NOAA TR ERL 281-APCL 29

807.5

261 NOAA Technical Report ERL 281-APCL 29

DOC U.S. DEPARTMENT OF COMMERCE
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

Environmental Research Laboratories

Computer Simulation of Multi-Aircraft Flights:
An Aid to Mission Planning

STEPHEN D. WHITAKER

BULDER, coLoO.
OCTOBER 1973



ENVIRONMENTAL RESEARCH LABORATORIES

The mission of the Environmental Research Laboratories is to study the oceans, inland
waters, the lower and upper atmosphere, the space environment, and the earth, in search of the
understanding needed to provide more useful services in improvina man's prospects for survival
as influenced by the physical environment. Laboratories contributing to these studies are:

Earth Sciences Laboratories (ESL): Seismology, geomagnetism, geodesy, and related earth
sciences; earthquake processes, internal structure and shape of the earth and distribution of

the earth's mass.

Atlantic Oceanographic and Meteorological Laboratories (AOML): Geoloqy and geophysics
of ocean basins, oceanic processes, and sea-air interactions (Miami, Florida).

Pacific Oceanographic Laboratories (POL): Oceanography with emphasis on the oceanic
processes and dynamics; tsunami generation, propagation, modification, detection, and monitoring

(Seattle, Washington).

Atmospheric Physics, and Chemistry Laboratory (APCL): Processes of cloud and precipitation
physics; chemical composition and nucleating substances in the lower atmosphere; and laboratory
and field experiments toward developing feasible methods of weather modification.

. Air Resources Laboratories (ARL): Diffusion, transport, and dissipation of atmospheric
contaminants; development of methods for prediction and control of atmospheric pollution; qgeo-
physical monitoring for climatic change (Silver Spring, Maryland).

Geophysical Fluid Dynamics Laboratory (GFDL): Dynamics and physics of geophysical fluid
systems; development of a theoretical basis, through mathematical modeling and computer simula-
tion, for the behavior and properties of the atmosphere and the oceans (Princeton, New Jersey).

¢ Natior??1 i.evere St°m8 ~ratory (NSSL): Tornadoes, squall lines, thunderstorms, and
detectionNormanl SIZhSIl)? P <~ dIr6Cted tOWard imDrOVed methods of Potion and

Solar-terrestrial physics, service and technioue

ace Environment laboratory (SEL): t
ecnmgue

Space
development in the areas of environmental” monitoring and forecasting.

Aeronomy Laboratory (AL): Theoretical, laboratory, rocket, and satellite studies of
ith*rhni»n»J«ananHhNFLl*ill Procefses controlling the ionosphere and exosphere of the earth and
other planets, and of the dynamics of their interactions with high altitude meteorology.

Wave Propagation Laboratory (wpl): Development of new methods for remote sensing of
sJstemsPhyS1Cal erwironment wlth sPeclal emPhasis on optical, microwave and acoustic sensing

activitierrtoerasSfpRTSrN22nNANN"N/~-" Plans and directs ERL weather modification
nthi™ ;7NPF 2 K1 fleet, and research on cumulus cloud modification, on hurricanes
and other tropical problems, and on hurricane modification.

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

BOULDER, COLORADO 80302



tots”

ho.™t

U.S. DEPARTMENT OF COMMERCE

Frederick B. Dent, Secretary

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
Robert M. White, Administrator
ENVIRONMENTAL RESEARCH LABORATORIES

Wilmot N. Hess, Director

NENJ Of

NOAA TECHNICAL REPORT ERL 281-APCL 29

Computer Simulation of Multi-Aircraft Flights:
An Aid to Mission Planning

ATMOSPHERIC SCIENCES
LIBRARY

STEPHEN D. WHITAKER
5 1974

N.O.AA.
U. S. Dept, of Commerce

BOULDER, COLO.
October 1973

For sale by the Superintendent of Documents, U. S. Government Printing Office, Washington, D. C. 20402

79 5418



DISCLAIMER

The Environmental Research Laboratories do not approve,
recommend, or endorse any proprietary product or proprietary
material mentioned in this publication. No reference shall
be made to the Environmental Research Laboratories or to this
publication furnished by the Environmental Research Labora-
tories in any advertising or sales promotion which would in-
dicate or imply that the Environmental Research Laboratories
approve, recommend, or endorse any proprietary product or
proprietary material mentioned herein, or which has as its
purpose an intent to cause directly or indirectly the adver-
tised product to be used or purchased because of this Envi-
ronmental Research Laboratories publication.
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FOREWORD

This subject of study serves an important and so far
missing link in the planning of GATE research flight missions.
The need for optimization of multi-aircraft missions, of
flight controlling such missions in view of the possibilities
of various on the spot mission changes, and finally the need
for scanning rapidly through a number of possible corrective
actions in case of emergency moved us to develop a simple
computer program to aid in GATE mission planning.

Sig
Dr. Helmut K. Weickmann
Director, APCL



COMPUTER SIMULATION OF MULTI-AIRCRAFT FLIGHTS:
AN AID TO MISSION PLANNING

Stephen D. Whitaker

To aid advanced planning in multi-aircraft research
flights, a computer program was developed in APCL to simulate
a multi-aircraft flight. With this program a scaled, graphic
display of each aircraft's position can be obtained at any
desired time into the mission. During the development of the
program we emphasized flexibility so that flight parameters
can be readily changed and the simulated flight re-run for
comparison. The program, also, incorporates certain computa-
tional aids to provide for aircraft rendezvous and takeoff
timing. This report contains a description of the program
elements and their operation.l

1. INTRODUCTION

The significance of aircraft platforms in atmospheric science
research has been enhanced considerably in recent years since the aircraft
no longer is just a means of transportation for the scientist and a mea-
suring platform, but rather the aircraft itself has become a sensor of
meteorological parameters. As the size of the experimental area increases,
so does the necessity for multi-aircraft missions. Investigations using
many aircraft simultaneously allow a more thorough coverage of a large
position of the system being examined. As the number of aircraft in a

mission increases, the necessity for pre-flight and in-flight planning

increases.



2. COMPUTER SIMULATION AS AN AID TO PLANNING

Three primary factors are considered in multi-craft mission plan-
ning. First is the necessity for efficient use of in-flight time. This
becomes more complex as the individual aircraft capabilities vary, i.e.,
their speed and range. Second is the necessity of coordinating the ac-
tivities of the aircraft taking part in the mission. This becomes more
important when specific aircraft flight configurations, such as a vertical
stack, are required. Third is the necessity of rapidly altering pre-
flight and in-flight plans while preserving efficiency, and the goals of
the missions.

With these factors in mind, we wrote a computer simulation program.
The main objective was to provide a graphic, scaled representation of the
position of each aircraft at a specific time.

This program facilitates mission planning in several ways. Given
the flight path and speed of each aircraft, the program will compute take-
off intervals to (1) maximize the time in which all aircraft are simul-
taneously in the appropriate area, or (2) accomplish a rendezvous at some
point. Computer simultation allows advance preparation of "canned" flight
missions and alternatives. In addition, the capabilities exist for demon-
strating alternatives for changing the flight plan after the mission has
begun. Such flight alterations may be due to no takeoff of an aircraft;
unexpected return of an aircraft; interruption of mission due to special
soundings for cloud physics, radiation, or convective phenomenon; unfore-

seen flight alterations; and emergencies.

3. EXAMPLE OF PROGRAM OUTPUT

The mission in this example involves two aircraft flying the same
flight path (fig. 1). Aircraft number 1 flies at 300 knots and aircraft
number 2 flies at 200 knots. Figure 2 shows the flight path for both
aircraft and the boundary of the area to be investigated.

The aircraft should rendezvous inside the area before flying the
"crossing" pattern. Therefore, initially only each path to the rendezvous

point is defined (see fig. 3) and the flight time required to reach that



Flight path for aircraft 1

Rendezvous point
(last pt. in each path)

— Flight path for aircraft 2

Figure 1. Flight path diagram for two aircraft.

point is calculated (see fig. 4). The takeoff time of aircraft number 1
is delayed 1.00 hour to rendezvous with aircraft number 2 at the second
path point.l

The remainder of the flight path is added on so as to resemble
figure 1 and its total length is calculated and displayed in figure 5.

Figures 6 through 11 show the planes' positions as a function of
elapsed time (upper left corner). Their positions, 1 and 2 on the path,
correspond to aircraft numbers 1 and 2.

Figure 12 shows two independent flight paths with aircraft posi-
tions displayed at 0.25 hour intervals in a single representation. Fig-
ure 13 is a sample output for a calculation of the distance between two

points in the flight path of figure 2.

1 Path points are defined as those points which, when connected by line
segments, define the flight path of the aircraft. They are numbered in
the order in which they are encountered by the aircraft. See figure 1.



Boundary of experimental area

Rendezvous point

Flight path
Figure 2. Example of program out- Figure 3. Example of program out
put. Flight path and investiga- put. Flight path entered to
tion area. point of rendezvous only.

4. INPUT-OUTPUT STRUCTURE
4.1. Input Data

1. Points to be connected by the line segments defining the
area of investigation.

2. Points to be connected by line segments defining the
flight path of each aircraft.

3. Speed and speed changes at points along each aircraft
flight path.

4. Time into mission for display of aircrafts' positions.

4.2. Output

1. Take-off timing required for a rendezvous at a common
point for two or more aircraft.

2. Flight time for each aircraft to reach rendezvous
point.

3. Total length in nautical miles of each flight path.



PLANE NO 1

TOTAL FLIGHT TIME TO CONVERGENCE PT 2.01

ADDITIONAL DELAY REQUIRED = 1.00
PLANE NO 2

TOTAL FLIGHT TIME TO CONVERGENCE PT 3.01

ADDITIONAL DELAY REQUIRED = 0.00

MAKE CORRECTION TO TAKE-OFF TIMES

? yes
Figure 4. Example of program output rendezvous calculations.
Distance between any two points of the flight path.
5. Graphic scaled display of investigation area and
individual flight paths.
6. Graphic display for a given time of the position of
each aircraft along its flight path.
5. COMPUTER SYSTEM REQUIREMENTS
This program was written for, though not limited to, an on-line
computer operation. In this way, the user can achieve the maximum flexi-

bility of the program. Input is through a computer linked graphics tablet
and keyboard presently tied to a CDC-6400. The program’'s memory require-
ment is approximately 3000 (60-bit) words. The minimum hardware require-
ments are a teletype terminal and FORTRAN compiler. (The program can also
be run completely in batch mode; thus, not even a teletype terminal is
necessary.) The software is flexible; being written in FORTRAN IV it is
adaptable to any computer system with a FORTRAN compiler. The program

source deck has approximately 450 cards.



6. CALCULATION PROCEDURE
6.1. Distance Calculations

The distances between consecutive path points for each aircraft are

calculated and stored. Distances over which velocities apply are calcu-

and added to the total distance from the first
These values

lated for each aircraft

point to the one when the particular velocity first applies.

are then stored. The initial velocity is then integrated over the desired

display time. The resulting computed distance is compared with the one

appropriate for that velocity. If this computed distance is less than

the distance applicable for the velocity, the computed distance is stored.

If it is greater, the excess is divided by the initial velocity to obtain

the excess time at the point of change; the next velocity is integrated

over this time. The total calculated distance is again compared with the

distance applicable for the velocity. This process continues until the

total computed distance is less than or equal to the applicable distance

for the velocity. This final computed distance is the one traveled by

the aircraft in the given time.

6.2. Position Calculation

The distance traveled by the aircraft is used to find which two

path points bound the aircraft's position. This is done by subtracting

the distance between successive path points from the distance traveled

until the result is less than or equal to zero.

FLIGHT PATH LENGTH FOR PLANE 1 1773.1 NM

PATH FOR ANOTHER PLANE YES, NO, OR SAME

Figure 5. Example of program output. Calculation of total
length of flight path.



T = 1.00

Figure 6. Example of program out-
put. One hour into mission.

T = 3.00

Figure 8. Example of program out-
put. Three hours into mission.

T = 2.00
Figure 7. Example of program outr
put. Two hours into mission.
T = 4.00
Figure 9. Example of program out-

put. Four hours into mission.



T 2 5.00 T = 6.00

Figure 10. Example of program out- Figure 11. Example of program out
put. Five hours into mission. put. Six hours into mission.

The computer then calculates the aircraft's position (X,y coordin-
ates) from the coordinates of these two points and the aircraft's distance
to one of them. A symbol for this aircraft is then displayed at the point

N\/y0 on output. Figure 14 diagrams the procedure.

6.3. Rendezvous and Takeoff Calculations

Rendezvous times are calculated by dividing the distance between
path points by the corresponding velocity to determine the time between
points. The time between points is summed to the point of the rendezvous
for each aircraft along its path. This value, plus any delays that are
entered gives the flight time to rendezvous for each aircraft. Takeoff
timing to achieve a rendezvous is determined by delaying each aircraft
departure so that the total flight time (actual flight plus delay time)
of each aircraft equals the flight time to rendezvous of the slowest air-

craft.

7. PROGRAM ELEMENTS

7.1. Common Named Variables

PATH (1,3,K) is a three-dimensional array that stores the X,y
coordinates of the points defining the path for each aircraft.
I is the path point number

J = 1 for x-coordinates, J = 2 for y-coordinates



Figure 12. Example of program out-
put. Independent flight paths

T e positions displayed at 0.25 hr
=22 -

L intervals.

T = 3.00

K is the aircraft number

S(I,K) is a two-dimensional array that stores the distances between
points on the flight path.

I is the distance identifier. The stored distance is between path
point numbers | and | + 1.

K is the aircraft number

DELTA (1,3,K) is a three-dimensional array that stores the ve-
locity, delay time, and applicable distances for each aircraft. The first
two parameters are input; the distances are calculated.

I is the change number

1 for delay time

2 for velocity

3 for applicable distance

= o G G
1

is the aircraft number
BAREA (1,3) is a two-dimensional array that stores the X,y

coordinates of the boundary of the area under investigation.

DISTANCE BETWEEN PT 1 AND PT 2 = 602.1 NM

REPEAT YES OR NO

Figure 13. Example of program output. Calculation of distance
between two path points.



EACH AIRCRAFT FLIGHT PATH

Input: Path-Points
Velocity and Delay

Values
Compute
Distance Between Path
Points — Store in S.

J
Vv

Compute Distance (D-j) for
Which Velocities and Delays Apply
(From first pt. in path to
point of change)

\Y4

Time (T)
at which
Pos. Req

initiay 9 = Dist

Figure 14. Flow diagram of computations.
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\%

Dist < Distance Velocity (V.)
Applies (D.)

Compute Remaining Time T’
After Reaching Change Point

Total Distance Traveled
TD = D. , + Dist

= Dist between Path Pts.

d/s .(x position
of aircraft

Output:
Display Position

Figure 14. Continued.

11



I is the boundary point number

J = 1 for the x coordinates, J = 2 for the coordinate

XYT (K, 1) is a two-dimensional array that stores the calculated
X,y coordinates of aircraft k at a given time.

1=1 for x-coordinate

I = 2 for y-coordinates
NARRAY (K) stores the number of path points for each aircraft (K).

NC(K) stores the number of velocity or time changes for each air-
craft (K).

IN(K) stores the current applicable change number for each air-
craft (K).

V(K), D(K), T(K) store the current applicable velocity, distance
traveled, time elapsed, respectively, for each aircraft (K).

TT is the variable containing the times that the aircrafts’' posi-

tions are to be calculated.

CONST is the variable storing the conversion factor from nautical
miles to display units.

ST, ET, DI store, respectively, the time of first position calcu-

lation, time of last position calculation, and the display time interval.

All are in decimal hours.

7.2. Integrated Subroutine

The main program serves as a primary branching routine that returns
control to the operator (keyboard) so that he can select various subpro-
grams listed below. Data are stored in blank COMMON, which provides the

data transfer between the subprograms.

7.2.1 Input Subroutines
CALL PARRAY is used to enter path point numbers, coordinates, and
aircraft number into the array PATH in COMMON. After the last point is

entered, it totals length of the flight and stores it in variable XL. This

subroutine calls subroutine FLIGHT(K).

12



C START)

\%

CALL PARRAY

CALL DARRAY

CALL TIME
Optional
BARRAY -e \CALLS LENGTH
RENDER
RESET
CHANGES

Figure 1S. Flow diagram of program operation.
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CALL DARRAY is used to enter velocities and decay times, referenced
to path points entered in array PATH, and store them in array DELTA in
COMMON.

CALL BARRAY is used to enter the defining points of the perimeter
of the area under investigation into the array BAREA in COMMON.

CALL TIME is used to enter time parameters in decimal hours into
the variables ST, ET, DI in COMMON.

CALL RESET initializes the computational arrays and must be called

before subroutine RUN. The variable CONST is defined in this subroutine.

7.2.2 Computational Subroutines

CALL FLIGHT (K) computes the distance between successive pairs of
points, stored in array PATH, for the flight path of aircraft K. These
values are stored in array S in COMMON.

CALL CHANGE (I,K,L) computes the distance along the flight path
from the first path point to the point at which a particular velocity
ceases to apply.

I is the path point number where the velocity ceases to apply

K is the aircraft number

L is the change number

CALL DIST(K) computes the distance traveled by aircraft K in a
time TT in COMMON. It uses values in array DELTA in COMMON, and the out-
put variable D(K) in COMMON contains the distance in graphical units.
This subroutine calls POS(K).

CALL POS(K) computes the X,y coordinates of aircraft K which has
traveled a distance D(K). The output array XYT in COMMON contains the
coordinates.

CALL RENDEZ computes the flight time to the last point in each
flight path for the corresponding aircraft and stores this value in TR(K).
IT the last points are the same, the delay in takeoff required for simul-

taneous convergence on the point is in DELAY(K). The delay can be directly

applied to the aircraft.

14



CALL LENGTH computes the distance between any two specified path
points stored in PATH in COMMON. The output variable, X, contains this
distance in nautical miles.

CALL RUN drives the program. From ST,ET,DI in COMMON, it computes

the time and stores it in TT. It calls subroutine DIST(K) and controls

the graphic display.

7.2.3 Supplemental Routines

Other subroutines are called throughout the main and subprograms.
They are input-output routines and are limited to the particular system
for which the program was developed. A brief description follows to
identify their function and to allow for modification of the program to
suit various sytems.

CALL TABLET, CALL IAM both transfer control to the operator for
input of data.

CALL MAP, CALL FIX, CALL PRINT, CALL XNUMBER, CALL ER are display™
routines that control output formating on a CRT.

CALL LINES causes line segments to connect selected points.

CALL SAVE IT (1) is used to store and/or retrieve the data in
COMMON from tape.

1=1 read from tape into COMMON

I = 1 write contents in COMMON on tape.

7.3. Program Constraints and Conventions

7.3.1 Velocities and Delays Along Flight Path

A velocity entered in DELTA and referenced to a path point applies
to a specified aircraft flying between this point and the next point that
has a change in velocity. Path points that have time delays have no ef-
fect on the region over which the velocity is valid.

Each path point entered in subroutine PARRAY need not have a veloc-
ity and/or delay time associated with it (entered in subroutine DARRAY),

15



but each change in velocity and/or delay must occur at a path point.
(Note: The first path point must have a corresponding velocity entered
in subroutine DARRAY.)

To change the value of the velocity and/or delay time at a path
point, add or delete a change point (a path point where a change occurs),
the entire process of defining change points and values* from first point
to last, must be repeated. No isolated changes are possible.

When a time delay is encountered at a charge point, the aircraft's
position is held at that point until the display time exceeds the elapsed

time plus the delay time.

7.3.2 Path Points

Path points are entered in PATH in the order in which they are

encountered along the intended flight path.

7.3.3 Initialization

Initially, a call to subroutine RESET is required before a call to
RUN. A call to RESET is required after a call to RUN only if the display
time, TT, is less than the previous display time, or if the flight path

or velocities and delays times have been altered.

7.3.4 Rendezvous and Takeoff Calculations

The program assumes the last point in each flight path is a common
one. IT in reality the rendezvous is not the last point in the entire
flight path, then only path points up to the rendezvous should be initi-
ally entered in PATH. Then this calculation can be carried out and the

additional path points added subsequently through subroutine PARRAY.

7.3.5 Array Limits
The number of aircraft, path points, change points, and boundary

points are limited by the array dimensions named in COMMON. As written,

16



five aircraft can be accommodated. There is, however, no restriction on
increasing the array's dimensions other than those imposed by the computer

system.

7.3.6 Time Conventions

All input and output values for time are in decimal hours. Elapsed
time is measured from T = 0.00 when the first aircraft leaves the runway.
To display aircraft positions for a single time, the variables ST and ET

in COMMON must both be equal to the given time.

7.4. Normal Order of Subroutine Calls

The normal order of calling subroutines is listed below. Figure 15

shows a flow diagram of the subroutines in the program.

CALL RESET — Initialize arrays

CALL PARRAY — Enter path points

CALL DARRAY — Enter change points and values (changes must be
entered in order of occurrence and there must be a velocity
associated with the first path point).

CALL TIME - Enter beginning time, ending time, and display
interval. ITf beginning time and ending time are the same
the aircraft position will be displayed only at that time.

CALL BARRAY (optional) — Enter boundary points for investiga-
tion area.

CALL RENDEZ (optional) — Enter aircraft converging.

NOTE: The last point in each flight path is assumed as the
rendezvous point. Therefore, if the rendezvous point is
actually midway in the flight path, initially enter the path
point only as far as the rendezvous point and compute the
times, then add the remainder of the path by calling PARRAY.

CALL LENGTH (optional) — Distance between points.

CALL RUN — Calculates position and drives display routines.

CALL RESET -Before another call to RUN.

17
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Appendix: Program FLISIM With Subroutines

PROGRAM FLISIM(INPUT,OUTPUT*TaPEL)
COMMON  PATH(25*2*5)*S(25*5),XYT(5*2)*NARRAY (5)¢DELTA(20*3*5) .
INC(5)*IN(5)*V (5)*0O(5)*T(5)*TT * CONST * BAREA(7*2)*ST*ET*OI
DIMENSION IARR(8)

CALL SAVEIT(O)

CALL MAP(0.*107?3.*0.*800.*0.*1.0*0.*0.782)

CALL

RESET

GO TO 2

15 CALL

ER

ITYPE=5

CALL
PRIN

CALL

F1X(100*600)
T**NEXT CHOICE* ENTER LIST FOR LIST OF OPTIONS*
IAM(0*0*1*IARR*ITYPE*0*0)

IF(TYPE.EQ.2) GO TO 11

2 CALL
CALL
PRIN

call

ER
FIX(100*600)

T*PATH POINTS ENTER 1*
Fixaoo*550)

PRINT,CHANGE POINTS AND VALUES ENTER 2*

call

FixUuooOo*soo)

PRINT,*NEW TIME PARAMETERS ENTER 3*

call

Fixuoo*450)

rint**run ENTER 4*
BALL

Call

CSTRING(100*400*22L INITIALIZE ENTER 55.)
CSTRING<100*350*54LCOMPUTE TIME TO RENDEZVOUS AND T-O SPACING

1 ENTER 65.)

CALL CSTRING<10C*30C*25L3-AREA POINTS ENTER 75.)

Call CSTRING(100*250*33LFINISHED WITH PROGRAM enter 85.)

Call CSTRING(100,200*55LTO determine distances between two path pt
IS ENTER 95.)

CALL IAM(O,0*1*IR*2*0*0)

GO TO 12

11 IR=IARR(1)
12 GO TO (3*4,5*6*1*7*8,9*10)»IR

icall

reset

go TO 15

3 call
Call

parray

SAVEIT(I)

Go TO 15

4 CALL

DARRAY

CALL SAVEIT()
GO TO 15

5 CALL

TIME

GO TO 15

6 CALL

RUN

GO TO 15

19



7 call rendez
call saveikd
GO TO 15

8 call barray
CALL SAVEIT()
GO TO 15

IO call length
GO TO 15
9 call saveitui

End

SUBROUTINE FLIGHT(K)
COMMON  PATH(25%*2.5)*S(25*5)*XYT(5*2).NARRAY (5)*DELTA(20*3*5)*
INC(5) *IN(5)* V(5)*D(5)*T(5)*TT*CONST*BAREA(7*2)*ST*ET*DI
SUM =0.0
MARRAY=NARRAY (K)-1
DO 25 1=1*MARRAY
PI=PATH(*I*"K)-PATH<IM*I*K)
P2=PATH((*2*K)-PATH((I*1*?.K)
S(I"K)=SQRT(P1*P1*P2*P2)
25 SUM=SUM=*SII,K)
S(MARRAY*1*K>=SUM
RETURN
end

SUBROUTINE POS(K)
COMMON  PATH(25*2*5)*S(25*5)*XYT(5*2)*NARRAY (5)*DELTA(20.3*5)*
INC(5)>»IN(5)*V(5)*D(5)*T(5)*TT* CONST *BAREA(7*2)*ST*ET.DI
1=0
3=D(K)
IF(B.LE.O.O) GO TO 120
105 IF(1*1.EQ.NARRAY(K)) GO TO 130
1=1*1
DI=B
B=DI-S(I1*K)
IF(8) 110*115*105
110 PI=PATH(1*1,2*K)-PATH(I*2*K)
P2=PATH(I*I*i*K)-PATH (I*I*K)
Xy T(K*1)=D1/S(l,K)*P2*PATH(I*1,K)
XYT(K*2)=DI/S(I,K)*PI*PATH(*2*K)
GO TO 150
115 XYT(K*1)=PATH(I*-1,1*K)
XYT(K,2)=PATH(I*1,2,K)
GO TO 150
120 XYT(K*1)=PATH(1,1*K)
XYT(K*2)=PATH(1,2,K)
GO TO 150

20



130 M=NARRAY/(K)
XYT(K*1)=PATH(M*1*K)
XYI(K*1)=PATH(M*2*K)

150 CONTINUE
return
end

subroutine barray

DIMENSION ISW(2)

COMMON PATH(25*2*5)*S(25*5)* XY T (5*2)*NARRAY(5)*DELTA(20*3*5)*
INCGB)*IN(S),VGB)*DB)*T(5)*TTeCONSTeBAREA(7*2)*ST*ET*DI
call er

call Fix(loo*600>

print**enter boundary pts. for b-area*

L=0
1 CALL TABLET({X*IY*IPR*IPP*IPB*ISW)

IF(ISW(1).EQ.O) L=L*1

BAREA(L*1)=IX

OAREA(L*2)=IY

IF(L»LT.7) GO TO 1

return

end

SUBROUTINE DIST(K)
COMMON PATH(25*2*5)*S(25*5)*XYT(5*2)*NARRAY (5)*DELTA(20*3*5)*
INC(B)*IN(B)*V(5)*D(5)*T(5)*TT* CONST*BAREA(7*2)*ST*ET*DI
TI=TT
I=IN (K)
IF(T(K).EO.0.0) GO TO 2
1 IF (TILLE.T(K)) GO TO 7
DD =D(K)
D(K)=V(K)*(T1T(K))¢D(K)
IF (DELTA(,3*K).GT.D(K)) GO TO A
D(K)=DELTA(I*3*K)
T(K)=T(K)*(BELT A(I*3*K)-DD)/V(K)
1=1*1
IF (I.GT.NC(K)) GO TO 8
2 V(K)=DELTA(I*2*K)
3 T<K)=T(K)*DELTA(*1*K)
GO TO 1
4 T(K)=T(K)*(D<K)-DD)/V(K)
7 IN(K)=I
call pos(K)
GO TO 10
8 A=K*25.
call Fix(loo*ioo)
print ¢1Flight parameters have been exceeded for plane*

Calr XNUMBR(660.*A*100.*K*2HI1)
10 RETURN

end
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SUBROUTINE reset

COMMON PATH(25*2*5)*S(25¢5)*XYT(5*2)*NARRAY(5)¢DELTA(20*3*5)*
INC(5)*INB)*V (5> *D(5)*T(5> »TT ,CONST *BAREA(7*2)¢ST_ET*DI

CONST=7./12.

DO 5 1=1*5

D(1)=0-0

T(1)=0.0

Ini<l)=1

CONTINUE

return

END

SUBROUTINE PARRAY
COMMON  PATH(25*2*5)*S(25*5)*XYT(5*2)* NARRAY (5)¢DELTA(2043 * 5)¢
INC(5)*IN(5),V(5)*D(5>*T (5)*T T¢CONSTeBAREA(7*2)*ST*ET*DI
DIMENSION ISW(2)*ZZ(8)* IARR(2)¢ITY»E(2)

DATA ITYPE/2*2/

call er \
call Fix(loo*600)

PRINT,center PLANE NO. AND BEGINNING PATH PT NO.*
CALL IAM(0*0*2*IARR*ITYPE*O*0>

KslARR(I)

I=IARR(2)"1

call taslet(Ix*iy*ipr,ip?,ipb,isw)
IF(ISW(1).EO.O) 1=1*1

PATH(*1*K)=IX

path(i,2*K)=iy

1IF(SW(2)=EQ*0) GO TO 1

NARRAY (K)=I
call Fflight(K)
call er

call Fix(loo*600)

PRINT,*FL1GHT PATH LENGTH FOR PLANE*

CALL XNUM3R(470.*600.*K*2HID

XL=5(I,K)/CONST

Call XNUMBR(500.*600.*XL*9HF6.1*2HNM)

call Fix(loo*550)

PRINT,*PATh FOR ANOTHER PLANE YES* NO* OR SAME*
call iam(o,o*i*zz,4,0*0>

IF(ZZ.EQ.3HYES) GO TO 4

IF (ZZ.EO0.2HNO) GO TO 5

Call ep

CALL FIX(100*500)

PRINT*SAME PATH FOR WHICH PLANE*
CALL 1AM (0,0,1*K1,2*0*0)

DO 10 M=1*1
PaTH(M,1,K1)=PATH(M*1,K)
PATH(M,2,K1)=PATH(M*2*K)
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10 S(M*K1)=S(M*K)
NaRRAY(K1)=i
call er
GO TO 3

5 RETURN

end

SUBROUTINE DARRAY
COMMON PATH<25*2*5)*S<25 5)*XYT(5*2)*NARRAY (5)*DELTA(20¢3*5) +
INCB)*INGB),VB)*D<5)*T<5)eTT,CONSTeBAREA(7*2)*ST*ET*DI
DIMENSION IK(8)* IX(8) - IAR)*ITYPE(3)eITY(2)eAB(3)
data itype /1*i1*5/
4CALL ER
L=0
CALL FIX(100*600)
PPINT*ENTER PLANE NO.*
CALL 1 AM(O*O*1*K*2*0*0)
1 call er
ikk=o
L=L+1
call TFix<ioo*700)
PQINT*ENTER PATH POINT NO.*
call Fix<ioo*600)
PRINT*ENTER DELAY TIME IN DECIMAL HRS.*
2 CALL FIX(100*500)
PRINT,*ENTER NEW SPEED IN DECIMAL KNOTS* OR SAME*
call iam<o*o»3*ab*itype*o.0)
I1=AB <1)
IF(TYPE(3).EO.4) GO TO 10
DELTA(L*2*K)=AB(3)*CONST
GO TO 11
10 DELTA(L*2*K)=DELTA(L-1*2*K)
11 DELTA(L.1*K)=AB(2)
6 CALL ER
call Fixaoo*400>
P»INT**FOR ANOTHER PT. OF CHANGE ENTER YES OR NO*
CALL IAM(0O,0 »1 * IK* 40* 0)
IF(IK.EQ.2HNO) GO TO 3
IF(L.EO.l) GO TO 1
call changel!i*kK*1—1i)
GO TO 1
3 IF(L.NE.l) CALL CHANGE(I*K*L-1)
NA=NARRAY (K)
DELTA(L*3*K)=S<NA*K)
NC(K)=L
CALL ER
CALL FIX(100*600)
PRINT ,*EN TER CHANGES FOR ANOTHER PLANE YES OR NO*
call iam<o*o*i*ix<*4,0%*0)
IF(IX.EQ.BHYES) GO TO 4

return

END
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SUBROUTINE CHANGE(I*K*L.)

COMMON PATH<25*2=>5)*S(25*5)*XYT<5.2)*NARRAY (5)*DELTA(20*3*5>*
INCB)*INGB)*V (5)*0B)*T(5)*TTeCONST * BAREA(7*2)*ST*ET*DI

SUM=0.0

N=I-1

00 5 J=1.N

SUM=SUM*S<J*K)

DELTA(L*3*K)=SUM

return

end

SUBROUTINE RENDEZ

COMMON PATH<25*2*5)*S(25*5)¢XYT(5*2)*NARRAY (5)>»DELTA<20*3*5)*
INC(5)*IN<5)*V<5)*D(5)*T<5)¢TTeCONST*BAREA<7*2)¢ST*£T*DI
DIMENSION IM(5)* DELAY(5)*TR(5)e| TYPE(5)
DIMENSION NP(8)

DATA ITYPE/5*2/

integer a

call er

CALL FIX<100*600)

PRINT,CENTER NO. OF PLANES CONVERGING*
CALL IAM<O*0*1*N*2*0*0)

CALL ER

call TFix<ioo*5oo

PRINT,*ENTER PLANE NUMBERS*

call iam<o*o*n*im*itype,o*o>

11=0.0

DO 4 M=1*N

K=IM(M)

TE=0.0

DD=0.0

DT=0.0

NR=NC(K)

W=DELTA<1*2*K)

DT=DELTA((*I*K)

IF<N3.EQ.1) GO TO 5

DO 3 1=2*Ng
Te=(DELTA<I-1,3,K)-DD)/VV*TE
DD=OELTA(-1*3*K)

VV=DELTA(I*2*K)

DT=DT-*DELTa<l|,1*K)

CONTINUE

GO TO 6

TE=(DELTA(1*3*K)-DD)/VV*TE

TR(K)=TE*DT

IF(TR(K).GT.TI) T1=TR(K)
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4 CONTINUE

10

12
15

call er
A=u
DO 10 M*1*N

K=IM(M)
CALL FI1X(100»750-A)

PRINT,*PLA,NE NO,*

call xnumbr(300.*750.-a,k,2hii)

Call FIX(150»700-A)

print,*total Fflight time to convergence pt,
CALL XNUMBS8R(700.»70C.-A, TR(K),4HF6.2)

Call FIX(150»650-A)

print,*additional delay required =*
DELAY(K)=T1-TR(K)

CALL XNUMBR (700,,650,“A,DELAY(K),4HF6#2)
A=A*150

CONTINUE

CALL FIX(100*25)

print»*make correction to take-off times
CALL IAM(0»0*1,NP>»4»0>0)

IF(NP.EQ.2HNO) GO TO 15

DO 12 M=11N

K=IM(M)
DELTA(L,1,K)=DELTA(L,1*K)¢DELAY(K)

RETURN

end

—%*

*

SUBROUTINE TIME

COMMON  PATH(25*2,5)*S(25*5),XYT(5,2)*NARRAY (5)*DFLTA(20,
INC(5) *1N(5),V(5),D(5)*T(5),TT,CONST,8AREA(7*2)»ST,eT,DI
DIMENSION ARK(3),ITYPE(3)

data itype/3*i/

call er

CALL FIX(100*600)

PRINT,*ENTER START TIME IN DECIMAL HRS.*

CALL FIX (100,500)

PRINT,CENTER END TIME IN DECIMAL HRS.*

call Fix(loo»400)

PRINT,*ENTER DISPLAY INTERVAL*

CALL IT1AM(0»0»3*ARR,ITYPE*0.0O)

ST=ARR(1)

ET=ARR(2)

DI=ARR(3)

return

end

3,5),
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subroutime length

COMMON PATH(25*2*5)*S(25*5)*XYT(5*2)¢NARRAY(5)¢DELTA(20*3*5)*
INC(5)* IN<5)e V<5)*D <5) T(5)*TT*CONSTeBAREA(7*2)*ST*ET*DI
DIMENSION IA(3)* ITYPE<3)* AB(8)

DATA ITYPE/3*2/

CALL ER

call Fix<ioo»60o>

PRINT*ENTER PLANE NO.9 STARTING PATH PT NO.* ENDING PATH PT NO**
CALL ITAM<O*O»3*IA*ITYPE*0*0)

call er

Call FIX <100*600)

PRINT*DISTANCE BETWEEN PT AND PT =*

CALL XNUMBR<350.*600.*IA<2)*2HID

Calt XNUMBRNMNGONMNGOO.NMAO) *2HI1)

X=XLENG(AR)* IA(3)* IA(1))/CONST

CALL XNUMBR{580.*600.*X*9HF6.1*2HNM>

call Ffix<ioo*55o

PRINT,"REPEAT YES OR NO*

CALL IAM<O0,0*1*AB*4*0*0>

IF(A3.EQ.3HYES) GO TO 1

Rp. TURN
End

FUNCTION XLENG(I,J*K)

COMMON PATH(25*2*5)*S(25*5)*XYT<5*2)»NARRAY (5)*DELTA(20*3*5) 4
INC(5)* IN <5)*V(5)*D (5)*T(5)»TT* CONSTe8AREA(7*2)*ST*ET*DI

JJ=J-1

xleng=o.o0

DO 1 N=I*3J

X1ENG=XLENG*S(N*K)

RETURN

End

subroutine run

COMMON PATH<25*2,5),S<25*5)*XYT<5*2)¢NARRAY<5)¢DELTA<20*345) ¢
INC(5)*IN (5)*V <5)*D<5)*T(5)¢TTeCONSTeBAREA<7*2)*ST*rT*DI
DIMENSION KK<5)*IARR<8)*ITYPE<5)

Data itype/5*2/

Tt=st

call er

CALL Fix<100*600)

print**enter no. of planes*

call iam<o*o*i*n*2*o*qg>

call er

call Fix<ioo*soo

print**enter plane nos.™

call iam<o*o*n*kk*itype*o*o>

call er
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call lines<barea<i, i>*barea(l,2>*7)

DO 11 NZ=i»N

K=KK <NZ)

call lines<path<i¥*irk)®path<i»2*k)*narray<k))
AY=750.

CALL XNUMBR <50.* AY»TT*OH2HT = ¢F6.2)

DO 2 NK=1*N

K=KK(NK)

call distik)

Call XNUMBR (XYT(K*D*XYT(K*2)*K*2HI1)
CONTINUE

AY=AY-25¢

IF(TT.GE.ET) GO TO 3

tt=tc*di

GO TO 1

call iam(o»o»i*iarr*a*o»o>

return

END

SUBROUTINE FIX <IX*IY)
CALL MA(IX* 1Y)
CALL MODE(O)

call TFfiIsh
return

end

SUBROUTINE SAVEIT(INDEX)
COMMON A(734)
JNDEX=INDEX¥*i

GO TO (1»2),IJNDEX

call get<i»ahgate*o»o)
REWIND 1

READ(I) (A<l)¢1=1*734)
return

REWIND 1

WRITE() AM*I=1»734)
emdTFfile 1

CALL REPLACE<1*4HGATE*0*Q)

return

END
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