T s 1 S A 3 L o i
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Lo (I=1)ONVARONSEGLelUm]ljolVaReK ey 120
t LF (KaEQul) YR(IpJoY) » ¥{l,1} €c1 130
1F (MoEQe2) YPUIpJe1) s X{Ly1) ey 1a0
1F (3-60.3) Ir(lsdel) » HL»N cer 1%
10 CONTINUE cel  1e0
Catt CGSY tlaubnhlhlhPMUY;CLOSENHIESH) ¢r1 17¢ J
PETLRN ¢l 10
END cor  19cC “
| 1
: L -
1
' FUNCTION AACDS (Astoc) ar 10
é X on (R00248002-C002)/{2,0p00) MC 20 |
1 TF (ABSIX)aLTeled) GC YO 10 AC ac ;
: WRITE (659010 XphrBy AN 40
) STOP AC 80 ?
i 10 IF (XeGVula) X » )4 siC  £O 4
IF (XolTewls) ¥ o =f, . e 10
i MCCS » ACLS(X) (Y14 ac
RETUR AN 90
: c 4 arC 10C
| 9010 FCPMAT (29H TROLEBLE IN AACOS) Xohp8,C o »4{1PEYE9,3X)) AAC 110
; ENC . AAC 12C |
;
!
: SUBPOUTINE MONTY (IT,X,NyFoANIT)PNALTY,CLUSE)THRESH)NDEC) MON 1O
, COPMON NTRAJINMAP )NSEGH XM ()6 s YML I E)p2M(3,€) ) APRAYI5T€99)2SPOSTTREN 20
$03,20053) pXO(N)pYF{I),YCL2))YF{ D) 200D ZF(3),NPCSITSI3),PHCIETE))NPN  AC
] SLSEGL s IPROF e MAXIT ) PENCRLT)ARELT )TV ICLASALWP)FATOFC) FATOFW PON 40
A CCFPCN /PRINT/ SHCENTRI3»)pSYCENTRE2,3)sSXTI{3,5),SYTI(3,5),82T1(PCN ¢ ,
$355)aSXT20305),5Y12(395)»827213,%) » SANGLE (3,2) MON  f0 E
‘ DIFENSION K(NDEC,1) ray - 7C |
» P1 = ATAN(1a)o4, PON  BC
’ NVIF o 2 pcH Qg
: LF (1PRCALECHL) NVAF » 3 NON 100 i
00 1C I » IpNTRAY PCN 110
NSEGL » NSEG=1 PN 12¢
00 1¢ J v 3,NSEGY PCN 130
00 10 K » 1HNVAR FCN  14C
y L oo (J=1)ONVARONSEGL(J=1)0NVARSK FON 120 1
IF (KeECo LY XM{IpJdel) o X{Ly1) PCN 160 ;
TF (KeEQe2) YP{LsJel) » X(lol) reN 17¢ !
~ TF (KeEQe3) ZF(Lodel) » X{Ls1) PON 190
10 GCNTIMUE FeN  1aC :
WPITE (€080) TToFpbMIToPNALTY CLOSE)THRESHITVIOLAALWP s FATCFC rCN 200 i
| 00 20 [ « Y,NTRAJ FON  21¢ i
- WEITE (6540) 1HoXF(Ip1)s YNUIS) 1 2NI1,1) FCN 220
£O 20 4 = 2)NSEG MON 230
WEITE (€250 XP(Ipd)aYMATod)p 2P (1)) s SXCENTRIT d=1))SYCENTRII,MEN 240
s el o SXTIATpd e SYTLIT ) dbpSTTLLE pd ) o SXT2UT,U)0SYT20T,J)s S2T2LI,NON 250
s JIPSANGLE ], d=1)¢180,/P1 PON  2¢C
2¢ CCNTINUE MOM  27C
WRITE (€46CH MU NSEGOL) )YMIIPNSEGOL) ) IN(I,NSEGOL) pCM 208 !
; NPCSITI = MPCSITS(I) #CN 2690 i
i WRITE (Bs70) ({SPCSITIIsdak)sKals2), el NPCSITT) MON  3CC v
4 3¢ CONTINUE PON 21C
RETUFN yeN  32¢
4 FCN 310
c pON 240

4C FCFFAT (12¥2"FLIGHT PATH NOI "5T1s/»T202"CORNFR PTS,", T4C, "CENTER MON 150
SOF CIRCLEM ) T4, MYANGENTIAL PYSe™y YIIC,YANGLE (DEGREE)Y, /) JaN, "Wy pMrN 140

FRRERRER W U TR

DU Ch <o S R

B
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i - R .
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it s ol . o . s N o




sETsCp™in)

FP4CrM,0FTa00m) ”;FTaO)”i“!“!”nf?oﬁn”:”;F?-co*;”n?FPN
g "9”0F7000")")n3!nféoll
)

’ L]

&C FCRMAT (14 BT 0y ETa Pyt FTe0p )W) PPN
70 FOPMAT (3¢ X)) pey
END rer
SUBRCUTINE RESLLY (YToX N FsANTTsPNALTYSCLOSE) THRESHONDEC) PEE
COMMON JNTRAJSNMAPINSEG) RIUIob) o YR(Y ) s ZMU Yol ) aARRAYISTE) ) ) SPOSTTRES
‘(352C093))10(3’plF(})FYE‘))nVF(!’)IC(S)rlF(SD)NPOSXYS(Q);!ND(‘?Q!)VFS
SISEGLsIPROF)MAXYT)PENCRITHAWESIY ) TIVICLA»ALMPFATCFC)FATOFY PES
COMPON /PRINT/ SYCENTF(303)0SYCENTR(D '3)r$¥Tll3!5)957111315)’51f1('ES

13050 SHTZ(I 50 SYT2(305) 0827243550y SANGLE(D)2) PES
CIFMENSICA XINDEC,)) RES

Pl s ATAN(],)%%, pES
NVAP = 2 ) BES

TF (1PFCFoECs1) AVAR o ) - PES

0C 10 1 o 1,NTRAY PES
NSEGL » NSEG=) res
DCIC J o )pNSEG) PES
00 1C ¥ o 1,NVAR PES

L oo (1=1)ONVARPONSEGIe{J=] ) eNVAR oK PES

TF (KaEQel) YFILsJe1) = ¥(L3)) PEC

IF (KeEQe2) YFILp o)) s X(L,1) RES
IF (£4€Qed) 2PUInJel) » XiLp)) PES

10 CONTINGF , "ES
BRIYE (4, 60800 IVF AN L PHALIYVICLOSE ) THFESHITVICLAPALWF,FATOFRC (133
OO 30 1 o JoNYRAY PES
WRITE (659020) [oXM(L o3 ) YM(Ls1)o2M(T0l) PES

00 20 J = 2,NSEG PES

WRITE (6590200 XM(1ad)pYN(LpJ)oZMUTad) pSNCENTRYTpJ=2) »SYCENTRIPES
$ Dodol o SXTLULpd ) p SYTIE 2 SZYRCLod ) SXT2ULad ) pSYTRULp ) SIT2UPES

s Tod)p SANGLE(I»d=1 ) #18C,/P] PES
2c CONTINUE rES
WRLTE (659040) YM{]oNSEGeL))YMUT)NSEGeL)pZMITsNSEGeL) PES
WRITE (£,50%50) PES
NPOSITI « NPCSITS(I) FES
WPITE (649660) ((SPOSITIT»dok )pRulp3)pdel, NPOSITT) RES
, WEITe (8,9C7C) ((SPCSITIL)JaK)sKo1y2)pdmlyhpOSITY) PES
30 COMTINUVE RES
WPITE (9,9060) ([ARFAY(Iad)pdsd,5),lalaNMap) oES
RETLRN 'E;

PE

¢

Q01" FCPMAT {AHI»OX ) 1IHITERATIONY »12)7,12X,12HTOTAL CCSTE »IPELELG, /)y IRES
12X P A THAMMCYANCE (INJI)S JLPELE.T0/5 12X, 3 HPENALTY ON DYMAMIC CCNSTRRES
SAINTL JLPELGe /012X J4HPENALTY ON SEPAPATING CONSTRAINTE ,1PEJLLSRES
35/ 12X» 2PHPENALTY CON THRESHCLD MIISEL p1PELEWCs/ 012X, "THPESH VICLAPES
STIGN o MpELOa9p/pliXs"LuP & My EY6aSp/pl2NsMEATCFC o HpEYE 490 7) PES

GC2C FOFMAT (12X, MFLICKY PATH MOT "y lls/sT200"CORNER PYSs")T40,"CEMTER RFS
$OF CIRCLEM, TT40MTENCENTIAL PTSoMs TLIC)"ANGLE (DEGREEI™s /o 14Xy n{Y, FPES
$7oCo M aFT.CoMpn, FRas ) ) PES

QCAC FOPMATY (1AXpM M aFTaCo oM aFTa0s st FTaCaP I m(W,E7,Co0pNyFT, Cp”,";l'ﬁ‘
SUPLMYETe0sMp o Fhalp My s FTa0s ™)) 3N FE0l)

00460 FCHPAY fl‘lf"(”nF7-C:"i"9F7.Op"p”:F7 Qo) 1y fS
SNEC FCEMAY (/701 2Xa36NFLIGHY TRAJECTORY Xs Yo 2 IN HEYEPS’/DIQV’]PF'IPF‘

AN, LHY 10X 1ML 1) RES
SCH0 FCFPAT (1aXp1PE1CedssY B Co 20X »EL042)5X) PES
€370 FCFMAT (3(FE.L1s2Y)) PEC
QCBC FORMATY (2(1PE1043»1X)) RES

EnD FFS
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IGINAL AGb'
%%‘ POOR QUALITY

SULEFCUTINE CROSOVR (NPOSIT,POSITHFX) g:;
OO0 NRNGRINTN IR PRI PICIRIEIONOINNNROAINNOIIRINNININIERRIIBRINIRIINONDIRSGS g:g
. THIS SUBFOUTINE CHECKS THE SEPARATICN BETWEEN TRAJECTCRY : ee
s PAIRSe 1T 1S INYENCED TC WCRK CNLY FOR CASES WHERE ALL o £FS
o OF THE TPAJECTCRIES SHARE A SEGPENT CF THE Y=aXIS, . g:z
:ti.ll..'...i.'.‘.QO...'.l_l.lll...l.‘.‘.lll....l......QO‘.’Q‘!"ill.l: g:;

COMMON NTRAJ)NHAPONSEGoXRUB ot o YR(D2E) 2N (390 ) s ARRAY ST Q) SPOSTTCRS

l()oZODoB)n)O(S)plfl’erC(!)’YFCS!olﬂ‘!InZF(1lePOSlYS!WEbIPO(57€l’CP'
$1SECL I IPPCF MAX T PERCRIT)AREIT TV ICLAGALWP, FATOFC) FATOFW crs

CCHPON JCROSS/ XMECINsXFINAL)YOISSCWEITL,ChELIT2 crs

DIMENSION CECSS(T))0), POSITII,200,3)» NPOSIT(D) crs

OIRENSICN CPCSIY(3,2C0,30 HCPOSI), NOYPAJLD) s

YINTRP LN X 1o Y1 R2p Y20 XY 20 NhpY4) & (NmN2 )0 (NN} O NaXb)OY)/(¥]=X2CRS
$}/UX XY /(Y mKb) o Nm¥ )0 (XmX3) S NuW&)OVR/ (NZ=XL) /L N2=XA) F{X2mXb)eCPE
$Ur=X1)0lxeX2) o yuXb) oYY/ UXI=NL) /Y I=N2N/{XI=NA) e NaNL) O (X=X2 )0 NmXCPE

$3)0YR/CNmX1) /{h=D2 )/ (XbmKD) cre
FX & O B . ers
00 20 1 « 1oNTRAJ cns
MOTRAJ(L) » ) crs
JJ o NPDSIT(L) crs
CC 10 J & Ly ers
IF LOXBEGIN=POSIT(IoJ,1) )0 (PASITIL,J51)=VFINALI 46T 40,) GO TO zg-:

)
1¢ ccmxmi_ crs
NOTRAJ(L) o © crs
20 CONTINUE CFS
N ces
0C 46 1 = 1,NTRAY ros
IF INDTRAJIL)¢EQsC) GO TO 40 cre
JJ = NPOSIT(I) cre
11 » 1101 cos
NCPOSIIT) = crs
00 30 J » 1,44 crs
0 3C K » 13 crs
CPOSITITI pK) » POSITILNINK) crs
3¢ COKTINVE cps
40 CCNTINUE coe
SEMPLE « (XBEGIN-RFINAL)/ 1L, cre
CROSSI1a3) © XBEGIN=SAMPLE ces
DG £C [ & 2910 s
CROSS(1,1) » CPOSSI1s1=1)=SAMPLE cos
£C  CONTINUE ces
CO 110 I & 1)NTRAY s
0C 10C J » 1,1¢ ces
NP1 & NPOSIT(])=] crs

00 EC K o 1,MP} CFS
SIGN » (PQSII(IaK:l)-CRQSS(I Jl)‘190517(10K01013'CQC$$(1pJ)lCPﬁ
IF (SIGN.CE4DO) CC TC 6 CRs

KK 8 K CPS
GO 10 %0 rtes
6C IF (SIGNICT4CWC) GO TC €0 N o 1
IF (PCSTT(1aKs1) NELCROSS(1,d)) AC TO 70 tes
CROSS(1eI»d) » PUSITIIIKS2) (4 1]
GO TC 100 ces
] CPUSSI14L,J) o PCSIT(LsKe1)2) CPS
6L YC 10¢ cpe
ac CONTINUE ces
ot - hk S -
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114 JF INVeEQel) CEOSSEIo1od) o YINTFPICRCSSI20J) pPOSIT(Ia102)0PCICPS 620
$ o JT{D2p2)0PCSIT 10203 )sPOSIT 122020 0PCSETII» 30 ) POSITILN2)C0S &30
1 POSIT(Isbe 1 )sPLSITILNGr2)) Py 4L40
TF (KKoNEo JoARCoRK NESHPLE CFOSSI1odsd) o YINTRP(CROSS(12Jd)pPCCPS £%C

] LSETITaKK=1,3) pPOSITEI KE=1,2) ) POSITIL RN )1)sPOSITIL,KN)2),PCSICRS £40O

[} TOoKKeLpL) pPUSITIIaEKOLp2) oPOSITIY,XKe2,1))P0SITI],KNe2,2)) CPS 470

IF (KKoEQNPL) CPOSSILeIpd) » YINIRPICROSS(Lsd)oPUSIT(IauK=2, )08 (00
s )ﬁ?USlY(IOKK-ZD3)0’05!7(l)iK'lol)‘fCS!T(flRl'lt2’)’65!7(1"KP!C’S b0 (¢
fown 1] 1oPOSIT I ok, 2)pPOSIT L K os ) )pPCSIYILKK)p2)) 700
10¢ CONTINUE C'S T1¢
110 CONTINUE . rEe 12¢

¢ " - crs 730
¥ G P M s e s oo i oo s nr oot ettseitasnisonnetotososneonstnesesnstsssnisoness g:g ;:3
[N » H
C. NCW YESY THE NEARNESS CF CR THE CROUSSCVEE SETWEEN TRAJECYCRIES o €0 760
C. o CPS 770
G s CPE T78C
C soonnsensesvensnonsvssssssesssasssoveesstecoeersvosassssesssenssosves GRS 760
N ¢ ¢rs 200
NAGDL o NTRAJO) : C.S "o
00 170 1 = 2,KTFRJ crs a2¢
0C 160 J » 3)N4CEL ces  ric

= LF (1.GEed) GC 10 16C CFs  BaC

0 14C K s 1,1C CRS  r2g

DIST o CPOSS{I,K)=CROSS(JIsK) €ps  mécC
IF (ABS{DIS1).CE.YDIS) GC TC J2¢C ers A7e
FX o FYeCWEITI®(YDIS=D]IS) )82 crS  fF0

120 IF (K EQ,1C) GO T0 140 cry  89C
DISZ o CROSSUT)K*1)=CROSS(J)pKeY) £ee opg

iF (IRISIISZ214CEeCe) 6L YO 140 cps 910
1 =1 ces  62¢

13C IF (K+1¢11.6T410) GO YO 150 Cre 93¢
CIS) o CRCESEIAKALeT1)=CROSS(IsKIJ]Y) ps  a4éc

IF (D15290183.LE¢Ce) GO TO 150 ces Q%0
IF CABS(DIS2)eLToABSICISA)) DISZ & DIS] CrS 960
I1 o 114} ces 910

60 10 130 ¢ s o080

14¢ CONTINUE (.3 L L]
0 TO 160 CPs 1000
15C FY o FEXOCMELIT2eD]53%02 cPs 101¢C
Jec COMTIMNVE cPs 1020
17¢C  CONYINUE ¢Ps 1030
RETUPN CPs loec

ENG cre 105¢

m

SURROUTINE ONEWTOCM (MAXIT,SINPCHGaNoXNOWsCELTAY,NOECIPENCRIT) 2:5 ;C

c 2¢
c SN PRG0N0 PBINEIONAIERINRSRIINNNNRORNPERERRNNB 0000000000000 RORY OBF ac
[ o« ONF 40
[ THIS OPTIMIZATICN EFPLCYS SELF=SCALINGs PESTAPTING, » ONE %0
(N GLASI=-NEWTCN MEYHLOD. « CNE ¢c
(4 REFERENCE! DoGe LUENBERGER INTRCe VYO LINEAR *ND NONLIMEAP o ONF 70
C o PELGPAFMINGT Po204) SEC.9.% o« ONE L]
C e FAXTTE MAXIMUM NUMEER OF ITEFATIONS ALLOWEC + ONE 90
C o STOPCHGY STCP IF PERCENTLGE CHANGE IN SUCCESSIVE COSTS IS « CNE 10C
C e LESS TWAN THIS VALUE « CNE 110
[ Nt DINENSICN CF THE UNKACWH X « O 12C
C . XNGWwt  PRESENT CF INITIAL VALLE QF UNKNCWM X « ONE 13C
C . o OME 14C
c ."‘.......‘.."I’....’.'.".'.‘.‘..il'.........."."......l'I.......I'ﬁ' Gh' lsc
¢ (LY Y




A T T—————t

iy e

E'
F »
3
] DIMENSICN XNDW(MNCEC,1)» DELTAX(NDEC) ONF
. DIMENSICN GNGW(3C,1)s GNEYT(30,3), P(20,1), €{20s1)s PCI1,1) ONE
1 DIMENSION 085Q(1s1), PP{30,30), SO0S{3¢,30), $(20,20) ONE
1 DIMENSICNM XTEMP(30s1)5 PY(1,30) 5 0S(1,30)) $O(1,3C)y GT(1,30) ONE
4 DIMENSION $Q0(20,30) ONE
9 GIMENSION D(30,1) ONE
i) 1T s 0 ONE
= CALL COSTY (UsNaFNChoXNCWoANEI)PNALTY,CLOSE»THPESHINDEC) ONE
LF (PNALTY.GE,PEMCRIT) 6O TO 10 oM
E GALL MONIT (IT)XNCWsNoFNCWoANIZoPNALTY,CLOSESTHRESHINDEC) OMF
IF (MAXIT.EQe0Q) STQP ONE
tc 1o 2% - ONE
10 WRITE (€,5020) PNALTY,ANII ONE
CALL CCENER (XNCWshyNDEC) ONE
IF (MAXIT.EQ.0) STCP ONE
¢ ONE
g .'l"'."..'l...',.‘..'.I..'....ll...ll...’....l..Q.....‘..‘...l..l.' o;g
. s
g « SYEP It SET S = IDENTITY MATRIX ANC CALCULATE GRADIENY G . ozs
[ ] (] ° E
c IR R A N A N R R R N NN YN NN SN RN NRRNRNNNNNNN NN NN NN NN NN N NN °NE
c ONE
2¢ DC 30 1 » 1,N CNE
DO 30 4 ® 1M . ONE
S(Isd) » O oM
IF (T14EQad) S(Esd) = 1, ONE
3¢ CCMFINVE QNE
CALL FGRAD (NoFNDWyXNChsoGNOW)DELTAX,NDEC) ONE
¢ ONE
C 0.0.‘00...‘0.....I!.‘..'l.'.....0..‘..'.'."...C....l‘ll'.l.l..l‘...ll °~E
¢ . o OME
, C o STEP 21 SET D » =56 + ONE
}‘x C . ] ONE
g .l...00.....0.."ll.0!.l.......C..0l.l.’..‘._...'.........I.C.....Q... o:F
ONE
40 CALL MPLY (NsN»1sS)CNOWDsNDEC,NOECS) ONE
00 SC 1 = 1,N ONE
0(Isl) » =D(1,1) ONE
€0 COMTINUE ONE
¢ ONE
c l.‘...00....!.......!!....‘...‘Cl..l.'...ll...'l‘.....l."'........‘l che
c . o+ ONME
, g « STEP 31 LINE SEARCH ALCNG D 70 FINC AFA THAT SAYISFIES POYO o ONF
. . ONE
c P 0000 0000008000 880000000 R0CCCERINRNTOOINNOEPOONSORIROIORNOOIROOIRRRIERIPOERIOORNOOTMDS QNE
; ¢ ~ oNE
K s 0 CNE
60 K s Ke) ONE
. CALL LINESCH (KyNyFNOW) XNOWsDsAFA2) ¥TEMP) FSHALL, ANTT,PNALTY,CLOSE )ONE
o STHRESH,NCEC) OME
CALL FGRAD (NoFSMALL)XTEMP,GNEXT)DELTAX)NDEC) ONE
DO 7€ I = 1,N ONF
Q(Is1) o GREXT(Is1)=GNCH(I,3) ONE
PUIsL) = AFA2D(I,1) oNE
70 CCNTIMUE CNE
CALL TRNSPOS (NDECs1,P,PT) ONE
CALL MPLY (1,Ns1sPYs0sPQs1»MDEC,L) CNF
. IF (PO{1,1)4GT,04) GO YO 50 OME
IF (KeGTe3) RETUEN . ONE
r FNOW = FSMALL ONE
: DC 6C I « 1,K ONE
Lo ANGW(I,1) o XTEMP(I,1) ONE
Do €C  CONTINUE ONE
GC TC &0 ONE

e

- TR F S e s o

e . . e i e WL -

1

170

440
490

sec

¢40
650
(114}
£70
~60
eac
7¢C
71¢
720
730
740
150
760
770
T8¢
70C
eco
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OO0 O0n

'2EaFelesRalaNal

90 DC 1CC I = 1,N )

. XNOW(Is1) » NTEMPUI»1)
100 CONTINUE

IT o JTe1

PRCNTY o ABS{(FSFALL=FNOW)/FNOW)

IF (PRCNT.GE.STCPCHE) GO YO 120

WRITE (699030) PRCHTY»STUPCHG

IF (PNALTY«GE«PENCPIT) GO TO 110

CALL MONIT (175 XMON M FSMALL)ANTI PMALTY)CLOSE,THRESH)NDEC)

RETUPN R
11C wRITE €6)%010) PNALTY

CALL CORNER (XNOWsNsNDEC)

RETLRN
120 1F (JT LT, MAXIT) GO TG 14C

WRITE '(€,9040)

TF (PNALTY.GELPENCRIT) GO TC 13C

CALL MONITY (CIT)XNOW N FSPALLSANITSPMALTY,CLCSE,THRESHINDEC)

RETURN "
13C wRITE (6,9010) PNALTY

CALL CORNER (XNCWpNpNDEC)

RETUPN
140 IF (PNALTY,GEL.PENCFIT) GO TO 150

CALLOHGNXT (1Y XNOWsN2 FSMALL,AMNIT ) PAALTY,» CLOSE)THPESHINDEC)

60 10 1¢0G
15C WRITE (€9)9020) PNALTY,ANII

CALL CCRNER (XNChoMsNDEC)
164C CONTINUE
PGPS OISR IIRIDNI000 NS NI0ERRREROORIENOERBOONENNIINIINIOISIOODRTINODS
. [ ]
. STEP &t JF WIT® IS INTEGER MULTIPLE CF N GC TC STEP 13 .
. 1f NOT, UPOATE S 1]
. IS WITY INTEGER MULTIPLE QF N? .
'.‘.'.....l."..'.‘..'."'..".'."!.."............................’

IF ((FLOATUITY/FLCATIN) )oNECFLOAT(IT/NY) GO TO 17C

FACW o FSMALL

GC TO 20
I......'.l.".".....'..‘.'......'...'.'.-..‘....'....'......'...'...!
. L]
. UPCATE MATRIX S €G TO STEP 2 .
R R R R R s N N RN N N R RN NN AN NN RN NN E NN RN NN
17G CALL MPLY (NyN»1,S»CpSOpNOEC,NDECSY)

CALL TPMSPOS (NDEGH22C,0QT)

CALL MPLY (Np1,Ns5C,QT,SCC)NDECSL)NCEC)

CALL MPLY (NyN,NpSCCoS,SCCSoNDEC,NDEC,NDEC)

Call MPLY (1 NyNsCT,SpCSp ) NDECINDEC)

CALL MPLY (1oNplsCSrGrCSQe1aNUECSY)

CALL MPLY (Mo 1gNePsPToPP)NDEC,»1,NDEC)

DG 1F0 1 = 1,N

DC 1RC J « 1,N

ONE
ONE
ONE
QME
OrE
ONE
ONE
ONE
ONE
ONE
OME
ONE
ONF
ONE
ONE
QNE
OME
oKg
oNr
ONE
oOME
ONE
oMvE
ChE
ONF
OME
ONE
GNE
CNE
QNE
ONE
QONE
OME
oNE
ONF
ONE
ONE
ONE
oMNE
ONF
ONE
ONE
ONE
ONE
oNE
ONE
ONE
aNE
oNE
oNE
ONE
ONF
ONE
oM
SN
oM
OMF

SUIpd) » {S(I,4)=S00S(],J)/CSCO1sR)IO(POIL,1)/CSCL1,1))4PP(],J)/0ONF

s PO(1,1)
18C CONTINUE
FNCW » FSMALL
QC 160 1 » I,N
GNCWEIs 1) = GNEXTIT,1)
16¢ CCMTINLE

Foalh by o b S

ONE
ONE
QrE
CHF
ONF
oME
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f30
240
e
neo
270
8ro
890
00
91¢
a0
Q10
940
9
see
70
Q80
990
1000
101¢
1020
1020
10460
1050
1060
107¢C
1080
1090
1100
1110
112¢
113¢
1140
115¢
11¢0
1170
118¢
119¢
r200
1210
1220
1230
1240
12%0
12¢¢
1270
128C
12¢¢
13¢C
131¢
1320
112¢
1240
13%0
12¢C
1370
1380
1134a¢C
140C
141¢
16420
143¢C
164¢
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0 10 10 She RS

§010 FOPNAT (5X,40M1N RESULTI DYNANIC CONSTRAINTS v:ouuqmmox.wmm 1470

1ALYY w,1REL6.9) CKE jeac
9C20 FORMAT (5%, ISHIN NONITT DYNAFIC CONSTFAINTS VIGLATICN,/1CKsORPENACAE 1490 |
SLTY oo 1PEIGaDr /s 0Ny ANTT & RoE16,99" (IF o Ous THEN ANIT HAS™,NDONE ) %00 |
i

IT BEEN COMPUTED IN THIS ITERAYICN, ODUE YO LARGE PRALTY®) ONE 1%30
Q02C FURMAY (2Wp"RELAVIVE CHANGE IM SUCCESSIVE COSTS ", 1PE1C ¥y "y I.ESS"QM 1420
$)1 TEAN STOP CEITERICM ®1PELO0Y) OFE 1430
Qe FQFHM (ZX 2 20AMANTIPUM TTERATION SET REACHED) ONE 1240
CNE 18%0 |
»
{ ;
. |
! SURRCUTINE MPLY (LaMeNshsBoCHLDEC,MBECNDEC) reL 10 |
r < neL o 2¢ ’
c TRECL RPN FOI NN LIRS BTN IS TN NEON 000000 IINQRIPSIVIORIIERNODENRROIRRORETDS FPL !Q !
€ ) o PPL 4C
i [ CALCULATE MATRIX MULTIPLICATICN C o AR o MRl 40
[ » NPL eQ
; C BOGN O IRBEIERNC PPN AN N PRI PN PENNNEIPPNRBERERIERIRREIOIERBROERIRIRNTOTYS PpL 70
) c mp| f0
DEMEASION A{LNEC,PREC), AIMOEC,NDEC)s C(LDEC,NDEC) MR 90
Qg 1e 1 = 1)L MPL 100
00 10 J = 1,N FeL 110
ClIpd) » O, FPL 120
00 10 X » 1M FPL 130
\ CAlsd) o CULIpdIeAlIax)OB(K,)J) kPl 140
. 1€ CUNTIME FPL 1EC
RETUFN MPL 16C
4 END PR 170
:
SUBROUTINE TRNSPOS (MyNpAsl) 1PN 1¢
C TFN 2¢
[4 PO PR NI AP NI OI PRI I I IEII RIS ISOEIRIINARYTOOIOTTROIOIOIRARIILIOIResrsy TRN 3o
¢ . , o TRN 40
€+ TPANSPOSE CF MAYRIX A 1§ RETURNED IN MATRIX B o TRN O we l
C o o« TEN 40 o
' C IR RPN PN N PINNON NN NI PNt PN NERCROPERNRRRPTEOPRINNENOEOROIRIRITY t'N 1C 1
¢ TN no :
CIMENSIOM HH;N); BINSN) TRN  ag .
N [ LD WIS WY 4 AL L E I }
B AC U 1N TEN 110 ;
Bl f) » ALLpd) TN 120
10 COMNTIME TeN 130
PETURN TEN  14C
EAD TeN 8¢
%
SURRCUT INE FGUAD (NoFaXoCpDELTAX,NCEC) Fee 10
¢ Fep 20 H
C eoeiaisesaessssosnersenssstorsnensvonssnatosntecsstsnnessacassosanvensns PGP 3¢
¢ o« FCP LI
[ CALCLLATE GRADYEMNY OF COST F wlTH RESPECY YO UNKNCWN ¥ o FEF %
[ « FOP Y
G essenuscrsssosnnvasoersrressiseorsesnsonsesasasssessasscnossbsssaseasr EMP 10
[ L1d) L1y
DIMENSICN NUINMDECH))r GUINDEC)1)e DELTAXINOECYY) FER ec

3
4
kY
|
m ~ . L o "

R . O S o i N i




CELETS T TR ST T R

TR e R

Lt ol

00 1C [ » 1N FGR
, GlIsl) = 0, FGP
IF (MODII»3).E0.0) GC TC O FGR
241o1) o XULaY)RRELTYANLD) FeR
CALL COSTY (LaNpFFpXpaNTL,PNALTY,CLOSES THRESH)NDEC) FCR
G(Isl) o (FF=-F)/DELYAX(]) FGe
X€iod) & XU, 2)=0DELYAN(]) FCR
10 CONTINUE (2dJ
RETU¥N FGP
EM FGP
t

SUBFCUTINE GAFA (NoF CAFA,G)X; DaNDEC) (::

4 . G
c S0P S 0D ED USRI EDINPOINOER DAV BECPECONIIPRNINPIIOOOISIOIOGQEIOBROSESRPRONOSTRORDLE 6::

[ o €
C . CALCULAYE GRAOIENT CF F WIThH RESPECT TO AFA s GIF
C » GAF
c ll!'."......ﬁ.'..l......".'.'.‘.."'.‘...'.......'...‘.."'.....‘.. G.F
¢ CAF
DIMENSION XINDEC,Y)y DUINDECI1)» XTEPP(3O,1) GAF
90 10 1 = 1R CAF
VYEMP(T2l) w X(Ip1)eDAFASD(],1) CAF
16 CONTINLE GAF
CALL COSTY (1pN FF)NTEMP,ANII)PAALTY,CLOSE» THRESH) CAF
G s (FF=F)/70AFA GAF
RETUEN GAF
END GAF
SUBRDUTINE ERROP (K)MESSAGE) 100
DIMENSTION MESSAGE(12), ITEXT{12) 100
DATA ITEXT/120en "y 100
PO 1C 1 » 1K 100
10 TYEXT(I) o MESSAGE(ID) 1ec
WRITE {(6,9010) (ITEXT(I)pInlsx) 160
STECP 100
o ‘ 100
901C FORMAT (//7pLXp"ERRERS ¥,12810,77) 180
END 180

-

SUPPCUTINE LINESCH (Ko NsFNOWs KNCW oDy AFAR) XTEMP,FSMALLSANITSPNALTY,LIN
ICLOSEPTHRESH)NDEC) LIN
DIFENSION DINDECs3)s» YTEMP{MNDEC,1)s» XNOW(NDEC,1) L;N
C LIN
C ‘...'.‘.......I.'.".'.......“'.'...I.....'......".'...'.'..'....'.I L'N
c . GUATC FIT BY INJTIALLY LETTING AFA s O AND DAF2 = 5, « LIN
C o o LIN
c P E PRSP 0L S HBSEN S QOIS PIRB IO RIN TN IINRNGECRENECEINRNERGCEOISTENINIROONSINNOIOSY l!N
c B LIN
DNCRM » O, LIN
0C 10 I = 1N LIN
DNCRM » DNORMeG{Ip1)0ep LIN
1¢ CONTINCE 1IN
ONCRE = SCRT(ONCRPM) LIN

IF (CNORM.EQeO. ) CALL CHECK {1pNsFNOWsXNOW Dy AFAO)FAFAO)CAFAO AFALLIN
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3
: .
L
b
i $,FAFALIGAFALIULSLLI ) U2,NDEC) LI 170
; ¢ \ LIN 1f0
; c 00.0.!....‘!'.0..0‘0..0.!.1!..!'!l.lll.lll’lll.ll.........'ﬁl’ﬁv..il..l L,N loc
[ » « LIN 200
i €« NORMALIZE O o LIN 210
. C. « LIN 220
FY C 0000000000000 8RN RNEI0RsNRNNIEsRINRGIRIINOSIRIPISIPROQIIEOOITREDRRSRBORRICRRRRITRY L!N 23{,\
?, c ) LIN 240 3
; 00 20 1 = 1.N Lt 2%¢ ;
DEIs1) = DUI,1)/CNCRR LIN 260 !
2C  CONTINUE LIv 27C
DAFA o 5, . LIN 2me
AFAQ = Co LIV 20eC
FAFAQ « FNOW LIN 300
KK » LN N0
CaLL GAFA (N)FAFAO)CAFA)GAFAO, ¥NOW» D NDEC) LIy 320
IF (GAFAQJEQD) CALL CHECK {1,N,FNOWy XNOWDsAFAQoFAFAD, CAFAO) AFAL,LIN 330 :
SFAFAL)GAFAL UL ,LUL,U2,NDEC) LIN 340 i
I1F {=FAFAQ/GAFAOLLE.Os) CALL ERROR (6" -FAFIC/GAFIO olEa Oup TRAJLIN 2350
$o SET PRUBABLY NEAR MINIMUN PY.™) LIN  3eC
AFAL o AMINY(100Cs»=FAFAC/GAFAOD) LM 370
30 00 40 I » 1N LIN  3ee
YTEMP(1)1) » XNCW(Io1)eAFAL®D{(],1) LIN 390
» 4¢ COMNT INUE LIN 400
CALL ¢cnsny HoNtFAFH;XYEPPalNXlpPN‘LTV!CLGSE!YNDESN»NDEC) LIN  4)0
TF UKK EQ.4) CALL ERRCR (7, "PROBLEM IN LINESCN, CAN'T FIND LOWER LIN 420
tCCST AFTER 3 CLBIC FITS"™) LIN 430
CALL GAFA (NpFAFAY,)DAFApGAFAL,XTEMP,D)NDEC) LIN ks
IF (ABSU{AFAO=AFAL)/AFAL)eLT44001) CALL CHECK CZprFNGthNOHoDoAFAL!N 420
] Y0,FAFPAG)GAFADIAFALSFAFAL)GAFALYUL,ULL,U2)NDEC) LIN  &é0 §
‘ Ul = GAFAOCCGAFAL=3,(FAFAQ=FAFAL) /(AFAC~AFA)) LIN 476 %
PLL = Ulee2«CGAFL0®GAFAL LIN 480 i
; [F (UULleLELO4) U2 » O, tIN  4ngC
’ I (LUI GYeCe) L2 = SORY(LUL) LIN 00
AQ AFINI(AFAC,; AFAY) LIN 510
Al = AMAXI(AFAQ,AFAL) LIN %20
GO o GAFAQ LIN %30
FQO = FAFAQ LIN  %4¢C
Gl o GAFA) LIN &850
F1 = FAFAL LIN SeC
IF {AFAO.LT.,AFAL)} GO TO 50 LIM 570
GO = GAFAL LIN 580
) FC = FAFAL tIN e
r Gl = GAFLOQ LIN  AOO
Fl = FAFAQ LIN  &1C
52 IF 16)1=C0e2,%U2.EQ.04) CALL CHECK (3,N)FNOWsXNOW D0, FO»GOr AL FLILIN €20
8G1,UL,LUL,U2,)NGEC) LIN ¢20
AFA2 s Al={Al=ACQ)*(G1eU2-Ul)/(G1=GOe240U2) LIN 440
) DO 6C 1 & [,N LIN gfC
, XTEMP(I,1) = XNQW{I ) )eaFA2e0(],1) LIN  #£0
] &0 GONTINLE LIN &TC
CALL COSTY (O ,N FSPMALL)XTEMP,ANL] ,PNALTY,CLOSE)THRESH,NDEC) LIN ARG
WRITE (£,9C1C) AC ALs AFA2,ONDRMSFCHFLsFSMALL, GOy G LIN o0
WEITE (659020) (D(1,1),08),N) LIN 700
* IF (FSMALL.GE.FAOW) GO TO 7¢C LYy 710
RETURN LIN 720
70 AFal s AFAl/2. LIy 730
i KK o KKe) . LIN 740
GC 7C 30 LIN  7%C
F c . . LIN 740
| GO0 FCPMAT (15X,MAQ & P IPE13.he5X,MAL » W)ET34€,5X)"AFA2 & MyE13.6oSXLIN 770
‘ $oNONORM o Voel3abs/pl8X,"FO = MHELRGEpEX "NFL = M, EL2, 4, 5X,FSMALL LIN TR0
$o My E13.8,/0)5X50G0 & "HELIE,5XING] @ Y,EL12.8,/) LIt 790
902C FCRMAT (SY,n0 = " 1C{1X,1PES2/,?X)) LIv  age
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160

END LINM alo

SUBRCUTINE CHECK (JCHECKs Ny FNOW)YNOWAD)AC,FO,GCrALIF12GIIUY ULLL20ME 10

$sNDEC) CHE 20
DIMENSICN XNCW(NCEC»1)» DINDEC, 1) CHE 3¢
WRITE (6p10) FNOhoNa (I, XACWIT»100D(Lp2)slml,N) CHE 40
LF {JCHECK +ECeL) STCP CHE tc
WRITE {6+20) ACSFCyGOrAL»FL1s61 CHF e
IF (ICMECKSEQs2) STCP, CHE 10
WRITE (€230} Ulalli1sU2 CHE ro
STCP CHE @0

CHF 100

10 FCPPAY (20X, 44hYHIS IS SUARPCUTINE CHECK WHICH GIVES ALL THE,3IH INCHE 110
SFOFMATICN IN SUBPOUTINE LINESCHes/ /730X THENCW o ,1PE1092/ /3 TXp4CHE  12C

SHINCW s 17X p LHO 0 / /5o (25X 1203Xp IPELE«TobX21PELLLS/ 1)) CHE 130
20 FCRMAT (7/7520%,7A0 @ My PELE9s S "FO » ")pE14.9,5Y9"G0 » ", E1¢.90 /CHE 140
$2CY s MAL » MyELEsGp SN "FL & MELL.9) X )NG1 & MyE16,6) CHE  15¢
AC FCORMATY (//7)20X,5KUY o ,1EL€e9,5X, €FLUL = »IPEL1CT)5X,5HU2 = ,1PELECHE 160
$.9)} CRE 17C
END CHE 180
SUBRGUTINE CORNEP (XaNsMDEC) cor 1c

COMMON NTRAJONMAP)NSEGoXM(3p6 )y YM(306)pIN()E) sARPAY(5T76,9)»SPOSITCCR 2¢
1(3,20003) ) XCU)aXFL2)sYOQ(I)sYFIA)H2CI3),ZFI2),NPOSTTSIIIIRHGIBTE),CCR Ky

SISEGLsIPPOFMAXIT)PENCRIT)AWEIT )TVIOLASALWPFATOFC,FATOFY cer &0
DIMENSION X{NDEC,1) cee 50

NVAR o 2 cer &0

IF (IFROF.EQs1) NVAF » 3 cop 70

0C 16 1 » 1,NTRPAY COR (L
NSEG] = NSEG=-1 cee 0

00 10 4 = 1,NSEG) cer 10C

00 10 K = 1oNVaAR crp 110

L s (I=1)ONVARSONSEGL®(J=]1)ONVAR ¢K cee  12¢

IF (KeEQal) XM(Isdel) = XilLjpl) CCPR 123G

TF (KeEQe2) YM(IsJol) & X{Lol) eCP 14C

IF (KeEQad) ZP(1sJd¢l) » XILo1) coe 15¢

1¢ CONTINUE CCR  14C
D0 3C 1 » 1,NTRAJ ccr 170
WRITE (€,9C1C) IoxM{I,1 00 YMUTI1)s2MtI,Y) ceR  1mQ

DC 2¢ J & 2,NSEG COR 160

WRITE (659C20) XM(Ipd)pYMUIJd)22M(154) CCR 200

2¢C CONTINLE ccP 210
WRITE (6+9020) XM(I)NSEGe1)»YPM(TSNSEGOL ) ZM(I,NSEGeL) cep 22¢

ac CONTINUE ccp 220
RETUEN CCr 240

C CCP 2%0
§C1C FORMAY (12Xp"FLIGRT FATH NOt ", I1,/,16X,"CORKER PTSaMs /14X (",FTCCP  26C
$e Gyt FTa0pMsyFT a0 cCPr 270
SO2C FOEMAT {18X M "3FT40) " yFTe0sM M, FT,0s") ") cCcP 2pC
ENG coR  2¢0
SUBRQUT INE DYNARID (PNALTY) nys 10

COMMCN ATRAJ,NMAP)NSEGoYM (396 ) s YMIIp€)pZMU3,£) pARRAY(5T€»9))SPOSTTRYM ’°C
$03»2C0,3)pXCE3) o XFEI)pYRU3)oYF(3)p2CIA)eZFEA)INPOSTTSII)WRECIETE)HDYN 20
SISEGL)IPFOFIMAXIT)PENCRIT)AREIT)TVICLA,ALWP,FATCOFC) FATOFR oyN 40

CESEHER D L

e VU ORI S < ., 3~ FTEAPEr L = PR NE T NI
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e vy«

COOONON

D00

L]

COMMCN /0YNAFMIC/ RACIUS)PbE!TXDPUE[‘201551'1!5”!"!NIGH‘FA’
CCMMCN /CORNER/ ANGLE(D)2 )}905’!‘3020303’DVCENTﬂ(inB"YCEN
STCENTRI AN XT 3,50, YTX 3p )2 T (3,5),XT213,8),YT2025)02

INPCSIT(3)»C1S(D)

REAL LENGTH

LENGTH(3,BsChDrEpF

Pl = ATAN(L. )04,

) ® SORT((A=B)482+(CaD)o024(E=F)0e2)

R
2

NSAMP

PR 002006200002 00000 000NN PINNS0000R00CR00RPRRRIONIIORRAIRIROICRIRPTOY

FIPST CALCULATE PARAMETERS AT CCRMER PCINTS
113

L

0300000080000 20800080000 R0RN0ERRRSERRR000RSRCESRRIIRNNRRICRRIIRIRRNBIOIRENINILYS

DC 6C 1 w 1,NTRAJ
NC 10 J = 2,NSEG

1¢

]

Y12

-s—hﬁt(—(.l-‘.LﬂL

pIS(I) =
Y111,
Xv2(1,
YY1,

Yratl,
Tl
212(1,

)
)
)
)
)
)
’
i
I
E
0.
]

1)
1)
1)
1)
1)
1)

s C

e ) g e

- ™ C.

ISEG2 » ISEGlel
D0 %0 J » I1SEG2,NSEG
A o LENGTHIXMIT J=1)p XR(Tsd ) YMIT =) pYM{Lpd)p 2P {Tod=1} 2P (o0
YN

« XTI, )
bo® ANGLE(Iyd=1)
) o YCENTR(I»J=1)

Sam
(%) ,0m
(3:55),00N

oyN

aYy
oYN
DYN
nys
NYN
pYN
pYN
DYN
DYN
YN
DYN
OYN
oYN
(4
pym
DYN
cy
oW
PYN
DYN
OYN
oYN
PYN
DYN
oYM
PYN
DYN
OYN
pYN
DYN
PN
pYN

J4))
B o LENGTH(XMUTpd)aXRUTod el s YH(T0J)a YMCTSJ 1) o 2P (Tpd ) 2N (T pdel YN

)
C 8 LENGTHIXM(IoJdml)pXMIT)Jdel) s YN(Lodwl)sYM {1 J01)sZN(TpU=1}p2RYN

MEIsdel)

)

O8N0 00000 PP PSP RRNLRIENIENER00P 0000000003000 000800000000 080000000
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D0 THE TwWL SEGMENTS FORM A STRAIGHT LINE?

PPN I NG I PN PN N0 IININENG000CR0000000R002000R0RRERNORRIIRIRIYYN

49

IF (L85{A+A=C).CT,1.) GC TC 20Q
SEG & LENGTHIXT2{IsJd=1)pXMUIsd)pYT2(Lsded)pYMIT,0)2T2(1,d=1),P YN

M) )
XT1(1,4)

aLUNGl .

-
L
)=
X
vd
0

XFCTJ)
Xt{1sd)
YMIT,J)
YF(Ied)
Mi1,d)
M{1sd)
) 0.
!
)

v
s 0,
.

l
2
1
1
1

ENGLE(T,d=1) s Co

¢C 1C 30

AXY ® LENGTHIXMUT pd=2)sXM(1od)pYF(Tsd=1)0YM(T,5d))0450Q0)

YCENTR(I,J=1)

oyN

DYN
pyN
rYN
Py
nyw
oywN
Ly~
oYN
oy

DYN
QYN
DYN
oyN
oyn
pym
rYN
npys
nYN
CYN
cyN
fyYN
D YN
0YN
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57¢
see
LT
AGC
(313
e2¢
420
e
(344
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162
»

BXY » LENGTH(XMIT)JroXMLTod L) pYM(Iod)oYM{T1odo1)p00pD0) NYN  AGQ
R CXY o LENGTHIXM(IpJ=l)s XMIT 041 Do YRUT»Jdm1)pYN(Trde))s0es00} pYN 700
BETA o ARCCS(AXY,BXY»CXY) PYN  T10
ALONG2 » RADIUS/TANIBETA/24) OYN  F2¢C
PNALTY u PNALTYSFWEITIOU(ANAXL(O0s (ALONG2=AXY )))0020AMAXI {00y (DYN 730
$ ALONGZ=RXY) ) )o®2 PYN 740
IF (JsNESISEG2) PNALTY o PN‘(IYOPUE]T]‘(‘H"X‘O.’!‘lONCIQILONCFYN 7%¢
] 2=Any)))ee2 PYN 740
DYN 770
S e P s EI0se 0008000 s0REIN0EsERIsI RN RI ORI TITEREIROIOIIORORIRSIROIOsesssesss DYN TAC
. « PYN 700
. CALCULATE TANGEMTIAL POINTS» CENTER LF RADIUS R AT J=TH CORNER S;N agc
. . N mIC
R N nIInImMmmIImnmnmnmmIImnmmmImnmmmIIImImmIooooEs e 1
, oYM #30
XT101pd) & WM{T ) oALONGRS(XM(T)J=1)=XM{T1,4))/42Y pPYN  #eC
YTI(Lod) 5 YMUL,J)oALONGR2O{YM(T)del)=YMIT,J))/AKY nyr ese
XT240sd) » XM(IpJ)eALONG2OUXYMIT)Jel)=XM(12J) ) /ANY oYN  REC
YT2(10Jd) o YMUL,J)eALCNGRO(YM(T)Jel)=YM{T,d))/0XY DYN 270
IYLUT o) o IMUL 2 ) OALONGRO(ZM( Lo d=1 ) =2ZMUTpd) ) 7AXY DYN RPO
2T72(10Jd) & ZMEIpJ) ¢ALONGROUZNET oL )=2M(,J) ) /BXY OYN 889¢C
SEG » LENGTH(XTR2(1,J= 1)0'71(fﬁJ?lYf?(!oJ‘l)oVTl'X.J’DlTZ‘l)J'lDYN aco
4 Jo2T10T,4)) fYN 810
DISMZ # ALCNG29COS(BETA/Z4) YN 92¢
DISC2 » RADILS/SINIBETA/2.) CYN 920
X oo (XT1(Ipd)eXT2{1sd))/2, DYN €40
Y s (YTL(L,d)eYT2UI, 000 /20 oYN 980
YCENTR{Ipd=1l) ® XM(JpJ)eDISC20(X=XM(I,J))/0IS¥F2 DYN Q60
YCENTR(Ipd=l) » YM{I»J)oDISCRH{Y=YM(I,J)}/DISM2 fYN €70
ALCNGL = ALCMG2 pyYN <gpo
D & LENGTHUXTLUIod)pXT2H4T d)oYTU(L0d)s¥T20T5Jd)00es0.) QYN  QgC
ANGLE(I,d=1) » AACCS(RADILS,RADILS,D) OYN 1000
SEG » SEGeANGLE(I,u=~1)eRADIUS oYM 1010
3¢ DIS(I) = DIS(Y)eSEC OYN 1020
4C CONTINUE pYN 103C
DC 50 4 @& ISEG2,NSEG NYN 1040
OYN 1050
9809 0000000000000 0000000000000 000s000esseensesesstecsessnsssnssacsse DYN 1040
¢« DYN 107C
. CALCULATE VERTICAL SLOPE CF EACH SEGMENT AND « DYN 1C6C
. ACD PENALTY FCR EACH SEGMENT WITH VERTICAL SLCPE GREATER o OYN 1CQC
. THAM GMAMAX OR LESS THAN GMAMIN OEGREES « CYN 1100
. + DYN 1110
10080000 seernrtasrssanerssosissessessn R IRssetreteesssnssvenesrnsessee DIN 1120
CYN 113C
N XYL o LENGTHUXM(IpJol) o XMUTod)pYMUI J# L) s YMIT0J) 204004} pPYM 114C
VSLOPE ® (2ZM(1,Jdel)=2VF(1pJd))/XYL MYN 1150
PNALTY o PNALTYOZREITLO(AMAXL(Oe)VSLOPE=TAND(GMAMAX)) J 9024 ZWEIPYN 114C
s TLO{APAXLI(C oy TAND(GMAMIN)I=VSLOPE) )¢ LYN 117¢C
50 CONTINUE OYN 118¢C
LYY & LENGTHOXM{ I NSEG) pXMET,NSEGEL)aYMITISNSEG) »YM(INSEG*1)pCuaslPYN 119C
$ Q) DYN 1200
AXY = LEMGTH(XMUI)NSEGeL) oXM{T)NSEG42)oYM(I,NSECOL),YMITI,NSEGe2)DYN 1210
$ 12Cer0e) NYN 1220
CXY o LENGTHIXMUIT)NSEG) pXPITpNSEGO2) s YMITINSEG)sYM(IaNSEGE2)2CarDYN 1220
$ Ce) DYN 1240
ANC & AACOS(AXY,BYY,CXY) GYN 12%0
PNALTY o PNALTYOPREITI®(AMANYI(0ss (4COLdALDMGLI=ANY)))O024PUEIT2*(DYN 12¢C
S AMANI{Oes (2+3ECS=ANG))) %02 oYM 127C
DISEI) o DISUIYLENGTHOXT2(IsNSEG)pXM{T,NSEG*Y)pYT2(T)NSEG)»YMIIDYN 1280
$§ SNSEGOL)sZT2UIsNSEG) o ZMITANSECeL)) pYN 126C
FATOFC « FATOFCOFATQFWeLISII) fYN 13C0
6C CGATINUE pYN 1310
RETURN pPYN 1320
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END YN 1330

SURRCUTINE NID (ANII)
CCHPON NYFinNHAP,NSEG!Kﬂ(Job!:YH'!nﬁ)le(300'!‘Rll¥(97¢r¢)pSPUS!V
i(!o?GOn!)piU(B?vlF‘S’fVO(D)'YF(3’;ZC(E’)!F(S’nNPOS!YS(!l;ﬂNO(‘?Q)
SISEGLsIPPOF)PAXITSPENCRIT)AWEIT,TVICLA,AMLUP)FATOFC)FATOFW
PEQPLE » Q.
ALV¥P = C,
DG 16 K = T)NNAP
IF (ARPAY(X)3)sLTols) GO TO 10
ALCN = ARPAY(K)k)
W oo 3,36E=6010,00(0,103%ALDN)
b oo W/(0e2910408({CaCISALON) 0124 3E=481C,90(Co0ROALON))
PECPLE = PEOPLESAPRAY(K,3)
APPAYLK,;5) » ARRAYIK,3) %

"2‘2

EEZEZEZZEZERE
g Sl PG S Bt Y T V) M S G S WG P P g P
) PG e el ) e T S G ) S e} +nE S g 8 @ MY
-
o
o

ALWP o ALWPeARRAYIK,S) M 140
10 CONTINUE N 15¢
ANTT » ALWP/PEOPLE®AWEIT M 1¢¢
RETULPN N 17¢
END » 1erc
\ .
SURRCUTINE NCISEL (THRESH) NOT 10
CCMMCN NTRAJONMAPNSEGHXM{396) s YM(39€)oIN(39E) s ARRAY(ETE)G),SPOSTTINGT 20
1 20352005335 XCEI) sXFU) o YCU 35 YFI3} 200, 2F (315 NPOSTITS31, FHOLETRIANCT 30
$[$EGX'IPPDF;HA!lTnPENCRXTnAbElT;TV!CL&:ALHP:FAYGFC»FLTOFH MY 4C

CCMMON /GCORNER/ ANGLE(2,3),POSIT(39200,3)0s XCENTR(3,3)s YCENTR(2,2))NCT ¢
SZCENTRU3s3)ATIUIHEL YIS, ZTl!31E)plTZ(S:E)pYTZ(B:S):IYZ(J:S)pNCY ac

r SNPLSIT(3),D15(3) NOT O TO
COMMGN /ODYNAMIC/ RADIUS,PWEITI,PWETY2,2WEITI GMANIN)GPANAY,)NSAMP NOT 80

CCFPON /THRESH/ ALMAX o FAXFLIT)TWEITI TWEIT2)NPLANE NOT  9¢C

COMNCN /SAMPLE/ SAMPY,PERICO»SAMLTHSNACIZ,32),CNCIS(14,2) NOT 200

’ DIMENSION ARGLTH{4)» SEGLTH(S)» AL(16) NOT O 11C
PEAL LENGTH NRY 12¢

CORRC(ASB,C,D) = (A/B)O(C=D)¢D NCY- 130

LENGTH(AsBsCrDsEsF) = SORT((A=E)0624(C=D)e024(E=F)002) NPT 140

PI » ATAN(1,.)04, NOT 150

DC 10C I » 1,NTRAJ NCT 160

r XT2(1)NSEGeL)aXP(IINSEGeL) NPT 170
XTL(I)NSEGeL)aXT2(I,NSEG*]) NOT 1RO

- YT2{1,)NSEGe1)oYM{I,NSEGeL) 113 SN L1

YTI(Io)NSEGeL) sYTZ2(I,NSEGeL) rer o 20C

IT201pMSEGHY) 2M{1,NSEG+]) NCT 210

ZTICIANSEGL)®ZT2( I, NSEGe]) NeT o 220

) DLZPM » (20(1)=ZFL(I))/01S(L) NCT 23C
: PCSIT(Io2p3) = XM(I)ISEGL) NPT 240
PCSITII,152) & YM(I,1SEGL) NOT 250

POSIET(I,103) = ZMITI»ISEGL) MOy 260

NSEGl = NSEG-1 NCT  27¢C

. DC 10 J s ISEGI,NSEGY NPT 200
SEGLTH(J) = LENGTHIXT2(Iod)sXT2(T,041),YT2(], Jb.YY:(!.Joxipzrzvrx 290

3 (1,30 92T Ieded)) c1  3o0¢

) ARCLTH(J) = RADIUSSANGLE(I»J) o er e
‘ 10 CONTINUE NOT 320
P SECLTHINSEG) o LENCIH(X!Z(XoNSEG);IF(I:NSEGOL)oYYZ(I:NSEG).YH(!pNEY 130
$ NSEGe1)p2T2(1sNSEG)»ZM(1sNSEGe1)) NCT  34C

| I e 1 NCT 3%0
. OC 7C J » 1SEGI,NSEG] NCT 360
: 20 IF (SEGLTH{J) LT4SEMLTH) GO TC 3¢ NCT 370
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70
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11 » 11}
ng;f Io1303) » COORD(SAMLYHN) SECLTHIJ) 2 XTI, 401);'05:111.1!-1er
i}
'g?{""""' . CGOFD(SAHLTN»SECL!M(JD:Yll(anOl):PBS!YIIp!X-X:G;
4
POSIT(INI1,2) o POSITIL,)10=1sd)=0L2PMOSAPLTH NC]
IF (IPROFJECH1) POSIT(ILINY) » COQPO(SAPLTHISEGLYH(J)»ZTLI,INCT
411,POSIT(L,1L=103)) pCt
SEGLYH(J) = SEGLTH(J)=SARLTH NC!
60 10 20 NPy
IF (SEGLTH{J)*ARCLTHIJ) GELSAMLTH) GO TC 40 NCY
PIECE » SAMLYB=ARCLYH{J)=SEGLTHIJ) NCY
11 = Ile] , NCY
POSIT(T»IT,1) » CCORO(PIECE)SEGLYHIJOL Yo XTi{1,Je2)pXT2{TpJ¢1))NCY
PCSIT(1o1152) » COORD(PIECE,SEGLYHIJO1)pYTIL12J02)sYTR201,Je1)INCY
POSITUINIL03) » POSITIL,S1=3,3)=CL2PHOSAPLTH NC!
IF (IPROF.EQel) POSIT(INIL,3) o COORD(PIECE,SEGLTHI 1) 2 T1{],NOY
Je2)02T2180093)) , NCIT
SEGLTH(JoL) » SEGLTH(Je1)=PTECE . NOTY
¢o 10 70 _ roY
PJECE » SAMLTH=SEGLTH{J) NCY
GAMPA » PLIECE/FACIUS NO1
:;CLT?(J{ ¢ ARCLTH(J)=PIECE ch
- )
A%Fll s ATANR((YTL{1,J92)=YCENTF(T, Ji)n(!!l(!)dtl)-)CENYR!1:J)NCT
IPLUS = | NOX
Ahos ALFRLEANGLELT S J) F4o NNt
¥22 = XCENTRUI)J)oRADTIUSOCOS(AR) rey
Y22 = YCENTP(I,J)eRADIUSCeSIN(AL) NOY
ADIS » SCRT((XZ2=XMII,Jel)}o02eiY22=YP{]I)Je1))ne2) Nl
ggxs s SORTUIXTI{IpJel)mUM{ToJe]))0024(YTY(], Jol)= vr(l.Jol))0¢:01
IF (BCISeLT ACTS) IPLUS » =1 NCI
A o ALFALOIPLLSOGAMNA et
POSIT(I»1101) = XCENTR{I,J)RAOILSOCNS(AL) NCY
POSIT{I,II,2) ® YCENTR(IoJ)ORADIUSOSIN(AA) NOT
POSITUIaILs2) » POSITIL,II=1,2)=CLZPMOSAMLTH NOT
IF (IPROFGECel) POSIT(I,IT,3) o CONRGIPIFCE,ARCLTHIJ)*PIECE,2TNDY
201o001) 52731 de1)) NCY
TF (ARCLTH(J)oLT«SAMLTH) 60 TO €0 (¢
Ah o AACTPLUSSSAMLTH/IRACILS NCT
AFCLTHE(J) & ARCLTH{J)=SANMLTH NCT
11 = 1141 NOT
POSITAI»IL,1) o XCENTRI1pJ)eRADILSOCOS(AR) NCT
POSIT(TI,1102) = YCENTRII2J)ORADTLSOSIN(AA) NOT
FCSITIInl1,3) » POSIT(I,ll=1p2)=DLZPMOSANLTH NAY
IF (IPFOFOECSL) PESITITIT,3) » COOPD(SAMLTHoARCLTH{J) ¢ SAMLTH,NDT
IT2010d01 ), POSIT(I, 11153 )) NCT
60 10 %0 NPT
PIECE o SAMLIH=AFCLTH(J) NCI
I1 = I1e1 (T
PCSIT(I I1s2) o CONRCIPIECE)SECLTH( 1) YTY(I,d42)5YT2(1pde1))NCT
POSIT(Io1Lp1) » CCCRO(PIECESSEGLTHIJ#L)»XTI(T5Je2)pXT2(TypJe1)INCT
POSITUT,1143) » POSIT(I)II=1s3)-DLZPMOSAMLTH NPT
IF (IPRCF.FCel) POSITUINELN) o CCORDI(PIECE,SEGLYH(JO 1), 2ZT1{1,NOT
Je2) s 2T201pd01)) NEY
SEGLTH(J+1l) » SEGLTH(Je1laPIECE NCT
CONTINUE . Ml
- (SEGLYH(NSEG)+LY,SAMLTH) GO TO 90 ey
s 1141 NCT
er{§;x’ s1) » CCORO(SAMLTH, SEGLTH(NSEG)»¥T1( I, NSEG*1),POSIT{I,NCT
-1 NC1
OsIve

[p11s2) @ CCF&P(S&HLTH:SEGLTH(NSFC):YTl(1;&5&501)19CSIT(IJNPI
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3
'i
- S I-lz)) Nor 1020
e POSITEININNY) » PCEIT(1oI1=l,d)=Di2PMOSAFLIN 103¢C
3 IF (JPRCFLEQsY) PCSITIININNY) o CCC’U‘S.HtTHlSE(L7F(N5€C)PZVI‘(lufl 1040
', $ NSEG*1),POSIT(I,18=12)) MY 108C
» SEGLTHINSEG) » SEGLTHINSEG)=SANMLTK NCT 108C
Wy ¢0 10 80 NCT 107¢
e S0 NPOSIVIR) » 1) NPT 10RO
} IF (11.67,200) CALL EFRCP (8,"NO, CF TRAJ, SAMPLES +GT. 2C0» NOY 1060
1) 'E‘Qf"ENSXBb APRAYS POSIT AND SPOSIT™) reY 11C6C
$6C  CONTINLE NCY 311C
NSLMP s JFIX(PERICO®2600/5ANPT) NOY 1320
IVICLR = 0, - NCY 1130
DC 1310 K o LyNMAP NCT 114C
AREN s C» NOI 11%0
¢ . NCYT 1160
€ sernncsaoebossssonssnininsosissssesssesssnssesnesssesssnssanssesisess NCI 117¢C
C . » NOT 1100
C CALCs ENERGY CCNYRIF, BY AMBIENT NOISE s NOT 116¢
C o CLPRENTLY, APBIENT LEVEL s O, OB o NCY 1200
C * ¢ MOY 121¢C
C sesssnasvessconnioosesonsoncseisssastssssnessnonassnoescnvnnnssaneses NCI 1220
c , NET 1230
ARRAY (K &) o NSAMPOLO,0¢{ANBN/L1O,) NQT 1240
116 CONTINUE NCI 12%¢
DC 160 K » 1oNRAP NCT 1260
BLKVICL « O, NEY 1270
IF (ARPAY(Ks3),LTWl) 6D TO 150 MOY 1280
ENERGY s 00 NOY 126¢C
! 00 140 T » 1,ANTHMY NCY 1%CC
MPOSITL = NPOSIT(I) MCY 1310
ENERGY » Q4 MY 1320
00 130 J & 1,NPCSIT] MCT 1330
RANGE » SCHY((POSIT(Isdsl)= Rﬂ"“’ll))"Z‘(PGSXT(an;?) ARRAMTT 1340
s YUKy 2))0024(PLSITILsdp3) ) 0e NCT 132
pC 120 L » 1,186 ) NOT 13eC
TF (NACTI»2L) oEQsD ANDWNACIT,20L~11460,0) 6GC TO 12¢C MEY 1370
ALILY » CNCIS(Lp1)=CNOIS(L22)0aLDGLIO(RPANGE) =124 NET 1380
IF (ALIL)eGEGALMAX) BLXVIOL « BLKVICLOAL(L)O(NAC(]p28(=~1)eNCT 1206C
3 NAC(I:?‘L’) pCT 1600
ENERGY = ENERGY¢1Ce®8(ALIL)/20s)ONACII)20L=1)420,00(ALLL)/NCT 1410
[ 104 )ONAC(I,20L) 010, NCY 1420
120 CONTINUE NCT 1430
' 12¢ COMTINLE NET 144C
LRRAY(K)4) = ENEFGY4AFRAY(K)4) NCT 14%0
¢ 140 CONTINUE . NCY 140
150 ARPAY(K &) ® JO,*2LLCGLOCARRAYIK &)/ (B6400/SANPT)) HRY 1470
ALEKVIOL « AMAXL(CepBLKVIOL=ALMAYSNMAYFLIT) MY 169C
i IF (ARRAY{Kp1C)eECele) TVICLA = TVICLA¢BLKVICL NCY 1b6¢
\ 160 CONTINUE NCY 1%00C
| THRESH o THWEITISTVICLACS2 MO 1%1C
RETURN NCT 187¢C
END NOT 1%53¢
:
|
OF py, AGE 1 |
'Ux{ QLA é
{ i Llfy |
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. PROGKAM WAIN (XNPUT)OUTPUT, TAPES« INPUT,TAPET, TAPEE)TAPES, TAPELD) FAJ
l.’..Q'...0'.."...........‘...'..'Il.‘..l.‘.....‘!'....l..”..!!'..l p:%
. bee s CYCLIC sooce . il

o A
. WININAL AIRCRAEY MCISE IMPACT PROGRAN b1
. WITH CYCLIC TRAJECTOPY OPTIMIZATION . i
1] *
» . AUTHDRSE Ry PELYLN AND £, CHANG o Pl
. ’ ~ UNIVERSITY OF VIRGINIA T
. CHARLCTTESVILLE, VA et
L[]
. REVISECH MAY 26, 1901 . MAT
. T
D..".i.l..'...'!"..ll‘.."!..I‘Qi’...Q”,'."l“.....'!UQ.......". ::{
[] 1 ] L
. THIS PROGRAN USES NONLINEAR QPTINIZATION TECHNIOUES 1O s vl
. FIND THE SET OF AIRCRAFT TRAJECTORTES WITH THE PINIFUP . MY
. NCISE TRPACT  INDEX INII) FCA & SPECIFIED MIX OF ALRCRAFT . Al
. AND FOP THE PARTICULAR POPULATION DISTRIAUTICN INPUT, T
. THF EQUIVALERT NCISE CONCEPT IS LSEC) ALENG WITH AN APPROACK o Mj]
" THAT PERFCRPS THE CPTIRIZATION GN CNE TRAJECTORY AT A TIME . m
. Ty
: TME SLEROUTINES USED APE! b
. JPARAPS (NPACETN PACKAGE ON NASA LRC PLBLIC LIB) T
. CESToCEST1sAACTSs PONIT SRESULT 5 CECECVE, CRELTONS NPLY, TENSPOS)s MAT
, FCRAD, GAFAPERRCP»LINESCHy CHECKoCCRNER yDYNARTC)NTI)NCISELy o MAT
N PCVRY,RNDRCEN) ADDR o MY
. o Fil
(A EEFNENNENNE) ..................‘.l..'......'l..'.....‘.....i‘.".....l ”‘X
EXTERNAL BOVAY Mat
INTEGER ORD a1
LOCICAL ZERGLCE»NEWTPAJ, ZENARLE "t
COMKEN NTRAJ/NMEPINSEGHXM(185 130, YHT15,130, 2K (155120, SPCSTT (15, 26001
%0300 ¥0025) o NFL15))YTI1o)s YF(L6)»20(18) s 2F (150, NPCSITSILE), FHD (573 )MAT
$)1SEGLy TPFCE MAXIT) PENCR LTy AREL ToTVIGLALALWPy PEGPLESNTRCPT, TRPLON (MAT
$ETS)sCREDILS)  LTGHICPT ) ITHIERGLOB)NEVTFASHARRAY(5T2,10) [

b [}
COMPON /DYNAMIC/ i&DlUSnPhE!Tl:PUE!T;!ZEEITI:GHAH!N(15)06Hlﬂll(l§’ﬂ:!
MAY

S)NSAPP
COMMEN JTHRESH/ ALFMAYMAXFLIT,TWEITY), TWEIT2,)NPLANE MAT
CCMMON JCPOSS/ XREGINSXFIMALIYOIS»CREITICuETTR PAL
- COMFEN /PPINT/ 5’C5h1pf15l12’DSYCENIF‘15!12)!5Xf1(15'1?)!$ TI015,1MA)
120 5IT1(18,02),SHT2(15,02)sSYT2(18002),5272(15912),SANGLE(15u12) MAY
COMMUN /7SAMPLE/ SAFPTSPERIODy SARLTHNACILSp32),CNCISILE,2) HaY
COMMON FENABLE/ 2ENBELE ) ¥l
CIMENSILN XNQW{2C)1), DELTAX(3C)) LAREL(F) 23!

CIMENSION XPLRTUIE), YPORT(15), JN(30) iy
DIMERSIEN NOCA20(15)2)) NCCOSAMILE.2), NDCIC(1%,2)) NTOYSAMULIS 2),50A1
$ FT2LU1502) s NT2T20C(15,20) BP2TSAM(1522), NTAT1000135,20, NTITSAM(MAL
1159205 NTHT20001%592), NLIOYL(15,2), NAZOOUL1S,2)) NBACILLI1S,2)s NVMAL
$C1C{1502), NCVASOI15s2)s MSST(16)2), NAMAC(I2) MAT
EGUIVALENCE (NACIY)p)NDCBICII) )y (NAC(ITIANOCOSAR(L) ), (MACLEL))NDCHAL
$100L1)s INACIIL) O NTCTSAM(L) Iy (NACII2T)oNT20(1))) (NACILSL)INT2T20PAY
$0011)s (NACCIQL)SNT2TSAMILY ), (NAC{211),NT3TIOCI1) ) (NAC(241))NT2MA]
$TSAMILI ) INACI2TYN,0T74AT2C0(1 1), (NACUIOL)phLIOLIILL)), (NAC(AAL),NMAY
$A3D0(10 ) (NACL26L),NBACIILCL) ), [NACIAOLYINVCLIOLY) ), (NAC(421),NCHAY
SVGSOELI Yy TNACILEY)H)RSSTIL)) MaY
DATA NAMAC/NOC=8-3G  Myn "aMDC=G wW/SAMR, N ENG HyNDCHAT
s-xc-xo Hyw NpHTCT W/SAM MyMENC Hy"720 "ot  MaL

M PTLT=200 My o727 W/SAM ML HENG HpNT737MAT
!1CG/?O" 4o Wpt7d7 WISAK WyHENG "N 747200 Hyn maY
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N XS U 7S LY ", Na2C0 " ¥ MpRRAC-IIRAL 620
TR S I mpRCV=99C Wy Kol seC
§ ™,MCONCORDE $%y#S] "t HAL s1e
DATA NAC/48080/ ene

NAMELISY /ACNLY/ hCCE)LoNOC'S‘P:NDCl0;N70?$AH:N726!N727200;NTZ?SIPPil pec
$pN737100 KPITSAMINTAT200,NLI0LsMACO,NBACLLLSNVCIONNCYSO0,NSST  PAT 700

NAMELIST JOPLER7 CRO, PAXLITG) ZENABLE MAY M€
[ Pl 72¢
C covonvronsrasesvonsssrassnasnereisttocensenessscionrsasesssnssesesessee PI1 T30
C o MAY 4L
[ INPUT PARAMETERS] o« PAT 780
[ OURDER » NAMELIST! CFD(!) » YRAJs NOo WITH ORDINAL I o PAL 740
€ MAXITG = TOTAL NOs CF GLCEAL XTERATIONS v MAT T7C
[ 2ENABLE » 2 YPLE.» I=COOKDS OF CLRNER PYS, « MAL 780
[N ALLOWED TO Vvary ) s MAl  70¢C
[ ‘ » oFALSEws 7=COCKDS MELD CONSTANY o FPAL P00
C o TENYEY o WFIXEr® FCR FIXED ENTEY PTS,. o« MAT 210
[ s RYARTA™ FOF VARLABLE ENTRY PYS, o ML R20
C s+ ICNYINU = €5 INITIAL YRAJS ARE STRAIGHY LINES o MAT AYC
€. s 1, INITIAL TRAJS ARE USER INNUTY s PA] 0840
€ SAMPY » TIME IN SECCMDS BETWEEN NOYSE LEVEL $AMPLES o MAL BS5Q
[ PERICD  TIME IN HRS. CVER WHICH THE SIFULAYICN QCCLRS o« MAY  MEC
[ ACSPD » A/C SPEEL IN NETERS/SECe o MAl 87C
€ HYPAJ » NUMBER CF FLIGHT TRAJECTNKIES o« MR BRO
C s NMAP o NUMBER OF PLPLLATICN POINTS LN MAP ) o PI] RSO
¢ NSEG » NUMBER UF LINE SEGMENTS CN EACH TRAJECTORY ¢ PRI 900
€. MAXLY & MAXIMUM NQo CF JTERATICNS ALLCOWED ~ o PA1 91C
C TF ONLY RESULT OF InmfY!AL CONOITICN 15 NGEDED, MAXIY = 0 o MAT 920
[ CELM » PERTURPATICN (MEYERS) IN XpY DIRECTIONS AT CCRNEP o« MAT 830
C PLINTIS FCP GRADIENT CALCULATICN o MOT  Q4C
e STCPCHG » STCP CRITERIQN FOF SUCCESSIVE COST CHANGE o MAL 650
c. XCoYCo2Co XFpYFp2F o STARTING AND FINAL POINTS OF TRAJECTORTES « MY Q40
€ XPCFEY)YPCRY « AIRPORT LOCATICN (METERS) o MAL 070
[ XFeYFaZM (1pd) o CCCRDS CF J=TH CORNEF PYe CN I=TH THAJ, ¢« PAT QR0
[ PRESTY » PENALYY WEIGHT ON OYN. CONSTF. ON TRAJS o PA] QoC
C . PREIT2 o PENALYY WEICKT ON CONSYRe LN FINAL AMGLE o« PAL 10CC
L e PADIUS » MIN ALLCWEL TYURNING RADIUS (PETERS) o MAl 1010
¢ XMIN) XMAXpYMIN) YMAY » BQUNDARIES CF AFEA EXCLLRED « PAL 1020
€ FROM PANG NRUSE (THRESHOLO) CONSTR, o MAY 1020
C ALMAX » MAX, ALLCWEC A=LEVEL NOISE o FAI 1040
C . 4TIC » FRACTION CF FLIGHTS ALLCWED YO VICLATE MAY, A=LEVEL o MAY 10%0
C . TRFITL o PENALTY WEIGHT ON MAX. NOISE AND NUMBER CONSTR, o ML 106C
[ TOELT2 » NOT USED NCwy BUY SOME VALLE MUST BE INPUY s MAL 1CC
C o XBEGINIXFINAL o BOUMCARIES CN X=AXIS WHERE SEFARATING o ML toM0
C . CONSTFR IS IMPOSED o« FAD 1090
C YOIS o PIN, SEPARATING OISTANCE (Y=aX]S) GETWEEN TRAJS. o MAT 1100
[ CREITI CwELT2 » PENALTY WEIGHTS ON SEP. AND CFOSSCVER « MAL 1110
C CONSTES. RESPECYIVELY o MAT 112¢C
C JPROF » Oy NO PRCFILE CPYIMI2ATION o MAL 1130
[ 1o PROFILE CPYIMIZATION OCCLRS ) o MAT 116¢C
C NOTE!  IPRQF [5 ALWAYS SET e | IN THIS PREGRAM ¢ WAL 11%
€ IWETTL » PENALTYY WELGHT ON VERTICAL SLOPE CCNSTR, « PAY 1160
€ GFAPAX o MAX, ALLCWED VERTICAL ANGLE CN EACH SEC. o PAY 117C
C GHAMIN » MIN, ALLCWEC VERTICAL ANGLE CM EACH SEG. o PAT 118C
C . PENGRIT & MINe SIGMNIFICANT OYDs PENALTY LEVEL o MAY 1160
[ AWEIT o SCALING CN MY o MAT 1200
C ACMIY o NAMELIST! ACTYPE (1,1) & ND. OF ACTYPE ON TRAJ, | . MAT 3210
C s IN DAYTINME o« M1 1220
c . ACTYPE (1,2) » NO. CF ACTYPE ON TRAJ. [ o MAT 1230
C . N AT NIGHT o MAL 128
. GMAMIN (f) = MINs FLIGHT PATHR ANGLE (CEG) ON o PAT 12%¢C
C . TRAJ, | o« MAY 1260
€ . GMAMAY LI) w MAX, FLIGHT PATH ANCLE (CEG) ON o ME1 1270
¢ TPAde o ML 128C
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POS NN SOQB OB NNI RN DI IPRINNINONNRPRIOIIEOIRRIOINIIeRIIOERNIIOIVIINIINNY

CALL BECOVR (RCVAY»T778,0)
CALL CATE (DAT)

ENCOGE GIOODQIO!IDAY) DAY
CALL REMAPK (1DAY)

CALL JPARAPS (JN) ,
ENCOCE (7,9020,JCONAME) JN(2)
CALL REMARK (JCENARE)

whiTE ﬂbuvl!C)

WRITE (€29 "

whITE «a.qo«o» JORNANE; TDAT

NPLANE & 0
S RGOS OB IRIARNI NS OROOION UG APENOD DO RNE IR0 0RSNNNIRIPNRVIOISRNGIIRIESIOY
] [
. INALY ALL THE INFCREATION [
[} v ]

VOB AEBANBOIII RO RENPOIINRINININONE RO NN PIRsRNEOREsIRIIERORIIEOISESIORNOIRIINIGY

KEAD (795150) (LABEL(T)pTe},8)
RELC (1,0F0ER) .
READ (7)9050) IENTRY

MY
May
L
LWL
3!
"t
rat
42
(L3
mat
vhl
L)
Mar

PAT 14

(134
1%

Mar

)
nay
¥h
L1
LM
mral
MAY

LF (JENTRYGHEZHVARTAV,ANDGTENTRY.NELMFINED") CALL ERROR (ﬁpﬂlltﬁﬁlhll

$L ENTRY PCIMY TYPE» CHECK CATAM)

JEeCl o« 1 ¢ PYEC ENTRY PTSs, 1ST SEGe INCLULED IN ALL CALCS
ISEGY » 2 1 VAFIABLE ENTPY PTS.» 15T S5€G. EXCLUDED

L]
SO0 4080000 R0t U BsNIRINROINNOIEIINNRIINIIIIITINTIOGIOIETIRIOROSRORPOIEITSTS

18661 » 1 o
TF (TENTRY ECMVARTA®Y $15CG] o 2
EBEAC (7s0) ICNTINU) SAMPT,PERICO)ACSED
READ (729) NTRAJINTROPT NTRCNSY,NMAP,NSEG MAX]Y
READ (75%) DELH,STCPCHG
SAMLTH o SAMPTOACSPE
PG 30 1 » 1,NTOAY
READ (759) XCICROUL))H)YOUORD(I)))20QICRD
FEAD (7,9) YFUCRO(LI o YFLCRO(1)) s 2F (OQRD
FEAD (7p) XPOFT(CFOUI))YPCET(CROLID))

.
0
]
*
.
.

-
S ONEINFINIBINIENIOIRINENSIIENIRINREINONIIRO ORI RPENSICRIGIRIIRTRSPIOIIOTS

+

. L]
. CALCULATE INITIAL CURNEW POINTS .
L] .
200NV LRI D OO0 00PB0R000ENBPONNNIRENROBRRR0NIRISISOENRRNREECERINIELY

XM{ORC(T)a1) o XCUGRDI(X
YPGRO(1),1) « YO(OPO(]
2RIOFCI1),1) » 2CILRD(E
XH(OPLLT)PNSEGIL) & XF(
YF(CROLI)HNSEGHL) o YR
ZFICROETIANSFENL) » ZF(
YM{ORD(I),NEEGe2) o (XP
YN(ORD( 1) NSEG#2) »
ZPLCRD(T) pNSECH2) &
IF (ICNTINUGEQM1) GC 10 20
50 10 4 = 24NSEG
XHUTpd) » XCOTVe{FLCAT(J=1) /ELOATINSEG) Jo(XF(T)=XC(1))
YMEIpd) = YCUI e (FLEATIJ=1) (FLOATINSECI IO (YFLT)=YOLT))

Ao et e i S - L

rA!
[T}
L)
Hat
¥ar
(121
4}
L2
ral
MAT
(L2
it
LY
L7}
MAL
Mal
[T B
MAY
LY}
mar
MaY
MAY
iy
Ml
[
May
L3
LY )
mpt
LI}
FAY
mpt
LT}
43
L7}
[}
et
maY
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&
-

1760
1rcC

1020
1r3C
1840
18250
1840
1070
1€F0
189¢C
1900
1910
1920
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. IMELod) » Z20(I)}e(FLOATIJ=L1)/FLOATINSEG))IS(ZF(T)=20(1)) FAT 193¢C
10 CONTINUE AT 194¢C
6C YC 30 a1 1650

20 READ (7,8) (XMIDRO(T)pd)s YR(ORD(T)SJ)sZMIOPDIT) ) I )0 dv2sNSEG) M1 1660
3C  CONYINUE Pi1 1470
DO 40 I o 1,NMAP Ha1 198¢C

CO 40 J » &b MAY 190¢
APFAY(I,d) = 0o MAL ?00¢

4C  GONTIMUE ray 2010
: READ (7,%) PuEITL,PWEIT2,RADIUS AT 2020
READ (750) RMINSXMAXYMIN,YMAX MAT 2030
READ (7s%) ALMAX,RATID, TREITYINTREITZ Mal 204C
RELD (7,9) XBEGIN»XFINAL,)YDIS)CWEITI,CWEIT2 Hay 20%0
READ (740) IPROF,)IWwEIT1,PENCRIT,AWELT MAT 2060
REAG (7,%) ({CNOIS(CRO(I}sd)rdul,2)plel,NTRAM) Mal 207¢C
READ (10,8) ((ARRAY (I, U)pdsls3)slARFAY (1o d)sdnbrQ)sRIO(T) 101, NNAPPMAT 20RC

$) AL 206¢
READ (T7o£CNMIX) mMay 2100
PEAD (7,¢) (GMAMIN(CPRO(I))sIs3oNTRAJ) - MAT 2110
KEAD (Tpe) (GMAMAY(CRO(I)),Te1,NTRAJ) MAT 212¢
IPRCF = ] MAT 2130

DC 50 1 o 1,NTRAJ MAT 2?2140

Lo 0 L = 1,22 MAT 2150
NPLANE » NPLANE®MAC(I,L) MAT 2160

50  CONTINUE MAT 217¢C
DC £C I = 1,NMAP MAT 21P0
ARRAY(I,10) = 1. MAl 2190

[F (XMINCLEQARRAY(Io1)eANDOARRAY(I,1)oLECXMAXGAND YMINGLECAFRAY (MAT 2200

S Ts21ebNCoAPRAY(1s2)aLEYHAXGANDGARRAY(1)3)eNEeOo) ARRAY(I,10) = MAT 2230
Y MAT 2220
6G  CONTIMNUE a1 2230
MAXFLIT = IFIX(NPLANECRATIO®C,.S) MY 2240
maY 2250
llll.l.l.......l..‘.l.“l.~....l..l...l....Il.Cl......l..’...l.l‘..ll.l P‘x zzbo
. o MAT 2279
. PRINT INFORMATION INPUT o MAT 2200
. o MAT 2290
P00 000N C S0P RRRCEROIREBORD NN UNNNNGEEPRNRIROISIRANDOIBDPRRRNOIRYILEERS P" ?300
FAT 231¢C

WRITE (€,9160) (LABEL(I),Iml,F) AT 2320
WEITE (699160) (CRO(IN,1wl,NTRAJ),MAXITG MAT 233C
WPITE (£€,917C) PAXITONTRAJSNSEG,NMAP,OELH) STOPCHG MAT 2340
WRITE (6»G180) NTRAJHNTRGPTANTPCNSY MAT 235¢C
WPITE (£,9060) SAMPT,PERIOD,ACSPD MAl 23¢0

IF (IENTPY.EQ."FIXEC") WRITE {6,9070) Al 2370

" TF (TENTRYLEQ."VARIA") WRITE (6,9CBC) MALl 2380
[F (IPROF4EQl) WRITE (€,9090) MA] 2390

I[f (IPROF.EQ,Q) WFITE (€,9100) Mal 24CC

IF (ZENABLE) WRITE (€,611C) MAT 241C

[F (oNOTWZENABLE) WRITE (€,912C) MAl 2620
WRITE (£,919C) ALFAXyMAXFLIToXMIN,)XMAX)YMIN, YMAX MAYT 2430
WRITE (6,0200) XBEGIN,)XFINAL,YDIS MAT 244C
WRITE (€,921C) RLDIUS,PREITIPREIT2,ZWEITIHTWEITL) TWEIT2,CREITI)GUMAT 245C
SEIT2)PENCFIT)AWEIT AT 2440
WFITE (6,922C) MAT 2470
WRITE (£99230) (CROCI))GMAMIN(ORD(TI )Y GMAMAXICRO(IN) )Tl NTRAJ) MAT 264RC

DC 90 I = 1,NTFAJ MAL 249¢C
WRITE (£,9240) ORD(T),XO(ORD(T))»YO(ORO(I)),2Z0(ORCITI ), XFLIGRD(TIMAT 2500

S )H)YFICRDU(IN)»ZF(CROLIN) Al 2510
MSEGL = NSEGel MAT 252¢C
NSEG2 = NSEGe2 Mal 252¢C

CO 70 J = 1,NSEG2 MAT 2840
WPITE (69926C) JyXM(ORD(I)addpYMICRO(T)»J)p2ZM(CRO(TI),J) mMaT 288C

7¢ CCNTINUE MAl 2%56C

s s i e
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* WRITE (6s9270) MAT 2570

DO B0 L » 1,21,2 MAT 25m¢

i IF (NACUTsL)oPESOCDRNACIT LO1E W NESO) WRITE (£2,9280) NAMAC(L)»MAT 2590

s NAMAC(LO1) s MACITNLINNACITSL L) MAY 2¢00

20 CONTINUVE MAT 2610

WRITE (6,6250) XPCRY(ORD(I) ), YPORT(OPD(T)) MAT 262¢

S0  CONTINUE PAL 263C

N » 20(NSEG=1) MAT 2640

4 NVAE » 2 FAT 26%0

* IF (IPRCF.EQsL) N s 3O(NSEG=1) MAT 2860

‘ IF (IPROFLEQs1) NVAP~»s 3 MA] 267C

| I =1 PAT 2680
NSEG) ® NSEG=1 pay 2690 ¢

DG 100 4 = I,NSEGI FaY 2700

DC 100 K = 1,NVAR MAT 2710

L » (I=1)8RVARENSEGL4(J=1)ONVAR 9K MAT 2720

IF (KeEQel) XNOW(Ls1) » XFP(CRO(T),Jdel) PAI 2730

IF (KeEQe2) XNCh(Lsl) » YF(CRO(T),Je1) . FAT 2740

IF (KoEQe3) NNCWiLyl) » ZM(OFD(1)yde1) pay 27%¢C

100 GCNTINUE MAT 2760

00 110 I & 1,N FAT 2770

GELTAX(I} = DELN MAl 2760

110 CONTINUE » Par 2790

¢ MAT 2R00

C lUl.llllllt..l.lll'..ll'l.'ll.!l‘.‘l".!l......'.l‘....III.'.I...'.'. r"» 2910

. o MAL 2820

€ . STAFT OPTIMIZATICN o MAT 28350

C o MAT 2840

c I...l..l.l."....l.'.’lll..'.C..l.l'...'...I‘..‘.l......."....l‘.'.l P‘r 2550

¢ pay 260

\ DC 120 K = 1,NMAP MAT 2870

‘ TPPLON(K) » 1. FAT 7R8C

120 CONTINUE MAT 2890

. NOEC = 10 pAr 2900

> ZEPGLCR » oTRUE, MAT 2010

CALL PNCROBN {MAXITG,STCPCHGs Ny YNOWDELTAX)NDEC) MAT 2020

STOF MAT 2930

¢ MAT 2940

GCIC FCRMAT (A10) MAT 2050

SL2C FCRMAY (A7) MAT 2660

9G3C FOPMAT (//," NC AMBIENT NCISE INCLUDEL®,//) PAY 2070

QU 4C KRCFMAY (U'lv‘)lu”n--u--.«.n"-hICXv"."pIIXr"."ol;lOX;".":ZX.‘T'ZP‘AI 2¢e0

SXp oty /a1 0N e L IX s M M5 /o LOKs e o AL 0sTIXa MWy /pl0Kp ey LlXp oy /y1NAT 2090

!0"".0.00000-&-00"!_/) ”!! 3000

! FLEC FCPMAT (AE) Ay 3010
GCEQ FOFMAT (5X,"FOF LON CALCULATICN, SAMPLE TIME o ",Fea0," SEC."»/s5XMAT 3020

$oM84C LANDING PATTEEN FEPEATS EVEPY MyFEsls® HRSMp/sp5X,"A/C SPEEDMAT 2030

t x UyFRe?2" MISMIIL) MAL 304C

QP70 FCEMAT (/54Xo"FIYED ENTHY POINTS"» /) MAT 30%¢C

\ GCBC FCRMAY (/,4Xs"VARIABLE ENTRY PCINTSH, /) MAT 20¢0
. GQGC FORMAT (/24XpMes PRCFILES OPTIMIZED 4o"0/) MAT 3070
l: 91CC FCVMAT (/s54Xp"ee ONLY GRCUND TRACKS AFE OPTIMIZED wo'» /) PAT1 30P0

QY1C FOFMAT {/54Xs"ee 7 COORDINATES OF CCFNER PTSe ALLCWED TO VARY?»//)MAT 3090
Q12C FUPMAT (/,4Xp",s Z CCOFDIMATES OF CORNER PTS, HELD CONSTANT®, //) MAT 310C

! G12C FLFMAT (1H1,10Kve0esesbne,///) Al 211C
) Q14C FRFPAT (/75X "INITIAL CRDER QF TRAJSE "yl5(12,2X)e/s5Xp"NO, OF GLCMAT 212C
$HAL ITEFATIONS = 4,12} ¢ MAT 313C

S15C FORMAT (PA1G) FAT 2140

G1AC FCRMAT (1X,PA10) PAT 3150

SLTC FOPMAT (///»5Xy"PAXTIMUM TTERATION SETSE ®pT2,/,5Xs "NUMPER QOF TFAY,"MAL 316C
SJECTLRIESY "pl20/55X, "NUMBER QF SFGMENTS CN EACH TRAJECTORYS n,11,MaT 317C
$/p5X s "NUMRER OF PGPULATION POINTS CN THE MAP! ", T4y /»5Xo"PERTURE TMAD 218C

. SRAJECTCRIFS IN X ANC Y OLPECTIONS ",F10,5," PETERS FOR CALCULATINGMAT 2150

$ CFRADJENTSMs7»5X,"EXIT CPITEPION FCR CNEWTONS ", 1PE1649s/) MAT 3200

N S
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GLEO FCRMAT (/o5XeMTCYAL MUMBER OF TPAJECTCRIES s 1, 12,/95X, "NULMRER CF MAY
STPAJECTCRIES TQ BE CPTIMIZED # ®,12,/55X, "NUMBER CF TRAJECTCRIES #MaY
SELD CONSYANT s ®,12,/) P

G19C FCRMAT (5X,PND BLOCK MAY RECEIVE YoFE,1," 0B (OR HIGHER) A=LEVEL®,MAY
$" NOISE MCRE THAN "y LasM TIMES A DAYM,; 7/, 20,0 THIS CONSTRAINT n,n¥al
SEXCLUDES BLOCKS WITH CENTROJDS INSICE THE RANGESS: "pFBa1," TO M,FaMAY
$els" (X) AND WyFEalph TL MyF8a1sM (Y)Y, //) MAl

G200 FORMAY {SX,4OHWITHIN THE AREA CF X=CCCROINATES BETWEEN,FB.15%H ANDMAL
$ sFBelpblly THE SEPAPATING DISTANCE BETWEEN TRAJECT»SHORIES,/,5%) 1MAY
$EHSHOULD BE AT LEAST)F6.1)TH METERS,/ /) [}

Q21C FCRMAT (/»8XpHOTHERLCCMSTRAINT PARAMETERSMp /oo X, "MINIMUM RADILSM, PMAT
$ CF CUPVATURE (IM x=Y PLANE PROJECTICN) = Wy 1PEQ.2,/54X,"DYNAMIC PMAY
SENALTY WEIGHTS! PWELITL o MpE9,2," PWEIT2 & ")E9e2," IWEITL = m,MaAY
$E9425 /94X pPMAXTNUM NOISE LEVEL (THRESHOLD) M, WPENALTY WEIGHISt THMAL
SEIT] o M)EQ.2yMTREIT2 o "pEGe2,/s4Xp"SEPARATION PENALTY WEIGHTS: MAI
SCWELTL » MyEQe2)" CWELITZ o W, ESe2s/y4Xy" PENCRIT = M, 1PEG,2)" AWEMAL

$IT = "3€942,//) MAl
922C FOPMAT (/oBX,"VEFTICAL SLOPE CCMSTRAINTS™»/»8X»"TRAJ NOo®p2Xy "GHAMMAIL
SIN  GMAMAXY, //) PAl
G230 FCFMAT (11Xp1205XpF5e193X9F541) [ 3

Q24C FORMAT (10X,15HFLIGHTPATH NOF »I25/512Xs13HINITIAL XoYs2) 1X,23HCACHAT
SRCINATES IN METERSS »3(F9elp3N)s/p 12X, 1IHFINAL Xy Yo 2Zs1Xp23HCOCPOINMAY
SATES IN METEPS: o3(F9a1s3X)p/s12Xs14KINITIAL CCRNER,)1EK POINT POSIMAY

STIONS: 5/ 934Xy JOHCCRNER NOwpbXy LHX 2 GXp1HY 9% p1HZs /) MaY
@25C FCFMAT (10X, "RUNWAY LOCATIOK: ",F8e1,10X,F8als//) MAT
G2eC FORMAT (1EX,12,€EX2F9¢103XsF9:1s3XsFT.1) ) M1
9270 FCRMAT (1E5XsMA/C MIX",T45,"NCe CF A/CYy//sT4Os"DAYTIPEN, 3 X, "NIGHTTMAT

$IFEN,//) AT
92PC FLRMAT (T2C,2A10,742,13,752,13/7) ] 34

END MY
SURROUTINE COST (IGFAD,TOTAL,ANIT,PNALTY,CLCSE,THRESH) ces

CCMMON NTRAJ)NMAP)NSEG)XM(1E,13)pYM(15,23),2#(15,12),SPOSIT(15,25CCCS
$p2)pX0ULE), XFULE) s YOULE) »YF(15)520¢15),2F(15),NPOSTTS{15) »RHO(573)CCS
$»1SEGL) IPRCFs MAXIT)PENCRIT)AWEIT) TVIOLA)ALWP,PECPLESNTRCP T, THPLON(CCS

$273),0fD(15)»ITGHICPT, 1T, ZERGLOB)NEWTRAJ)ARRAY(573,10) cas
INTEGER NRD ces
LCGICAL ZERGLOB,NEWTRAY €Cs

CCMMCN /CORNER/ ANGLE(15,12),P0SIT(15,250,3),XCENTR(15,12)) YCENTRICCS
$15,12) pZCENTR(L5,12)pXT1015,12)pYT1(155,12)52T1015512),XT72(15512)5YC0S
$T2015,12)0272015512))NPESTT(15),015(15) CCs

~ CCMMCN /PRINT/ SXCENTRE1%,12) SYCENTR(15,)22),SAT1(15,12)sSYT1(15»1C0S
$2)p SZTLULE,12)»SXT 201551205 SYT2U15,02)5S272115012)5 SANGLE(L1S5,12) CCS

TCTALeO, cCs
ANIIsTOTAL crs
CLCSEaANTT cos
THRESHsCLOSE ccs
PNALTY»THRESH ccs
CALL DYNAKID (PNALTY) ces

ccs

PO BP0 0900000 00C0t RPN ERNLIN R00S0000 000000000800 000cERBRRRRRRRNS Crs
. « CCS
. SUBTP« NOISE EFFECTS OF TFAJ. BEING QPT. » CCS
. DLFING PREV. CALL TG CCST ’ « CCS
o o COS
S0P OP 0000000 000000 000000000800 3000080 0003000800802 03808000000800sb0s00CGRRTS ccs
ccs

1F (.NNT.ZERGLNB) CALL ADDR (-1} cCcs

IF (PNALTY.LTSPENCFIT) 6O 7O 10 ces
TOTAL = PNALTY cce

IF (MAXITWNELO) FETULRN coes
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321¢
220
3230
3240
3250
2260
321¢
32e0
3290
300
3310
3320
3330
3340
33%0
33¢¢C
1370
33ae
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
349¢C
3500

20C
210

240
250
2ee
27¢
280
29¢C
icc
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|
l

10-

20

ic

6C
50

e

CALL NOISEL {THPRESH)
CALL NIT {ANII}
IF (NTRAJWECSL) GO YO 20
CALL CRCSCVR (NPCSIT,POSITH»CLESE)
TCTAL s ANIT@THRESHeCLOSE#PNALTY
JF (IGRAD.EQ.1) PETLPN
DC 5C 11 = 1oNTRAJ
I = ORO(IT)
SXTI(I,1) = XTI K1)
SKT2{1s1), = XT2{1s1)
SYT(I,1) o YTILIINQ)

SYT2(1s1) » YT2(1,1)

SITI(IL1) » ITU(IL])

S2T2(1»1) = 272(1,»1)

D0 30 J = 2,NSEG
SXCENTRIIpJ=1) o XCENTR(I,J~1)
SYCENTR(1sJ=1}) = YCENTR(I,»J=1)
SXT1(Tsd) » XT1(1sJ)

SYTL(I,d) = YT, J)
SXT2(1,J) = XT2(1,J)
SYT2(1,0) = YT241,J)
SATI(TIpd) = 271(1, )
SZT2tled) = 272(1,J)
SANGLE(I,d=1) & ANGLE(I,Jd=~1)
CONTINUE
NPCSITSII) » NPCSIT(D)
TPCEST = NPOSITSII)
0C 40 J = 1,1P0ST
SPUSIT(I dp ) = FOCSITHINGRL)
SPCSIT(I,Js2) = POSIT(I»Jr2)
SPCSIT(IsJds3) o PCSIT(INJN3)
CCNTINUE
CONTINLE
RETUFN
END

SUCRDUTINE COST1 (ICRACINsF XeANIIaPNALTY)CLOSE)THRESH,)NDEC)

S T T D o

cas
cas
cos
cog
ces
cCs
cas
cLs
ces
ccs
ces
€Cs
cos
ccs
ecs
cos
cos
ces
ces
cos
cos
ccs
s
cos
cns
ces
cas
cns
cos
€os
cCs
cos
cos
ces
cos

M

COMFON NYRAJSNMAR)NSEG)XM(15,13)0YF(L1E)L13),2M115,13),SPLSTITI1E,250C0]
$02) o X012 XE(L5 ) YLUAS) o YFULS)p20C15) 9 2F(15),NPOSITS(1IE),RPHO(ST3)CC]
$p) ISEGLy IPROF)MAXTIT)PENCRIT)AWEIT,TVICLA,ALWP,PEOPLESNTRCPT, THPLON(CC]

$573)90RD(15)2ITGHICPT,IT)ZERGLOB)NERTRAJ)APRAY(5T72,10)

INTEGEF CRD

LOGICAL ZCKGLCR,NEWTRAY

QIMENSTICN X(NDEC,1)

NVAR & 2

1F (IPPOF.EG.L) NVAR o 3

I el

NSEGY = MSEG=]

0C 1C J = 1,NSEGL
DG 10 K = 1,NVAF
L o» (I=1)ONVARSNSECLe(J=1)ONVARSK
IF (KoEQel) XM(QRO(I)pJel) @ X{L,1)
IF (KWEQe2) YM(ORDUI)pdel) o X(Lsl)
[F (KoEQWe3) IMIOFCITI)pJel) » X(Lpl)

10 CGNT INUE
CALL COSY (IGRAC,FeANTI,PNALTY,CLOSE, THRESH)
RETUFN
END
A i & PN, % _-uﬁ-x ot s

co1
co
ccl
cel
ca1
(4
o
cel
cl
el
cel
cr
(4]
cCy
ccl
ccl
¢l
cer
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31¢
320
3o
140
3%e
eC
370
ar0
390
40C
410
420
430
&4C
45¢C
LY.
470
408¢
490

510
820
530
540
%0
ELTY
570
sac
%9¢
6cC
610
620
630
640
650

170
18¢

22¢
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901C FOFFAT (1H1,9%» JIHITERATICNS ,12,/012X%p12HTCTAL COST: »1PEL1€uSs/,1FCN

FUNCTION MACQS (ApByC) Adc

X 8 (A®200002.0082)/(2,9A%8) ' ac

IF (ABS(X)elToelel) GC TO 10O AAC
WRITE (E,9CIC) XohypEsC (Y14

STOP (Y14

16 IF (XeGTole) X o 1, m:
IF (XolTo=le) X » =1, AAC
AACOS = ACOS(X) (Y14
RETURN o AAC

C ~ MAC
GO1G FOKMAT (29H TROUBLE IN AACOS, XsApB,sC = ,4(1PE2E49y3X)) AMC
END AAC
SURRDUTINE MCNIT (XsNsFoANIT»PNALTY,CLCSE»THRESH,)NDEC) MmN

COMMON NTFAJ)NMAP)NSEGs XM(15913)5YM(15,13)92F(15,13),5POSIT(15»25CHCN
£ 3 XGIL5) o XFI1S)YOULE ) YFUL15) pZC(LEN»ZF(15),NPOSITSI15))RHO(S73)MON
$)ISEGLs IPPOF)MAXIT)PENCRITIAWEIT) TVIOLASALWP,PECPLESNTRGP T, TMPLON(MON

$573),CROC1E)»ITGHICPT oIV, 2ERGLOB) NEWTRAJ)ARRAY(572,10) MEN
INTEGER ORD . MCN
LCGICAL ZERGLOB,NEWTRAY [Ju ]
CCMMON /PRINT/ SXCENTR(15,12),SYCENTP(25,12),8%T1(15,12)s SYTL(LEs2MCN
lZ):SZYl(lS:lZl;SXTZ(lﬁrIZ)pSYthlﬁ.lZ):;;Tg(;gglg),s;NGLe(15,12) MCN
DIMENSICN X{NDEC»1) pFCN
PI s ATAN(l.)s4, MCN
NVAR & 2 PMCN
IF (IPRCF.EQe)) NVAR = 3 MON
I =1 MON
NSEGL ®» NSEG=1 #ON
DO 10 J s ),NSEGL nCM
0C 10 K » 1,NVAF KON

L o (I~1)#NVARSNSEGL¢(J=l)®NVAR+K MCN

IF (KoEQol) XMIGRO(I)sdel) = X(L,1) MCN

[F (KJEQa2) YMICRE(I)aJdel) » X(Lys1) new

IF (KoEQue3) ZM(CKC(ID)del) = X(L,1) MeN

1C CONTIMUE MON
WRITE (62901C) ITsFpANTI,PNALTY,CLOSE,THRESH,TVIOLA)ALWP MCN
FAY = 1 MON
IF (ZERGLCB) MAX = NTRAJ MEN
DO 3aC 1 s l,MaX MON
WRITE (6,902C) CROCI),XMICRO(I)21)» YM(CRO(I)»1)H»ZPIORD(T)HY) MCN

had CO 20 4 s 2,NSEG MCN

WRITE (6,9C3C) XM(GRD(I
CRD(I)»d=1),SYCEMNTFR(CRO

Y2V pYR(CRO(I)»J) p ZB(ORDUTID»J) » SXCENTR(NMCON
$ (
s SITICORDUI) VI » SXT2(CRO(

I

2 d
119d=1)»SXTICORDITI)J)pSYTIHGRDUT)SJ)»¥ON
T1od) »SYT2(ORPD(I),J)»SZT2(0RD(T)»J ) SAMCN

3 NGLE(CRO(I) pd=1)s18C,/P MON
20 CONTINUE MON
;FITE (639C4T) XMICRD(IDISNSEG*L) ) YMICRD(I)»NSEGHL)»ZM(ORCIT) ) NSEMCN

$ Gel) rON
NPCSITI = NPOSITS(CRC(I)) MCN

3c CONTINUE HoM
WFITE (8,9C50) (IFIY(ARFAY(K,)3))sARRAY(Kp&)sKu]yNMAP) MCN
2EFGLOB = oFALSE, MON
RETUPN MCN

¥ON

$2Xs LTHANNCYANCE (NI1): ,1PE1€e99/»12X»31HPENALTY ON CYNAMIC CCNSTRMCN
SAINTS »1PELGeIp/o 12X 3hPENALTY ON SEPARATING CONSTRAINT? ,1PEl€ OMCN
$9 /o 12X ZEHPENALTY ON THRESHLLO MOISE: »1PE1€4Ss/012Xs"THRESH VIDLAMON
STIUN o " E1€495/)12Xs"LWP & W,E16.9,/) MCN
GG2G FOPMAT {32Xp)"FLICHT PATH NOt ") 12, /9720 "CORNER PTSo"y YAO)"CENTER MON

173

260
280

27C
2BC
290
100
31¢
320
320
34C
350
360
37c
aec
390
4CcC
$1¢
«20
43¢
44t
4sC
“&0
6«70

o A




174

e O ki

$OF ClRClE".776;"IANGENYXAL PYSe"sTI1C,)"ANGLE (DEGREE)Mp/, 14X, (", FFCN 48C

$74Ci )M FTeCaMpMpFTeCo "IN} MON 460
GUAC FORPAT (14X MiU,ET4Co s T o0 pFla0aM )N (") FTe0s™pMsFT40,")" 200N  5CC
SCR(PFTa0aMs")F70CaPp"sFT0a")")y 3XpFE]) Moy S1C
GCLC FORMAT (L1aX, M (M FTe0p"sMsFTa0r"p"pFl4Cr ")) reN %20
9LS5C FCRPAT (5YpI1659X,F9.5) peN 530
END MON 340
W -

SUBPCUTINE PESULT (XaNpFpANIT)PAALYYpCLOSE,THRESH)NOEC) PES 10

COMMON NYFAJ,NMAP)NSEG» XMI15,23)sYM(15,13),2M15,13)»SPOSIT(15,250RES 20
$53) o X0L15 ) XF(R5))YCUIS)»YFI15),20015)s2F (15))NPOSTITSILE))RIQ(ETIIFES 30
$5ISECT ) IPROFSMAXIT)FENCRIT)ARELT) TVIOLA)ALMP)PECPLE,NTROP T TMPLON(PES 40

$573),0RD(1%8)»ITGoICPT, X‘oZh?GLCBoNEHTiAJ'AFFAY(573;10) PES %0
INTEGER QRD RES 1y
LOGICAL ZERGLOA,NEWTRAJ PES 14

CCYHON /PRINT/ SXCENTR(15,12),SYCENTR(15032)»SXT1(15s12),SYTL{15,1RES *0
$2)SZT1(15,12)95XT2015,12)05YT2(15,12),52T2(]) Z)rSINGLE(ISnIZD PES 0

DIMENSION X(NDEC,}) RES 100

Pl = ‘T‘”(lc"‘o PES 11¢

’ NVER » 2 RES  12¢C
IF {1PPOF.ECeL) NVAF = 3 PES 130

} I el FES  14C
NSEG] = NSEG=1 RES 1%0

D0 10 J » 1,NSEG] RES  1¢C

, DL 10 K = 1¢NVAR PES 170
i L oo {1=1)ONVARONSECLe(J=1)ONVARGK RES 180
| TF (KeECel) YP(CFRII)pdel) » X(Lpl) PES 190
, IF (KoE0Qe2) YMICRCIT)sJel) » X(L)1) RES 200
: IF (KoECs3) 2MIOFL(I)pdél) » X(Lp1) PES 210
16 CONTIMUE PES 220

WEITE 1659010) IT)FsANII,PNALTY,CLOSE,THRESH) TVIOLA,ALWP RES 230

DC 3C I « 1,NTRAJ RES 240

WRITE {£5602C) ORC(I),XM(CRO(LI»1), YM(ORD(T) 1) »ZM(CRD(I))1) PES 290

DC 2C J = 2,NSEG PES 260

WPITE (659030) XM{CRDUI)od)»YPIOPO(I)»Jd)aZM(OPDIT)»J), SXCENTRIPES 270
$ GRO(I),J=1) »SYCENTR(ORD(INsJd=1) »SXTL(ORD(I},J)pSYTI(ORO(L)»J)sPES 280
$ SITL(CRO(I)»d)pSXT2(CFOUL) ) »SYT2(ORDIT)I)»S2T2({0RD(T)sJYsSARES 260

‘
;
:
i
i
:

$ NGLEIORDII)} »J=1)21E04/P] RES 300
20 CONTINVE RES 31¢
! WRITE (6,6040) XP(CRO(I))NEEGeL)y YM(ORD{L),NSEGOL)»ZM(ORD(T)) NSERET 320 g
$ Gel) RES 220 §
B - WRITE (6,9050) PES 340
NPOSITI = NPCSITSICRO(IN) RES 3%¢C
WRITE (€99C60) ((SPOSITYORD(I)sJsK)sKe1y3),Je), NPOSIT]) FES 3eC
} 30 CONTINUE PES 370
P ETURN RES 380
I c PES  2c0

9G10 FCEMAT (1M1, 9Xs 1IHITERATICN? 512, /2 12X512HTOTAL COST: »1PEL1€e9,/p1PES @00

$2X, LTHANNGYANCE (NTI)t »1PE1R.9»/»12¥,)3 HPENALTY CN CYNAMIC CCNSTRPES 410

. SATNTE pIPEL&a9s /912Xy 24HPENKLTY ON SEPAPATING CONSTRAINT: ,1PEl&,SPES &2C
$0/p12X) 2HHPENALTY Ch THRFSHCLD NCISE: »1PE16495 /212X, "THRESH VICLARES &3¢

STION s % €1649 /p12X,"LWP » "yEL16494/) PES 440

9G2¢ FCRPAT {12Xp"FLIGHT PATH NOt "y [2,/sT20,"CORNER PTS"s TO,"CENTER PEF 450

$0F CIRCLEM, T74»"TANGENTIAL PTSe"s TLIC,"ANGLE (DEGREEIs /5 14X)N(Y",FPES 460

v 8700 pMppFTa0p " FT40,")") PES 470
’ GOIC FOSMAT (LGN a1 FTa0nM ) pFTaOpMpMsFTa0aM )Myt (Mo FfT,0s"s",FT40,")"2PES 4PC
| SO FT o0 p " aFT0a0p )"y Ta0p" )" )p 3X,FEa1) PES &6C
QOLC FORFMAT (14X, (" )FTeCo"a"sFTe0s"s"sFTeCo")") PES 500

¥ GOSG FCPMAY (//7512Xs3¢HFLIGHT THRAJECTORY ¥y Yo 2, IN METERS,»/» 19X 1HX,1RES 510
$4N ) LHY 14Xy 12,/ ) PES  S2C

GCeC FORMAY (14X)1PE1CL3ssX,EL0e3s5Y»E1C2)5EX) PFS %3¢




s g e 4 e

OO0

IOV NOAONOONO0

OO0
-

€ND PES
SLAROULTINE CEOSCVR (1a24,P) :ng
]

PO SNEECSENOCECOIDANNBNCINNOCOORPIRIBORENINENEOAPRBOIIGRRINDPONOISIQNIORIPIIITOIY f’o

« GFQ

TRIS IS A DUFMY RCUTINE, REPLACING THE OPIGINAL CROSOVR, « CRO
WHICH DOS NCT WCRK FUR TRAJS THAT DCNT SHARE A COPPON ¢ CRO
SEGMENT OF THE XeaXlSs e CRO

¢ CFO
..".l..!‘.l’...‘..........‘.Il.......,......l..l........'..'..I....l c?n
CR{

RETUPN crl
END CrRC
SUBRCUTINF ONEWTON (N, XNOW)DELTAX, STOPCKG,NDEC) OKE

POSTIT(15,25CONE
15)»RHO(5T72)ONE
ROP Y, THPLON(ONE

COMMON NTPAJ)NMAPINSEG)XM{L1E0 130 YMUL159213),2M0155123),8
$9 ), X018 XF(IS o YCI1L) o YFU15) 20018, 2FL15),NPOSITSI
lpXSEGlJIPFCF'HAXlYpPENCRITpAU£I7:TV!CLA!&LH?:FFCPLE.N;

0

$572)s0RC(LS) 2 ITG)ICPT2ITHZERGLOBINEWTRAJLIARRAY (572, ONF
ONE

B0 00002002000 0RSRRB 300000000000 000 00s0latRRRRRIRIIRRRSIRISSSRRYRSS O:E
THIS QPTIMIZATICN EMPLOYS SELF=SCALING, PESTARTING, o« ONE
QLAST=NEWTON METHOD, o ONE
REFCRENCET DeGe LUENBERGER INTRQe TC LINEAR AND NONLINEAR o ONE
PROGRAMMING; Po20&) SECe9e5 o ONF
MAXITE MAYIMUM MNULMBEP OF ITERATICNS ALLOWED o OME
STCPCHGY STCP IF PERCENTAGE CHANGE IN SUCCESSIVE COSTS IS o ONE
LESS THAN THIS VALUE o ONF

N3 CIMENSICN CF THE UNKNOWN X « CNF
XNCws PRESENT OR INITIAL VALUE OF LNKNQWN X o ONE

¢ ONE

PO RS B0 N0 AP0 S0000R RIS NDINRCROENNINNRIIRNROIRNRIIRNIRAEROIRPRRIORNINNNIOOIORIPRRSDIBITY g:g
DIMENSICN XNOW(NCEC»1), DELTAX(NOEC) ) CNE
DIMENSICN GACWU(3C 1), GNEXT(30,1)p PU3C,1)s QL3001)p PO(1,1) ONE
DIMENSICN OSO(1,1)» PP(30,30Q), SO0S(30,30), $(30,30) ONE

~ DIFMENSICN XTEMP(30s1)» PT(1,30), Q5(1,30), SO(1,3C)y QT(1,30) ONE
DIMENSICN SCC(30,20Q) ONE
DIMEMNSICN D(30,1) ONE

IT = 0 QM E
CALL COST) (OsNsFNCR,XNCW,ANITI,PNALTY,CLOSE,THRESHHINDEC) ONE

IF (PNALTYSGESPENCRLIT) GC TC 1C QNF
CALL PONIT (XNQWoNs FNCWoANIIpPNALTY,CLESESTHPESH,NDEC) QNE

IF (MAXITLEQ.0) FETURN ONE

56 1C 20 ONE

10 wPITE [6,9C3CH PNALTY,ANII ChE
CALL COFNEP (XNCw,dpNDEC) ONE

IF (PAXIT.EQ,0) PETLFN CNE

. QONE
l.“"..'.................'......a."......................'.....l.'. c“E
» ONE

STEP 1t SET S o ICENTITY MATRIX AND CALCULATE GRADIENT s« QM

o ONE

Qe 2 SP 00 S0 C OO OB DEIINTRICINT IR RPN EPRNCROS RN NERRP RGN NOEPIIOEORRIRORNAIRNDROTOS QN‘
ONF

2C DU 3G I = L,N OKE

B . DU ULy W S

340

?ce
210

2e0
300

3¢

I

e e e e



OO0 MO

OO ONON

S T SR R T R A A T T ST T De——— T

« CC 30 ) & IyN ONE

S(I,Jd) = 0. OMNE

IF (1FQed) S(Ipd) » 1, ONE

30 CONTINUE ' ORE

CALL FGRAD (N FNCWp XNOW)GNCW)DELTAXONPEC) :2;

.I’,..‘...'..'.l'l.“ll."....‘..’....’."...‘..I.l‘................. ONE

. » ONF

. STEP 2¢ SET D w =5G o ONE

0 . o« ONE

NI IOy R NN N YRR R NN RN T N O;E

CNE

4C CALL MPLY (NyNelsSsGRCWsDINDEC,NDEC,Y) QNE

PO %0 I s 1,N OME

D(Ipl) » =D(1s1) ONE

14 CONTINUE ONE

ONE

0000 00 0800000 0E 0 0EE el s0RIsocsssototonisasteasiciessosseretsvisessoee czg
. . + 0

. STEP 3t MOST IMPGRYANT! s ONE

. LINE SEARCH ALGNG D TC FIND AFA THAT SATISFIES PO>C o OME

. [F COST FUNCTYION IS ANALYTIC, SLICHT MOCIFICATICN IS o« CNE

. NEEDED (SIMPLIFICATICN)IOPTIONAL) . 0:5
° ¢ O

B0 PF VPN 08D RPPR000 00000000 N0RRBRNRRRNIRIRIIRNRIITOSIISEORIOIPPRIRIOIRRIORIDRTIDYS ozg
[}

Ko C ONE

60 K v Kol , oNE

CALL LINESCH (KsNpFNQwp XNOWSDsAFA2 ) XTEMP)FSMALLIANIS)FNALTY,CLOSE,ONE

STHRESH)NDEC), FETLPNS (220) ONE

IE (ITelsLT.MAXIT) GG YO 70 ONF

11 =2 179} QONE

WELTE (699050) ONE

IF (PNALTY.GE.PENCRIT) GG TC 15¢C ONE

ITF (FSMALLOLESFACK) CALL MONIT (XNCWo Mo FSMALL)ANTII,PNALTY CLOSE, THOMNE

$RESHINDEC) QNE

FETUFN ONE

TC GALL FGRAD (NoFSMALLAXTEMP)GNEXT,)OELTAX)NDEC) QNE

DO BC I o 1,N ONE

Clisl) o GNEXT{I,1)=GNCW(Is1) ONE

PUIsl) ® AFA2eD(1,1)) CNE

€0 CONTINUE ONE

CALL TRNSPOS (NDECS1sP)PT) QNE

CALL HPLY {L1pNslpPTyCoPQuisNDEC,)) ONE

o IF (PQO{151)eGTs0,) GC TO 11C ONE

IF (KelEl1) GO TG sC ONE

WRITE (£,6010) ONE

RETUFN ONE

9C FACh o FSMALL ONE

G0 1CC I & 1,N ONE

ENOW(I,1) = XTEMP(IN1) ONE

100 GCONTINUE ONE

GG TC ¢U oME

11C 00 120 1 = 1,N ONE

YACW(I,1) = XTEMPL],1) ONE

12¢ CONTINUE QNE

IT = 741 ONE

PRCNT = ABS{(FSMALL=FNOW)/FNOW) ONE

IF (PRCNTGE«STGPCHG) GC TC 140 QM

WRITE (&,904C) PRCET,STCPCHG CrNE

IF (PNALTYSGESPEMCEIT) GC TO 13C OhE

CALL MONIT (XNOWsNs FSMALLLANIT,PNALTY)CLOSE,THRPESH,ADEC) ONE

(133

RETURN OME

176

4éC
(X4
460
A0
(114
400
500
%10
%20
s3I0
s40
g%¢
%60
s70
spe
590
s0¢C
€10
620
610
£40
e5¢
LL1s
610
&80
400
7¢CC
710
720
730
740
7%0
T8¢
770
780
790
8oc
e
r2¢
A3e
84C
a5¢
fec
870
ARG
es0
900
910
920
920
940
950
e
L
960
age
100¢
1010
102¢
103¢
1040
1080
10¢C
1070

e
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c

13¢

14C

15¢

160

170 WFITE (€,9C30) PMALYY,ANII
CALL CORNER (XNQW)N,NDEC)
LR0 CONTINUE -
PRSI P00 E 0000000000 0000000N000000000000000000000000000080000000
: STEP 4t IF ™IT® IS INYEGER MULTIPLE CF N GO YO STEP 1}
. 1F NOT, UPDATE §
. 1S WITH INTEGER MULTIPLE CF N?
:-ocooo--oo-o-gno-.n-o-noo--oonooo-oooo-oooncooooooo-coout-occopouoo

O0...l‘.0D..'...ll!l..l.'l!l.g...'ll!..‘....l.l.'...l.l..'l'.l.....l.

l.0!!llll.....I.i“l....'l.......ll.G..l.0........l.l..'l'....'.l.."

15¢C

WRITE (659020) PPALTY

CALL CORNER (XNOWpNy)NDEC)

RETURN B
IF (IY.LY.MAXIT) GC TO 360

WRITE (699050}

IF (PNALTY.GEJPENCRIT) GO TO 150 )
CALL MOMIT (XNGWoNp FSMALLSANIT» PNALTY CLOSE)THRESHINDEC)

RETURN N

WFITE (£,9020) PMALTY

CalL CORNER (XNOBaNpNDEC)

RETURN

IF (PNALTYJGEJPENCRIT) GO TC 170 ,

CALL MONIT (XNOWoNpFSMALL2ANITSPNALTY,CLOSE, THRES ) NOEC)
GC TO 1RO

IF (CFLOATOIT)I/ZFLCATINY Do MESFLOAT(IT/NG) GO TO 190
FROW o FIHALL
GC 1C 20

UPOATE MATRIX 5§ GC TO STEP £

CALL MPLY (NsNp12SsCoSQNDEC,NOEC) )

CALL TRNSPGS (NCEC»1,0s0T)

CALL MPLY (NpLoN,SCpQYpSCQ)NDEC,1INDEC)
CALL MPLY (NpNpN»SCOyS»SOCS,NDEC)NDECHNDEC)
Call MPLY (1oN»Ah»QY»5405,1,NDEC,NDEC)

CALL MPLY (1,Np1p0S,CrQSQr1,NDEC,))

Call MPLY (NsloNoPpPTsPPoNDEC,1,NDEC)

~DE Z60 I » 1,N

3
20¢

210

22C

CO 20C J s 1.N

oKE
OKE
ONE
orE
oNE
ore
ONE
OKE
ONF
ONE
GNE
ONE
ONE
ONE
ONE
ONF
oNE
ONE
oNE
oNE
ONE
ONE
ONE
ONE
ONE
ONE
ONE
oNE
ONE
ONE
OME
ONE
CNE
ONE
ONE
ONE
oNE
ONE
ONF
oME
ONE
oNE
ChE
ONE
ORE
CNE

S{Ted) » (S541,0)=SCOS(I,J1/CSQULp1))0dPOILa1)/QSCIL L)) ¢PPITsJ)/QNE

PCL1s1)

~ COMTINUF

FACW » FSpatl

DC 210 I & 1,N
ENCWITs1) o GNEXT(I,1)
CCNTINUE

6C TC &C

WEITE (6,966C) CFO(1)

FETUFN

ONE
ONE
OoNE
ORE
ONE
CNE
CHE
ONE
ONE
ONE

9310 FLPFAT {/)10X)™AFTER 2 CALLS TC LINESCH; CANT FIND TRAJ, WITH®,® LONE

s
94,20
1

OWFR COSTe RETURN TC PNIFQBNN)

ONE

FORMEY (SX,40HTN RESULTS DYNAMIC CONSTRAINTS VIOLATION /»10Xs SHPENCNF

ALTY #5 IPELE9)

ONF

177

100
1060
11¢¢
1110
112¢
1130
1140
11%0
1160
1170
1180
1160
1200
121¢
122¢
1230
1240
12%¢
12¢0
127¢
12f0
1200
13¢¢
131¢C
1320
13%¢
1340
13%0
136¢
1370
1380
1350
16C0
161C
1420
1430
1440
1450
166¢C
1670
140C
1460
1%00
1510
152¢
1530
156C
15%¢
1%ec
157¢C
1500
18@0
1600
1610
18620
1420
1440
14850
1€¢0
1817¢
180

9330 FCFMAT (SX,3GHIN MONITH DYNAMIC CONSTFAINTS VIOULATICNe/»1CXoQHPENAONE 1€50

SUTY a0 1PELT&WSo/pdCRo™ANTT o W3EL6499" (1F ® Cop THEN ANTT HAST,"NOORE

13

T REEN CCMPUTED IN THIS ITERATICN, OUE YO LARGE PNALTY®)

i i -

ONF

170C
1710




OO0 A0

CCOONOON

OO0

178

acec FCPPAY (leFFELLYXVE CHANGE 1A ‘UCCESS!VE COSTS ") 1PELO 30 ™) l!SS"ONE 17720

$)" Thak STOP CRITERION M) 1PELC.] ONE 173¢C

QO5C FLFMAT (2)p 29HMARINLM JTERATICN SEY FEACHED) ONE 1740

G060 FCREAT (/9™ eaveee GPTIFIZATICM FAILS FCR TRAJ, ",12," ON THIS™, " GOME 17%C

SLORAL ITLRATION®,//) CNE 1740

N CHE 1770

SUBRCUTINE MPLY (LoFaNsAsBpCrLDEC,)MCEC,NDEC) :;t ;g

9!l.-.l..'.!.!l.ll,...li.lll“"ll.".'I.l!'.....ll.'l.l'.l..l.Q!Olt.. PPL 30

N o MPL 40

o CALCULATE MATRIX PULLYIPLICATION C » AR o MPL %0

. o MPL (14

S AIRO PRS00 R0 ORBOILIPRINNEIRONIRSRNRNRIGBRRRNRNONINNINIORIRRIRIINTILIINIDS r:t ;8

DIMENSICN ALLDEG,MCEC)y BIMDEC)NDEC)) CILDEC,NDEC) rPL 0

DC 1C 1 = 1,L MPL 100

0C 10 4 = N MPL 110

Clisd) o 04 ¥PL 120

0C 10 X = 1,M mpL 13C

) ClIpd) o CUI,JIeALT K)OR(KYI) MPL 140

1€ CCOMNTINGE Pl 1%0

RETURN PPl 180

ENG FFL 176

SULBROLTINE TRNSPCS (MyNyAyR) TPN 1¢

TEN 2C

GO QO ROV INIEIONO RO NNO NI OB OP NP ROOINIOIIBIORNRROBIGININOIROINREOGPNCOIRNTLDY ;:: 28
] [

. TRANSPUSE OF MAYRIX & IS RETURNED IN MATRIX 8 o TEN ¢

. o TERN éc

.Q.lll........l.l‘l.ll!lll’ll.l..ll!.l...l.l.‘.‘l.l‘l.lll...l.QI.I'.. "N 70

TN LYY}

DIMENSION A(MIN)p BINHM) TRN 1]

PC 1C 1 = I,M PN 10C

CC 10 4 » 1,N TRN 110

BlIyl) o AL, J) TPM 120

10 CCNTINUE TN 130

wRETLRN TN 140

ENM TN 1%0

SUPROUTINE FGRAD (NsFsXoCpDELTAX,NDEC) FER 10

FGP 20

l.!lllll....ll.llll..I'.llll.l‘ll'l.lll.ll.l....I‘!'Q!lll...i.ll’..l. Fcp 30

. o FCR «C

. CALCULATE GRADIENY CF COSY F WITH RESPECT TO UNKNCHWN X o FGF £0

. v FCR ¢0

PR OEE NP0 S 00C NGO RENBPRIIROROECEPSOEOPOONEERNECRERRANPIDCERIREIONPSOIROENPDTYS 'GP 70

FGF re

COMMON JENABLE/ ZENABLE FCF sC

LCGICAL ZENABLE FEP 100

DIFEHSICN X({NDECs1 )y GINDEC,)1)) DELTVAXINCELH)) FCR 110

00 1C I « 1,N FrR 120

GlIsl) « O, FEP 120

IF (oNDOT.ZENABLE«AND.FOD(T,3),EQ.0) GO TO 10 FGo 140




PO O
-

1c

10

¢
sci1c

Y O YA

¢
¢

AO3ob) o XLy L)4DELTAX(L)
Call COSTL (X pMpFFoNoANIT)PNALTY)CLOSE) THRESH)NDEC)
GUIpl) = (FF=F)/CELTAN(])
YeIsl) o XUIp1)=DELTAX(Y)
CCNTIMNVE
PETLRN
END

» . *
SURPLUTINE GAFA (N F,DAFA,GaX,0,NCEC)
CALCLLATE GRADIENT CF F WITH PESPECT 1D AFA

DIMENSICM X(NDEC,1)) DINCEC,1)) XTEMP(30,1)
00 10 L e 1,N
XTEFPUI 1) » X(1,1)00AFA®D(],1])
CONTINUE
CALL COSTY (2oNyFFoXTEMP)ANTTI,PAALTY)CLOSE) THRESH)NCEC)
G = (FF=F)/DAFA
RETURN
END

SURRCUTINE ERRCR (KyMESSAGE)
DIMENSICN MESSAGE(12), ITEXT(!Z)
DATA ITEYT/120en "
0G 1C 1 » 1,k

TYEXT(I) » MESSAGE(T
WRITE (€,9010) (ITEXT( ) Is1,K)
STCP

FCFMAT (/7)1 %)MEFRCRT M512410,/7/)
END
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ddd
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CaF
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GAF
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GAF
GAF
CAF
€IF
CAF
GAF
CAF
GIF
GAF
GAF

ErP
1L
11
10
1]
ERp
£np
1l
PP
(11

SURROLTINE LINESCH (KyNyFNOWs XNOW»DsAFA2)XTEFP, FSFALLSANIT,PNALTYSLIN

$CLOSE,THRESHANDEC)s FETUENS (KARCRT)
DIMENSION CUNCECsL)) XTEMP(DDEC,1)» YNOWINDEC)1)

S 6080 S0 BRI IR AN INTONINCORRIRIENRRIREIOERNIOOROCENNLIREITIORRNOBOSIOIAROORIOETDDR
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CLBIC FIT BY INITIALLY LETTING &FA o O AND DAFA o 5,

»

»
.
.

10

ONGRY & 0,

CO 1C 1 s 1,N
ONCRN = DNCRMeC(]1,1)9¢2
CChTIMIE

CNLRM o SCRY(DNCRM)

LIN
LIM
LIN
LIN
LIN
LIw
LN
LIN
LIN
LIN
LIN
LIN
LIN
LIN

IF (LNCRP.EQsOe) CALL CHECK (1pN)FNCWoXNOWIDsAFAO)FAFAOINAFAD,AFATLIN

$sFAFAL,CAFALILYL)LUL, U2 )NDEC)

LIy
LIN

S L PN NN PRI AN eNsLIN00sO0IEROIROIBIIRNRAOIEAITROOIOIORORIIITIPOFORROIOIRRIESYTSE LIN
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NOVMALTZE O

Do 20 1 =
Cilll) . O(KJI)IDbCﬂﬂ
CURTINVE
DAFA » 5
AFAD » O,
FAFAQC » FNOW
KK s}
CALL GAFA (N)FAFAO CAFA)GAFAQ, XNQOW)D)NDEC)

-

IF (GAFAQ.EQe0) CALL CHECK lInNthOH,XNOH;D;Af‘OvFlFAO;GAFlC}AFA!;t;N 330

SEAFALIGAFAL UL) LLLoL2)NDEC) » RETURNS (90)
AFLL = AMINI(LOGCs )=FAFAQ/GAFAD) o
TF (~FAFLC/GAFAO.LY4O) AFAL & AMAXL(=]1CC0sr=FAFAQ/GAFAD)
OC 4C 1 » I,N ‘
XTEMP(Iol) » XNOW(I»))¢AFAL®0 (L)) »
CONTINUE
CALL COSTY (LoNsFAFALI XTEMPOANTT)PNALYY,CLOSE,) THRESHINDEC)
IF (¥Kellok) GO T0 fC
wRITE {£59040)
RETLRN
LALL GAFA (N FAFALIDAFA)GAFALIXTEMP,0,NDEC)

»

L
1F (ABSUUAFAC=AFAL) /AFAL) oL T4 0s0CL) CALL CHECK (2,N,FNOW,XNCWsCoAFALIN 4%0
$SOsFAFAQ)CAFAO)AFAL)FAFAL)GAFAL UL 2 UUL,U2)NDEC),) RETURNS (90)

ULl = GAFADHGREAL=3,¢{FAFAGSPAFEL) 7 LAFAG=ATAL)
UL o L1e8s2=GAFACSGAFAL

IF (LULWLEWOe) L2 = Ou

IF (ULL,GT.04) U2 s SQPTIUVL)
A0 o AFINL(AFAC,AFAL)

Al = ANAYL(AFAC)AFAY)

GC s GAFAQ

FO « FAFAO

Gl » GAFAl

Fl » FAFA)

LF (LFE0.LToAFAL) GC TO £C
GO = GAFAL

FC o FAFAL

Gl = GAFAQ

Fl = FAFAO

180

o LIN 200
o LIN 21C
o LIN 22¢
230
240

eI TP PN EO B SR EIIIIENOR0NteINtsnelREORReRRtOIRINROIERIRssesseisere LIN

LIN 460
LIN &70
LIN aee
LIN 490
LIN sCO
LIN 10
LIN 820
LIN 530
LIN 840
LIN 850
LIN %60
LIN 370
LIN A0
LIN 890
LIN scC
LIN 10

IF (Gl=GOe2,0U2.EQsCs) CALL CHECK (3)NsFNOW,XNOW)D»A0,FO2GOPAL FLLIN 620

$61,U3sLLLIU2INDEC) » RPETLRMS (90)

W AFAZ 5 A1=(A1-A0)*(G3¢L2-L1)/1G1=GCe2.0L2)

LIM 630
LIN &40
LIN 450

0000 000000 000 UPRINVARIOINRINNBOPRNENINItINERRIAENRNIERNRRIORLIRRISNINILMY l!N ﬁbo
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RESTRICT PaxIMUM AFL2 TO loEé

o LIN 47¢
« LIN ¢80
« LIN 660

SO0 TN S0 000000 0P L0l NROOINIRNOIONNNLOREPRIINISEURIIOIOIONSRBRIISISROYS L’N 7°c

7¢

AFAZ & APINLI(AFA2,L10t4)
IF (BFA2,GTa0s) AFAZ « AMINI(AFA2)1.E4)
TF (AFA24LYaCo) AFAQ2 o AMAXNL(AFAE,=1.E4)
DC 7C I = 1,N
YTEMP{Is1) » XNCW(Ts1)eAFARSD(I,13
CONTINUE
WRITE (&9 9G30) ACral AFA2)ONORPSFCSFLIGCHG]
WRITE {€09020) (DUI,1)plnlsN)
CALL COSTY {(OsNsFSMALL XTEMP)ARTI ) PMALTY CLOSE»THRPESH)NDEC)
WPITE (€,9020) FEMALL
IF (FSMALL.GESFNLR) GU TC AC
PETLEN

s TR R

& ) e e i ; sl Py ,.A_;_

LIv 710
LIN 720
LIN 730
LIF 740
LIy 72

LIN  7¢C
LIN 77C
LIN 700
LIN 790
LIN  ROO
LIN 810
LIN R‘O
LIM  R3D

JRRCPUSE A
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80 AFal - if‘llli
KK l

9¢ F£TUPN KAUC&I
LIN

¢

QG1C FCPMAY (15X mAQ @ My JPELDebpSXoMAY o MeB 130 SYpMAFA2 » MyE1% .6, 9XLIN
$)UDNCRM » W ELY bp/p )8 XoMEQ » MHELDEsSXoNFL » M EL 0,675 15K NGO oL IN
$ W EYNabpSXsrGY 8 MELRe 60 /) LN

9020 FORMAY (L1SNoMFSPALL o M3 1PELY0b,/) LI

030 FCRMAT (5XaWD o "y JQCLIXs IPERL2) 2X)) LIM

9340 FOPFAYD(/DIﬁYi”L!NGSCF CANY FIND LOWEF COSY AFYER 3 CURIC FITS™) t%z
END

 miad e ad
TEZZZT

1
1
IN
1

SLEPCUTINE CHECK (ICHECK )N, FNOW)XNOW 0pAC)FO0GOPALIFL»GT)UI SUUL»UCHE

$oNGEC), RETURNS (KABORT) CHE
DIMENSICR XNCWINDEC,1)» DINCEC))) CHE
WELITE (60100 FNORaMp Lo XRCW L1 )0 00,3000, N) CHE
IF (ICHECK,EQe)) RETURN KABORY CHE
BRITE (£920) AD)FOXGCIALIFLIG) CHE
[F (ICHECK,EQs2) RETURN KABCRY L HE
ARITE (6530) UL,LUY, U2 CHE
RETUEN KABCRY gag

16 FORMAT (20N p44HTHIS [S SUBFCUTINE CHECK WHICH GIVES ALL THE)3SH INCHE
SFCRIMATICN IN SUBROLTINE LINESCHap //7730XpTHENOW s »1PEL6090 7/ 3TXs 6CHE
SHXNCR) LTV p MO0/ 7pm (25920309 PELOWGa oY 1 NELEWTy/)) CHE

20 FCRHAT (//520XpMAC & 9, 1PELL,905XpMFO o M) ELEaGo8Y "GO0 w HyEL 6,9, /CHE
$2CH MAL o HHELO2 SN MEL & My ElLa9) SXMG) 5 YHE1649) CHE

36 FORMAY {//920Xs5MU) o »3EY6eG05 Xy 6HLUY » 1!?516.@;5!:5“02 . plPElegsg

$.9)

ENC CHE
SLEFPCUTINE CORNER (X,)NpNDEC) cee
COMMOH NTRAJONMAP)NSEG)XM (150 13), YM{1513),2P015,13),5P0STITILS,25¢C00P
$o 3 o015 XFLLE) s YCULE)YFIL5) o205 s 2F (15)NPOSITSILE),RED(STIICCP
$)1GEGL I IFFCFIMAXIT)PENCEIT)AWETIT) TVIOLA)ALWP»PEQPLESNTRCPT) THPLONICCE
$573100PDI1S) s LTGHICRY 1T ) ZEPGLOBI NERTRAS)ARPAY(£73510) cer
INTEGER QKO cee
LLCGICAL ZERGLOR,MEWTPAJ cor
TOIMENSION X(NDEC,1) cce
Nyag s 2 coe
[F (IPPCFLECIL) hVAR o ) CCr
NC 1C 1 = 1,NTRCPY cee
NSEGL » NSES=1 cor

0C 10 J & ),NSEG] cce

CO 1C K 3 1,NVAR CCR
L& (J=1)oNVLRONSEGLe (U=l )ONVARIK coe

[F (KoRQal) XM(CPO(I)sdet) » X(Lo}) cee

IF (Ko60,2) YMIGED(1)adel) # X(LoY) cee

TF (KaFQad) ZPICPOLTI)NsJe1) » ¥(LyY) cre

it CONTINUE . cee
DL 36 1 = J,NTRAY cce
wFITE (€29000) [oXMICROAIDA1)HYPICROEI) » 1) ZM(ORCITIH 1) cee
0C 20 J = 2)M5SEG cce
WRITF (€99C2C) XMIOFO(T s d))YRICRTIT)»J)p ZF(OARDIT) 2 ) ccr

an CONTINUE cor
ﬂﬁ{t: t&,0020) rnlnﬁc(I)-555001):YP(EPD(!'yNSfG*l);lP(QRO(!).NSEctl

$. Gel} rce

asc
14
260
(4]
LTS
890
900

|20
asg
asc
920

e s . as am aamee
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3C ¢ CURTINVE ter

¢ ALTURN Cg;
GCLE FORFATY (J2XsMPLIGHY FATH NOT 582070 18X ) CORMER PYSat /il aN 9 (U, FRCLR
Yo CoPaMpFERQ PNy FR, LN )H) cir
26 FC;P‘Y O PN S N T S I LTS I T PL A L] gg:

' * .

SUBRCUTIME OYNARID {PNALTY) ) 3]
COMMEN NTRAJSNMAP)RSEGI)XPILS) 3 o YN(35,10) 520008, 13)SPOSTTIL 2500 N

$2 310000183 XFCLE) s YCLLIB)aYFEL) oL OULS o 2E (18 ) NPOSITSIYS) »RBCISTIIONN
$p1SECY IPROF)MAXITHIPERCRIYoANEL 1) TVIOLA)ALWP Y PECPLE)NTROP Yo THPLON (DYN

$573))0R80138) e TG ICPTA T ) ZERGLOBINEWTRAS,ARPAY(573,10) DYN

INTEGER COFOD pYN
LOGICAL ZERGLOBINEWTFAY LYN
‘;:;::Eg IDYNAMIC/ RACTUS)PREITI)PWETT2,2ZNEITY, GHAMNUM;GHAPA!H"M:
»H

COMMON JCOPNER/ ANGLEL1S5012)0PCSTT(2%5-250,3) ) XCENTP{15,12) s YCENTR(DYN
31511?)0ZCENYP(l&ilZ)oXIlClﬁ)lZ)pYTl4151XZ)plYI(lﬁpllfanZIISplZ)pYDVN
ST2(160000 02T 5p12)aNPOSITLLS) SDIS(LE) OYN

REAL LENGTH ) DYN
LENGTRIASBSCOD EsF) = SQRTU{A=B)O824(CD) #0824 (EmF)0e) DYN

PL » AYAN(L. )6, [ 1]

[4 Dy
g .".l‘..‘.‘0".0'09"‘0.0_“.".“'.lll.i..l..’l..Q"‘l’l”!".'.l...'.. o;"
] o OVW

g N FleSY CALCULAYE PARAPETERS AT CORNER POINTS . g;N
] ’ N

g PN E NP N NI R el NaEE R RN E IO RO ess0 N RNt saansarssasnsosens DYN
OYN

MAX » NTFCPT YN

[F (ZERGLCE) MAX « pYRAY DYN

¢ INCLUDE ALL TRAJS FCR THE ZERGTH GLCBAL ITERATION DYN
00 60 11 » 1,H4AX DYN

L o QRECLLID) oyN

00 10 J s 2,NSEG nyy
YI2{1,J) » 0, CYN

YIR(Es0) » YT2(1,0) oYN

XT2(10d) » YYI2(I, ) AL

XTLELpd) » 2T201,4) nyN

IT1(I0d) = 0o YN

“a IY281ad7 = €, tYN
ANGLE (T o=l & XTI(1s4) oyw
YCENTR(I, d=1) o ANGLE(L,J=1) oYM
KCENTREI,d=1) » YCENTR{]I,J=1) Dy

10 CONTIMUE nyx
DIStL) » Q4 DN
XTLUI01) & XM(1,1) DYN
YY2(143) & AM{I, 1) DYN
YIL(I,1) » YM(1,1)) oYN
YT2(L1s1) o« YMUI,1) pyn
ZTICIs3) = IN(1,}) oY
IT201,1) & 281,11} Dy~

IS£62 » I5EGI4Y PN

GO 40 J = ISEG2eASEG DYN

A oo LEMGTHIXMITdm1)pXMUI ) s YRCLsd=1)pYP(19d)p0en04) ryN

B s LENGTHIPULpJ)aXPULadel ) YECLpd)p YN pde))sCan0s) QYN

¢ C = LENGTHOXR (Lol ) o XMII)Je ) o YM(T,Jml ), YM{L,0¢3)5Capt0) D;N
CYN

c OB IR NI ORI I NI NP E PPN IERRIINEN TN I PSP NNNEN0COROCROIERTRIRORIRSEIOTS QVN
[ o PYN

T R T
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183
1
g
C o » DO THE TWO SEGMENTS FCRM A STRAIGHT LINE? o« DYN S840 |
[ « DYN 290 :
c ‘".0'..."'..l...‘.........'....‘....'...‘....'...l..ll'l.'l..".... D‘N ’60
c DYN 570
IF (ABS{AB=C),GT,o1e) GO TN 2 DYN %8¢
SEG » LENGTH!!TZ(lﬁJ-llllH(laJ)oVTZ(XpJ'l)pYH(!aJlnlYZ(loJ-!)pOYN 26C
s ML) OYN 00
YTILDpd) « XM{1,sd) DYN &1C
’ AT2(Ipd) & XK(I,J) DYN 620
YTL(Lsd) » YHULs) OYN &30
YY2(1pd) o YM({]nd) DYN 440
i IT1(T1,d) o IM(I,J) A4 -1 1¢]
i 17248540 & 2P (10 J) OYN  £¢0 +
ZCENTR{Ip =) = Co DYN 670
/ YCENR(I,J=1) = oYN 680
! XCENTR(I,sd=1) » YCENTR(I!J’!) pYn 690
i ALONG] = 0, oyN  7T0C
ANGLE(TI»J=1) » 0 pYN 710
i : 60 10 30 : DYN 720
20 AXY ® LENGTHI(XM(TpJel)) XMUT»J) pYMIT,d=1)pYM(TJ)00es00) oYN T3¢
i BXY & LEMGTHUXMATIp o XM pdeliaYM(Lod)oYFIRsJ41))s04ap04) DYN 740
) CXY » LENGTHIXP(Tyd=l)pXM(Ipdel)p YM(Ipd=l))pYM(1sJeL1)y00s04) YN 7850
BETA » AACCSEAXY»BXYSCXY) DYN 760
i ALCNG2 » RADIUS/TAN(BETA/2.) oYN  T7C
0 PNALTY o PNALTYSPWEITIO((ARAXL(Cop (ALCNG2=AXY)))®024AMAXL(Cuy (DYN TRO
s ALONG2=BXY)) ) o2 DYN 760
IF (JuNEsISEG2) PNALTY @ PNALTY4PWEIT1®(AMAX]L(Osy (ALONGL4ALCNGDYN 200
\ S 2eAxY)))es? pYN 810
x c DYN A20
C "l.'.'.."'l'.'....‘..'.....ll.'........‘......Q"'.'...'..l......'. nv” 830
! ¢ o DYN  BAC
! C o CALCLLATE TANGENTIAL POINTS, CENTEP OF RADIUS R AT JeTH CORNER o DYN 88C
C o o BYMN  ReC
c .'..'Q.....'..l.l..l..'l..."...I...I‘.Ill..i'.'.'.l..........‘....... BYN 010
C oYN  sec
XTU(Iod) o XM(IpJ)¢ALONGR2O(XM(TpdmLl)=XM{YpJ))/AXY OYN RaQ
YTL(Tpd) o YMUL,J)oALONG2O(YM(T,)J=1)=YM(T)J))/AXY DYN  S00
YT200pd) o YP(I, J)oALONG2O( XM pdel)=XNT,0) ) /B XY Dyt 910
YT20Lsd) o YM(I,J)eALONG2®{YM(T,Je))=YM(I,J))/BXY oYM 920
ZTLALpd) o ZM(I ) J)¢ALCONG29(ZM(TpJ=1 )= 2ZMIT,d)) 7AXY YN 930
TT2(1pd) = ZM(I, 0 eALONG20¢ZM (T adel)=ZMtT,J))/RRY DYN 940
i SEG » LENGTRIXT2(Iad=1)pXTII5d)p¥YT20Lsd=1)sYTL(T0d)»2T2( 00" IOYN €%
s 1o2ZT1(104)) DYN Q¢
‘ DISMZ s ALCNG2®COS(BETA/2,.) OYN 97¢C
.~ D1SC2 o RADIULS/SINIBETA/24) OYN 980
X e (XTl(IpJ)’VTZ(IpJ”/Z. YN 990
Y oo (YTRUT ) d)eYT2(¢10d)) /20 NYN 1000
XCENTR(IpJ=1) » XMII,J)e0TSC29(X=XM{TpJd))/NISH2 DYN 101C
YCFNTR(TpJ=]1) » YM{1)J)oDISCR0(Y=YMITI,J))/DISNH2 DpYN 1020
ALCNG1 » ALCNG2 OYN 1030
C oo LENGTHIXTL(I»Jd) o XT2(10d)oYTR(T0J),YT2{1sJ)»0es04) DYV 1040
ANGLE (1)d=1) = AACCSIRADIUS)RADILS,D) DYN 10%0 !
SEG o SEGeANGLE(T,J=1)*FADIUS CYN 106C i
320 DIS(L) o DIStI)eSEG OYN 1070
40 CONTINUE ; OYN 10e0
CO 50 J » ISEG2/NSEG CYN 1000
c e NYN 110C
C .l...‘l‘.._ll.I........'Il...0‘...‘..'.'...'.....'.Q.I..‘............. OYN lllc
C . « DYN 112¢
C . CALCULLATE VEFTICAL SLNPE CF EACH SEGMENT AND o DYN 113C
[ ACD PENALTY FAR EACH SEGMENT WITH VFRYICAL SLOPE GREATER o DYN 114C
C . THAN GMAMAX CR LESS THAN GMAMIN DEGREES ¢« DYN 1150
C. « DYN 116C
[ « DYN 1170

$000 00000000000 000 0600000000000 00000000060 000000000000 00000 0000008000
s
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vy e ¢

* DYN
XYL o LENGTHAXMEToJol)p XN(1pd) o YMILpJe1) o YR(T»J)r0es04) oYM
VSLEPE o (2MUTpJed)=2M{1 300/ XYL OYN
PNALTY ® PNALTYSZWELT1IO(APANL(Dep VSLOPE=TAND(GHAMAX(TI)))) 0024 2DYN

s WETTLCCAMAXL (O, p TANDIGMAMINIY ) )=VSLOPE) )ee2 LYN

sc CONTINLE DYN
AKY . LENGYN‘XH‘IDNSEG’Pl“(‘lNSlG'l’vfﬁlleSEG'pYH‘l’NSEGOl)'09IOYN

)

GSY ] tﬁNGTN(lF(ltNSEGQl)pXH'IIN&EG’Z"VF(leSE(‘l)lYF(X N&EG’Z)g;S

)

Cx¥ . LQNG’N()R‘X;NSEG)IKP(XONSEG‘Z)OYH(IpNSEG'OYF(!'NSEGOZ’OOQoOYN
$ O DYN

ec

16

Fa

ANC » AACDSLAXY,BXY,CXY) OYN

PNALTY » PhlL!Y0P¥EIYI‘(lHAllto-p(EIYOALONGI'AIY)D)"ZQPVEXYZ‘(AOVN
$ FAXL(Oend243805=ANG) ) 002 OYN

DISIT) = OISEINOLENGTHIXT2(INSEG) o XMAT)NSEGOL)»YT2(IsNSEG))YNLIDYN
S NSEGOL)sZT2(LaNSEG) ) IN(IINSECEL)) DAL

COMTENGE . LYN
RETLAN YN
ENO YN
SULRROUTINE NIT (ANID) NIY

CCMMON NTRAJ ) NMAP,NSEG)XMI15012) YN (18,03) 2Nt 8,103),SPOSTIT(18,25CNTT
$o 30 X0ULS s XFELE)aYCOL5)pYR(L8)p20C15)p2F(15))NPOSITSIIS),PHOISTIINTT
$o1SEGL,) [PROF)NAYIT) PENCRIT)AMEIT» TVIOLASALWP,PELPLESNTREPTS TMPLONINTY
$E72)0RDILE) 2 ITG) LORPT A IV TERGLOB) NEWTRAV)ARRAY (323,10} N!!

INTEGER ORD NIT
LOCCTCAL ZERGLOBIMEWTPAY NIT
PEDPLE = 0. NI
ALWP a O _ NIT
00 10 K » 1 NMAD NIY
IF (ARRAYIKed)olTals) 60 TO IC N1l
ALCN & TMPLONIK)} NIT
1€ (ALONGLT45%:) €C 1O 10 NI
Wor 3,30E=6610.00(0,3030aL0N} NTI
W% W/I0.Z*10.*8(00ICALON) @) A 2E=401C, 00 (C.080ALDNY) NI
PEAPLE » PENPLECARRAY(K,D) (381
ARRAYUK,5) o APRAY(N,Y)oW NIt
ALWP o ALWPOARPAY(KpS) MIT
CONTIMUE Ny
AN[] » ALWP/PEOPLEAWELT NTY
RETURN NTI
END MTY
SUIRGUTINE NOISEL (ThRESH) NCY
COMMON NTPAJoNMAP ) NSEC) XM (15013 T»YM(1%13)»2P(15013),SPOSTIT1%,25CN0T
.w).\n(15).xrtx'».vc(x*),vr(x*).zuc1:). FOIEN,NPOSTTSILE) REOLSTIINGT
!oISCGX;IPFQF;HAKXY:PENCFXY-AHEX!;YVXCLAollUPpPECPLE-hYPCPYnIHPLDNGNF!
$%73)0RCI15)» TG ICPT, 1Y, ZERGLOB)NREWTRAJSARPAY(573,10) NCI
INTEGER GRO NCY
LOGICAL ZERGLCH,NEWTRAY NPT

GLMMEN JCOMNER/ ANGLE (15,12 00P0OSIT(15025003) s XCENTYPILIS,12)) YCENTRINCT
3155120, IVENTP(l5ol?):¥fl(lﬁpla)pY71(15p12)rZY1(15:12)-!72!!5'12)-YNO(
1201551200 272015, 12) ) NPOSTITILEY,DISI ) NCT

CEMFUN JOYNANIC/ RAPIUS»PWEITIoPNETT2,ZWETTY»GMAMIN(LIS) )CMAPANLLSING]
$o NSAMP NCY

CCMPON JTHEESH/ ALMAX MAXFLITATRETTI TNEIT2,)NPLARE NPy

CONMEN 7SAMPLE/ SAPPY»PURIUC)SAMLTH,NACILE,32),CNOISILEs2) Ot

ra e e 7 Ad&-ﬂuﬁ P T T T~ N ORI
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I B S R
.OIFEbS!Gh AkaTN(E): SEGLTR(S) Q.
REAL LENG NCT
CUCPD(A!#!C;D’ » (A/B)®{C=D)9D NCI
LENGTH{A)BoCaDo€rF) v SQRT{(A=[)9624(C=D)0e24(E=F)0e2) Nl
Pl « ATANL1)04, NCY
MAX s ] NCY
¢ NCY
C PEN 0000020000 00080 0000000000000 00R0000008¢0000000C0RORRRRRORRRNRTRTRDS Nr!
€. « NOY
g ' IMCLADE ALL TRAJS FCP THE ZEROTH GLOMAL ITERATION o NCI
L] » » N(‘!
g QI.l..!I.’.i.!....‘l'.ll.':‘Q.ll....'.'OCICOQQ....l.l‘...'....l...0..’. SC{
Q
IF (FERGLCB) MAX o DYRAJ Nel
DD 1L KK s 1pMAX NCT
I = QRPDIKK) NOI
XT2UUIONSEGOL)aXB{JoNSEGSL) NCT
YYLEL)NSEGeL) oXT2(I,NSEGeL) NDT
YY2(I)NSEGOL)aYM{I,NSEGe]L) NCY
YTLI{) NSEGeL}aYT2(1)NSFGeY) NOT
LT2(1pNSEGeL) @2 NI T)NSEGHL) NCY
ZYI(1NSEGL)m2 Y2 {1)NSEGeY) Net
OLIPM w (2011 )=2F(1)2/01S(T) NOY
POSITUI lpl) o XM(T,ISEGY) NCE
POSIT(Io1o2) » YMII,ISEGY) NCT
PCSIT(Ia1,3) @ ZM(T1,1SEGL) NEY
NSEGL s NSEG-1 NOY

10

2¢

30

4C

RO 10 J o ISEGI,NSEG] NQ
SEGLYH(J) » LENGTHIXT2(I,J)XT1(1oded)pYT2(I, J’;VYI!I;JOI)IITZNOY
(1o d)a2T1(Ysde1))

ARCLTH(J) = RADIULS®ANGLE(I,J) NQ!
CONTINUE NCT
SEGLTHINSEG) o LENGTHIXT2UI,NSEG)»YM(I)NSEGHL)s YT2(I,NSEG)) YH(I,NOI
NSEG4L)sIT20I,NSEC)pZP (Yo MSEGL)) NOT
1 «1 NCY
0C 70 J = ISEGI,NSEG] NOT
IF (SEGLYH(J) LY. SAMLTH) GO TO 30 NOT
11 = 11¢1 NOY
IF (11.GT.25C) WRITE (6,9010) I,J,11 NCY
IF {11.6Y.25G) STCP NOT
POSIV(I,I1,1) = COCRDUISAMLTHpSECLTHII I XTE(TpJe1), PCSTIT(I, I1=1N0T
232 NCY
POSIT(ToIIs2) & COCRO(SAMLY B SECLTHEJ)»YTI(I)Jde1),POSITII,IT=1INGE
22)) NOT
POSIT(I1T,3) » FCSITUI,11=1,3)=0LZPMOSANLTH NCT
IF (IPRCGFsEC,1) POSIT(IIT»3) o CCCPD(SAMLTYHySEGLTHIJ)»ZT1{1,dNOY
*1)HPGSITLL,1E=1,30) Ny
SEGLYH(J) o SEGLYH(J)=SAMLTH NQY
60 10 20 MOt
IF (SEGLTH(J)ARCLTH(J) oGE« SAMLTHE) GO TO 4¢C NCT
PLECE o SAMLYH=ARCLTYH(J)=SEGLTH(J) NCT
I = 11e1 NOY
IF (IT4GTa250) WRITE (6,9C10) I,Jd,11 NCY
IF t11eGTo25C) STCP NOY

PCSIT(IITa1) o COPRDI(PIECE)SEGLYH{JOI)pXTI(T,002)0XT2(T,J¢1)INCT
2) = COCRD(PIECE»SEGLYH(J®1)pYTI(1,d42)0YT2(1,Jde2)INO]

POSITIL, 11,

POSITI1,11,3) » POSTT(Ls1l-1p3b=DL2PMOSAMLTH NeT
IF (IPFOF,EC.1) POSITHI»I1,3) = COORD(PIECE,SECLTH(Je1)»2T2(],NOT
Je2),2T21(10de1)) NCY
SEGLTH(J+1) = SEGLTH{Je1)=PIFCE NOT
¢0 .10 70 NCY
PIECE » SAMLTH=SEGLTH(J) NQY
GaMme s PIECE/RSOILS NCT
ARCLTMIJ) = ARCLIH{J)=PIECF NeT
e i A s Lo B, = W
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170
180
100
200
21c
220
230
260
250
260
270
200
29¢
300
10
nc
3¢
340
180
160
370
3e0
390
400
410
20
430
40
430
aec
470
480
490
soc
510
520
33¢
540
s8¢
se0
370
sro
590
600
6l0
h20
630
640
430
¢ec
670
¢8cC
eae
100
710
1?°¢C
T30
160
7480
7¢¢
77¢
780
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50

60

70
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100
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11 = 114} NOI 790
IF (11.GT425C) WRIYE (£,601C) 1,010 NGOl rOQ
IF (11.GY7.25C) ST0P NOY 81¢
ALFAL @ AIANZ((VYI(luJox)-VCENTR(an)’gllfl(laJQl)-XCtNYR(l:J)Nﬂ! r20
)} 830
JPLUS = ) ch (Y
Ab o ALFALCANGLE(T 3074, NCT  ASC
X22 w XCENTR{IoJ)IORADIUISCOSLAR) NOT  efc
Y22 o YCENTR{TsJ)¢RADIUSOSIN(AA) NCT 870
ADIS ®» SCRY(IY22=YMIIpJel))ow2e(Y22«YN{])le]))ee2) NQT  eec
E?IS ® SCRYCE{XTIRI JoL)mXM{T,Je1))0020( YT (])JdeL)=YN(], JOI))O‘NQY LLL]
Qo¢
IF (RDIS.LY.ADIS) IPLUS o =1 NC! 910
AA = ALFALOIPLLSSGAMMA NQY  @2¢
POSIT(ILT1I,)) = XCENTR{IsJ)ORACIUSSCOS{AR) NCD 03¢
POSIT(I,1,2) o YCENTR(TJ)ORADIUSOSIN(AM) NC! 940
POSITAINIL,3) » POSITHI,11=0s3)=DL2PMeSAMLTH 95¢
IF (IPPOFJECel) PCSIT(INIL,3) @ cnuPo(PIECE.ARCLINCJDOPIECE’ZYNU! Q0
2(L1,341))2T1(1pde1 )) Q10
If (ARCLTH{J)oLT.SAMLTH) GO TO &0 NO! 980
Ah s AAPIPLUSeSAPLTH/RADIUS N{i1  eqc
ARCLTH{J) » APCL!N(J’-SAHLrH NCT 1000
11 = 11¢} NCT 10)C
IF (11.67.250) hR!TE (655010) I,J,11 NCI l02¢C
IF (11.67.2%0C) STOP NCI 1030
POSIT(INTI,1) & XCENTRUI,J)eRADIUS®COS(AA) NCT 1040
POSITCI»I1s2) = YCENTRUI)JIOGRADIUSOSIN(AS) NCY 1050
POSIT(ILIT,2) » POSITIIpII=103)=0L2PMOSAMLTH N3l 1040
IF (IPPOFEC,1) POSITIII1,23) » COORD(SAPLTHARCLTHIJ)¢SAMLTH)NCT 1070
IT2( 15481}, POSITLI, =152} NOT 1080
¢0 10 50 NCT 10090
PIECE o SAMLIH=ARCLTH(J) NCI 1100
II = [1e¢] NCT 1110
1F (11467,25C) WRITE (6,9010) I,dp1} NCT 112C
IF (I11.GYs25C) STOP NCT 1130
POSITEIS11s2) o COLRD(PIECE)SEGLTRIOIIHYTI(T»de2),YT2(1,J¢1)INCT 1140
POSIT(Is1Is1) = COCRO(PIECE,SEGLTH{JL) o XTI 0420 XT2(1,J41))INCT 11%0Q
POSITHL,1103) o POSIT(IpII=1p2)=DLIPMOSAFLTH NCT 1180
IF (IPROFLECLL) POSIYIL,11s2) = COORD(PIECE,)SEGLYH(JOL)»2Y1(I)NCT 1170
Je21s2T2(1,J0¢1)) NCT 13RO
SEGLTH(JoLl) » SECLTM(JO))=PIECE NCT 1190
CONTIMUE NCT 1200
IF (SEGLTHINSEC)«LToSAMLTH) GO TC 90 NCT 1210
IT » J1e} NOY 1220
1F {I1.6T4250) WPITE (6,9C20) 1yd»l1T NOT 1230
IF (11.6Y.250) SYCP MCT 1240
PCSIT(Is31s1) s CCCPO(SAMLIH)SEGLTHINSEG) pXT1(I,NSEGHY)pPOSIT(I,NCI 1280
F1=1,10) NCY 1260
PCSITCI,1352) o CCORD{SAMLTH) SEGLTHINSEG)pYTI(INSEGY)»PQSITLINNCY 1270
11=1,2)) NCT 12P0
POSIT(IsI1p2) o POSIT(IpLI=1,2)=CLZPMeSAMLTH NCT 1290
IF (TPPOF.EQ.)) PCSIT(INIL ) . CCGFD(SAHlINoSEGLTH(NSEGDpZVl(I'NC! 130¢
NSEGeL)»POSITIINII=-1,30) NOT 1310
SECLTHINSEG) » SEGLTHINSEG)=SAMLTH NCI 132¢
GC 1O fO NOT 1330
NPOSITEI) » 11 ) NOT 1340
[F {11.GTa25C) CALL ERROR (By"™NO, CF TRAJ. SAMPLES +GTe 250, NCY 13%C
RE=DIMENSION AFPAYS POSIT AND SPOSITH) NCT 1340
CONTINUE NCY 1270
NSAMP & JFIX{PERICD®ICO0O/SAPPT) MOT 1235C
Tvigla = 0. NCT 1200
DG 110 K = 1,NMEF NC! 1400
AMEN & Q04 NCT 141C
NCT 142C
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..--.:g--n;cooo.no.ooocaaon.conoooao‘coooc.ococooccto-loq-oocioolnnou NCT 1430
. « NOI 1440
. CALo ENEFGY CONTFI8. BY AMBIENT NOISE o NQYI j45¢
N CURPRENTLY AMBIENT LEVEL = 0o DB o NCT 1460
. o NCT 147¢C
".....'............"..."..‘..‘...'...........-..-...C'.....Q...‘.. Ncl !‘ao
NCI 1400

ARRAY(K)p&) = NSAMPOLO.*0(ANBN/L04) NDT 1%50C

11¢ CONTINUE NCT 151C
» - NOT 1920

eesss0esss et esatasesestses s esasssssesssassetusesnssessiesssnssecane NCI 1930
o NCI 1%4C

N 1F THIS IS THE ZERCTH GLOBAL ITERATION, INCLUDE « NOT 19%0
¢ NOISE FFFECTS CF ALL TRAJS IN TMPLON s NOT 1%56C
. ELSE» CALC, EFFECT OF YRAJ, BCING OPT, AND « NCJ 187¢C
. STCRE IN ARRAY(9,4) o NCTI 1810
. « NCI 1%900
1080000000000 9808600800280 00RBCUYINISCEEOOIRNDEONNRONNISIISSIPIQSIIETREONRSIIIOTRTS Ncl lbco
NCT 1810

1F (4NCTLZERCGLOCBJURJMAXWEQL) GC TO 160 NOT 1620

CC 150 Kk » L ,NMAP NOT 183¢
BLKVICL = O, NCT 1440

IF (ARRAY{Ks3)sLTel) GO TO 140 NCT 1450

B0 13C 11 = 2,MAX NQOT 1460

I = QKO(IN) NDT 187¢C

NPCSITY o NPOSITCI) NI 14PC

ENERCY o 0o NCI 1690

CO 12C J = },NPCSITI NOT 1700

RANGE o SORPTI{RCSITULsdsl)=aRRAYIK) L) )®924 (POSITIToJdp2)=ARPANGT 1710

S YiKp2) 10024 (BCSIT(I)Ir3))002) Nrt 1720

AL & CNDIS(I»3)=CNOIS(I,2)¢AL0GL10(PANGE) MCT 1730

ENEFGY o ENERGY¢JO0s®0{AL/10.) NOT 1740

12¢ COMTINUE NCT 17¢C
TMPLEN(K) » ENERGYeTMPLON(X) NCT 1740

130 CONTINUE NCI 177¢C
14C TPPLON(K) = 10, ¢4LCO10(TMPLDNIK) /(PEPTIOD®I6004/SAPPT)) NOT 1700
RLKVICL » AMAYI(CopRLKVIOL=ALMAXOMAXFLITY) NCY 1790

IF (ARRAY(Ky10)stQels) TVIGLA w TVICLAGBLKVIOL NOJ 1800

15C CONTINUE NCT 1m1C
16C GC YEQ K s 1,NMAP NCI 1820
IF (ARRAY(K»3)elTol) GO TO 100 NQT 1830

! « ORC(1} NCY 1840
MPOSITY = NPOSITH(I) NCT 18%¢C
ENERGY = 0, NQT 1F60

™ DC 17C J = 1pNPOQSITY NCY LRTO
FANGF . SQFT((PCSIT(I)JJI’ “ARPAY({K)L))o02¢(POSIT(1,J,2)=ARPAYINCT 1880

s Up2)) o024 (PCSITHI,dad) )00 NOI 1860

AL & CNOIS{I,1)=CNCISCT2 )‘ALQGIO(R‘NGE, NOT 190C

ENERGY » ENEFGYO10.0¢(AL/1Cs) NPI 1910

17¢ CONTINUE NCT 1€20
ARFAY(¥ )4} » 1C.*ALOGIO(ENERGY/(PERIOD®A00.,/SAMPTY) NOT 120

18¢C CONTINUE NPT 194C
NCt 10980

S ST SISO I NN BN CEPBD S008I NN PERPNRRERPRNRRRREPNBRCIRIINDS ch 1060
. ) o NOT 1970
. ACP THE NCISE FRCM TEAJ. BEING CPT. TC THE QTHER MOISE » NCT l20C
. » NI 1600
-‘.!.‘..'..........i'.'."..."l....‘......"...'.".‘-..I...."..... Ng’ aooo
NCI 2¢1C

TF (2ERGLCBLCR.oNOTNEWTRAY) CALL ACDR (1) NCT 2020
THRESH » TWEITLeTVICLAee? NCT 2030 .
NEWTPAJ & FALSE. NCY 204C
FETURN NCT 20%¢C

NCT 2060
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010 FCRMAT (%1 » #712,% J = W12 1T« ®p1104/1) NOT 2070

Ne NOT 2080

SUEROLTINE RCVEY (1,dsK) rev o 1c
S1GP v 20 ‘
END Py 30 §

' SUSRCUTINE RNOROBN (MAXITG,STCPCHGy Mo XNOWsCELTAX, NOEC) AN 10

; COMMON NTRAJ)NMAFSMSEGoXMEL 5o 0o YMULS)13) o 2MEL15,10)»SPOSITIL5,25CPND 20
‘ $52)pXCHLED o XFLLI5)oYOU1S5) YR (1509200 08))2F (1SN NPOSITS(IS)»RHO(ZTIINKD 30 :
Sy ISECLIIPROF)MAXIT)PENCRITHAWET T» TVIOLA)ALWP)PECPLE,NTROPT, THPLON(RND 40 :

i $573)0080(25) s ITG)ICPT,ITo ZERGLOB)NENTRAJ,ARRAY(572,10) D 50
INTEGER OFOD . PED 60
r LOGICAL ZEPGLOB)KERTRAY ND 70
- DIPENSTON XNOWINDEC,1), DELTAXINDEC) RND PO
‘ NSEG) » NSEG=) "Wwp 90
DO 30 KK ® 1, MAXITG RND  1CC
116G » KK - MNE 11C
' 0C 30 T = 1,NTROPT PO 120
‘ 10PY o AND 130
RERTFAJ » o TRLE, PND  14C
WRITE (£)901C) (ORD(J),Jn1,NTRAJ) PND 130
l CALL ONEWTDN (N, XNCWsDELTAXsSTOPCHGNDEC) FND 160
* ¢ RND 17C
! C O.llllil!!l.'l.‘il.llgt.llt.....ll.‘..Cll..i‘OO.I.!.'OIIO...D.D.....0 'NO 1!0
1 c. , o RND 190 i
C o THPLON NOW CONTAINS MOISE EFFECTS FRGP THE CONSTANT TRAJS, o PND 200 5
€+ SC ADD IN THE NOISE FROM THE TRAJ. BEING OPT. o PND 210 B
¢ . o PND 220 ‘
C ln!‘l.'CC!'C.OIIDC.l.ll..l‘.lllllllll.l!!li..‘.l.'l'.l.l.l.llltil.ll. 'ND 220 fi
c WND 240 i,
CALL ADCR (1) fND  2%0 !
IF (NTRCPT4EQs1) RETULRN RND 260 i
¢ PAR 27¢ i
C SO O LB U BENPORN PRI RNRBCRNCOORRNRIBIRNNODRERPOUSOORRPOGRNRNORQOCEOGOINRIRILIDY 'NO ZEO ;:'
' C L] 3 QNL‘ ZQC :i
€+ CYCLE THE CRDER CF THE TRAJS o PND 3CC o
¢ . « PFD 310 i
\ C PR RP 00 RVE R0 PG00 RRNOCNSNNNNOERRRNREAROESNIRNNRNRROOIRIROIORRRRROROSCRROSNOIOY 'No 320 . é’;
[ RND  23C .
Nl & NTRCPT=1 RNP  34C 1
» CECTMP = CPDI) PND 350 i
} . 0C 10 ¥ e 1,N] AND 360
| ORGIK) « DRO(Ke1) PND 370
1¢ CONTIMUE eND 300
ORCINTECPT) » CROTMP PND 300
N0 20 J = 1,NSEG) FND  4CO
B0 20 K = 1,3 RND 610
Lo (J=1)o3ex pND  e2C
IF (KeEQel) YNCW{Lol) » XM(CRO(1)sdel) PMR . 430
1F (KeEC,2) YNCRIL,1) » YM(CRO(J),de)) PND 440
IF (KJEC.3) XACHIL,L1) » IZNIORD(1),441) PR 4SO
26 CONTINUE PND 680
3¢ CONTINUE PRD  &7C
WRITE (6,502C) NTRCPT, RAXITG PN 4RC
RETURN PND 400
RND 900

[
GC1C FCFMAT (7,5Ko"CFDER CF TRAJSE "yl5(1252Y)) RO S1IC
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oA

; 9020 FQFBLY (/05X "ncuuc ;ca PROC ss CCMPLETE. EACH OF THE ")12)% TRPNP 32

1 AJS CPTIMIZED #,02," TIME(S).® RND 230

8 END RNC %40
i
o

SLSROLYINE ACRE (1S15N) ach 10

COMMCN NTRAJNMA /P SEGHXRILZo 135, YM(15513),2M(150131,SPOSIT(15,25CADC 20

34200 XORL5) o UE(L8Y,YO(15)rYF(L5)02CI15),ZFIL5) NPOSITS(IS),PHO(2TIIALD 30

$4TSEGY) IPROF)MAXIT) PENCIIT,AWEL Y, TVIOLA,ALWP,PECPLESNTROP T, THPLON(ADD 40

$5731,0F0015),1TGoICGPToIT) JERGLGE)NENTRAJ, ARRAY(573,10) 200 %0

INTEGER ORD ADD €0

LCGICAL ZERGLOB)MEWTRAY ADD 10

CALL SECOND (TO) ADD  AC

PD 1O K & 1)NMAP Acn ag

€1 & 10498 (ARRAY(K)4)/1C,) ACC 100

E2 & 10, 0o (THPLON(K)/104) . ADD 11¢

ENEW » E2¢1SIGNOE) AD0 120

TEPLENIK) & 304 #ALCGLOLENEW) see 13

10 CONTINUE A0D 140

RETURN ACD 150

END AR 160
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