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DIGITAL ACOUSTIC TRACKING ANALYSIS PROGRAM 

BY 

George H. Ford, Jr. 

ABSTRACT 

The purpose of this report is to investigate the pro-

cessing of tracking data for acoustic targets. The programs 

developed for two- and three-dimensional space calculate the 

target's position via "hyperbolic-fix" navigation (geometric) 

considerations using the Newton-Raphson algorithm. 

The computer programs and the tracking solution approach 

contained herein is based on knowledge of only the sensors• 

locations and the relative time-difference at which a target's 

referenced, singular, acoustic pressure wavefronts are received 

at the s~nsors. 

Omnidirectional sensors are found to be sufficient for 

the tvvo-dimensional space tracking problem. However, it is 

found that the three-space problem requires usage of directional 

frequency and ranging (DIFAR) sensors. 

Line printer plots are provided for the target position 

solutions; also, tabular track position solutions are provided. 

Simons Jr. 
Research Report 
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PROBLEM STATEMENT: Design an acoustic tracking program 

for a digital computer solution wi.th one target (source) and 

three sensors in two and three dimensional space. The solu

tion is to be implemented given only time (phase) delays of 

target to sensor wavefront propagation, known sensor locations, 

and known speed of sound for the medium. The Iewton-Raphson 

algorithm is to be implemented in the computer solution. 

vii 



SECTION I 

BACKGROUND INVOLVEMENT: ASW 

The author's interest in this research topic stems from 

work experience as a civilian engineer in the - Department of 

the Navy iri Anti-Submarine Warfare (ASW) acoustics studies. 

Utilizing knowledge from formal education and work experience, 

the author's interest is to pursue the problem statement topic 

and interject insight into the research report for use by 

other interested persons. 

The computer programs designed and implemented are 

original; howe:rer, the concepts for the tracking solution are 

the same as common ly used in navigation today. The foundation 

for this historic problem is discussed in Section III of this 

report. All references, examples, illustrations, and scenario 

examples discussed in this report are purely academic in their 

presentation and analysis. No material of a sensitive nature 

has been drawn upon for this report (all references are avail

able to the public); and, to the best of the author's know·

ledge no sensitive methodology, processing, or other tech

niques are used in this report. Any similarity to processing 

techniques in actual use which might be used in the systems 

noted in Section III, or any other systems, is coincidental. 



SECTION II 

PROBLEH SCENARIO 

An acoustic trackin~ program has many practical appli

cations: expansipn to radar telemetry problems; home and busi

ness security monitoring; proximity detection systems; sonar 

data processing; anti-submarine \mrfare; weapons test range 

tracking ; etc. In these and other similar instances it is 

desirable to gather as little information as possible about 

the target yet retaining the capability of tracking the object. 

It is also desirable to present such tracking data in a way 

that is readily discernible by a human observer. For example, 

along with various acoustic data, it would be useful to pre

sent ma pped information of the target's trajectory, sensor 

locations, and locations of any other environmental landmarks. 

Figure 1 shows an example s~enario. The medium is 

water, the sensors are sonobuoys, and the iarget is an active 

noise emission torpedo. Vhat is required to track the target 

are the (X,Y,Z) coordinates of the sensors (as referenced in 

Figure 1), the velocity of sound in water (assumed constant), 

and the time differences or phase delays \rith ~hich the active 

emission reaches the sensors. It is assumed that the sensors 

provide coherent detect.ion giving rise to the time differenc e 

vnth which a wavefront arrives from the target source to any 

2 
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4 

pair of sensor receivers; or, the sensor data has been pre-

processed to yield time-difference data. The variable At 12 

(=t 1-t2 =DTT12) is used for the time difference between sensors 

one and two with which the wavefront is received. The sensors 

'Will initially be assumed to be omni-directional, that is, the 

direction with which the source's acoustic signal wavefront 

approaches the sensors will initially be assumed to be negli-

gible with respect to requirements of known data necessary for 

the tracking solution. 

In order to see how it is possible to solve for the 

unknown (X,Y,Z) coordinates of the target see Figure 2. The 

wavefront for a given frequency which is emitting from the tar-

get is assumed to have the properties of spherical spreading. 

This is consistent with sonar acoustic theory. 1 In addition, 

the following assumptions are made: no propagation loss with 

range of the emission; constant acoustic velocity character

istics for the medium; and, no multi-path, 2 convergence zone,3 

nor Lloyd's Nirror (Bathtub) effect. As seen in Figure 2, the 

spherical spreading of the wavefront arrives at the three 

1Robert J. Urick, Principles of Underwater Sound for 
Engineers (Ne\'.f York: l'1cGrav1-Hill Book Co., 1967), pp. 83, 
92-93. 

2 Ivan Tolstoy and c.s. Clay, Ocean Acoustics: Theory 
and Experiment in Underwater Sound (New York: McGraw-Hill 
Book Co., 1966), pp. 85, 104-105. 

3Ibid., pp. 145,149. 



R3
 

/ 
D

is
ta

n
ce

 R
2 

S
en

so
r 

1 
T

im
e=

t 1 
.; 

S
o

u
rc

e 
. (

T
ar

g
et

) 
T

im
e=

O
 

R1
 

· 
<

"'
 S

p
re

a
d

in
e
 

~
 

S
p

h
e
ri

c
a
l 

.W
av

ef
ro

nt
 

(1
) 

R
=V

t 
(2

) 
A

R=
V

Ll
t 

( 3
) 

A
R

12
=V

 L1
t 12

 

w
h

er
e,

 
~
R
12

=
R

1-
R
2 

an
d 

~t
12

=t
,-

t2
 

V
=

V
el

o
ci

ty
 

o
f 

S
ou

nd
 

(M
ed

iu
m

) 

FI
G

U
R

E
 

2 
• 

W
A

V
EF

RO
N

T 
SP

H
E

R
IC

A
L

 
S
P
I
~
E
A
D
I
N
G
 

\J
l 



6 

sensors at the respective times of t 1 , t 2 , and t
3

• The dis

tances of travel for the wavefront from the source to the . sen-

sors are proportional to these times and are denoted as R1 , R2 , 

and R
3

• The basic equation is that R=Vt, where distance ( R ) 

is the range from a sensor to the target, the velocity (V) is 

the speed of sound for the medium, and the time (t) is the 

time at whi c h the wavefront is recei.ved at the sensor (Figur8 

2, Equation (1)). As shorn in Figure 2 (Equation (2)), imple-

menting the necessary difference equation (holding velocity 

constant) yields the difference in times for which two sensors 

receive the wavefront. This time difference is thus directly 

proportional to the difference in the wavefront's distances to 

the target. The distance equations for three-space are pro-

vided in Figure 3 (Equations (B)). The unsubscripted coordi-

nates are those of the source target. The application of 

these distance equations to the difference equation previously 

mentioned gives rise to the time lag equations of Figure 3 

(Equations (C)). The time lag or time difference equation is 

of the form of the Equation C-5o These equations, in turn, 

can be solved simultaneously for the unknown coordinates of 

the source target by using the Newton-Raphson algorithm.4 

~rancis Scheid, Numerical Analysis, Schaum's Outline 
Series in Mathematics (New York: McGraw-Hill Book Co e, 1968), 
PPo 312 , 327-328e 
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8 

The set of Equations (D) of Figure 3 form the basis set 

of simultaneous difference distance/time equations (D-1 , D-2, 

and D-3) to which the Newton-Raphson algor~thm must be applied. 

The resultant equations which must be solved, us~ng Cramer's 

Rule for simultaneous equations, are found ~n equations D-4 

through D-6. The variables h, k, and p are increments 

related to the cordinates X, Y, and z. These increments 

(which are the unknowns for these equations) cause the 

equations D-4 through D-6 to diverge or converge to an (X,Y,Z) 

solution point for the simultaneous equations D-1 through D-3. 

Programming value checks to the iterative variables h, k, and 

p determines whether or not a solution has been found within 

some predetermined tolerance. 

The Newton-Raphson algorithm is an iterative technique 

for solving systems with unknowns governed by a set of 

simultaneous equations. The method is good for N unknowns in 

N equations (for N positive, integer) either linear or non

linear.5 However, divergence in l~eu of convergence to a 

solution is a setback of the technique, since it exhibits 

instability for convergence in some applications and requires 

a good initial guess for the unknown coordinate variables. 

5Francis Scheid, Numerical Analysis, Schaum's Outline 
Series in Mathematics (New York: McGraw-Hill Book Co., 1968), 
p. 328. 
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That is to say, the initial coordinates guess must be '\':i t ·hin 

close proximity of the solution in order for the method to 

converge or yield a correct solution. 6 The partial derivatives 

linearize the non-linear hyperbolic-fix distance equations (B) 

The increments (h,k,p) are for the coordinates 

added to the old guess or solution for the next guess or 

solution. If convergence occurs, the increments will get 

smaller than some pre-set acceptable tolerance value; and, 

the unknov1n target coordinate solution will be found. The 

hyperbolic fix distance difference equations are non-linear 

since the time-lag equations (Figure 3, Equations (C)) squared 

t\nce (to get rid of the distance-difference square-root 

terms (Figure 3, Equations (B))) will demonstrate cross-

multiplication of X, Y, and Z variables of orders greater 

than one. 

The two-space problem has the same set of equat~ons 

and scenario, except that the Z variable coordinate is not 

used. The two-space problem still requires three sensors, 

since two distinct pairs of sensors are required for 

difference-in-distance and difference-in-time considerations 

to yiold tv-10 simultaneous distance equations for the Newton-

Raphson algorithm solution. The Newton-Raphson system 

· 6Kaj L. Nielson, Methods in Numerical Analysis, 2nd ed. 
(NeVI York: The NacHillan Co., 1967), pp. 209-210, 213-215 
passim. 
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equations (Figure 3, Equations D-4 through D-6) reduce to two 

equations in two unkno wn variables. 

In order to graphically visualize the solution (in the 

simpler two-space problem) see Figure 4. Here a single pair 

of sensors is analyzed. This analysis is in accordance with 

the time-difference equations of Figure 3 (Equations C-5 and 

D-1 through D-6). For the moment, consider the sensors in 

Fi gure 4 to be simultaneously emitting some tonal frequency. 

The wavefronts spread spherically (as mentioned previously) 

from the sensors in concentric circles. Note: only arcs of 

circles are shown for clarity. If the target is initially 

r a ndomly placed between the two sensors, then the wavefronts 

\dll trave l distances R1 and R2 in the times t 1 and t 2 , 

respectively, to reach the target. If the relative difference 

between distances and between times is held constant, then the 

solution for the location of the target is found to be posi

tioned on a curve of a hyperbola. This is .shown in Figure 4, 

where the asterisks are the solution positions to the target 

for the various pairs of arcs emanating from sensors s 1 and 

s
2

• Note that t h e hyperbolic solution curve is a trajectory 

of possible target positions for a given distance and time 

difference as given in Equations D-4 through D-6 (Fi gure 3). 

This navigation technique for locating a vessel or target, 

is referred to as ' 'hyperbolic-fix" navigation. The sensors 



Target 

Trajectory 

1 1 

.t.R12=R1-R2 

=constant 

FIGURE 4. HYPERBOLIC CURVE SOLUTIONS 
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can be thought as emitting the wavefronts since the target/ 

sensor relationship exhibits the duality principle of signal 

transmission and reception. 7 

The solution set for increasing radii is also a hyper-

bolic curve. This i$ seen by the form of the distance-differ-

ence equations of Figure 3 and plot of Figure 4. The two solu-

tion points for any given pair of radii (Figure 4) is resolved 

to one solution by the introduction of a third sensor to yield 

a second unique sensor pair, and thus a second unique set of 

distance- and time-differences. The two-space method of track-

ing a target has historic foundation in maritime hyperbolic-

fix navi gation techniques that will be discussed furtner in 

the next section. 

The three-space problem has similar graphical analysis, 

yielding pairs of hyperboloids which intersect for the navi-

gational ·fix solution. This is more difficult to show graph-

ically and vdll be omitted in this report •. 

The above scenario (three sonobuoys and one target in a 

water medium), equations, assumptions, and techniques have 

been used to desi gn the two- and three- space tracking pro-

grams for this research report. 

?Robert J. Urick, Principles of Underwater Sound for 
Engineers (Nevi York: dcGraw-Hill Book Co., 1967), pp. 103-109 
passim. 



SECTION III 

REAL V/ORLD TRACKING PROBLEH 

This section vdll establish precedents for using hyper-

bolic-fix navigation systems in tracking targets. These 

systems have the property mentioned in the previous section 

that a constant distance-difference from two fixed sensors 

to the target is u_sed to provide tracking navigation. The 

systems usually consist of two or more synchronized trans-

mitters/receivers, at known locations. Airborne equipment 

usually consists of passive, receiving equipment. 8 The 

following is a brief description of all vehicle tracking 

systems knO\'ffi to use a variation of this type of navigation. 

1. Loran A: This system operates by measure
ment of two range-differences. Coverage 
is to a range of about 1000 miles. The · 
system requires at least three trans
mitters. Passive operation. 
Ambiguities - occur close to transmitting sites; 

geometric degeneration of 
accuracy along baseline 
extensions. 

This system is primarily for air navigation. 9 

2. Loran C: This system is a newer, improved 
version· of Loran A (standard loran). Ships 

8u.so, Department of the Favy, Navy Hydrographic Office, 
Air Navi gation, Hydrographic Office Publication No. 216 (V/ash
ington, D.c.: Government Printing Office, 1967), p. 345. 

9International Telephone and Telegraph Corp., Reference 
Data for Radio En~ineers (Indianapolis: Howard W. Sams and Co., 
Inc., 1975), p. 32-7. 

13 
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and aircraft utilize this system. 10 This 
system operates by measurement of t wo
range differences. Coverage is to a 
range of about 2000 miles. Passive oper
ation. 
Ambiguities - occur close to transmitting sites; 

geometric degeneration along 
base line extensions.11 

3. Gee: This a British system similar to 
loran. It operates mainly in the VHF 
band, and hence reception is limited to 
line-of-sight. Four ground stations are 
used, 70 to 80 miles apart, transmitting 
accurately-timed, pulsed signals. 12' 

4. Decca: This is a low-frequency, contin
uous \mve, hyperbolic system. Navigation 
is accomplished by comparing the phase of 
signals from two or more stations, ·which 
transmit phase-synchronized signals.l3 

5. Lorac: This system is the United States 
equivalent of the Decca system.14 

6. Safar: This system depends upon trans
mission of sound in water. The initials 
stand for sound fixing and ranging. Time 
measuring equipment is used-at the various 
synchronized stations, with time-differences 
being determined for navigation target 

10u.s., Department of the Navy, Navy Hydrographic Office, 
Air Navigation, Hydrographic Office Publ·ication No. 216 (Wash
ington, D.c.: Government Printing Office, 1967), p. 361. 

11 International Telephone and Telegraph Corp., Reference . 
Data for Radio En gineers (Indianapolis: Howard w. Sams and Co., 
Inc., 1975), p. 32-7. 

12u.s., Department of the Navy, Navy ·Hydrographic Office, 
Air Navi tja tion, Hydrographic Office Publication r~o. 216 (Wash
ington, D.C.: Government Printing Office, 1967), p. 361. 

13Ibid., p. 362. 

14Ibid., p. 363. 
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tracking. 'l,he practical range is about 
2000 to 3000 rniles.15 

7. Consol: This system operates by deter
mining bearing angles from ground sites 
(three in-line antennas). Coverage is 
1000 to 1500 miles. Two stations are 
required for a fix. Passive operation. 
Accuracy - a few nautical miles (depends 

upon range, diurnal effect, 
sea-land, and propagation). 

Ambiguities - radial bearing line is 
ambiguous from one angular 
sector to the next; geometric 
degeneration along the line 
of the three antennas (base 
line extensions).l6 

8. Consolan: This system is the United States 
version of consol. Greatest range is over 
sea water paths from 1000 to 1400 miles. 
The system is not usable within 50 miles 
of the stations. The greatest accuracy 
is obtained on a line normal to the line 
of stations and the useful portion of the 
pattern is the sector of 140 degrees broad
side to the antennas. The pattern off the 
ends of the antennas, plus or minus 20 
degrees, is considered useless for bearing 
information for tracking purposes.17 

15u.s., Department of the Navy, Navy Hydrographic Office, 
Air NaviGation, Hydrographic Office Publication No. 216 ( 'Vash
ington, D.C.: Government Printing Office, 1967), p. 363. 

16rnternational Telephone and Tele gra.ph Corp., Reference 
Data for Radio Engineers (Indianapolis: Howard W. Sams and Co., 
Inc., 1975), p. 32-8. 

17u.s., Department of the Navy, Navy Hydrographic Office, 
Air Navigation, Hydrographic Office Publication No. 216 ( -lash
ingt on, D.C.: Government Printing Office, 1967), p. 365. 



SECTION IV 

TWO SPACE PROBLEM 

The two space problem is constrained to the XY-plane 

as previously viewed in Figure 1. The Z coordinate is not used 

in determining the tracldng of the target, that is, the depth 

of the target is assumed constant or negligible. 

The flowchart of Figure 5 is for the subroutines used 

in the Two/'l'hree Space Data :::>imula tion Program of Appendix A/G 

for the time-lag-difference inputs to the programs discussed 

in Section IV and Section V of this report. SIMDA'l' is the 

main routine, prompting target track, sound velocity, and 

sensor locations from the operator. PTCHK generates the time

difference (lag) data to be used in the tracking programs. 

DA'l'XiZ stores the time-difference data and number of points 

\tith sensor locations on a disk file in the computer system 

for use by the tracking program. The Two £;pace data prompted 

by the routine SIMDAT can be seen in Figure 6. The resulting 

data stored by the routine DATXYZ is viewed in Figure 7. 

The flowchart of Figure 8 is for the subroutines used 

in the ·rvro/Three Space Tracking Program of Appendix B/E and H. 

This program uses the data in the disk file to locate and 

track the target trajectory. TRACK is the main program which 

16 
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gathers the d~sk data and controls the solut~on algor~thm, 

tabular display, and trajectory plot subroutines. SENSOR is a 

routine provided for future applications which would be design

ed to util~ze real-time processing of actual data. GUESSl pro

vides decision processes to try to locate a good f~rst target 

track po~nt for the Newton-Raphson algorithm; and, as a last 

resort asks the operator for an initial guess for the f~rst 

track point approximation. TRKPT is the subroutine which 

continues searching the next trajectory locations for a spec

ified number of track points util~zing the last and next-to

last solutions as initial guesses for the present unknown 

track point location. SYSEQN is called by the subroutine 

TRKPT to solve the .r~evtton-Raphson algorithm for the distance

d~fference system equations to vdthin a spec~f~ed solution 

tolerance. SYSEQN calls subroutine CRAMER to solve for the 

X, Y, and · Z increments using Cramer's Rule. Subroutine MTX 

solves the determinants of the matrices required by the Cramer's 

Rule procedure. ~he subroutine PTCHK verifies that the solution 

found is indeed the solution to the unknown track point ~n ques

tion by use of the· distance-difference equations (Figure 3, 

Equations lC)) satisfaction by the assumed solution point. 

After all points of the trajectory have been solved, 

TABULR gives a tabular listing of the velocity of the medium, 

sensor locations, and the trajectory point locations which 



22 

have been found via the data processing described above (see 

Figure 9). TRKPLT generates track plot data in arrays to be 

plotted out to the computer line printer via subroutine GRAPHO. 

A sample computer solution to a two-space data trajectory 

can be seen in Figure 10 and Figure 11. The plots show sensors 

numbered one, two, and three; and, the target locations as 11 T11 • 

Ad ditional exhibits can be viewed in Appendix D. 
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SECTION V 

THREE SPACE PROBLEM: HETHOD ONE 

The 'l'hree Space Program of Appendix E utilizes the 

distance equations of three coordinate variables and three 

simultaneous equations with three unknowns in its .Nevrton

Raphson algorithm. The time-difference data for this program 

has been generated by the program of Appendix A and is provided 

in Appendix F. 

The method failed to provide convergence for any solu

tion points in the trajectory of the target. Other sensor/ 

targe t paths were tried \tith no success. This is further dis

cussed in Section VII. 
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SECTION VI 

THREE SPACE PHOBLEM: HETHOD TV/0 

The Three Space Program of Append~x H solves three 

dimensional trajectory paths by utilizing the Two Space Method 

of analysis once each for the XY, YZ, and X~ planes. Vfuereas 

programs of Sect~ons IV and V assumed omni-directional sensors, 

here the assumption is that directional sensors are utilized. 

'rhe planes used imply directional sensitivity with respect to 

each of the cartesian coordinate axes. A separate data simu

lation program providing information for three planar, direc

tional time-differences has been developed for this three-space 

tracking program (see Appendix G). The generated time-differ-

ince data can be seen in tabular form in Figure 12 and as it 

appears in the disk data f~le in Figure 13. 

The computer solution is presented in Figures 14 through 

20. Note that the trajectory as graphed represents the three 

planes of vi e·v1. 

Appendix K contains the various computer object-code 

run-time programs necessary to run the main data simulation and 

tracking programs listed in this report. 
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SECTION VII 

SIMULATION LIMITATIONS 

In addition to limitations imposed by the assumptions 

in Section II ( p. 4), the following are noted. 1'!hen target 

paths approach the proximity of a sensor, the track point 

solution is distorted and tends toward the condition of diver-

gence of the solution; or, for less critical nearness, tends 

to simple distortion in the solution track point coordinate 

values. The distortion can be observed by comparing the tab-

ular listings of Appendix C to that for Appendix D for the 

track points 16 through 18. This effect is found in the oper-

ational systems such as Loran and Consol (Section III) with 

occurrence of ambiquities due to sensor nearfield geometric 

effects. This effect can be explained mathematically as 

follows. · The Newton-Raphson algorithm utilizes partial deriv-

atives of the distance-difference equationg (Figure 3) with 

respect to the coordinate variables. These same partials are 

found in the gradient of the distance-difference equations. 

The cross-product of the gradient of two functions with the 

cross-product of the derivative of the unit-coordinate-vector 

defines a tangent line at the intersection of the two func-

t . 18 lons: 

18wilfred Kaplan, Advanced Calculus (Reading, Hass. : 
Addison- 1./esley Publishing Co., 1973), pp. 158-159. 
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A ~ ~ 
(r= Xl + y J). 

Spec~ally ~nserted computer calculat~on pr~ntouts were 

implemented in the software design during program development. 

( NOTE: for real-time, fast computer applications us~ng the 

suppl~ed programs, all unnecessary pr~ntouts should be deleted). 

These special data printouts were used to experimentally deter-

mine that the partial derivatives become large as the target 

approaches a sensor; also, the partials of one ~stance equa-

tion approach the condition of being multiples of the other 

distance equations' partial derivatives in the limit. If the 

gradients of the two functions are mult~ples of each other, 

that is, parallel, then 
A A. 

VE x VF-+0. 

Thus the tangen t line (and intersect~on solution) d~sappears, 

as noted by divergence in the solution iterations. This pre-

sents a major concern for the Three Space - Method One -

approach, since the solution depends on th~ intersection of 

three three-space, simultaneous, hyperbolo~d functions. The 

intersection for a solution would have to . be well defined and 

unique to ex~st for convergence. 

Another limitation of the simulation is laroe distances 

for the target Ji th respect to a tight cluster grouping of the 

sensors which does not provide sufficient base-line resolution 

for the sensors to gather unique t~me-difference data. This 

is similar to parallax problems in measur~ng astronomical 
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distances. The radii from the sensors to the target approach 

some equal magnitude and parallel vector, that is, the sensors 

appear as one sensor to a distant target. 

Since ~E x V~=~~~~Flsin8, the best solution is for the 

hyperbolic distance-difference equations (Fi gure 3) to be at an 

angle e for sin9= 1, or 6= 90 degrees. This condition is best 

accomplished for \tidespread sensors placed at vertices of an 

equilateral triangle. In three-space, this may mean a tetra

hedral spacing of sensors is optimal, that is, selecting opti

mal detection-pairs of sensors for tracking data gathering. 

However, a tetrahedral spacing of sensors in three-space was 

not experimentally tested in the tracking program. 

The ideas behind the three-space tetrahedral grouping of 

sensors are as follows. The two-space program sensor tracking 

approach is optimal for the planar equilateral triangle, that is, 

with sensors at the vertices of the triangle 1vi th the target 

normally transgressing the plane formed by the sensors. The 

target optimally must normally transgress the sensor plane keep

ing sufficiently far from the sensors, yet keeping close enough 

so that the sensors obtain unique data in order to avoid the 

ambiquities as previously noted. The obvious extension to three 

space is a four point placement of sensors at the vertices of a 

regular tetrahedron. This would provide four equilateral tri-

angle faces (and planes) determined by subsets of three sensors. 



SECTION VIII 

SUMM..ARY AND CONCLUSIONS 

The simulation limitations of Section VII imitate 

range limitation and sensor proximity ambiquities that are 

theoretically similar to those denoted for the systems 

described in Section III. Regard~ng sonobuoy sensors, the 

older SOFAR system'is similar to the Two Space Program prob

lem of Section IV with omni-directional sensors. The newer 

directional frequency and ranging sonobuoy systems are sim

ilar to the section VI three-space trajectory algorithm, 

where directional sensors are assumed which exhibit planar 

directional sensitivity. 

Future experimental applications of the two- and three

space programs herein would be to access real-time data and 

process it according to Figure 21. The scenario might be (for 

t~o-space) omni-directional microphones picking up a certain 

prominent frequency of a person's speech as the person walks 

about a room. The desired solution would be to use the two

space program to track and plot the person's location and 

trajectory based upon the time-difference data due to the 

reception of the prominent frequency's wavefronts at the micro-

phones. 
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An application for the Three Space {Method Two) Program 

would be sonar data processing. Here North-South, East-West, 

and depth directional coordinate sensitivities might be used 

to make acoustic sensors sensitive to reception of target 

acoustic uavefrontse This is done for gathering the necessary 

time-difference data to provide a target tracking capability via 

the computer pro g ram contained herein. 

An acoustic tracking program has many other practical 

considerations: expansion to radar telemetry problems; home 

and business security monitoring via audio detection; acoustic 

proximity detection systems for land and sea mines or torpe

does; anti-submarine warfare signal processing; weapons test 

range tracking; etc. The number of applications is limited 

only by the engineer's imagination. While only the sensors 

have been plotted with the experimental target paths, it 

would be useful to extend {for real applications) the inclusion 

of such graphic data such as environmental·landmarks for oper

ator references. Also, a graphic cathode~ray tube display 

would be more appealing than the current limitation to graphic 

line printer plots. 

Future use with expansion of the capabilities of the 

programs herein might include: 1.) devising some means of 

compensation for near-field target/sensor anomalies in order 

to avoid divergence of solution track points, 2.) implementa-
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t~on of a more comprehens~ve f~rst solut~on track point guess 

search method ~n lieu of the present GUESS1 subroutine in order 

to automate this processing vdth a high probabil~ty of success 

under total computer program control, and 3.) expanding the 

programs to correlate tracking data from two or more targets 

with t hei r respective trajectory. 

This method of using time-difference data of acoust~c 

wavefron ts ~s usef.ul particularly where ~ t ~s des~rable to 

gather as little informat~on as poss~ble about some object 

with the capability of locating and tracking the objectts 

trajectory. 

The emphasis for cons~deration of this report is that 

the smallest set of data has been demonstrated, by experimental 

computer analysis, to be sufficient for tracldng a target. 

This data includes: speed of sound ~n the medium, locat~on of 

the sensors, and time-difference data for arrival of a prom

inent frequency's wavefront at the sensors ~hich is emitted 

from the targe t. With three sensors it has been shown that a 

trajectory for a target can be found in both two- and three

space; and, the geometric cons~derations have foundation in 

hyperbolic-fix navi gat ion techniques. 



APPENDIX A 

TWO SPACE DATA SI1~IULATION PROGRAM, pp. 45-52. 

DESCRIPTION: 
This program generates time-difference 

data for a known vehicle source track given the 
velocity of sound in the medium and the locations 
of the sensors. The program prints out all track
ing parameters for operator verification of the 
data; then, stores the time-difference data and 
sensor locations in a disk file. See Appendix C 
for relevant data generated by this program. 
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APPENDIX B 

TNO SPACE TRACKING PROGRAH, pp. 54-77. 

DESCRIPTION: 
This program interprets the ti~e-difference 

data and sensor locations from a disk storage file. 
It processes this data using principles of hyper
bolic fix navigation and the Newton-Raphson algo
r~thm in order to determine the track path of a 
source vehicle emanating acoustic signals. The 
data interpreted by this program from the dis~ file 
is found in Appendix c, page 80. The results of 
this tracking program are found in Appendix D. 

53 



$J
08

 
TR

AC
K 

D
~
I
S
T
4
 

$O
PT

IO
N

S 
21

'8
'':

1 
'f>

FO
RT

RA
N 

0
3

:5
0

:2
7

 

M
 0 D

 U
 L 
E

 : 
* M

 A
 I N

 ir 
6

1
5

1
6

-0
2

 
EN

HA
NC

ED
 

SA
U 

FO
RT

RA
N

 
C

O
M

PI
LE

R
 

O
PT

IO
N

S:
 

SE
 

AB
 

WA
 

LO
 

MA
 

SR
 

R
EV

IS
IO

N
 

LE
V

EL
 

3
3

.0
7

1
9

7
8

 

1 
: 

: \
IJ 

A
 ' 
s R

 ' 
/1,

 8
 ' 

G
 0 

2 
: 

C
 0 

t~ 
M

 0 
N

 
I 

Z
 L 

l I
 

D
 T

 T
 1

2 
( 5

0 
) 

, 0
 T

 T
 1 3

 (
5

0
 ) 

, 
0 

T
 T 

2 
3 

( 5
0

) 
, 

X
 T

 R
 K

 ( 
50

 )
 ,

 Y
 T

 R
 K

 ( 
5

0
) 

, N
 P 

T
 S

 
3 

: 
C

 0 
r~ 

lv1 
0 

N
 

I 
Z

 L
 2

 I 
Z

 T
 R

 K
 ( 

5 
0 

) 
' X

 S
 E

 N
 S

 ( 
5 

) 
' Y

 S
 E

 N 
S

 ( 
5 

) 
' Z

 S
 E N

 S
 ( 

5 
) 

' V
 

4 
: 

C
 0 

~~ 
!v1

 0
 N

 
I 

Z
 L

 3
 I 

X
 N

 ( 
2 

) 
, 

Y
 N

 ( 
2 

) 
, 

Z
 N

 ( 
2 

) 
, 

X
 l 

A
 T

 • Y
 l 

0 
N

 G
 ' 

Z
 D

E 
P

 T
 H

 
5 

: 
C

 0 
t" 

M
 0 
N

 
I 

Z
 L

 4
 I 

F
 N

 ( 
2 

5 
' 

5 
0 

) 
, 

I 
X

 A
 X

 ( 
1 

0 
) 

, 
I 

Y
 A

 X
 ( 

5 
) 

' 
I 

Z
 A

 X
 ( 

S
 ) 

' 
1 

Y
 L

 A
 X

 ( 
l 

0 
) 

6
: 

C
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

 
7

: 
c 

8
: 

c 
9

: 
c 

l 
0 

: 
c 

11
 :

 
c 

1
2

: 
c 

1
3

: 
c 

1
4

: 
c 

1
5

: 
c 

1
6

: 
c 

1
7

: 
c 

1
8

: 
c 

1
9

: 
c·

 
2 

0
: 

c 
2

1
: 

c 
2

2
: 

c 
2 

3
: 

c 
2

4
: 

c 
2

5
: 

c 
2

6
: 

c 
2

7
: 

c 
2

8
: 

c 
2

9
: 

c 

T
H

IS
 

IS
 

TH
E 

M
AI

N 
PR

OG
RA

M
 

FO
R 

TH
E 

A
C

O
U

ST
IC

 
M

OD
EL

 
TR

A
CK

IN
G

 
AN

D 
PL

O
T 

PR
OG

RA
M

 

IT
 

IS
 

8A
SE

O
 

O
N

: 
3-

SE
N

SO
R

S:
 

KN
OW

N 
C

O
O

R
D

IN
A

TE
S;

 
W

IT
H

, 
R

EL
A

TI
V

E 
PH

A
SE

 
CO

H
ER

EN
CE

 
-

OR
 

TI
M

E 
LA

G
S 

OF
 

A
R

R
IV

IN
G

 
W

A
V

EF
H

O
N

TS
 

-
AS

 
R

EC
EI

V
ED

 
DA

TA
 

FR
OM

 
AN

 
UN

KN
OW

N 
SO

U
RC

E 
W

IT
H

 
S
O
~
E
 

R
EL

A
TI

V
E 

R
EF

ER
EN

C
E 

F
R
~
Q
U
E
N
C
Y
 

U
SE

D
 

IN
 

D
ET

EC
TI

O
N

 
OF

 

D
EL

TA
 

TI
M

E 
D

IF
FE

R
EN

C
ES

 
BE

TW
EE

N
 

SE
N

SO
R

S/
SO

U
R

C
E·

 
1-

SO
U

R
C

E
: 

OF
 
U
N
K
N
O
~
N
 

P
O

S
IT

IO
N

S
' 

EM
IT

TI
N

G
 

SU
M

E 
R

EF
ER

EN
C

E 
.S

IG
N

A
L 

FO
R 

D
ET

EC
TI

O
N

. 

A
SS

U
M

PT
IO

N
S:

 
(l

) 
D

EL
TA

 
TI

M
E 

D
IF

FE
R

EN
C

ES
 

HA
VE

 
8E

EN
 

· P
 R

 0 
C

 E
 S

 S
 E

 0
 

F
 0

 R
 

I N
 PU

T 
T

 0 
T

 H
 I S

 P
 R

 0 
G

 R
 A

 M
 H

 Y
 S

 0 
1-1

 E
 R

 E
 C

 E
 I V

 I N
 G

 
P

 R
 0 

C
ES

S 
0 

R
 ; 

( 2
 ) 

N
 0 

P 
R

 0 
P

 A
 GA

T 
I U

 I'J 
L

 0 
S 

S 
iJ 

U
 E. 

T
 0 

t~
 t 

D
 I U

 1'~ 
; 

(3
) 

SO
UN

D 
V

EL
O

C
IT

Y
 

OF
 

M
ED

IU
M

 
IS

 
CO

N
ST

A
N

T 
AN

D 
KN

OW
N;

 
A

N
 

(4
) 

NO
 

M
U

LT
IP

A
TH

 
PH

EN
O

M
EN

A
, 

FO
R 

A
 S

O
U

R
C

E-
SE

N
SO

R
 

P
A

IR
. 

SO
LU

TI
O

N
: 

U
SI

N
G

 
ON

LY
 

TH
E 

A
80

V
E 

SC
EN

A
R

IO
 

D
E

SC
R

IP
T

O
R

S,
 

TR
AC

K 
AN

D 
PL

O
T 

TH
E 

SO
U

R
C

E.
 

\J
l 

+-



3
0

: 
c 

31
 :

 
c 

3
2

: 
c 

3
3

: 
c 

3
4

: 
c 

3
5

: 
c 

3
6

: 
c 

3
7

: 
c 

3H
: 

c 
3

9
: 

c 
4 

0 
: 

c 
4 

l 
: 

c 
4

2
: 

c 
4

3
: 

c 
4

4
: 

c 
4

5
: 

c 
4

6
: 

c 
4

7
: 

c 
4R

: 
c 

4
9

: 
c 

SO
: 

c 
51

 :
 

c 
5

2
: 

c 

A
PP

R
O

A
C

H
: 

U
SI

N
G

 
D

IS
TA

N
C

E 
EQ

U
A

TI
O

N
S 

FR
OM

 
TH

E 
SE

N
SO

R
S 

TO
 

TH
E 

UN
K

N
O

WN
 S

OU
R

C
E,

 
AN

D
 T

H
E 

V
EL

O
C

IT
Y

 
O

f 
Th

E 
M

ED
IU

M
: 

-D
EV

EL
O

P 
TH

E 
R

ES
U

LT
IN

G
 

N
O

N
-L

IN
EA

R
 

H
Y

PE
R

80
L

IC
 

LO
CA

TO
R 

E
Q

U
A

TI
O

N
S;

 
-S

O
LV

E 
IT

ER
A

TI
V

EL
Y

 
W·

IT
H

 
A

 N
EW

TO
N

-R
A

PH
SO

N
 

N
O

N
-L

IN
E

A
R

' 
SI

M
U

LT
A

N
EO

U
S 

EQ
U

A
TI

O
N

 
M

ET
H

O
D

. 

T
H

IS
 

PR
OG

RA
M

 
W

RI
TT

EN
 
~
Y
:
 

G
EO

RG
E 

H
· 

FO
R

D
' 

JR
. 

JU
LY

 
3

, 
lt

Jb
O

 
IN

 
F
U
L
F
I
L
L
~
E
N
T
 

OF
 

A
 R

ES
EA

RC
H

 
T

O
PI

C
/R

E
PO

R
T

 
FO

R 
AN

 
M

.S
.E

. 
D

EG
RE

E 
IN

 
TH

E 
u

.c
.F

. 
D

EP
A

RT
M

EN
T 

OF
 

EL
EC

TR
IC

A
L 

EN
 G

 I 
f\J 

E
 E

 R
 I 

N
 G

 • 

SO
U

RC
E 

PR
OG

RA
M

 
TY

PE
D

 
ON

 
CA

RD
S•

 
CO

M
PU

TE
R:

 
N

A
V

TR
A

EQ
U

IP
C

EN
: 

H
A

R
R

IS
 

D
A

TA
CR

A
FT

 
6

0
2

4
/4

 
W

IT
H

 
LI

N
E 

PR
IN

TE
R

 
PL

O
T 

SO
FT

W
A

RE
 

W
HI

CH
 

W
AS

 
G

EN
ER

A
TE

D
 

FO
R 

T
H

IS
 

PR
O

JE
C

T 
IN

CL
U

D
ED

 
H

E
R

E
IN

. 

RE
V

IE
W

 
BO

A
RD

: 

6
1

5
1

6
-0

2
 

M
O

D
U

LE
: 

~r
MA

 I 
r~

* 

EN
H

A
N

CE
D

 
SA

U 
~
O
R
T
R
A
N
 

C
O

M
PI

LE
R

 
O

PT
IO

N
S:

· 
SE

 
AH

 
W

A 
LO

 
M

A 
SR

 
R

EV
IS

IO
N

 
LE

V
EL

 
3

3
.0

7
1

9
7

8
 

5
3

: 
5

4
: 

s
~
:
 

S
o:

 
5

7
: 

:,
~:

 

5Y
: 

6
0

: 
6

1 
: 

6
2

: 

c c c c 

O
R

. 
FR

ED
 

SI
M

O
N

S 
(C

H
A

IR
M

A
N

) 
D

R
. 

M
IK

E 
H

A
R

R
IS

 
D

R
. 

C
rl

R
IS

 
8A

lJE
R

 

C
 J..( 

J.<
-
* -:

,~.. -
'J 

-::-
~:-

{~ 
-:r 
* -:

r ·
:~ ·

:r 
* *

 * *
 * ~

; *
 * .

;; *
 * J

,} 
·:r 

~r 
* J.

} 
* ~

r *
 ~~-

-;} *
 ir 

ir
 * 

* *
 * ·

;} JJ
 "'~.

. *
 * *

 ir 
* *

 * 
* *

 * *
 * *

 * *
 * *

 * *
 ,.,. *

 ,.,_ i
r *

 * *
 

DO
 

3 
1

=
1

,5
0

 
X
T
~
K
(
!
)
=
O
.
O
 

YT
P.

K
(l

)=
O

.O
 

ZT
k

K
(l

)=
O

.O
 

3 
C

 0 
t'J 

T
 I 

N
 U

 E
 

\5
1 

\5
1 



b
3

: 
5 

W
R

IT
E

(5
0,

99
) 

64
 :

 
RE

AD
 (

5
0

, 
) 

V
 

6
5

: 
RE

W
IN

D
 

40
 

6
6

: 
R

E
A

0(
4Q

,l
34

) 
N

PT
S 

6
7

: 
W
R
I
T
E
(
5
0
,
l
0
~
)
 

68
: 

R
E

A
0(

5Q
,l

0b
) 

IZ
 

6
9

: 
c 

70
: 

C
 

IZ
=

l 
RE

A
L 

DA
TA

 
7

1
: 

C
 

IZ
=O

 
C

A
LC

U
LA

TE
D

, 
F

IL
E

 
ST

O
RA

G
E 

D
A

TA
: 

D
A

TX
Y

Z 
7

2
: 

c 
7

3
: 

C
 

IN
PU

T 
TI

M
E 

LA
G

S 
FR

OM
 

RE
A

L 
D

A
T

A
/F

IL
E

 
D

A
TA

. 
7 

4
: 

c 
7

5
: 

IF
(I

Z
.N

E
.l

) 
GO

 
TO

 
10

 
7

6
: 

W
R

IT
E

(5
0,

13
3)

 
7

7
: 

R
~
A
0
(
5
0
,
1
3
t
t
)
 

N
PT

S 
7

8
: 

DO
 

60
0 

I=
lt

N
P

T
S

 
7

9
: 

CM
LL

 
SE

N
SO

R
(I

,O
D

> 
8

0
: 

60
0 

C
O

N
TI

N
U

E 
81

 :
 

GO
 

TO
 

46
 

H
2:

 
10

 
DO

 
60

1 
I=

l,
N

P
T

S
 

8
3

: 
R

E
A

0(
40

,1
08

) 
D

T
T

12
(1

) 
tO

T
T

13
(I

) 
,o

T
T

2
3

(l
) 

8
4

: 
60

1 
C

O
N

TI
N

U
E 

8
5

: 
46

 
N

C
ES

l=
O

 
8

6
: 

c 
8

7
: 

C
 

RE
AD

 
FI

L
E

 
DA

TA
 

FO
R 

SE
N

SO
R

S:
 

x,
y,

z.
 

e8
: 

c 
8

9
: 

DO
 

4
8

 
N

=
l•

3 
9

0
: 

R
E

A
O

(l
tO

,ll
C

J)
 

X
SE

N
S(

f\J
) 

,Y
SE

N
S(

N
} 

,Z
SE

N
S(

N
) 

9
1

: 
4

8
 
C
O
N
T
I
N
U
~
 

~
2
:
 

c 
~
3
:
 

C
 

IN
PU

T/
C

A
LC

U
LA

TE
 

IN
IT

IA
L

 
G

U
ES

SE
S 

FO
R 

x,
y,

z 
(S

O
U

R
C

E)
 

9
4

: 
c 

li
S

: 
9

6
: 

vJ
R

IT
E

<S
O

, 1
09

} 
R

 E
 A

 0
 (

 5
 0

 , 
) 

XL
 A

 T
 , Y

 L
 0 

I~ 
G

 ' Z
 0 E

 P 
T

 H
 

\J
l 
~
 



9
7

: 
51

 
CA

LL
 

G
U

E
S

S
l(

N
G

E
S

1,
X

I,
Y

I,
Z

I)
 

9
8

: 
CA

LL
 
T
A
~
U
L
R
(
D
Q
)
 

9
9

: 
DO

 
6g

48
 

ID
D

=
l•

3 
1

0
0

: 
52

 
CA

LL
 

T
R

K
PL

T
(A

N
S,

ID
D

) 
1

0
1

: 
IC

(A
N

S
.E

Q
.l

.O
) 

GO
 

TO
 

52
 

10
2:

 
69

48
 

C
C

N
TI

N
U

E 
1

0
3

: 
W
R
I
T
E
(
~
Q
,
l
l
1
)
 

1
0

4
: 

R
::

A
D

(5
0

,)
 

AN
S 

M
O

D
U

LE
: 

*M
A

IN
* 

6
1

5
1

6
-0

2
 

EN
H

A
N

CE
D

 
SA

U 
FO

RT
RA

N
 

C
O

M
PI

LE
R

 
O

PT
IO

N
S:

 
SE

 
A8

 
WA

 
LO

 
MA

 
SR

 
R
E
V
I
~
I
O
N
 

LE
V

EL
 

3
3

.0
7

1
9

7
8

 

1
0

5
: 

1 
0 6

: 
c 

1
0

7
: 

c 
1 

0 
8

: 
c 

l 
0 

9
: 

ll
 0

 : 
11

1 
: 

1
1

2
: 

1
1

3
 : 

1
1

4
: 

1
1

5
: 

1
1

6
: 

1 1
 7 

: 
1

1
8

: 
1

1
9

: 
12

 0
 : 

12
1 

: 
12

 2
: 

12
 3

: 
1

2
4

: 
12

S
: 

1
2

6
: 

I F
 ( A

 N
 S 
• E

 <) 
• 

l 
• 

0 )
 

G
 0 

T
 0 

5 

FO
R

M
A

TS
: 

M
A

IN
. 

99
 

FO
R

M
A

T
(5

X
,'I

N
PU

T
 

TH
E 

M
A

G
N

IT
U

D
E 

OF
 

V
EL

O
C

IT
Y

 
OF

 
TH

E 
M

E
D

IU
M

',;
, 

l5
X

• 
1 

(f
"l

E
T

tR
SI

SE
C

l 
',1

, 1
5

X
, 

'W
A

T
E

R
=

 
1

4
5

0
 

M
IS

EC
 

A
IR

=
 

3
3

1
 

M
IS

E
C

') 
1

3
4

 
FO

R
M

A
T

(I
2)

 
10

5 
FO

R
M

A
T

(S
X

,'I
N

PU
T

 
TH

E 
FO

LL
O

W
IN

G
 

FO
R 

TY
PE

 
P

R
O

G
R

A
M

:•
,I

,l
5X

, 
1 
'
l
~
 

RE
A

L 
DA

TA
 
(
T
I
~
E
 

LA
G

S 
V

IA
 

PH
A

SE
S 

PR
O

C
ES

SE
D

) 
•,

l,
l5

X
, 

2
•0

=
 

FI
L

E
 

DA
TA

 
V

IA
 

D
A

TX
Y

Z 
PR

O
G

R
A

M
') 

10
6 

FO
R

M
A

T
(!

!)
 

13
3 

FO
R

M
A

T(
5X

,•H
O

W
 

M
AN

Y 
TR

A
C

K
IN

G
 

PO
IN

T
S 

D
E

SI
R

E
D

? 
(M

A
X

=5
0)

 '
) 

1
0

8
 
F
O
R
M
A
T
(
3
(
5
X
,
~
l
5
.
1
2
)
)
 

10
9 

FO
R

M
A

T
(5

X
,'I

N
PU

T
:

1
,/•

10
X

,•
M

A
X

IM
U

M
 

X
 M

ET
ER

S(
LA

TI
TU

D
E 

~
A
N
G
E
l
'
'
 

11
 ' 

J 
0 X

 , 
' 1v

1 A
 X

 I M
 IJ l

vl 
Y

 M
 E
 T

 E
 R

 S 
( L

 0 N
 G

 I T
 U

 D
 E
 R

 A
 N

 G
 E
 ) 

' '
 I

 ,
 1

 0
 X

 ' 
2

1
M

AX
IM

UM
 

Z
 M

ET
ER

(D
EP

TH
) 

•,
11

,1
0X

,'X
X

X
.X

X
'•

5X
,'Y

Y
Y

.Y
Y

1
,5

x
,•

zz
z.

zz
•>

 
1 

1 
0 

F
 0

 R
 1-1

 A
 T

 ( 
3 

( 5
 X

 , 
F

 1
 0

 , 
4 

) 
) 

11
1 

FO
R

M
A

T
(S

X
,•D

o 
YO

U 
~
I
S
H
 

T
O

:'
,I

/,
lO

X
, 

l 
' 

l ·
-

C
 0 

N
T 

I 
N

 U
 E

 
P 

R
 0 

C
 E

 S
 S

 I 
N

 G
 ; 

0 
R

 ' 
, 

I 
• 

l 
0 

X
 , 

2
•2

-
EN

D 
P

R
O

C
E

S
S

IN
G

•,
I;

,s
x

,•
??

'>
 

C
A

I_
L 

E
X

IT
 

EN
D 

\J
1 

""
.]

 



*M
A

IN
* 

SI
Z

E
 

66
5 

01
23

1 
r-.1 

0 
0 

U
 L 

E
 : 

-~ 
M

 A
 I 

N
 * 

6
1

5
1

6
-0

2
 

EN
hA

N
CE

D
 

SA
U 

FO
RT

RA
N

 
C

O
M

PI
LE

R
 

O
PT

IO
N

S:
 

SE
 

AB
 

WA
 

LO
 

MA
 

SR
 

R
EV

IS
IO

N
 

LE
V

EL
 

3
3

.0
7

1
9

7
8

 

12
 7

: 
12

 8
: 

1
2

9
: 

13
 0

: 
13

1 
: 

1
3

2
: 

1
3

 3
: 

1
3

4
: 

1
3

5
: 

1
3

6
: 

1
3

7
: 

l3
H

: 
1

3
9

: 
1

4
0

! 
1 

4 
1 

: 
1

4
2

! 
1

4
3

: 
1

4
4

: 
1

4
5

: 
1.4

6
: 

1
4

7
: 

1
4

8
! 

c 

SU
8R

O
U

TI
N

E 
G
U
E
S
S

.l
(
N
G
E
S
~
X
I
,
Y
I
,
Z
I
)
 

C
 0 

!V: 
lv1 

0 
N

 
I 

Z
 L

 1
1 

n T
 T

 1
 2

 <
 5

 0
 ) 

, D
 T

 T
 1

 3
 <

 5
 0

 ) 
, 0

 T
 T

 2
 3

 <
 5

 0
 ) 

, X
 T

 R
 K

 ( 
5 

0 
) 

' Y
 T

 R
 K

 ( 
5 

0 
) 

, N
 P

 T
 S

 
C

 C
 ~-1 

~~ 
0 

~~ 
I 

Z
 L

 2
 I 

Z
 T

 R
 K

 { 
5 

0 
) 

, X
 S

 E
 N

 S
 ( 

5 
) 

, 
Y

 S
 E

 N
 S

 ( 
5 

} 
, 

l 
S

 E
 N

 S
 ( 

S
 ) 

, 
V

 
C

 0 
~t, 

lv1 
0 

N
 

I 
Z

 L
 3

 I 
X

 1\1 
( 2

 ) 
' 

Y
 N

 { 
2 

) 
' Z

 N
 ( 

2 
} 

' X
 L 

A
 T

 , 
Y

 L 
0 

N
 G

 , 
Z

 D
 E

 P
 T

 H
 

C
 

T
H

IS
 

SU
B

R
O

U
TI

N
E 

IS
 

TO
 

SU
PP

LY
 

IN
IT

IA
L

 
G

U
ES

SE
S 

FO
R 

TR
AC

K 
PL

O
T 

OF
 

C
 

T
H

t 
SO

U
RC

E 
V

E
H

IC
L

E
. 

C
 

UP
ON

 
SU

C
C

ES
SF

U
L 

TR
A

CK
IN

G
 

OF
 

TH
E 

F
in

S
T

 
TH

R
EE

 
PO

IN
T

S,
 

PR
O

C
ES

SI
N

G
 

C
 

SH
A

LL
 

CO
N

TI
N

U
E 

FO
R 

AL
L 

R
EQ

U
IR

ED
 

TR
A

CK
 

PO
IN

TS
 

IN
 

TH
E 

C
 

SU
G

R
O

U
TI

N
E 

TR
K

PT
. 

c C
 

V
A

RI
O

U
S 

C
O

M
B

IN
A

TI
O

N
S 

OF
 

V
*D

TT
 

FA
C

TO
R

S 
A

D
D

ED
 

TO
 

X
I,

 
Y

I,
 

Z
I.

 
C

 
A

SS
U

M
PT

IO
N

: 
ON

E 
TI

M
E 

LA
G 

W
IL

L 
D

O
M

IN
A

TE
 

ON
E 

C
O

O
R

D
IN

A
TE

· 
C

 
A

LL
 

IN
IT

IA
L

 
G

U
ES

SE
S 

PE
RT

U
RB

A
TE

D
 

AB
OU

T 
CE

N
TE

R 
O

F 
U

N
D

ER
w

A
TE

R 
(4

) 
C

 
Q

U
A

D
RA

N
TS

. 
c 

70
0 

N
G

E
S=

N
G

E
S+

l 
FL

A
G

=O
.O

 
GO

 
TO

 
~
0
0
 

8
8

0
 

CA
LL

 
T
R
~
P
T
<
X
L
•
Y
I
•
Z
l
•
F
L
A
G
)
 

IF
C

F
L

A
G

.E
U

.l
.O

.A
N

O
.N

G
E

S
.L

T
.2

4)
 

GO
 

TO
 

70
0 

IF
(F

L
A

G
.E

Q
.l

.O
.A

N
O

.N
G

E
S

.G
E

.2
4)

 
GO

 
TO

 
90

0 
1

4
9

: 
GO

 
TO

 
1

0
0

0
 

1
5

0
: 

90
0 

FL
A

G
=O

.O
 

1
5

1
: 

W
R

IT
E

(5
0,

20
00

) 
1

5
2

: 
R

E
A

D
(S

O
,) 

xr
,y

r,
zr

 
15

3:
 

2
0

0
0

 
F
O
P
~
A
T
(
S
X
,
•
F
A
I
L
U
R
E
 

TO
 

CO
N

V
ER

G
E 

FO
R 

IN
IT

IA
L

 
S

O
L

U
T

IO
N

•,
;;

, 
1

5
4

: 
ll

sx
,•

rN
P

U
T

:•
,s

x,
•x

xx
.x

x•
,s

x,
•y

Y
y.

yy
•,

sx
,•

zz
z.

zz
•,

sx
,•

G
U

E
ss

•>
 

1
5

5
: 

GO
 

TO
 

d8
0 

1
5

6
: 

c 
1

5
7

: 
C

 
FL

A
G

=O
.O

 
C

LE
A

R
Fn

 

\J
l 

O
J 



1
5

8
: 

C
 

=
1

.0
 

NO
 

CO
N

V
ER

G
EN

CE
 

1
5

9
: 

C
 

=
2

.0
 

TR
AC

K 
C
O
M
P
L
~
T
E
D
 

16
 0

: 
c 

1
6

1
: 

10
00

 
RE

TU
RN

. 
1

6
2

: 
EN

D 

G
U

ES
S!

 
SI

Z
E

 
1

4
2

 
0

0
2

1
6

 
M

OD
UL

E 
: 

*M
A

IN
* 

6
1

5
1

6
-0

2
 

EN
H

A
N

CE
D

 
SA

U 
FO

RT
RA

N
 

C
O

M
PI

LE
R

 
O

PT
IO

N
S:

 
SE

 
AB

 
WA

 
LO

 
MA

 
SR

 
R

E
V

IS
IO

N
 

LE
V

EL
 

3
3

.0
7

1
9

7
8

 

1
6

3
: 

1
6

4
: 

1
6

5
: 

lt-
>

6:
 

1
6

7
: 

c 
1

6
8

: 
c 

lb
9

: 
c 

1
7

0
: 

c 
1 7

1 
: 

1
7

2
: 

17
 3

: 
1

7
4

: 
1

7
5

: 
1

7
6

: 
1

7
7

: 
1

7
8

: 
17

 9
: 

1 
b 

0 
: 

1 
t5

l 
: 

1 
8

2
: 

1
H

3
: 

ll
J 

4 
: 

1
8

5
: 

ll
J6

: 
1

8
7

: 

SU
B

R
O

U
TI

N
E 

T
R

K
P

T
<

X
It

Y
I,

zi
,F

L
A

G
) 

C
 0 

r~ 
M

 0 
N

 I
 Z

 L
 1

/ 
D

 T
 T

 1 2
 (

 5
 0

 )
 ,

 0
 T

 T 
1 

3 
( :

; 0
 ) 

, 
0 

T
 T

 2
 3

 (
 5

 0
 ) 

, 
X

 T
 R

 K
 ( 

5 
0 

) 
, 

Y
 T

 R
 K

 ( 
5 

0 
) 

, N
 P

 T
 S 

CO
M

M
ON

 
IZ

L
2

/ 
Z

T
R

K
(5

0)
 t

X
S

E
N

S
(S

) 
,Y

S
E

N
S

(5
) 

tZ
S

E
N

S
(5

) 
tV

 
C

 0 
l-1 

tvl 
0 

N
 

I 
Z

 L
 3

/ 
X

 N
 ( 

2 
) 

, 
Y

 N
 ( 

2 
) 

, 
Z

 N
 ( 

2 
) 

, 
X

 L 
A

 T
 , 

Y
 L 

0 
N

 G
 ' 

Z
 D

 E
 P

 T
 H

 

T
H

IS
 

SU
B

R
O

U
TI

N
E 

LO
C

A
TE

S 
TR

A
C

K
IN

G
 

LO
C

A
TI

O
N

S 
FO

R 
S

P
E

C
IF

IC
 

D
A

TA
PO

IN
TS

 
<T

IM
E 

LA
G

S)
 

R
E

C
E

IV
E

D
. 

D
X

=O
.O

 
DO

 
20

0 
N

=
lt

N
P

T
S

 
TR

Y
TW

O
=O

.O
 

5 
IT

=O
 

10
 

IT
=

IT
+

l 
IF

(I
T

.E
Q

.l
.A

N
Q

.N
.E

Q
.l

) 
GO

 
TO

 
1

5
 

IF
(I

T
.N

E
.l

>
 

GO
 

TO
 

20
 

X
T
R
K
(
N
)
=
X
T
R
K
(
N
~
l
)
 

Y
T

R
K

(N
)=

Y
T

R
K

(N
-1

) 
IF

(X
T

R
K

(N
-1

) 
.E

Q
.O

.U
.A

N
O

.N
.G

E
.3

} 
X

T
R

K
(N

):
:X

T
R

K
(N

-2
) 

1 
F

 (
 Y

 T
 R

 K
 (

 N
 -1

 )
 •

 E
 ~
 •

 0
 •

 0
 •

 A
~~

 D
. 

N
. 

G
 E. 

• 3
 )

 
Y

 T
 R

 K
 (

 N
) 

=
 Y

 T
 H

 K
 (

 N
-2

 )
 

c;o
 

ro
 

20
 

15
 

Y
=Y

I 
X

=X
l 

X
 TR

 K
 ( 

1\J
) 

=X
 

Y
TK

K
(N

)=
Y

 
20

 
C

O
N

TI
N

U
E 

\.
n 

\.
0

 



1
8

8
: 

1
8

9
: 

1
9

0
: 

19
1 

: 
c 

1
9

2
: 

c 
1

9
3

: 
c 

1
9

4
: 

c 
lY

S
: 

1
9

6
: 

1
9

7
: 

1
9

8
: 

1
9

9
! 

2
0

0
: 

2
0

1
: 

2
0

2
: 

2
0

3
: 

2
0

4
: 

2
0

5
: 

2
0

6
: 

2
0

7
: 

2
0

8
: 

2
0

9
: 

2
1

0
: 

2 
l 

l 
: 

2
1

2
: 

CA
LL

 
SY

SE
Q

N
(N

,D
D

H
•O

D
K

,O
O

) 
U

S
E

=
1.

0 
CA

LL
 

PT
C

H
K

(N
,U

SE
,O

D
H

,D
O

K
,Q

X
) 

D
X

=l
.O

 
CO

RR
EC

T 
SO

LU
TI

O
N

 
PO

IN
T 

D
X

=O
.O

 
NO

 
SO

LU
TI

O
N

 
PO

IN
T 

FO
U

N
D

. 

IF
(O

X
.E

Q
.l

.O
) 

FL
A

G
=O

.O
 

If
(O

X
.E

Q
.O

.O
) 

FL
A

G
=

l.O
 

IF
(O

X
.N

E
.l

.O
.A

N
D

.I
T

.L
E

.2
5

) 
GO

 
TO

 
10

 
IF

(O
X

.N
E

.l
.O

.A
N

O
.I

T
.G

E
.2

5
) 

GO
 

TO
 

1
5

0
 

GO
 

TO
 

le
o

 
15

0 
I
F
(
T
R
Y
T
~
O
~
N
E
.
l
.
O
l
 

GO
 

TO
 

1
6

0
 

X
T

R
K

(N
}=

O
.O

 
Y

T
R

K
(N

)=
O

.O
 

Z
T

R
K

(N
)::

:Q
.O

 
G

O
 

TO
 

18
0 

1 
6 

0 
T

 R
 Y

 T
 \~ 

0 
=

 l •
 0

 
X

T
R

K
(N

)=
X

T
R

K
(N

-1
)+

30
.0

 
Y

T
R

K
(N

l=
Y

T
R

K
(N

-1
)+

30
.0

 
GO

 
TO

 
5 

1
8

0
 

D
X

=O
.O

 
2 

0 
0 

C
 0 

N
 T

 I 
I~ 

U
 E

 
90

0 
RE

TU
RN

 
EI

·~
D 

TR
K

PT
 

S
IZ

E
 

. 
3

7
9

 
0

0
5

7
3

 
M

O
D

U
LE

! 
*M

A
IN

* 
6

1
5

1
6

-0
2

 
EN

H
A

N
CE

D
 

SA
U 

FO
RT

RA
N

 
C

O
M

PI
LE

R
 

O
PT

IO
N

S:
 

SE
 

AB
 

WA
 

LO
 

MA
 

SR
 

R
E

V
IS

IO
N

 
L

E
V

E
L

 
3

3
.0

7
1

9
7

8
 

2
1

3
: 

2
1

4
: 

2
1

5
: 

2
1

6
: 

2
1

7
: 

c 

S0
B

R
O

U
TI

N
E 

SY
SE

Q
N

(N
,D

Q
H

,O
D

K
90

D
) 

CO
M

M
ON

 
/Z

L
l/

 
D

T
T

12
(:

,0
) 

,o
T

T
13

(5
0)

 ,
Q

T
T

23
(5

0)
 ,

xT
R

K
<5

U
) 

,Y
T

R
K

(5
0)

 •
N

PT
S 

· C
 0 

M
 1-1 
0 

N
 

I 
Z

 L
 2

 I 
Z

 T
 R

 K
 {

 :J
 0

 ) 
, 

X
 S

 E
 N

 S
 ( 

5 
} 

, 
Y

 :3 
E

 N
 S

 (
 5

 ) 
, 

Z
 S

 E
 N

 S
 ( 

5 
) 

, 
V

 
C

 0 
t~

 t'-
1 0

 N
 

I 
Z

 L
 3

 I 
X

 N
 ( 

2 
} 

' 
Y

 N
 { 

2 
) 

, 
Z

 N
 ( 

2 
) 

, 
X

L 
A

T 
~ 

Y
 L

U
N

G
 ,

 Z
 0

 E
 P

 T
 H

 

(J
\ 

0 



2
1

e
: 

2
1
~
:
 

2
2

0
=

 
2 

21
 :

 
2

2
2

: 
2

2
3

: 
2

2
4

: 
2

2
5

: 
2

2
6

: 
2

2
7

: 
22

C
j: 

2
2

9
: 

2
3

0
: 

2
3

1
 :

 
2

3
2

: 
2

3
3

: 
2

3
4

: 
2

3
5

: 
2

3
6

: 
2

3
7

: 
2

3
8

: 
2

3
9

: 
2

4
0

: 
2

4
1

: 
2

4
2

: 
2

4
3

: 
2

4
4

: 
2

4
5

: 
2•

4
6

: 
2

4
7

: 
2

4
d

: 

C
 

T
H

IS
 

SU
B

R
O

U
TI

N
E 

SO
LV

ES
 

TH
E 

N
O

N
LI

N
EA

R
 

SI
M

U
LT

A
N

EO
U

S 
SY

ST
EM

 
C

 
EQ

U
A

TI
O

N
S 

D
E

SC
R

IA
IN

G
 

TH
E 

PA
R

T
IC

L
E

 
PA

TH
 

D
Y

N
A

M
IC

S.
 

A
 N

EW
TO

N
-R

A
PH

SO
 

C
 

A
LG

O
R

IT
H

M
IC

 
SE

T 
O

F 
EQ

U
A

TI
O

N
S 

H
A

S 
BE

EN
 

IM
PL

EM
EN

TE
D

. 
c c 

IT
SY

S=
O

.O
 

1
0

0
 

C
O

N
TI

N
U

E 
IT

S
Y

S
=

IT
S

Y
S

+
l.

O
 

O
D

1=
(0

T
T

12
(N

)*
V

) 
D

D
2=

(0
T

T
13

(N
)*

V
) 

D
D

3=
 (

0T
T

23
 (

N
) 

·:'r
V)

 
A

=
(X

T
R

K
(N

)-
X

S
E

N
5(

1)
)*

*2
+

<
Y

T
R

K
(N

)-
Y

S
E

N
S

(l
))

**
2 

8=
(X

T
R

K
(N

)-
X

S
E

N
S

(2
))

**
2+

(Y
T

R
K

(N
}-

Y
S

E
N

S
(2

})
**

2 
C

=
(X

T
R

K
(N

)-
X

S
E

N
S

(3
))

**
2+

(Y
T

R
K

(N
)-

Y
S

E
N

S
(3

))
**

2 
E

M
F=

D
D

l+
SQ

R
T

(C
X

T
R

K
(N

)-
X

SE
N

S(
2)

 >
**

2+
(Y

T
R

K
(N

)-
Y

S
E

N
S

(2
))

**
2)

 
c
M

F
=

E
M

F
-S

Q
R

T
((

X
T

R
K

(N
)-

X
S

E
N

S
(l

) 
)*

*2
+

(Y
T

R
K

<
N

>
-Y

S
E

N
S

C
1

))
**

2
) 

F
M

F
=

D
D

2+
S

Q
R

T
((

X
T

R
K

(N
)-

X
S

E
N

S
(3

) 
)*

*2
+

(Y
T

R
K

(N
)-

Y
S

E
N

S
{3

))
**

2)
 

F
M

F
=

F
M

F
-S

Q
R

T
((

X
T

R
K

(N
}-

X
S

E
N

S
<

l>
 >

**
2

+
(Y

T
R

K
(N

l-
Y

S
E

N
S

C
1

))
**

2
J
 

EX
=(

 (
X
T
~
K
 <

N
>

-X
S

E
N

S
 (

1)
 }

/S
Q

R
T

 (
A

))
-(

 (
X

T
R

K
(N

)-
X

S
E

N
S

(2
))

 /
S

Q
R

T
(8

))
 

E
Y

=
((

Y
T

R
K

(N
)-

Y
S

E
N

S
(l

) 
)/

S
Q

R
T

(A
j 
)
-
(
 (

Y
T

R
K

(N
)-

Y
S

E
N

S
{2

))
/S

Q
R

T
(8

))
 

F
X

=
( 

(X
T

R
K

(f
'J

)-
X

S
E

N
S

C
l)

 }
/S

C
JR

T<
A

> 
)-

( 
!X

T
R

K
(N

)-
X

S
E

N
S

(J
) 

)/
S

Q
R

T
(C

l)
 

F
Y

=
 (

 (
Y

T
R

K
 (

N
) 

-Y
SE

N
S 

( 1
}}

 /
S

Q
R

T
 (

A
))

-
( 

t Y
TR

K
 (

 N
) -

Y
S

E
N

S
 (

 3
>

) 
/
S
t
~
R
T
 (

C
))

 

C
 

SO
LV

E 
FU

N
C

TI
O

N
S 

AN
D 

PA
R

T
IA

L
S 

V
IA

 
C

R
A

M
ER

'S
 

RU
LE

 
FO

R 
D

ET
EH

M
IN

IN
G

 
C

 
TR

A
CK

 
PO

IN
T

• 
W

IT
H

IN
 

A
 S

P
E

C
IF

IE
D

 
TO

LE
R

A
N

C
E·

 
c 

X
N

(2
)=

X
T

R
K

(N
) 

Y
 N

 (
 2

) 
=

 Y
 T

 R
 K·

 ( N
) 

w
R

IT
E

(6
0

, 
1

1
1

0
) 

11
 1

 0 
F 0

 R
 M

AT
 (

 3 
X

, 
'N

 ' 
, 8

 X
, 

' E
M

F 
' ,

 8
 X

, 
' F

 M
F 

' ,
 8

 X
, 

• E
X 

' 
• 8

 X
 , 

'E
 Y

 1 
' 

1
8

X
, 

•F
X

• 
,s

x
,•

F
Y

' 
,s

x
, 

'G
X

' ,
g

x
, 

•G
Y

• 
,/

) 
C

FL
A

G
=O

.O
 

0
'.

 



~.
 

2
4

9
: 

2
5

0
: 

1 
1 

1 
1 

25
1 

: 
2

5
2

: 
c 

2
5

3
: 

c 
2S

4:
 

c 
2

5
5

: 
c 

2
~
6
:
 

c 
2

5
7

: 
2

5
8

: 
2

S
9

: 
2

6
0

: 
2

6
1

: 
15

0 
2

6
2

: 
2

6
3

: 
2

6
4

: 6
1

5
1

6
-0

2
 

2
6

5
: 

2
6

6
: 

30
0 

2
6

7
: 

2
6

e:
 

50
0 

.2
6

9
: 

W
R

IT
E

(6
0

,l
ll

l)
 

N
,E

M
F

,F
M

F
,E

X
,E

Y
,F

X
,F

Y
 

F
O

R
M

A
T

(2
X

,I
2

,2
X

,6
(E

9
.1

,2
X

))
 

CA
LL

 
C
R
A
M
~
R
(
N
,
E
M
F
,
F
M
F
,
E
X
,
E
Y
,
F
X
,
F
Y
,
o
D
H
,
Q
D
K
,
C
F
L
A
G
)
 

C
FL

A
G

=l
.O

 
C

FL
A

G
=2

.0
 

C
FL

A
G

=3
.0

 

FO
R 

,F
U

RT
H

ER
 

A
CC

U
RA

CY
 

R
E

Q
U

IR
E

D
. 

FO
R 

W
R

O
N

SK
IA

N
=O

.O
. 

FO
R 

SO
LU

TI
O

N
 

TO
LE

RA
N

CE
 

A
C

H
IE

V
ED

. 

IF
(C

F
L

A
G

.N
E

.2
.0

) 
GO

 
TO

 
15

0 
X

T
R

K
(N

)=
O

.O
 

Y
T

R
K

{N
)=

(I
.O

 
GO

 
TO

 
5

0
0

 
IF

(C
F

L
A

G
.N

E
.l

.Q
) 

GO
 

TO
 

30
0 

!F
{I

T
S

Y
S

.G
E

.2
5

) 
GO

 
TO

 
30

0 
X

T
R

K
(N

)=
X

N
(2

) 
Y

T
R

K
(N

)=
Y

N
(2

) 
M

O
D

U
LE

: 
SY

SE
Q

N
 

EN
H

A
N

CE
D

 
SA

U 
FO

RT
RA

N
 

C
O

M
PI

LE
R

 

GO
 

TO
 

1
0

0
 

X
T

R
K

(N
)=

X
N

(2
) 

Y
T

R
K

(N
)=

Y
N

{2
) 

RE
TU

RN
 

EN
D 

SY
SE

Q
N

 
S

IZ
E

 

O
PT

IO
N

S:
 

SE
 

AB
 

WA
 

LO
 

MA
 

SR
 

R
E

V
IS

IO
N

 
LE

V
EL

 
3

3
.0

7
1

9
7

8
 

57
1 

0
1

0
7

3
 

M
O

D
U

LE
: 

*M
A

IN
* 

6
1

5
1

6
-0

2
 

EN
H

A
N

CE
D

 
SA

U 
FO

RT
RA

N
 

C
O

M
PI

LE
R

 
O

PT
IO

N
S:

 
SE

 
AB

 
WA

 
LO

 
MA

 
SR

 
R

E
V

IS
IO

N
 

L
E

V
E

L
 

3
3

.0
7

1
9

7
8

 

2
7

0
: 

27
1 

: 
2

7
2

: 
2

7
3

: 
2

7
4

: 
c 

2
7

5
: 

c 

SU
R

R
O

U
TI

N
E 

C
R

A
M

E
R

(N
,E

M
F,

FM
F.

E
X

tE
Y

tF
X

•F
Y

,D
O

H
,D

D
K

,c
FL

A
G

) 
C

 n M
 M

 0 
I~ 

I 
Z

 L
 1

 I 
0 

T
 T

 1
 2

 (
 S

 0
 )

 ,
 0

 T
 T

 l 
3 

{ 5
 0

 ) 
, 

D
 T

 T
 2

 3
 (

 5
 0

 ) 
, 

X
 T

 R
 K

 C
 :, 

0 
) 

' 
Y

 T
 R

 K
 ( 

5 
0 

) 
• 
N

 P
 T

 S
 

C0
f'v

1M
ON

 
/Z

L
2

/ 
Z

T
R

K
(S

Q
) 

.X
S

E
N

S
('

J
) 
,
Y
S
E
N
S
(
~
)
 
,Z

SE
N

SC
5)

 ,
v

 
CO

M
M

ON
 

/Z
L

3
/ 

X
N

(2
) 

,y
N

(2
) 

,Z
N

(2
) 

•X
L

A
T

,Y
L

O
N

G
,Z

D
E

PT
H

 

T
H

IS
 

SU
8R

O
U

TI
N

E 
SO

LV
ES

 
FO

R 
TH

e 
x

,y
,z

, 
IN

C
R

EM
EN

TS
 

V
IA

 
C

R
A

M
ER

'S
 

RU
L 

0
\ 

f\J
 



2
7

6
: 

c 
2

7
7

: 
c 

2
7

8
: 

c 
2

7
9

: 
2

6
0

: 
28

1 
: 

2
8

2
: 

2
8

3
: 

2
8

4
: 

2
e
s
: 

2
8

6
: 

2
8

7
: 

2
8

8
: 

2
8

9
: 

2
9

0
: 

2
9

1
: 

2
9

2
: 

2
9

3
: 

2'
14

: 
2

9
5

: 

2
9

6
: 

2
9

7
: 

2
9

8
: 

2
9

9
! 

3
0

0
: 

3 
0 

1 
: 

3
0

2
: 

F
O
~
 

TH
E 

N
EW

TO
N

-R
A

PH
SO

N
 

SY
ST

EM
 

E
Q

U
A

T
IO

N
S.

 
AN

 
x,

y,
z 

SO
LU

TI
O

N
 

IS
 

FO
 

W
IT

H
IN

 
SO

M
E 

A
C

C
U

R
A

C
Y

; 
OR

 
W

IT
H

IN
 

25
 

IT
E

R
A

T
IO

N
S 

-
W

H
IC

H
EV

ER
 

IS
 

F
IR

S
 

X.N
 ( l

) 
=
X
~
~
 (

 2
) 

Y
f'i

(l
)=

Y
N

(2
) 

CA
LL

 
M

T
X

(F
X

,E
X

,F
Y

,E
Y

,W
R

O
N

) 
I 

F
 (

 ~~
 R

 0 
hJ 

• 
r~ 

E
 • 

0 
• 

0 
) 

G
 0 

T
 0

 
3 

0 
C

FL
A

G
=2

.0
 

GO
 

TO
 

90
0 

30
 

CA
LL

 
M

T
X

(F
M

F,
E

M
Ft

FY
,E

Y
,O

H
) 

CA
LL

 
M

T
X

(F
X

•E
X

,f
M

F,
E

M
Ft

O
K

) 
0 

0 
H

 =::
 D

 M
 I 

w
 R
 0 

1'-J
 

D
 U

 K
 =

 1] 
r\ 

I 
1'1 

r< 
0 

1'-J
 

w
~
I
T
E
(
b
O
,
l
2
2
l
)
 

D
D

H
•D

D
K

 
12

21
 

F
O

R
M

A
T

(/
,5

X
,•

O
O

H
=

 
''E

l2
.4

t5
X

t'
D

D
K

=
 

•,
E

l2
.4

,/
/)

 
X

N
(2

)=
X

N
(l

)+
O

D
H

 
Y

N
(2

)=
Y

N
(l

)+
D

O
K

 
Y.J

 R
 I 

T
 E

 ( 
6 

0 
, 

4 
3 

2 
1 

) 
X

 N
 ( 

2 
) 

, 
Y

 N
 ( 

2 
) 

4
3

2
1

 
FO

R
M

A
T

\lO
X

,'X
=

 
•,

E
l2

•4
,1

0
X

••
Y

=
 

''
E

l2
.4

•1
0

X
) 

X
H

=A
8S

(D
tJH

> 
Y

K
=A

dS
(D

fJ
K

) 
IF

(X
rl

.L
E

.O
.l

.A
N

O
.Y

K
.L

E
.O

.l
) 

GO
 

TO
 

80
0 

C
FL

A
G

=l
.O

 
GO

 
TO

 
90

0 
8

0
0

 
C

FL
A

G
=3

.0
 

90
0 

RE
TU

RN
 

EN
D 

CR
AM

ER
 

S
IZ

E
 

1
9

6
 

0
0

3
0

4
 

M
O

D
U

LE
: 

*M
A

IN
* 

6
1

5
1

6
-0

2
 

EN
H

A
N

CE
D

 
SA

U 
FO

RT
RA

N
 

C
O

M
PI

LE
R

 
O

PT
IO

N
S:

 
SE

 
AB

 
WA

 
LO

 
MA

 
SR

 
R

E
V

IS
IO

N
 

LE
V

EL
 

JJ
.u

7
1

9
7

8
 

3
0

3
: 

3
0

4
: 

3
0

5
: 

SU
R

R
O

U
TI

N
E 

M
T

X
(A

,8
,C

•D
•S

) 
, 

C
O
M
M
O
I
~
 

/Z
L

l/
 

D
T

T
12

(:
)Q

) 
,o

T
T

1
3

(5
0

) 
,Q

T
T

2
3

(5
0

) 
•X

T
R

K
(5

0)
 ,

Y
T

R
K

(5
0)

 ,
N

PT
S 

CO
M

M
ON

 
/Z

L
2

/ 
ZT

RK
 <

:>
0)

 ,
xS

E
N

S 
(5

) 
,Y

SE
N

S 
(~

) 
,Z

SE
N

S 
(S

) 
,v

v
 

0
\ 

\.N
 



3
0

6
! 

3
0

7
: 

c 
3

0
8

: 
c 

3
0

9
: 

c 
3

1
0

: 
c 

31
1 

: 
c 

3
1

2
: 

c 
3

1
3

: 
c 

3
1

4
: 

c 
3

1
5

: 
3

1
6

: 
3

1
7

: 
3

1
8

: 
31

<:
1:

 

C
 U

 M
 1'1 0

 N
 I

 Z
 L

 3 
I 

X
 N

 ( 2
 ) 

' Y
 r-.J 

( 
2 

) 
' Z

 N
 ( 2

 ) 
' X

 L
 AT

 , 
Y

 L
 0 

N
 G

 ' Z
 D

 E
 P T

 H
 

T
H

IS
 

R
O

U
TI

N
E 

FI
N

D
S 

Tr
lE

 
D

ET
ER

M
IN

A
N

T 
OF

 
A

 2
X

2 
M

A
TR

IX
. 

S=
SO

LU
TI

O
N

 

A
 

C
 

B
 

D
 

S=
 (

 A
·:

:·
o

)-
( B

·:<
C

) 
\t,'

 R
 I 

T
 E

 <
 6

 0
 , 
l
l
 2

 )
 

S
 

1
1

2
 
F
O
R
M
A
T
(
l
U
X
~
E
l
2
.
4
•
'
=
S
 

IN
 

M
TX

1
) 

RE
TU

RN
 

EN
D 

fv1
TX

 
SI

Z
E

 
5

3
 

0
0

0
6

5
 

M
O

D
U

LE
: 

·;}
M

A
IN

* 
6

1
5

1
6

-0
2

 
EN

H
A

N
CE

D
 

SA
U 

FO
RT

RA
N

 
C

O
M

PI
LE

R
 

O
PT

IO
N

S:
 

SE
 

AB
 

WA
 

LU
 

MA
 

SR
 

R
E

V
IS

IO
N

 
LE

V
EL

 
3

3
.0

7
1

9
7

8
 

3
2

0
: 

3
2

1
: 

3
2

2
: 

3
2

3
: 

3
2

4
: 

3
2

5
: 

3
2

6
: 

3
2

7
: 

3
2

8
: 

3
2

9
: 

3
3

0
: 

33
1 

: 
3

3
2

: 
3

3
3

: 
3

3
4

: 
3

3
S

: 

c c c c c c c c 

SU
B

R
O

U
TI

N
E 

P
T
C
H
K
(
N
,
U
S
E
,
O
D
H
•
D
D
K
~
D
X
>
 

CO
tvH

10
N 

IZ
L

ll
 

D
T

T
1

2
(5

0
) 

,Q
T

T
1

3
(5

0
) 

,O
T

T
2

3
(5

0
) 

,X
T

R
K

(5
0

) 
,Y

T
R

K
C

5
0

) 
•N

PT
S 

CO
M

M
ON

 
IZ

L
2

1
 

Z
T

R
K

(5
0

) 
.X

.S
EN

S 
(5

) 
,Y

S
E

N
S

 <
S>

 ,
Z

S
E

N
S

 (
5

) 
,v

 
C

 0 
t-1 

M
 0 

N
 

I 
Z

 L
 3

 I 
X

 N
 (

 2
 ) 

' 
Y

 N
 (

 2
 ) 

, Z
 N

 ( 
2 

) 
, 

X
 L 

A
 T

 , 
Y

 L 
0 

N
 G

 , 
Z

 0
 E

 P
 T

 H
 

TH
IS

 
SU

8R
O

U
TI

N
E 

IS
 

FO
R

: 
. 

D
X

=O
.O

 

U
S

E
=

l.O
 

TO
 

CH
EC

K
 

SO
LU

TI
O

N
 

PO
IN

T 
FO

R 
V

A
L

ID
IT

Y
. 

U
S

E
=

2
.0

 
TO

 
PR

O
V

ID
E 

TI
M

E 
LA

G 
SI

M
U

LA
TE

D
 

D
A

TA
· 

D
X

=l
.Q

 
FO

R 
C

O
R

R
EC

T 
SO

L
U

T
IO

N
· 

D
X

=O
.O

 
NO

 
SO

L
U

T
IO

N
 

P
O

IN
T

. 

R
l
=
(
X
T
~
K
(
N
>
-
X
S
E
N
S
(
l
)
 
)*

*
2

+
(Y

T
R

K
(N

)-
Y

S
E

N
S

(l
) 

)*
*

2
 

R
2

=
(X

T
R

K
(N

)-
X

S
E

N
S

(2
))

*
*

2
+

<
Y

T
R

K
(N

)-
Y

S
E

N
S

(2
) 

)*
*

2
 

R
3=

(X
T

R
K

(N
)-

X
S

E
N

S
(3

} 
)
*
*
2
+
(
Y
T
~
K
(
N
)
-
Y
S
E
N
S
(
3
)
 
)*

*
2

 

()
'\

 

+
 



3
3

6
: 

D
T

12
=

(R
l-

R
2)

1V
 

3
3

7
: 

D
T

13
::

(R
l-

R
3)

1V
 

3
3

8
: 

O
T

23
=

(R
2-

R
3)

1V
 

3
3

9
: 

IF
(U

S
E

.t
Q

.2
.0

) 
GO

 
TO

 
80

0 
3

4
0

: 
~1 

0 
T

 l 2
 =

 1
 0 

0 
0 

• 0
 ·:l-

0 
T

 1
 2 

34
1 

: 
M

D
T

13
=l

O
O

O
.O

*O
T

l3
 

3
4

2
: 

M
D

T
2J

=l
O

O
O

.O
*O

T
23

 
3

4
3

: 
M

D
T

T
12

=1
0Q

O
.Q

*D
T

T
12

(N
) 

34
4!

 
M

D
T

T
13

=
10

00
.0

*0
T

T
13

(N
) 

3
4

5
: 

M
O

T
T

23
=l

O
O

O
.O

*D
T

T
2J

(N
) 

3
4

6
: 

I 
F 

( I
 A

d
 S

 ( M
 L) 

T
 1 

2
-i

-1 
D

 T
 T

 1 2
 ) 

• G
 E

 • 5
 ) 

GO
 

TO
 

88
5 

3
4

7
: 

IF
(I

A
8S

(M
D

T
13

-M
D

T
T

13
) 

.G
E

.5
) 

GO
 

TO
 

8
8

5
 

34
H

: 
IF

 (
 IA

8S
 (

M
0T

23
-M

D
T

T
23

) 
.G

E
 .

5
) 

G
O

 
TO

 
8

8
:,

 
3

4
9

: 
O

X
=l

.O
 

JS
O

: 
88

5 
SS

=S
Q

R
T

<D
D

H
**

2+
D

D
K

**
2>

 
3

S
l:

 
IF

(O
.l

.L
T

.S
S

) 
GO

 
TO

 
YO

O 
3

5
2

: 
D

X
=l

.O
 

3
5

3
: 

RE
TU

RN
 

3
5

4
: 

80
0 

D
T

T
12

(N
)=

0T
l2

 
3

5
5

: 
O

T
T

13
(N

)=
O

T
13

 
3

5
6

: 
D

T
T

23
(N

)=
O

T
23

 
3

5
7

: 
90

0 
RE

TU
RN

 
3

S
8

: 
EN

D 

PT
CH

K
 

SI
Z

E
 

31
2 

00
47

0 
M

O
D

U
LE

: 
*M

A
IN

* 
6

1
5

1
6

-0
2

 
EN

H
A

N
CE

D
 

SA
U 

FO
R

TP
A

N
 

C
O

M
PI

LE
R

 
O

PT
IO

N
S:

 
SE

 
AB

 
WA

 
LO

 
MA

 
SR

 
R

E
V

IS
IO

N
 

LE
V

EL
 

3
3

.0
7

1
9

7
8

 

3
5

9
: 

3
6

0
: 

3
6

1
: 

3
6

2
: 

3
6

3
: 

c 
3

6
4

: 
c 

3
6

5
: 

c 

SU
H

R
O

U
TI

N
E 

TA
8U

LR
<D

D
> 

C
 0 t

~ M
 0 N

 
I 

Z
 l 

11
 

D
 T
 T

 12
 (

 50
 )

 , 
0 

T
 T

 1 
3 

( 5
 0

 ) 
, D

 T
 T

 2 
3 

( 5
0 

) 
, X

 T
 R

 K
 ( :

, 0
 ) 

, Y
 T
 H

 K
 ( 5

 0
 ) 

, N
 P 
T

 S 
CO

M
M

ON
 

IZ
L

2
1

 
ZT

RK
 (

50
) 

.. x
sE

N
S 

(:
,)

 ,
Y

SE
N

S 
(S

) 
,z

SE
N

S 
(5

) 
,v

 
C

 0 
M

 M
 0 
N

 
I 

Z
 L

 J
 I 

X
 N

 ( 
2 

) 
, 

Y
 r~ 

( 2
 ) 

t 
Z

 N
 ( 

2 
) 

, 
X

 l 
A

 T
 , 

Y
 L 

0 
N

 G
 ' 

Z
 0

 E
 P

 T
 H

 

T
H

IS
 

SU
B

R
O

U
TI

N
E 

TA
8U

LA
TE

S 
V

EH
IC

LE
 

SO
U

RC
E 

PA
TH

 
O

U
TP

U
T 

TC
I 

D
EV

IC
E 

60
 

(L
IN

E
 

P
R

IN
T

E
R

).
 

0
'\

 
\J

l 



3
n

6
: 

c 
3

6
7

: 
3

6
8

: 
3

6
9

: 
3 

7
0

: 
3 

71
 :

 
3

7
2

: 
3

7
3

: 
3

7
4

: 
3

7
5

: 
3

7
6

: 
3

7
7

: 
3

7
8

: 
3

7
9

: 
3

8
0

: 
3

8
1

 :
 

'IJ 
R

 I 
T

 E
 < 

6 
0 

, 
1 0

 0
 0

 ) 
V

 
00

 
4

0
0

 
I=

l 
,3

 
\•1

 R
 I 

T
 E

 (
 6

 0
 , 

11
 0

 0
 ) 

I 
, 

X
 S

 E
 N

 S
 ( 

I 
) 

, 
Y

 S
 E

 f\J 
S

 ( 
I 

) 
, 

Z
 S

 E
 N

 S
 ( 

I 
) 

40
0 

C
O

N
TI

N
U

E 
W

R
IT

E
<

60
,l

20
0)

 
DO

 
50

0 
L

=
lt

N
P

T
S

 
vi

i~
 I 

T
 E

 <
 6

 0
 , 

l 
3 

0 
0 

) 
L 

, 
X

 T
 R

 K
 (

 l 
) 

' Y
 T

 R
 K

 <
 L

 ) 
, 

Z
 T

 R
 K

 ( 
l 

>
 

50
0 

C
O

N
TI

N
U

E 
1 

0 
0 

0 
F

 CJ
f~

 M
 A
 T
 < 

1 
H

 1
 , 

5 
X

 , 
' 

V
E

L 
0 

C
 I 

T
 Y

 
0 

F
 

ME
 D

 I 
U

 M
 

I 
S 

' 
, 3

 X
 , F

 8 
• 

3 
, 

2 
X

 , 
' 

( 1
'-1

/ S
EC

 )
 ' 

, 
l/

/,
4

0
X

,•
S

E
N

S
O

R
 

P
O

S
IT

IO
N

S
•,

/)
 

11
00

 
F

O
R

M
A

T
<

5
X

tl
2

,3
(1

0
X

•F
l0

.3
))

 
12

00
 

F
O

R
M

A
T

(/
/,

40
X

,'V
E

H
IC

L
E

 
<S

O
U

R
C

E)
 

P
A

T
H

',
/)

 
13

00
 

F
O

R
M

A
T

C
5

X
,l

2
t3

C
l0

X
tF

l0
.3

))
 

RE
.T

U
RN

 
EN

D 

TA
8U

LR
 

S
IZ

E
 

tv1
 0

 D
 U

 L 
E

 : 
-',} 

M
 A

 I 
N

 * 
2R

O
 

00
43

0 

6
1

5
lb

-0
2

 
EN

H
A

N
CE

D
 

SA
U

 
FO

RT
RA

N
 

C
O

M
PI

LE
R

 
O

PT
IO

N
S:

 
SE

 
AB

 
WA

 
LO

 
MA

 
SR

 
R

E
V

IS
IO

N
 

L
E

V
E

L
 

3
3

.0
7

1
Y

7
8

 

3
8

2
: 

3
8

3
: 

3
8

4
: 

3
8

5
: 

3
8

6
: 

3
8

7
: 

3
8

8
: 

3
8

9
: 

3
9

0
: 

3
9

1
 :

 
3

Y
2

: 
3

9
3

: 
3

Y
4

: 
3

9
S

: 

c c c c c c 

SU
B

R
O

U
TI

N
E 

SE
N

SO
R

(I
,D

D
>

 
C

 () 
M

 t-1 
0 

f\1 
I 

Z
 L

 1
/ 

D
 T

 T
 12

 (
 5

0
 )

 ,
 0

 T
T

l 3
 (

50
 )

 , 
D

 T
 T 

2 
3·

( 5
0

 )
 ,

 X
 T

 R
 K

 ( 
50

 )
 ' 

Y
 T

 R
 K

 ( 
5

0
 )

 •
 N

 P
 T

 S
 

CO
M

M
ON

 
/Z

L
2

1
, 

Z
T

R
K

C
5

0
) 

tX
S

E
N

S
 (

5
) 

•Y
SE

N
S 

(5
) 

•Z
S

f.
N

S
 (

5
) 

,v
 

C
 0 

!vi
 M

 0 
N

 
I 

Z
 L

 3
 I 

X
 1\1 

( 2
 >

 , 
Y

 N
 ( 

2 
) 

, 
Z

 N
 ( 

2 
) 

, 
X

 L 
A

 T
 , 

Y
 L 

0 
N

 G
 • 

Z
 0

 E
 P

 T
 H

 

T
H

IS
 

SU
B

R
O

U
TI

N
E 

IS
 

TO
 

BE
 

M
AD

E 
TO

 
C

O
L

L
E

C
T

 
RE

A
L 

DA
TA

 
FO

R 
T

IM
E

 
LA

G
S 

V
IA

 
PH

A
SE

 
C

O
H

ER
EN

C
E 

D
IS

C
R

IM
IN

A
T

IO
N

/ 
C

R
O

SS
 

C
O

R
R

E
L

A
T

IO
N

/ 
O

R 
TI

M
E 

D
IF

FE
R

E
N

C
E

 
M

EA
Sl

JR
EM

EN
TS

. 
D

A
TA

 
TO

 
BE

 
IN

PU
T 

V
IA

 
A

ID
 

C
O

N
V

ER
TO

R
 

TO
 

T
R
A
C
K
I
~
S
 

C
O

M
PU

TE
R

. 

W
R

JT
E

C
S

O
,l0

0)
 

10
0 

F
O

R
M

A
T

(2
0X

,'*
**

**
 

W
A

RN
IN

G
 

*
*

*
*

*
't

l/
•l

S
X

, 
l'P

R
O

G
R

A
M

 
TR

Y
IN

G
 

TO
 

A
C

C
ES

S 
TH

E 
RE

A
L 

D
A

T
A

·'
'/

,1
5

X
, 

2•
T

H
IS

 
PA

RT
 

O
F 

TH
E 

P
R

O
G

R
A

M
 

TO
 

RE
M

A
IN

 
IN

C
O

M
PL

ET
E 

AT
 

T
H

IS
 

T
IM

E
',

l5
X

, 

(}
\ 

()
\ 



3
9

6
: 

3
1

,1
5

X
,'O

U
E

 
TO

 
LA

CK
 

OF
 

PR
O

PE
R

 
HA

RD
W

AR
E 

IM
PL

E
M

E
N

T
A

T
IO

N
.•)

 
3

9
7

: 
RE

TU
RN

 
3

'1
8

: 
EN

D 

SE
N

SO
R 

SI
Z

E
 

1
0

1
 

0
0

1
4

5
 

M
O

D
U

LE
: 

*M
A

IN
* 

6
1

5
1

6
-0

2
 

EN
H

A
N

CE
D

 
SA

U 
FO

R
TR

A
N

 
C

O
M

PI
LE

R
 

O
PT

IO
N

S:
 

SE
 

AB
 

W
A 

LO
 

M
A 

SR
 

R
E

V
IS

IO
N

 
LE

V
EL

 
3

3
.0

7
1

9
7

8
 

3
9

9
: 

4
0

 0
 :

 
4 

0 
l 

: 
4

0
2

: 
4

0
3

: 
40

 4
: 

c 
4

0
S

: 
C

 
4

0
6

: 
c 

4
0

7
: 

c 
4

0
8

: 
c 

4
0

9
: 

c 
41

 0
 : 

4
1

1
 :

 
4

1
2

: 
4

1
3

: 
4

1
4

: 
4

1
5

: 
4

1
6

: 
4

1
7

: 
4

1
 H

: 
4

1
9

: 
4

2
0

: 
4

2
1

 :
 

4
2

2
: 

c 
4

2
3

: 
c 

4
2

4
: 

c 
4

2
5

: 

SU
B

R
O

U
TI

N
E 

T
R

K
PL

T
<A

N
S,

ID
D

) 
C

 0 
M

 r-1 0
 N

 
I 

Z
 L

 1
 I 

0 
T

 T
 1

 2
 (

 S
 0 

) 
, 

D
 T

 T 
1 

3 
( 5

 0
 ) 

, 
0 

T
 T

 2
 3

 (
 5

 0
 ) 

, 
X

 T
 R

 K
 ( 

S
 0

 ) 
, 

Y
 T

 R
 K

 C
 5 

0 
) 

, N
 P

 T
 S

 
C

 0 
I·~ 

M
 0 

N
 

I 
Z

 L
 2

 I 
Z

 T
 R

 K
 ( 

S
 0

 )
 '

 X
 S

 EN
 S

 (
 5

 ) 
, 

Y
 S

 E
 N

 S
 {

 ~
 )

 •
 Z

 S
 E

 ~J 
S

 (
 5

 ) 
' 

V
 

C
 0 
r'l 

I~
 0

 N
 

I 
Z

 L
 J

 I 
X

 N
 (

 2
) 

, 
Y

 N
 (

 2
 )

 ,
 Z

 N
 (

 2
 )

 ,
 X

 l 
AT

 , 
Y

 L
 0

 N
 G

' Z
 0

 E
 P

 T
 H

 
C

 0 
t~ 

M
 0 
N

 I
 Z

 L
 4 

I 
F 

N
 ( 

2 
5 

' S
 0

 )
 ,

 I
 X

 A
 X

 ( 
1 

0 
) 

, 
I 

Y
 A

 X
 ( :

> )
 ' 

I 
Z

 A
 X

 ( 5
 ) 

, 
I Y

 Z
 A

 X
 ( 

1 
0 

>
 

TH
IS

 
R

O
U

TI
N

E 
D
E
T
E
R
r
~
I
N
E
S
 

TH
E 

G
R

A
PH

IC
 

D
IS

PL
A

Y
 

R
EQ

U
IR

EM
EN

TS
 

FO
R 

T
 H

E 
L

 I 
1'-J

 E
 

P 
R

 I 
N

 T
 E

 R
 

0 
I 

S 
P 

L
 A

 Y
 

0 
F 

T
 H

 E
 

T
 R

 A
 C

 K
 I 

N
 G

 
S 

C
 EN

 A
 R

 I 
0 

• 

IN
PU

T 
G

RA
PH

 
SP

E
C

IF
IC

A
T

IO
N

S 

W
R

IT
E

(5
0,

10
0)

 
R

E
A

D
(5

0
,)

 
S

F
 

vi 
R

 I 
T

 E
 (

 6
 0

 , 
5 

0 
5 

0 
5 

) 
S

F 
~.t
R
I
T
E
<
5
0
,
l
l
5
)
 

R
E

A
D

<
S

O
.)

 
IJ{

X 
~" 

R
 I 

T
 f. 

( 
6 

0 
, 

4 
0 

4 
0 

4 
) 

W
 X
 

\~ 
R

 I 
T

 E
 l 

j 
0 

, 
l 

2 
S 

) 
RE

.A
D

<
S

O
,)

 
.H

Y 
ln

R
IT

E
<

b
0

,3
0

3
Q

3
) 

H
Y 

~~
 R

 I 
T

 E
 (

 :;
 0

 , 
l J

 5
 )

 
R

E
A

I)
(S

Q
,)

 
b

Z
 

~I 
R

 I 
T

 E
 ( 

6 
0 

, 
2 

0 
2 

0 
2 

) 
8 

Z
 

SE
T 

O
U

TP
U

T 
TO

 
8L

A
N

K
S 

DO
 

e1
:,

0 
I=

l,
2

S
 

(
j\

 
-..

J 



4
2

6
: 

DO
 

t;l
O

O
 

J=
l•

5
0

 
4

2
7

: 
F

N
(l

,J
)=

' 
' 

4
2

8
: 

81
00

 
C

O
N

TI
N

U
E 

4
2

9
: 

8 
1 

5 
0 

C
 0 

i··J
 T

 I N
 U

 E
 

4
3

0
: 

c 
43

1 
: 

c 
SE

T 
X

-A
X

IS
: 

FO
R 

Y
 V

S 
X

, 
OR

 
Z

 
VS

 
X

. 
4

3
2

: 
c 

4
3

3
: 

FA
K

E
=

5.
0 

4
3

4
: 

X
A

D
IV

=W
X

/S
O

.o
 

4
3

S
: 

DC
 

10
00

 
I=

l,
lO

 
4

3
6

: 
I
X
~
X
(
l
}
=
(
F
A
K
t
*
X
A
D
I
V
/
S
F
>
 

4
3

7
: 

Ff
i.K

E
=F

A
K

E
+5

. 
0 

4
3

8
: 

10
00

 
C
O
~
~
T
I

~''-
IU

E 
4

3
9

: 
c 

4
4

0
: 

c 
SE

T 
Y

-A
X

IS
: 

FO
R 

Y
 V

S 
X

. 
4

4
1

: 
c 

4
4

2
: 

FA
r~

 E
=

5.
 0

 
4

4
3

: 
YA

.D
IV

=
H

Y
/2

5.
 0

 
4

4
4

! 
DO

 
lC

Jl
O

 
1

=
1

,5
 

4
4

5
: 

IY
A

X
(l

)=
F

A
K

E
*Y

A
O

IV
/S

F
 

4
4

6
: 

FA
K

E
=-

FA
K

E
+5

.0
 

4
4

7
: 

10
10

 
C

O
N

TI
N

U
E 

4
4

8
: 

c 
4

4
9

: 
c 

ST
O

R
E 

ST
A

N
D

A
RD

 
A

X
IS

 
G

R
ID

. 
4

5
0

: 
c 

H
O

D
U

LE
: 

TR
K

PL
 T

 
61

 5
 1

6
-

0 2
 

EN
 H

 A
 1·~ 

C
 ED

 
SA

 U
· 

F
 0

 R
 T

 R
 AN

 
C

 0 
M

 P
 I 

L 
E

 R
 

4
5

1
: 

DO
 

10
45

 
J=

5
•4

5
,5

 
4

S
2

: 
DO

 
1

0
4

0
 

L
=

l•
2

5
 

4
5

3
: 

F
N

(L
,J

):
t:

• 
4

5
4

: 
10

40
 

C
O

N
TI

N
U

E 
4
~
5
:
 

l0
4

S
 

C
O

N
TI

N
U

E 
4

5
6

: 
0

0
 

10
55

 
J=

S
,2

0
•5

 
4

S
7

: 
OU

 
10

50
 

L
=

l,
5

0
 

O
PT

IO
N

S:
 

SE
 

AB
 

WA
 

LO
 
~
A
 

SR
 

R
E

V
IS

IO
N

 
LE

V
EL

 
3

3
.0

7
1

9
7

8
 

0
'\

 
O

J 



c 

F
N

(J
,L

)=
'-

' 
1 

0 
5 

0 
C

 0 
~~

 T
 I 

1\l 
U

 E
 

10
:,

5 
C

O
N

TI
N

U
E 

DO
 

10
60

 
M

::
::

l,2
5

 
F

N
(H

,l
l=

'I
' 

F
N

(M
,5

0
)=

'I
' 

10
60

 
C

O
N

TI
N

U
E 

DO
 

10
70

 
H

=
l,

S
O

 
F

N
(l

,M
)=

'l
' 

F 
N

 ( 2
 5 

, f
-.1 

) 
=

 ' I
 ' 

10
70

 
C

O
N

TI
N

U
E 

4
S

8
: 

4
5

9
: 

4
6

0
: 

4
6

1
 :

 
4

6
2

: 
4

6
3

: 
4

6
4

: 
4

6
5

: 
4

6
6

: 
4

6
7

: 
4

6
()

: 
4

6
9

: 
4

7
0

: 
4 

71
 :

 
4

7
2

: 
4

7
3

: 
4

7
4

: 
4 
7
~
:
 

4
7

6
: 

4
7

7
: 

C
 

ST
O

RE
 

PA
R

TI
C

LE
 

PA
T

rl.
 

c 
8

0
 

1
0

8
0

 
M

I=
l,

N
P

T
S

 
IX

=
((

X
T

R
K

(M
ll

/X
A

D
IV

)*
S

F
)+

0.
5 

IY
=(

 (
Y

T
R

K
(M

l)
/Y

A
D

IV
)*

S
F

)+
0.

5 
I
F
(
I
X
.
L
E
.
5
0
.
A
N
O
.
I
Y
·
L
E
.
2
5
.
A
N
D
.
I
D
D
~
E
Q
.
l
)
 

F
N

(I
Y

,I
X

)=
'T

' 
10

80
 

C
O

N
TI

N
U

E 
c 

4
7

8
: 

C
 

ST
O

R
E 

SE
N

SO
R 

G
R

ID
 

P
O

S
IT

IO
N

S
. 

4 
7

9
: 

c 
48

0:
 

DO
 

10
90

 
L

I=
l,

3
 

4
8

1
: 

LX
=(

 (
X

S
E

N
S

(L
l)

/X
A

D
IV

)*
S

F
)+

0.
5 

4
8

2
: 

LY
=(

 {
Y
S
E
N
S
(
L
I
}
/
Y
A
D
I
V
)
~
}
S
F
)
+
0
,
5
 

4
8

3
: 

IF
(L

X
.L

E
.5

0
.A

N
D

.L
Y

·L
E

.2
5

.A
N

D
.L

I.
E

Q
.l

) 
F

N
(L

Y
,L

X
)=

'l
' 

4 
H

 4 
: 

I F
 (

 L
 X

 • 
L 

t: 
• ~

 ,0
 •

 A
 1~ 

D
 • 

L 
Y

 • 
L 

E
 • 

2 
5 

• A
 N

 0 
• L

 I 
. E

 Q
 • 

2 
} 

F
 N

 ( 
L 

Y
 ' 

l 
X

 ) 
=

 ' 2
 ' 

4H
5:

 
l
f
(
L
X
.
L
E
.
~
O
.
A
N
D
.
L
Y
.
L
E
.
2
5
.
A
N
D
.
L
I
.
E
Q
.
3
)
 

F
N

(L
Y

,L
X

)=
'3

' 
4

8
b

: 
10

90
 

C
O

N
TI

N
U

E 
4

8
 7

: 
c 

4
8

8
: 

C
 

OU
M

P 
G

R
A

PH
S 

AN
D 

A
PP

R
O

PR
IA

TE
 

LA
B

E
L

S.
 

4
H

9
: 

C
 

4Y
O

: 
C

 
FI

R
ST

: 
Y

 V
S 

X
: 

4 
91

 :
 

c 
4

9
2

: 
C

 
GT

==
l 

FO
R

 
Y

 V
S 

X
 

0"
\ 

\,
()

 



4
9

3
: 

c 
49

4:
 

49
5:

 
4

Y
6

: 
49

7:
 

21
00

 
4

9
R

: 
49

9:
 

50
0!

 
10

0 
5

0
1

: 
50

50
5 

5
0

2
: 

11
5 

6
1

5
1

6
-0

2
 

F=
O

.O
 

uo
 

21
00

 
1

=
1

,2
5

 
CA

LL
 

G
R

A
P

H
O

(I
•F

•l
,S

F
) 

C
O

N
TI

N
U

E 
v1 

R
 I 

T
 E

 ( 
5 

0 
, 

1 
4 

0 
) 

R
E

A
L

)(
50

,) 
A

N
S

 
FO

R
M

A
T

(lO
X

,•S
C

A
L

E
 

FA
C

T
O

R
=?

') 
F

O
R

M
A

T
{l

H
l,l

O
X

,•
S

C
A

L
E

 
FA

C
TO

R
= 

•,
F

l0
.5

) 
F

O
R

M
A

T
(/

,l
O

x,
•x

 
M

AX
 

G
RA

PH
= 

'•
5

X
,t

?
?
•)

 
M

O
D

U
LE

: 
TR

K
PL

T 
O

PT
IO

N
S:

 
SE

 
A

8 
WA

 
LO

 
MA

 
SR

 
EN

H
A

N
CE

D
 

SA
U 

FO
RT

RA
N

 
C

O
M

PI
LE

R
 

R
E

V
IS

IO
N

 
L

E
V

tL
 

3
3

.0
7

1
9

7
8

· 

5
0

3
: 

:)
0

4
: 

50
S

: 
5

0
6

: 
5

0
7

: 
5

0
8

: 
5

0
9

: 
5

1
0

: 
51

1 
: 

4 
0 

4 
0 

4 
F

 0
 R

 1"1 
A

 T
 (

 I 
, 

l 
0 

X
 , 

' 
X

 
M

 A
 X

= 
' ,

 F
 1

 0
 • 

5 
) 

1
2

5
 

F
G

R
M

A
T

(/
,l

O
X

,•
Y

 
M

AX
 

G
RA

PH
= 

•,
S

X
,'

?
?
')

 
3 

0 
3 

0 
3 

F
 0

 R
 M

 A
 T

 (
 1

 H
 1.!11

 ,
 
T

 j 
'::)

 ,
 

1 
Y

 
r~ 

A
 X

 =
 

' 
, F

 l 
0 

• 
S

 ) 
13

5 
F

O
qM

A
T

(/
,l

O
X

,•
Z

 
M

AX
 

G
RA

PH
= 

•,
5

X
t

1
??

1
) 

20
20

2 
F
C
R
M
A
T
(
l
H
~
•
T
6
0
,
 '

Z
 
~
A
X
=
 

'•
F

l0
.5

) 
1

4
0

 
F

O
R

M
A

T
(/

,lO
X

,•
D

O
 

YO
U 

~
A
N
T
 

TO
 

R
U

N
 

A
D

D
IT

IO
N

A
L 

P
L

O
T

S
?•

,;
, 

1
2

0
x

,•
l=

 
Y

E
s•

,;
,z

o
x

,•
z
=

 
N

O
•,

;,
•?

?
:)

 
PE

T 
UR

N 
EN

D 

TR
K

RL
T 

S
IZ

E
 

9
0

7
 

0
1

6
1

3
 

lv1
0D

 U
LE

: 
~
r
M
A
 IN

* 
6

1
5

1
6

-0
2

 
E
~
H
A
N
C
E
D
 

SA
U 

FO
RT

RA
N

 
C

O
M

PI
LE

R
 

O
PT

IO
N

S:
 ·

SE
 

A
8 

WA
 

LO
 

MA
 

SR
 

R
E

V
IS

IO
N

 
LE

V
EL

 
3

3
.0

7
1

9
7

8
 

5
1

2
: 

5
1

3
: 

5
1

4
: 

5
1

5
: 

5
1

6
: 

5
1

7
: 

51
 d

: 
5

1
9

: 

c c c 

S
 U

 B
 R

 0 
U

 T
 I 

r~
 E

 
G

 R
 A

 P
 H

 0 
( 

I 
' F

 , 
N

 I 
, S

F 
) 

C
 0 

rv1
 M

 0 
N

 
I 

Z
 L

 l 
I 

D
 T

 T
 1

 2
 {

 5
 0

 )
 ,

 0
 T

 T
 1

 3
 {

 5
 0

 )
 ,

 0
 T

 T
 2

 3
 (

 5
 0

 ) 
, X

 T
 R

 K
 C

 5 
0 

) 
, Y

 T
 R

 K
 ( 

5 
0 

) 
, N

 P
 T

 S
 

C
 0 

t·~ 
M

 0 
f~ 

I 
Z

 L
 2

 I 
Z

 T
 R

 K
 (

 5
0 

} 
, X

 SE
N

 S
 ( 

5 
) 

, Y
 SE

N
 S

 ( 
5 

} 
' Z

 SE
N

 S
 ( 

S 
) 

'V
 

C
 0 

i·~ 
M

 0 
N

 
I 

Z
 L

 J 
I 

X
 r·~ 

( 2
 ) 

, 
Y

 N
 ( 

2 
) 

, 
Z

 N
 ( 

2 
) 

, 
X

 L 
A

 T
 , 

Y
 L 

0 
N

 G
 ' 

Z
 D

 E
 P

 T
 H

 
C

 0 
tM

-1 
0 

N
 

IL
L

 4
/ 

F 
N

 ( 
2 
5

, 
5

0
 )

 ,
 I

 X
 A

 X
 ( 

1 
0 

) 
, 

I 
Y

 A
 X

 ( ~
) 

' 
I 

Z
 A

 X
 ( 5

) 
, 

I 
Y

 Z
 A

 X
 ( 

1 
0

) 

GR
AP

H 
FU

N
C

TI
O

N
 

AN
D 

O
U

TP
U

T 
L

A
8E

L
S.

 

""-
J 0 



5
2

0
: 

II
=

2
6

-I
 

52
1 

: 
IF

(F
.N

E
.O

.O
) 

GO
 

TO
 

10
 

5
2

2
: 

!F
(N

!.
,\

JE
.3

) 
W

R
IT

E
(6

0
,1

0
0

) 
C

 IX
A

X
 (

L
) 

•L
=

l,
 1

0)
 

5
2

3
: 

1 
0 

0 
F 

0 
R

 i"1 
A

 T
 ( 

1 H
 1 

' T
 4 

9 
' 

1 
X

 A
 X. 

I S
 

( M
E 

T
 E

 R
 S 

) 
' '

 I
 I

 ,
 T

 3 2
 , 

1 0
 (

 I 
3 

, 2
 X

 ) 
) 

5
2

4
: 

F
=

l.
O

 
:>

2
5

: 
10

 
IF

(!
.E

Q
.l

8
.0

R
.I

.E
Q

.l
l)

 
GO

 
TO

 
13

1 
5

2
6

: 
GO

 
TO

 
13

3 
.S

2
7

: 
13

1 
w
R
I
T
E
(
6
~

;
2
l
2
)
 

5
2

8
: 

GO
 

TO
 

22
 

S
2

9
: 

1
3

3
 

IF
(I

.N
E

.1
7

) 
GO

 
TO

 
13

 
5

3
0

: 
I·~
R
I
 T

E 
( 6

0
' 2

1
3

3
) 

5
3

1
: 

2
1

3
3

 
F

O
R

M
A

T
(T

20
,'R

')
 

5
3

2
: 

GO
 

TO
 

22
 

5
3

3
: 

13
 

IF
(I

.N
E

.l
5

) 
GO

 
TO

 
14

 
5

3
4

: 
\•1 

R
 I 

T
 E

 ( 
6 

0 
, 2

 0
 3 

) 

5
3

5
: 

GO
 

TO
 

22
 

5
3

6
! 

14
 

1
F

(l
.E

Q
.1

4
.0

R
.I

.E
Q

.l
6

) 
GO

 
TO

 
15

5 
~
 

5
3

7
: 

GO
 

TO
 

15
 

_..
. 

5
3

h
: 

15
5 

W
R

IT
E

(6
0

,2
0

4
) 

5
3

9
: 

GO
 

TO
 

22
 

5
4

0
! 

15
 

IF
(l

.N
E

.l
3

) 
GO

 
TO

 
16

 
S

4
l 

: 
\~J

 R
 I 

T
 t: 

{ 6
 0

 , 
2 

0 5
 ) 

S
4

2
: 

GO
 

TO
 

22
 

5
4

3
: 

16
 

IF
(I

.N
t.

lO
}

 
G.O

 
T

 0 
1 7

 
5

4
4

! 
\IJ 

R
 J: 

T
 E

 ( 
6 

0 
, 2

 0
 6 

) 
5

4
5

: 
GC

 
TO

 
22

 
5

4
6

! 
17

 
IF

(l
.N

E
.9

) 
GO

 
TO

 
18

 
5

4
7

: 
w

R
IT

E
(6

0
,2

0
7

) 
5

4
8

: 
GO

 
TO

 
22

 
5

4
9

: 
18

 
IF

(I
.N

E
.8

) 
GO

 
TO

 
19

 
5

5
0

: 
\•i 

R
 I T

 E
 < 

6 
0 

, 2
 0

 t3 
>

 

55
1 

: 
GO

 
TO

 
22

 
5

5
2

: 
19

 
I
F
{
N
I
.
E
Q
.
1
.
A
N
O
.
I
.
E
C
~
.
6
)
 

GO
 

TO
 

20
2 

5
5

3
: 

GO
 

TO
 

20
 

5
5

4
: 

20
2 

W
R

JT
E

(6
0,

20
9)

 



5
5

5
: 

5
5

6
: 

5
5

7
: 

5
5

8
: 

5
5

9
: 

5
6

0
: 

56
1 

: 
S

6
2

: 
5

6
3

: 

GO
 

TO
 

22
 

20
 

IF
((

N
I.

E
Q

.2
.0

R
.N

I.
E

Q
.3

).
A

N
O

.I
.E

Q
.6

) 
GO

 
TO

 
2

1
1

 
GO

 
TO

 
21

 
21

1 
\~ 

R
 I 

T
 E

 ( 
6 

0 
, 

2 
1 0

 ) 
GO

 
TO

 
22

 
2 

1 
<V

 R
 I 

T
 E

 ( 
6 

0 
, 

2 
1 

9 
) 

2
2

 
I
~
J
X
=
I
I
/
5
 

IF
(M

O
D

<
II

,5
>

 .
E

Q
.O

.A
N

O
.N

I.
E

Q
.l

) 
W

R
IT

E
(6

0
,3

0
0

) 
~;, 
r ~ r

 T
 E

 <
 6

 o
 , 4

 o
 u )

 
<

 F
 N

 < 
r I

 ,
 J

 )
 ,

 J
 =

 1 !'
 s

 o
 > 

IY
A

X
(!

N
X

) 

6
1

5
1

6
-0

2
 

r~
OD

 U
LE

: 
GR

 A
 PH

O
 

EN
H

A
N

CE
D

 
SA

U
 

FO
RT

RA
N

 
C

O
M

PI
LE

R
 

O
PT

IO
N

S:
 

SE
 

AB
 

WA
 

LO
 

MA
 

SR
 

R
E

V
IS

IO
N

 
LE

V
EL

 
J3

.Q
7

1
9

7
8

 

5
6

4
: 

5
6

5
: 

·5
6

6
: 

S
6

7
: 

5
6

8
: 

5
6

9
! 

5
7

0
: 

5
7

1
: 

5
7

2
: 

5
7

3
: 

5
7

4
: 

5
7

5
: 

5
7

6
: 

5
7

7
: 

5
7

e
: 

5
7

9
! 

5
8

0
: 

5
8

 l 
: 

5
8

2
: 

$C
A

TA
LO

G
 

IF
(I

I.
N

E
.l

) 
GO

 
TO

 
5

5
5

 
w

 ~~ 
I 

T
 E

 <
 6

 0
 , 

7 
0 

0 
) 

S
 F

 , 
X

 L
 A

 T
 ' 

Y
 L 

0 
N

 G
 ' 

Z
 D

 E
 P

 T
 H

 
5

5
5

 
C

O
N

TI
N

U
E 

21
2 

FO
R

M
A

T
<T

zO
,•

S•
} 

2
0

3
 
F
O
R
~
A
T
<
T
2
0
,
'
T
'
)
 

20
4 

F
O

R
M

A
T

(T
20

,•
E

•)
 

20
5 

F
O

R
M

A
T

<
T

20
,'M

') 
20

6 
F

O
R

M
A

T
<

T
20

,•
I•

>
 

20
7 

FO
R

H
A

T
<T

20
,

1
X

1
) 

20
e 

F
O

R
M

A
T

(T
20

,•
A

•)
 

20
9 

F
O

R
M

A
T

(T
20

,'Y
')

 
21

0 
F
O
R
M
A
T
(
T
2
0
,
~
Z
'
)
 

21
CJ

 
F0

R
M

A
T

(T
2Q

,
1 

t)
 

30
0 

F
O
R
M
A
T
<
l
H
~
,
T
2
5
,
1
3
)
 

40
0 

F
O
R
M
A
T
(
l
H
~
,
T
J
Q
,
5
0
(
1
A
l
)
)
 

70
0 

F
O

R
M

A
T

(/
/,

T
2

2
,•

S
F

=
 

'•
F

6
.2

•5
X

,•
X

M
A

X
=

 
•,

f6
.2

,5
X

,'
Y

M
A

X
=

 
1 

•F
6

.2
,5

X
, 

1 
t 
Z

 ~1 
A

 X
= 

' 
, 

F
 6

 • 
2 

) 
RE

TU
RN

 
E.

~~
 D

 

G
RA

PH
O

 
S

IZ
E

 
57

0 
0

1
0

7
2

 

--
,J

 
f\.

l 



6
1

6
3

2
-0

2
 

O
V

ER
LA

Y
 

C
A

T
A

L
O

G
E

R
--

R
E

V
IS

IO
N

 
LE

V
EL

 
1

2
.0

7
1

9
7

8
 

TY
PE

=
BG

 
D

 N
 A

 ~1 
E

 
A

 T
 R

 C
 K

 ' 4
 

B
EG

IN
 

P
. N

Al
v!

E=
 

A
TR

CK
 

*H
IG

rl
 

2
5

0
0

6
 

·;}
ST

A
RT

 
0 

·:<
-L0

\1.
/ 

0 
*L

O
w

 
0 

·:l
P.

E
N

D
 

16
63

1 
.P

A
S

S
 

2 
*S

TA
R

T 
0 

G
U

E
SS

l 
12

31
 

$ 

.P
A

S
S

 
2 

TR
K

PT
 

14
47

 
~ 

C
$E

R
R

O
 

16
27

1 
l 

S 
Y

 S
 E

CJN
 

22
42

 
$ 

C
$I

O
E

R
 

16
30

2 
$ 

CR
A

M
ER

 
33

35
 

$ 
C
~
M
O
O
 

16
2S

6 
$ 

M
TX

 
36

41
 

$ 

C<
fi0

FL
0 

16
27

3 
<£

 
PT

CH
K

 
3

7
2

6
 

$ 
C

$U
FL

O
 

16
27

7 
$ 

TA
8U

LR
 

44
16

 
$ 

CR
 A

 lv!
ER

 
~3

::
lS

 
J> 

SE
N

SO
R

 
50

46
 

$ 
DC

F 
1

4
5

?2
 

$ 
TR

K
PL

T 
52

13
 

$ 
---

J 
\..N

 
D

SO
RT

 
16

26
4 

1> 
G

RA
PH

O
 

70
26

 
$ 

ES
G

N
$ 

14
17

3 
$ 

FS
SE

R
A

 
10

14
2 

s, 
E

X
IT

 
16

10
1 

$ 
FS

>S
ER

I 
10

14
7 

$ 
E

X
Pl

O
$ 

14
17

2 
$ 

F
$S

E
R

J 
10

15
4 

$ 
F

$1
IS

N
 

10
7G

b 
'£ 

F9
>S

ER
K

 
lO

lb
l 

$ 
.F

li1
0S

N
 

11
10

5 
$ 

F<
£R

IF
F 

10
22

2 
$ 

F
$4

IS
N

 
11

22
6 

$ 
FS

R
SF

F 
10

22
2 

$ 
FS

>4
0S

N
 

11
 3

3 
!+

 $
 

FJ
>R

SS
Y

 
10

22
3 

:b 
F
~
5
I
S
N
 

11
22

4 
$ 

F 
-£
\~
IF
F 

10
22

5 
$ 

F$
50

SN
 

11
33

2 
'£ 

F
$v

l S
FF

 
10

22
5 

$ 
F

$8
IS

N
 

11
22

2 
$ 

F<
£\

~ 
SS

 Y
 

10
22

6 
~
 

F$
80

SN
 

11
33

0 
$ 

F
$D

IF
F

 
10

27
2 

i> 
FS

A
O

O
R 

14
40

7 
s; 

F'
£0

SS
Y

 
10

27
3 

$ 
F$

A
IP

 
1
1
4
5
~
 

1)
 

F
$E

IF
F

 
10

27
5 

$ 
FS

>A
IS

N
 

10
70

2 
$ 

F$
E

SS
Y

 
10

27
6 

s, 
F$

A
O

P 
12

60
0 

$ 
F$

E
E

SY
 

10
37

6 
$ 

F
$8

/E
 

10
60

6 
$ 

F$
SY

EE
 

10
37

6 
$ 



FC
£R

8I
 

1
6

6
0

5
 

$ 
F$

.R
O

RW
 

10
41

1 
$ 

F
~
B
B
J
 

16
53

6 
$ 

F$
FU

N
C

 
1

0
5

1
4

 
$ 

F
~
8
C
C
 

14
41

7 
5 

F
$

8
/E

 
1

0
6

0
6

 
$ 

F
$8

IS
N

 
10

67
1 

~ 
F
~
C
S
I
O
 

1
0

6
1

6
 

$ 

F
~
8
0
S
N
 

11
U

74
 

li 
F

$C
F

IO
 

1
0

6
1

6
 

$ 

F$
8U

F 
1

4
4

1
5

 
$ 

F<
£8

IS
N

 
1
0
6
7
~
 

$ 
F
~
C
F
I
O
 

1
0

6
1

6
 

$ 
F'

£A
IS

N
 

1
0

7
0

2
 

:f.
 

F$
C

L
O

S 
1

6
1

5
6

 
$ 

F
$1

IS
N

 
1

0
7

0
6

 
$ 

F$
C

N
O

P 
1

6
1

0
3

 
$ 

F
$8

0S
N

 
11

U
74

 
$ 

F$
C

O
N

V
 

1
4

4
2

5
 

C£
 

F<
£1

0S
N

 
1

1
1

0
5

 
$ 

F
~
C
S
I
O
 

1
0

6
1

6
 

$ 
F

'£
8I

S
N

 
1

1
2

2
2

 
$ 

F$
C

V
41

 
16

24
0 

~
 

F:
£5

 I
 sr

~ 
1

1
2

2
4

 
~ 

F$
C

V
51

 
16

24
0 

'£ 
F

$4
IS

N
 

1
1

2
2

6
 

$ 

F$
0 

14
41

2 
)) 

F
$8

0S
N

 
11

33
0 

S> 

F$
D

C
F 

1
4

5
2

2
 

$ 
F'

£5
 O

S!'
>J 

1
1

3
3

2
 

$ 

F$
0C

N
T

 
1

5
2

1
6

 
i> 

F
$4

0S
N

 
1

1
3

3
4

 
$ 

F
$0

IF
F

 
10

27
2 

ii 
F

li
A

IP
 

1
1

4
5

5
 

$ 
FS

D
SS

Y
 

1
0

2
7

3
 

$ 
F

$R
IP

 
1

1
4

5
7

 
$ 

-.
J +"
" 

FS
lO

V
R5

 
1S

34
3 

:£ 
FS

>L
IP

 
1

1
5

5
2

 
$ 

Fl
iE

 
1
4
~
1
3
 

$ 
FS

>O
IP

 
1

1
6

0
4

 
ii 

F
$E

/E
 

1
4

4
2

3
 

$ 
F

'£
II

P
 

1
1

6
4

2
 

$ 
F

$E
/E

1 
14

-.,
.2

4 
$ 

F
$G

IP
 

1
2

1
1

2
 

$ 
F

$E
/O

 
14

42
1 

Ji 
F
~
R
O
P
 

1
2

5
7

6
 

5> 
F

ii
E

/0
1

 
-

1
4

4
2

2
 

$ 
F$

A
O

P 
12

60
0 

$ 
F$

E
E

SY
 

1
0

3
7

6
 

$ 
F

$I
O

P
 

1
2

6
6

4
 

$ 
F

li
E

IF
F

 
l0

2
7

S
 

$ 
F$

FO
P 

13
16

0 
$ 

F
~
E
M
8
 

1
6

5
0

6
 

J)
 

F$
Q

O
P 

13
35

0 
'£ 

F
$
E
~
~
8
J
 

l6
S

2
0

 
$ 

F$
SO

P 
1

3
3

5
5

 
$ 

F$
E

O
P 

1
3
~
3
3
 

~
 

F
'£

O
.L

8 
l3

3
n

4
 

~ 
F
~
E
R
C
D
 

lo
2"

3:
> 

s; 
F

$0
.S

N
 

13
37

0 
$ 

F'
£E

SS
Y

 
1

0
2

7
6

 
$ 

F
$0

0P
 

1
3

4
0

3
 
~ 

F<
fF

CC
 

l£
r4

16
 

$ 
F$

G
O

P 
13

 5
31

 
$ 

F<
i>

FE
RR

 
14

43
0 

$ 
F$

E
O

P 
1

3
5

3
3

 
$ 

F'l
>F

t"'
T 

14
41

4 
$ 

T
E

N
T

d$
 

1
4

0
4

7
 

'f> 



F$
FM

TC
 

1
4

4
1

0
 

$ 
E

X
Pl

O
$ 

1
4

1
7

2
 

j;
 

F$
FO

P 
13

16
0 

$ 
ES

G
N

$ 
1

4
1

7
3

 
$ 

F$
FU

N
C

 
1

0
5

1
4

 
$ 

M
SG

N
$ 

1
4

1
7

4 
$ 

F
$G

IP
 

1
2

1
1

2
 

$ 
F:

hN
O

RM
 

1
4

1
7

7
 
~ 

F$
G

O
P 

13
51

1 
$ 

F$
A

00
H

 
1

4
4

0
7

 
$ 

F
$

I
!:3

F 
1

4
4

2
6

 
~ 

F$
SP

E
C

 
1

4
4

1
0

 
j,

 

F
$

II
P

 
1

1
6

4
2

 
$ 

F
$

FM
TC

 
1

4
4

1
0

 
$ 

F
i>
I
O

:~
O 

1
6

0
0

6
 

$ 
F:

£W
 

1
4

4
1

1
 

$ 

F
$I

O
M

1 
1

5
7

7
2

 
$ 

F
$0

 
1

4
4

1
2

 
ji
 

F$
IO

M
2 

1
5

7
7

4
 

$ 
F
~
E
 

1
4

4
1

3
 

$ 
F

$
IO

M
3 

1
6

1
0

4
 

$ 
F

$F
M

T
 

1
4

4
1

4
 

$ 
F:

SI
O

M
4 

1
6

1
1

3
 

:£ 
F$

B
U

F 
1

4
4

1
5

 
$ 

Fl
>I

O
P 

1
2

6
6

4
 

$ 
F$

FC
C

 
1

4
4

1
6

 
$ 

F
$L

IN
E

 
1

5
5

3
7

 
$ 

F$
R

C
C

 
1

4
4

1
7

 
$ 

FS
>L

IP
 

1
1

5
5

2
 

$ 
F'

bP
 

1
4

4
2

0
 

$ 
F$

H
PR

5 
1S

24
7 

$ 
FS

>E
/0

 
1

4
4

2
1

 
$ 

F 
:£ 

N
 A

~~
 E

 
1

5
4

4
4

 
$ 

F
$

E
/O

l 
1

4
4

2
2

 
$ 

F:
bN

CH
R 

1
4

4
3

1
 

$ 
F

$
E

/E
 

1
4

4
2

3
 

$ 
~
 

F 
'i>N

 OR
~v

1 
1

4
1

7
7

 
<£

 
F

$
E

/E
l 

1
4

4
2

4
 

$ 
\J

l 

F$
N

T
PY

 
15

 4
/+

 7
 

$ 
F$

C
O

N
V

 
1

4
4

2
5

 
$ 

F
$O

.L
8 

1
3

3
6

4
 

$ 
F

$I
B

F
 

1
4

4
2

6
 

$ 
fS

,O
.S

N
 

1
3

3
7

0
 

$ 
F$

FE
R

R
 

1
4

4
3

0
 

$ 
FS

,Q
IP

 
1

1
6

0
4

 
:£ 

F$
N

C
H

R
 

14
 4

31
 

$ 
F$

0Q
P 

1
3

4
0

3
 

$ 
F$

PN
L

 
1

4
5

0
3

 
~ 

F$
0P

E
N

 
16

12
1 

$ 
F$

D
C

F 
1

4
5

2
2

 
$ 

F$
P 

1
4

4
2

0
 

$ 
D

CF
 

1
4

5
2

2
 

$ 
F

<£
PN

L 
1

4
5

0
3

 
$ 

F$
D

C
N

T 
1

5
2

1
6

 
$ 

F
$
(
~
 O

P 
1
3
3
~
0
 

1> 
PU

TN
$ 

15
22

1 
:£ 

F$
R

8
1"1 

1
6

5
1

3
 

$ 
f$

M
PR

5 
1

5
2

4
7

 
j)

 
F<

f>
R

t3M
I 

l6
S

S
6

 
$ 

F$
D

V
R

:J
 

1
5

3
4

3
 

'£ 
F

li
R

IF
F

 
1

0
2

2
2

 
'fi 

F 
il 

N
 At
~
E
 

1
5

4
4

4
 

$ 
F

$R
IP

 
11

45
7 

$ 
Fi

iN
TR

Y
 

1
5

4
4

7
 

$ 
F
~
R
O
P
 

12
S

76
 

$ 
F$

 S
 Tr

~T
 

1
5

S
l0

 
11 

F$
RO

R\
AJ

 
10

41
1 

$ 
FS

>R
SO

u 
1

5
5

1
4

 
'1>

 

F$
R

SO
O

 
1

5
5

1
4

 
$ 

F$
SR

T
N

 
1

5
5

1
7

 
$ 



Fi
>R

SF
F 

1
0

2
2

2
 

$ 
F

$L
IN

E
 

1
5

5
3

7
 

$ 

F:
tR

SS
Y

 
1

0
2

2
3

 
$ 

F 
$

I 
or

~ 
1 

1
5

7
7

2
 

il 
F
~
S
E
R
A
 

1
0

1
4

2
 

$ 
F$

IO
M

2 
1

5
7

7
4

 
$ 

F
~
S
E
R
I
 

1
0

1
4

7
 

$ 
F
~
I
O
M
O
 

1
6

0
0

6
 
~ 

F
$S

E
R

J 
1

0
1

5
4

 
$ 

E
X

IT
 

1
6

1
0

1
 

j)
 

FS
JS

ER
K

 
1

0
1

6
1

 
$ 

F$
C

N
O

P 
1

6
1

0
3

 
$ 

F$
SO

P 
1

3
3

5
5

 
$ 

F
$

IO
tv1

3 
1

6
1

0
4

 
:£ 

F
$S

P
E

C
 

l4
4

ln
 

$ 
F$

IO
M

4 
1

6
1

1
3

 
$ 

F'
bS

R
T1

\J 
1

5
5

1
7

 
$ 

F
$0

P
E

N
 

1
6

1
2

1
 

~ 
F$

ST
i-1

T 
1

5
5

1
0

 
$ 

F
~
C
L
O
S
 

1
6

1
5

6
 

$ 
F$

SY
E

E
 

1
0

3
7

6
 

s; 
IO

E
R

R
 

1
6

2
3

3
 

j)
 

F
~
W
 

1
4

4
1

1
 

$ 
F$

E
R

C
D

 
1

6
2

3
5

 
$ 

F
$W

IF
F

 
1

0
2

2
5

 
$ 

IN
T

 
16

2:
36

 
9) 

F$
lv

SF
F 

1
0

2
2

5
 

$ 
ID

IN
T

 
1

6
2

3
6

 
$ 

F
~
w
S
S
Y
 

1
0

2
2

6
 

$ 
IF

IX
 

1
6

2
3

6
 

$ 
G

kA
PH

O
 

7
0

2
6

 
$ 

IF
IX

:h
 

1
6

2
3

6
 
~ 

G
U

ES
S 

1 
1

2
3

1
 

$ 
F

$C
V

4l
 

1
6

2
4

0
 

$ 
~
 

I D
IN

T
 

l6
2

3
S

 
~ 

F$
C

V
51

 
1

6
2

4
0

 
$ 

(J
\ 

IF
lX

 
1

6
2

3
6

 
$ 

1-1
0 D

 1> 
1

6
2

5
2

 
$ 

IF
IX

$
 

1
6

2
3

6
 

$ 
C<

£."
.1

00
 

1
6

2
5

6
 

'£ 
IN

T 
16

23
t1

 
$ 

S
~
R
T
 

1
6

2
6

4
 

:h 
IO

E
R

R
 

1
6

2
3

3
 
~ 

D
SQ

R
T 

1
6

2
6

4
 

$ 
M

O
D

li 
1

6
2

5
2

 
$ 

C
$E

R
R

O
 

1
6

2
7

1
 

$ 
M

SG
N<

£ 
1

4
1

7
4

 
$ 

C
'£

O
FL

O
 

1
6

2
7

3
 

$ 
M

TX
 

-
3

6
4

1
 

'b 
C

$U
FL

0 
1

6
2

7
7

 
$ 

PT
C

H
K

 
3

-/
 i 

6 
$ 

C
<f

>I
O

ER
 

1
6

3
0

2
 

$ 
PU

TN
'£

 
1

5
2

2
1

 
$ 

F$
E

M
8 

1
6

5
0

6
 

S> 
SE

N
SO

R
 

5
0

4
6

 
$ 

F
$
R
8
~
'
1
 

16
:>

13
 

$ 
S

O
R

T
 

1
6

2
6

4
 

$ 
FS

>E
 1

-1
H

J 
1

6
5

2
0

 
$ 

S
Y

S
E

lJ
I\

J 
2

2
4

2
 

$ 
F

$8
t:

3J
 

1
6

5
3

6
 

j,
 

TA
H

U
LR

 
4

4
lb

 
$ 

F$
R

t3
f·-

1I
 

1
6

5
5

')
 

:}1
 

T
E

N
T

8$
 

1
4

0
4

7
 

$ 
F<

£8
8I

 
1

6
6

0
5

 
l)

 

TR
K

PL
T 

5
2

1
3

 
$ 

*P
.E

N
D

 
1

6
6

3
1

 
TF

<K
PT

 
1

4
4

7
 

$ 
7L

1 
16

 6
] 

1 
c 

Z
ll

 
1

6
6

3
1

 
c 

Z
L

4 
1

7
6

1
6

 
c 



77 

u u 
0 N .,0 

...0 0 0 
L1l --.a 0 
~ ...::t L.!) 

N NC\J 

u u u 
(\J 0 ...0 
0 .,0 ........ 
·...o !1) ..0 
~ ~ r--
N N ,.-{ 



APPEl',TDIX C 

T 1.'/0 SPACE SIHULATION DATA, pp. 79-80. 

DESCRIPTION: 
This appendix contains a tabular listing 

and disk file data dump for data generated as a 
result of the program of Appendix A. 
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T 1.'/ 0 SPACE COHPUTE~ DATA SOLUTION, pp. 82-91. 

DESCRIPTION: 
This appendix contains a tabular solution 

and various plots of the two-space trajectory 
found by use of the program of Appendix B on the 
disk data of Appendix c. The following key has 
been used in the plots: 

T - Target location; 
1 - Sensor 1 location; 
2 - Sensor 2 location; and 
3 - Sensor 3 location. 
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APPENDIX E 

THRBE SPACE: H~THOD ONE: PROGRA11, pp. 93-117. 

DESCRIPTION: 
This program was designed to solve the three 

space trackinG program, solving for all three coor
dinates simultaneously. This program vas writ ten 
to int erpret disk data genera ted \'lith three-space 
coordinates via the program of Appendix A. Typical 
data for this program application can be viev1ed in 
Appendix F. Problems encountered in this approach 
are discussed in Section V of this text. 
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APPENDIX F 

THRSi: SPACE SIHULATION DATA, pp. 119-122. 

D:2SC:KIPTION: 
This appendix contains three separate sets 

of tabular/ disk file data which vtas generated by 
the program of Appendix A in an attempt to utilize 
the tracking program of Appendix E for a three-space, 
simultaneous coordinate trajectory solution. 
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APPENDIX G 

THREE SPACE: HETHOD T1
•
1/0: SINULATION DATA PROGRAi·l, pp. 124-132. 

DESCRIPTION: 
This program is similar in purpose to that of 

Appendix A: it generates tabular and disk-file data. 
This data can be seen in Appendix I. Instead of pro
viding simultaneous coordinate three-space time-diff
erence data as . the program of Appendix A, this prograrJ 
sensitizes the time-difference data to the three 
planes XY, YZ, and XZ. This planar data is used by 
the three-space program of Appendix H. This essentially 
results in three two-space programs to be processed to 
provide the three-space tracking solution. 

123 



$J
O

B
 

SI
M

O
A

T 
D

L
IS

T
4 

$O
PT

IO
N

S 
2

1
,8

,9
 

$F
O

RT
RA

N
 

0
1

:4
2

:0
3

 

O
PT

IO
N

S:
 

SE
 

LO
 

M
A 

M
O

D
U

LE
: 

*M
A 

IN
·;l-

6
1

5
1

6
-0

2
 

EN
HA

NC
ED

 
SA

U 
FO

RT
RA

N
 

CO
M

PI
LE

R 
R

EV
IS

IO
N

 
LE

VE
L 

3
3

.0
7

1
9

7
8

 

1 
: 

2
: 

3 
: 

4 
: 

~
 :

 
6

: 
c 

7 
: 

c 
b 

: 
c 

9 
: 

c 
1 

0 
: 

c 
l 

l 
: 

1 
2 

: 
1

3
: 

1
4

: 
1

5
: 

1
6

: 
1

7
: 

1
8

: 
1 

9 
: 

2
0

: 
21

 :
 

2
2

: 
2

3
: 

2
4

: 
2

5
: 

2
6

: 
2

7
: 

2
8

: 
2

9
: 

C
 0 

M
 11 
0 

N
 

I 
Z

 L
 l 

I 
X

 T
 R

 K
 ( 

5 
0 

) 
, 

Y
 T

 R
 K

 ( 
5 

0 
) 

, N
 P

 T
 S

 
c 0

 ~1
 M

 0 
N

 
I 
z L

 2
 I 

z T
 R

 K
 ( 

5 
0 

) 
' 

X
 s E

 N
 s 

( 5
 ) 

" y
 s E

 N
 s 

( 5
 ) 

' z
 s E

 N
 s 

( 5
 } 

' v
 I 

CO
M

M
ON

 
/Z

L
3

/ 
X

N
(2

) 
,Y

N
(2

) 
,Z

N
(2

) 
,X

L
A

T
,Y

L
O

N
G

,Z
D

E
P

T
H

 
C

 0 
~1

M 
0 

~~
 

I 
Z

 L
 4

 I 
0 

T
 T

 l 
2 

( 3
 , 

5 
0 

) 
, D

 T
 T

 1
 3

 <
 3

 , 
5 

0 
) 

, D
 T

 T
 2

 3
 (

 3
 , 

:> 
0 

>
 

TH
IS

 
M

AI
N 

R
O

U
TI

N
E 

C
R

EA
TE

S 
SI

M
U

LA
TE

D
 

TR
A

CK
IN

G
 

DA
TA

 
(V

IA
 

TI
M

E 
LA

G 
D

IF
FE

R
EN

C
ES

 
BE

TW
EE

N 
SE

N
SO

R
S)

: 
8A

SE
D

 
UP

ON
 

PR
OB

LE
M

 
SC

EN
A

R
IO

 
OF

 
TH

E 
lA

R
G

ET
/S

EN
SO

R
 

LO
C

A
TI

O
N

S.
 

5 
\A

/R
IT

E
<

l7
,1

00
) 

Yl 
R

 I 
T

 E
 <

 l 
7 

, 
1 

1 
0 

) 
R

E
A

0
(1

7
,)

 
N

PT
S 

~\' 
R

 I 
T

 E
 ( 

l 
7 

, 
l 2

 0
 ) 

R
E

A
0(

17
,)

 
V

 
DO

 
10

 
1

=
1

•3
 

W
R

IT
E

<
l7

,1
3

0
) 

I 
R

E
A

D
(l

'l,
) 

X
S

E
N

S
(!

) 
,Y

S
E

N
S

(I
) 

,z
sE

N
S

(I
) 

. 
1 

0 
C

 0 
~~ 

T
 I 

N
 U

 E
 

' 
DO

 
20

 
J=

l'
 

N
PT

S 
~
i
R
I
T
E
(
l
7
,
1
4
0
)
 

J 
R

E
A

D
(l

7,
) 

X
T

R
K

(J
),

Y
T

R
K

(J
),

Z
T

R
K

(J
) 

DO
 

15
 

N
X

Y
Z

=l
,3

 
CA

LL
 

P
T

C
H

K
(N

X
yz

,J
,2

.0
,0

X
) 

15
 

C
O

N
T

IN
U

E
 

20
 

C
O

N
TI

N
U

E 
CA

LL
 

TA
8U

LR
(O

D
> 

vr 
P 

I 
T

 E
 ( 

1 
7 

, 
l 5

 0
 )

 
R

 t 
t, 

0 
( l

 7
 , 

) 
AN

 S
 

__
. 

N
 

+
 



3
0

: 
3

1
 :

 
3

2
: 

3
3

: 
3

4
: 

3
5

: 
3

6
: 

3
7

: 
3

8
: 

3
9

: 
4 

0
: 

41
 :

 
4

2
: 

4
3

: 
4

4
: 

4
5

: 
4

6
: 

4
7

: 

I
F
<
A
N
S
.
E
C
~
.
O
.
O
)
 

GO
 

TO
 

5 
CA

LL
 

D
A

TX
Y

Z<
O

M
V

) 
10

0 
F
O
R
M
A
T
(
/
/
,
~
X
,

1
M
A
X
I
M
U
M
 

D
A

TA
PO

IN
TS

 
A
R
E
:
•
~
/
/
,
l
O
X
,
 

l•
T

IM
E

L
A

G
S 

5
0

•,
/,

lO
X

,'
T

R
A

C
K

 
PO

IN
T

S 
50

1
tl

tl
O

X
,'S

E
N

S
O

R
S

 
3

1
} 

11
0 

F
O

R
M

A
T

(/
/t

5X
,•

IN
P

U
T

 
TH

E 
N

U
M

8E
R 

OF
 

DA
TA

 
PO

IN
TS

1
t/

,l
O

X
,•

?
?
•)

 
12

0 
F
O
R
M
A
T
(
/
/
~
S
X
,

1
I
N
P
U
T
 

TH
E 

V
EL

O
C

IT
Y

 
OF

 
TH

E 
M

E
D

IU
M

:•
,;

;,
 

ll
O

X
•'

A
IR

=
 

33
1 

M
ET

ER
S 

PE
R 

S
E
C
O
N
D
•
,
/
~
 

21
0X

, 
'W

A
TE

R
= 

1
4

5
0

 
M

ET
ER

S 
PE

R 
S

E
C

O
N

Q
•,

/•
lO

X
t•

??
•)

 
13

0 
F

O
R

M
A

T
(/

/,
5X

,
1

IN
PU

T 
TH

E 
C

O
O

R
D

IN
A

TE
S 

FO
R 

SE
N

SO
R

 
LO

C
A

TI
O

N
S:

 •
,;

;,
 

2l
O

X
, 

1
X

X
X

X
.X

X
• 
,s

x,
 'Y

Y
Y

Y
.Y

Y
' •

5X
• 

•z
zz

z.
zz

• 
,J

X
, 

'S
E

N
SO

R
= 

1 
'I

l•
 

3
5

X
,•

 (
V

A
LU

ES
 

M
US

T 
RE

 
SE

PA
R

A
TE

D
 

BY
 

SP
A

C
E 

OR
 

CO
M

M
AS

) 
•
,
/
,

1
1
~

1
) 

1
4

0
 
F
O
R
M
A
T
(
/
/
,
~
X
~
•
I
N
P
U
T
 

TH
E 

C
O

O
R

D
IN

A
TE

S 
FO

R 
TA

RG
ET

 
PA

R
TI

C
LE

 
PA

TH
 

'•
 

l'
P

O
IN

T
S

:•
,;

;,
lo

x
,•

x
x

x
x

.x
x

•,
sx

, 
'Y

Y
Y

Y
.Y

Y
•,

sx
,•

zz
zz

.z
z•

,J
x,

r2
,//

, 
2 

5 
X

 ' 
' 

<
 V

 A
 L 

U
 E

 S
 

M
 U

 S
 T

 
8 

E
 

S
 E

 P
 A

 R
 A

 T
 E

 D
 

8 
Y

 
S

 P
 A

 C
 E

 
0 

R
 

C
 0 

M
 t~ 

A
 S

 ) 
' 

' 
I 

, 
1 

? 
? 

' 
) 

1
5

0
 

F
O

R
M

A
T

(/
/,

lO
X

,•
IS

 
PR

IN
TO

U
T 

DA
TA

 
CO

RR
EC

T 
T

R
A

C
K

/L
O

C
A

T
IO

N
S

?•
,;

;,
 

ll
S

X
,'

IN
P

U
T

: 
Y

E
S

=
l.

O
, 

N
O

=O
.O

•>
 

CA
LL

 
EX

IT
 

E
 f•J

rJ 

*M
A

IN
* 

S
IZ

E
 

43
4 

0
0

6
6

2
 

M
O

D
U

LE
: 

*M
A

IN
* 

6
1

5
1

6
-0

2
 

EN
H

A
N

CE
D

 
SA

U 
FO

RT
RA

N
 

C
O

M
PI

LE
R

 
O

PT
IO

N
S:

 
SE

 
LO

 
M

A 
R

E
V

IS
IO

N
 

LE
V

EL
 

3
3

.0
7

1
9

7
8

 

4
8

: 
4

9
: 

5
0 

: 
51

 :
 

S2
: 

53
: 

c 
54

: 
c 

5
5

: 
c 

5
6

: 
c 

5
7

: 
c 

5
8

: 
c 

5
9

: 
c 

SU
B

R
O

U
TI

N
E 

PT
C

H
K

(N
X

Y
Z

,N
,U

SE
,Q

X
) 

CO
M

M
ON

 
/Z

L
li

.X
T

R
K

(5
0

) 
,Y

T
R

K
(5

0)
 ,

N
PT

S 
CO

M
M

ON
 

/Z
L

2
/ 

Z
T

R
K

(5
0)

 ,
X

S
E

N
S

(5
) 

,Y
S

E
N

S
(5

) 
,z

sE
N

S
(5

) 
,v

 
C

 0 
tvl 

M
 0 

f\J 
I 

Z
 L

3
 I 

X
 N

 C
 2 

) 
, 

Y
 N

 ( 
2 

) 
, 

Z
 N

 ( 
2 

) 
, 

X
 L 

A
 T

 ' 
Y

 L 
0 

N
 G

 ' 
Z

 0
 E

 P
 T

 H
 

CO
M

M
ON

 
/Z

L
4

/ 
D

TT
12

 <
3,

50
) 

•D
T

T
13

 (
3

,5
0

) 
,o

T
T

23
 (

3
,5

0
) 

T
H

IS
 

SU
B

R
O

U
TI

N
E 

IS
 

FO
R

: 
U

S
E

=
l.O

 
TO

 
CH

EC
K

 
SO

LU
TI

O
N

 
PO

IN
T 

FO
R 

V
A

L
ID

IT
Y

. 
U

S
E

=
2.

0 
TO

 
PR

O
V

ID
E 

TI
M

E 
LA

G 
SI

M
U

LA
TE

D
 

D
A

TA
· 

D
X

=l
.O

 
FO

R 
CO

RR
EC

T 
SO

LU
TI

O
N

• 
D

X
=O

.O
 

NO
 

SO
LU

TI
O

N
 

PO
IN

T
. 

f\J
 

\J
l 



6
0

: 
. c

 
61

 :
 

6
2

! 
6

3
: 

6
4

: 
b

S
: 

6
6

! 
6

7
: 

6
8

: 
6

9
: 

7
0

: 
71

 :
 

7
2

: 
7

3
: 

7
4

: 
75

: 
7
6

: 
77

: 
7

tj
: 

7
9

. 
eo

: 
e 1

 : 
d

2
: 

~
3

: 

C
14

: 
8

5
: 

e6
: 

8
7

: 
se

: 
8

<
t:

 
9 

0 
: 

91
 :

 
9

2
: 

9
3

: 
9

4
: 

D
X

=O
.O

 
IF

<
N

X
Y

Z
.N

E
.l

l 
GO

 
TO

 
31

0 
R
l
~
S
~
R
T
(
(
X
T
R
K
(
N
l
-
X
S
E
N
S
C
1
)
)
*
*
2
+
(
Y
T
R
K
(
N
)
-
Y
S
E
N
S
(
l
)
)
*
*
2
)
 

R
2
=
S
Q
R
T
(
(
X
T
R
K
(
N
l
-
X
S
E
~
S
(

2
)
)
*
*
2
+
(
Y
T
R
K
{
N
)
-
Y
S
E
N
S
(
2
)
)
*
*
2
)
 

R
3=

S
Q

R
T

,i
X

T
R

K
(N

l-
X

S
E

N
S

(3
))

**
2+

(Y
T

R
K

C
N

l-
Y

S
E

N
S

(3
))

**
2)

 
31

0 
IF

<
N

X
Y

Z
.N

E
.2

) 
GO

 
TO

 
32

0 
R

l=
S

Q
R

T
<

<
Z

T
R

K
(N

)-
Z

S
E

N
S

(l
) 

)*
*

2
+

(Y
T

R
K

(N
)-

Y
S

E
N

S
(l

))
*

*
2

) 
R
2
=
S
Q
R
T
(
{
Z
T
R
K
C
N
>
-
Z
S
E
N
S
(
2
)
)
*
*
2
+
(
Y
T
R
K
<
N
>
-
Y
S
E
N
S
<
2
>
>
*
*
2
~
 

R
3=

S
Q

R
T

(<
Z

T
R

K
{N

l-
Z

S
E

N
S

<
3)

)*
*2

+
(Y

T
R

K
(N

)-
Y

S
E

N
S

(3
))

**
2)

 
32

0 
IF

(N
X

Y
Z

.N
E

.3
) 

GO
 

TO
 

33
0 

R
l=

SQ
R

T
( 

<
Z

T
R

K
(N

l-
Z

S
E

N
S

(l
))

**
2+

(X
T

R
K

C
N

>
-X

S
E

N
S

(l
))

**
2J

 
R

2=
S

Q
R

T
((

Z
T

R
K

(N
l-

Z
S

E
N

S
C

2)
)*

*2
+

(X
T

R
K

C
N

l-
X

S
E

N
S

(2
))

**
2)

 
R

3=
S

Q
R

T
((

Z
T

R
K

<
N

>
-Z

S
E

N
S

(3
))

**
2+

(X
T

R
K

(N
)-

X
S

E
N

S
(3

))
**

2)
 

33
0 

C
O

N
TI

N
U

E 
D

T
12

=
<

R
l-

R
2)

/V
 

D
T

13
=

<
R

l-
R

3)
/V

 
D

T
23

=
<

R
2-

R
3)

/V
 

IF
(U

S
E

.E
Q

.2
.0

) 
GO

 
TO

 
80

0 
M

O
T

12
=

10
00

0.
0*

D
T

12
 

M
D

T
13

=
10

00
0.

0*
0T

13
 

M
O

T
23

=
10

00
0.

Q
*D

T
23

 
M

O
T

T
12

=
10

00
0.

0*
D

T
T

12
<

N
X

Y
Z

,N
) 

M
D
T
T
1
3
~
1
0
0
0
0
.
0
*
D
T
T
1
3
(
N
X
Y
Z
,
N
>
 

M
D

fT
23

=
10

00
0:

0*
D

T
T

23
(N

X
Y

Z
,N

) 
lf

(M
O

T
12

.N
E

·M
D

T
T

12
) 

GO
 

TO
 

90
0 

IF
<

M
D

T
13

.N
E

.M
D

T
T

13
) 

GO
 

TO
 

90
0 

IF
(M

O
T

23
.N

E
.M

O
T

T
23

) 
GO

 
TO

 
90

0 
D

X
=

l.O
 

RE
TU

RN
 

80
0 

IF
(N

X
Y

Z
.N

E
.l

>
 

GO
 

TO
 

bl
O

 
O

T
T

12
(l

,N
)=

D
T

12
 

0
T

il
3

<
l,

N
)=

D
T

1
3

 
O

T
T

23
(}

,N
)=

0T
23

 
81

0 
IF

<
N

X
Y

Z
.N

E
.2

) 
GO

 
TO

 
82

0 

__
. 

N
 

0
\ 



9
5

: 
O

T
T

12
(2

,N
)=

D
T

12
 

9
6

: 
D

T
T

1J
(2

,N
)=

D
T

13
 

9
7

: 
D
T
T
2
3
(
2
~
N
)
=
D
T
2
3
 

Y
8:

 
82

0 
IF

<
N

X
Y

Z
.N

E
.3

) 
GO

 
TO

 
83

0 
9

9
: 

D
T

T
13

(3
,N

>
=

D
T

13
 

M
O

D
U

LE
: 

PT
CH

K
 

6
1

5
1

6
-0

2
 

EN
H

A
N

CE
D

 
SA

U 
FO

RT
RA

N
 

C
O

M
PI

LE
R

 

1
0

0
: 

D
T

T
l2

(3
,N

)=
0

T
l2

 
1

0
1

: 
D

T
T

23
(3

,N
)=

D
T

23
 

1
0

2
: 

83
0 

C
O

N
TI

N
U

E 
1

0
3

: 
90

0 
RE

TU
RN

 
1

0
4

: 
EN

D 

PT
C

riK
 

S
IZ

E
 

M
O

D
U

LE
: 

*M
A

IN
* 

6
1

5
1

6
-0

2
 

EN
H

A
N

CE
D

 
SA

O 
FO

RT
RA

N
 

C
O

M
PI

LE
R

 

l 
0 
5

: 
SU

B
R

O
U

TI
N

E 
TA

8U
LR

(D
D

> 

O
PT

IO
N

S:
 

SE
 

LO
 

MA
 

R
E

V
IS

IO
N

 
LE

V
EL

 
3

3
.0

7
1

9
7

H
 

36
1 

00
55

1 
O

PT
IO

N
S:

 
SE

 
LO

 
MA

 
R

E
V

IS
IO

N
 

LE
V

EL
 

3
3

.0
7

1
9

7
8

 

10
 6

: 
C

 0 
tli 

t-1 
0 

N
 

I 
Z

 L
 1

 I 
X

 T
 R

 K
 (

 5
 0

 ) 
, Y

 T
 R

 K
 ( 

S
 0

 ) 
, N

 P
 T

 S
 

1
0

7
: 

1 
0 

8 
: 

l 
0 
9

: 
c 

1 
1 

0 
: 

c 
11

1 
: 

c 
11

2 
: 

c 
1

1
3

: 
11

4 
: 

1 
l 

5 
: 

1
1

6
: 

ll
 7

 :
 

1 
1 

8 
: 

1 
l 

y 
: 

1
2

0
: 

12
1 

: 

4
0

0
 

50
0 

10
00

 

C
 0 

~-1 
M

 0 
N

 
I 

Z
 L

 2
 I 

Z
 T

 R
 K

 (
 S

 0
 ) 

, 
X

 S
 E

 r·~ 
S

 (
 5

 ) 
, 

Y
 S

 E
 N

 S
 (

 5
 )

 t
 Z

 S
 EN

 S
 (

 5
 ) 

' 
V

 
C

 0 M
 M

 0 
N

 
I 

Z
 L

 3 I
 

X
 N

 ( 
2 

) 
, 
Y

 1\l 
( 2

 ) 
, 

Z
 N

 ( 2
 ) 

, 
X

 L
 A 

T
 , Y

 L
 0 

1\l 
G

 ' 
Z

 0
 E

 P 
T

 H
 

T
H

IS
 

SU
B

R
O

U
TI

N
E 

TA
B

U
LA

TE
S 

V
EH

IC
LE

 
SO

U
RC

E 
PA

TH
 

O
U

TP
U

T 
TO

 
D

EV
IC

E 
6 

(L
IN

E
 

PR
IN

T
E

R
>.

 

W
R

IT
E

(6
,1

00
0)

 
V

 
DO

 
4

0
0

 
I=

lt
3

 
W

R
IT

E
(6

tl
l0

0
) 

It
X

S
E

N
S

(l
) 

tY
S

E
N

S
(J

) 
tZ

S
E

N
S

(I
) 

C
O

N
TI

N
U

E 
W

R
IT

E
(6

,1
20

0)
 

DO
 

50
0 

L
=

lt
N

P
T

S
 

W
R

IT
E

(6
,1

30
0)

 
Lt

X
TR

K
<L

> 
,Y

T
R

K
(L

) 
tZ

T
R

K
(L

) 
C

O
N

TI
N

U
E 

FO
R

I'-
1A

T
(1

H
lt5

X
,•

V
E

L
0C

IT
Y

 
OF

 
M

ED
IU

M
 

IS
 

t,
3

X
,F

8
.3

t2
X

,•
 (

M
/S

EC
> 
''
 

__
. 

[\
) 

---
..)

 



12
2:

 
l/

/1
4

0
X

,•
S

E
N

S
O

R
 

P
O

S
IT

IO
N

S
'•

/)
 

1
2

3
: 

11
00

 
F
O
~
M
A
T
(
5
X
t
i
2
,
3
(
l
0
X
t
F
l
0
.
3
)
)
 

1
2

4
: 

12
U

O
 

F
O

R
M

A
T

(/
/,

40
X

,'V
E

H
IC

L
E

 
(S

O
U

R
C

E)
 

P
A

T
H

•,
/)

 
1

2
5

: 
13

00
 
F
O
~
M
A
T
(
~
X
,
I
2
,
3
(
1
0
X
,
F
l
0
.
3
)
)
 

1
2

6
: 

RE
TU

RN
 

1
2

7
: 

E
N

D
 

TA
BU

LR
 

S
IZ

E
 

1
6

9
 

0
0

2
5

1
 

M
O

D
U

LE
: 

*
M
A
I
N
·
~
 

6
1

5
1

6
-0

2
 

EN
H

A
N

CE
D

 
SA

U
 

FO
R

TR
A

N
 

C
O

M
PI

LE
R

 
O

PT
IO

N
S:

 
SE

 
LO

 
MA

 
~ 

E
 V

 I 
S

J 
0 

N
 

L 
E

 V
 E

 L 
-3 

3 
• 

0 
7 

1 
9 

7 
B

 

1
2

8
: 

1
2

9
: 

1
3

0
: 

1
3

1
 :

 
1

3
2

: 
1

3
3

: 
c 

1
3

4
: 

c 
1

3
5

: 
c 

1
3

6
: 

c 
1

3
7

: 
1

3
8

: 
1

3
9

: 
1

4
 0

 :
 

14
1 

: 
1

4
2

: 
1

4
3

: 
l
t
t
4
~
 

1
4

5
: 

1
4

 b
: 

1
4

7
: 

1
4

8
: 

1
4

9
: 

1
5

 0
 :

 
15

1 
: 

SU
B

R
O

U
TI

N
E 

D
A

TX
Y

ZC
O

M
V

) 
C

 0 
M

 t-1 
0 

N
 

I 
Z

 L
 1

 I 
X

 T
 R

 K
 ( 

5 
0 

} 
, 

Y
 T

 R
 K

 ( 
50

 )
 ,

 N
 P

 T
 S 

CO
M

M
O

N
 

/Z
L

2
/ 

ZT
RK

 (
5

0
) 

tX
S

E
N

S
 (

S
) 

,Y
S

E
N

S
 (

5
) 

,z
S

E
N

S
 (

S
) 

•V
 

C
O

M
IV

\O
N

 
IZ

L
3

1
 

X
N

(2
} 

,Y
N

(2
) 

,Z
N

(2
} 

,x
LA

T,
Y

LO
.I\

JG
•Z

D
EP

TH
 

C
 0 

I~ 
M

 0 
N

 
I 

Z
 L

 4
/ 

D
 T

 T
 l 2

 (
 3

 , 
5 

0 
) 

' D
 T

 T 
1 

3 
( 3

 , 
5 

0 
>

 '
 D

 T
 T

 2 
3 

( 3
 , 

S
 0 

) 

T
H

IS
 

SU
H

R
O

U
TI

N
E 

IS
 

U
SE

D
 

TO
 

ST
O

R
E 

TI
M

E 
LA

G
, 

N
PT

S 
AN

D 
SE

N
SO

R
 

LO
C

A
TI

O
N

 
DA

TA
 

ON
 

D
IS

K
 

F
IL

E
. 

R
 E\

" 
I 

NO
 

1
8

 
W

R
IT

E
{l

8
,1

3
4

) 
N

PT
S 

13
4 

FO
R

M
A

T
C

I2
) 

DO
 

6
0

2
 

L
=

lt
3

 
0 

0 
6 

0 
l 

I :
= 

1 
, 

'N
 P

 T
 S 

W
R

IT
E

<
l8

,1
08

) 
D

T
T

1
2

(L
,I

>
 ,

n
T

T
l3

(L
,I

) 
,[

)T
T

23
C

L
,I

>
 

10
8 

F
O

R
M

A
T

(3
{S

X
,f

l5
.1

2
))

 
cO

l 
C

O
N

T
IN

U
E

 
6

0
2

 
C

O
N

TI
N

U
E 

DO
 

4
H

 
f\

.1
=1

,3
 

w
~
I
T
E
(
l
8
,
l
l
0
>
 

X
S

E
N

S
(N

) 
tY

S
E

N
S

(N
) 

tZ
S

E
N

S
(N

) 
11

0 
F

O
R

M
A

T
(3

(5
X

tF
l0

.4
))

 
4

8
 

C
O

N
TI

N
U

E 
R

E
W

IN
D

 
lt3

 
~~

E 
TU

RN
 

_.
 

N
 

O
J 



1
5

2
: 

EN
D 

O
A

TX
Y

Z 
S

IZ
E

 
1

3
4

 
00

20
6 

$C
A

T 
J\L

 O
G 

6
1
6
3
2
-
0
~
 

O
V

ER
LA

Y
 

C
A

TA
LO

G
ER

 
-
-

R
E

V
IS

IO
N

 
LE

V
EL

 
1

2
.0

7
1

9
7

8
 

TY
PE

 =
8 

~~ 

0 
N

 A
 t~ E

 
S 

t·1 
D

 T
 2 

, 4
 

B
EG

IN
 

P
.N

A
tv

1E
=

 
SM

D
T2

 

*H
IG

H
 

12
52

4 
*S

TA
R

T 
0 

*
L
O
~
J
 

0 
~
~
L
O
W
 

0 
"~

P.
 E

N 
0 

1
0

1
6

1
 

.P
A

S
S

 
2 

*S
TA

R
T 

0 
PT

C
riK

 
6

6
2

 
$ 

.P
A

S
S

 
2 

TA
RU

LR
 

14
33

 
$ 

C
$E

R
R

O
 

76
21

 
$ 

O
A

TX
Y

Z 
17

04
 

$ 
__

. 

C
$I

O
E

R
 

76
32

 
$ 

FS
>R

IF
F 

21
12

 
$ 

(\
) 

\.
()

 
C
~
O
F
L
O
 

7o
23

 
$ 

F$
R

SF
F 

21
12

 
$ 

C
~
U
F
L
O
 

7b
27

 
$ 

Fi
iR

SS
Y

 
21

13
 

$ 
O

A
TX

Y
Z 

17
04

 
$ 

F$
\•J

 I
F

F
 

21
15

 
$ 

D
CF

 
64

12
 

$ 
F$

W
SF

F 
21

15
 

$ 
O

SQ
RT

 
76

14
 

$ 
FC

fi v
J S

SY
 

21
16

 
$ 

ES
G

N
$ 

60
63

 
$ 

F
$D

IF
F

 
21

62
 

$ 
EX

IT
 

74
43

 
$ 

F
~
D
S
S
Y
 

21
63

 
li 

E
X

Pl
O

$ 
b0

62
 

$ 
FS

1E
IF

F 
21

65
 

ii 
F

$1
IS

N
 

2
5

7
6

 
$ 

F$
E

SS
Y

 
21

66
 

$ 
F$

10
SN

 
27

75
 

$ 
F$

E
E

SY
 

22
66

 
$ 

F
$4

IS
N

 
31

16
 

$ 
F5

SY
E

E
 

2
2

6
6

 
~ 

F5
i4

0S
N

 
32

24
 

$ 
FC

£R
OR

W
 

23
01

 
$ 

FS
>5

IS
N

 
31

14
 

$ 
F 

'EF
 u

r·J
C 

24
04

 
'£ 

F
~
:
;
o
s
N
 

32
22

 
'£ 

F
$

8
/E

 
24

76
 

$ 
Fl

iH
IS

N
 

3
1

1
2

 
$ 

F$
C

SI
O

 
25

06
 

$ 
F$

80
SN

 
32

20
 

$ 
F5

C
FI

O
 

2S
06

 
:£ 

F
~
A
O
D
R
 

6
2

7
7

 
$ 

F$
A

IS
N

 
2S

61
 

j) 



F
$A

IP
 

3
3

4
5

 
$ 

F$
A

IS
N

 
2 
s -

,2
 

$ 

F$
A

IS
N

 
25

72
 

<£
 

F'
£1

IS
N

 
2S

76
 

$ 
F$

A
O

P 
44

70
 

'D 
F
~
H
O
S
N
 

27
64

 
$ 

F
'l>

8/
E

 
2

4
7

6
 

1£ 
F$

10
SN

 
27

75
 

$ 
F
~
8
8
I
 

1
0

1
3

5
 

$ 
F'

t>
B

IS
N

 
3

1
1

2
 

$ 
F

:f
8o

J 
l0

U
b6

 
$ 

F
$5

IS
N

 
3

1
1

4
 

$ 
FS

ih
CC

 
6

3
0

7
 

:£ 
F

$4
lS

N
 

:3
1

1
6

 
$ 

F 
$ 

B
I 

Sf
\! 

25
61

 
$ 

F
$
~
0
S
N
 

32
20

 
J) 

F
~
8
0
S
N
 

27
64

 
$ 

F 
$5

0 
S1

'J 
32

22
 

$ 
F
~
R
U
F
 

6
3

0
5

 
$ 

F$
40

SN
 

3
2

2
4

 
1 

F'
D

C
FI

O
 

2S
O

b 
$ 

F<
£A

IP
 

33
Lt

S
 

$ 
F5

'C
LO

S 
75

20
 

j)
 

FS
>R

IP
 

3
3

4
7

 
$ 

F$
C

N
O

P 
74

45
 

$ 
F

$L
IP

 
3

4
4

2
 

$ 
F
~
C
O
N
V
 

6
3

1
5

 
~ 

F«
J>

O
IP

 
~
4
7
4
 

$ 
F!

fiC
SI

O
 

25
06

 
$ 

F
$

II
P

 
3

5
3

2
 

$ 
F'

hC
V

4l
 

76
02

 
$ 

F
$G

IP
 

40
02

 
$ 

F$
C

V
51

 
76

02
 

$ 
F$

R
O

P 
44

h6
 

$ 
Fi

>D
 

6
3

0
2

 
$ 

F$
A

O
P 

44
70

 
$ 

~
 

\..N
 

F$
0C

F 
6

4
1

2
 

$ 
F

$I
O

P
 

4
5

5
4

 
$ 

0 

F$
0C

N
T

 
7

1
0

6
 

$ 
F$

FO
P 

5
0

5
0

 
$ 

F:
hD

IF
F 

2
1

6
2

 
'.£ 

F$
Q

O
P 

52
40

 
$ 

Fl
O

SS
Y

 
21

63
 

$ 
F$

SO
P 

5
2

4
5

 
$ 

F
~
D
V
R
5
 

72
33

 
$ 

F$
O

.L
B

 
52

54
 

$ 

F
$

E
 

6
3

0
3

 
$

' 
F

$Q
.S

N
 

52
60

 
~ 

F
$E

/E
 

63
13

 
$ 

FS
>O

OP
 

52
73

 
$ 

F
~
E
/
E
l
 

6
3

1
4

 
$ 

F$
G

O
P 

54
21

 
ji
 

F
~
E
/
0
 

6 
3

1
1

 
$ 

F$
E

O
P 

5
4

2
3

 
$ 

F
'f

.E
/0

1
 

6
3

1
2

 
$ 

TE
N

Tr
3i

> 
5

7
3

7
 

$ 
F

i>
E

E
S

Y
 

2
2

6
6

 
$ 

E
X

Pl
O

$ 
6

0
6

2
 

$ 
F

$E
IF

F
 

21
65

 
$ 

ES
GN

1>
 

6
0

b
3

 
$ 

FS
i E

 l'"o
 

lO
O

Jh
 

$ 
M

SG
N<

£ 
6

0
6

4
 

$ 
F
~
 E

 r~
~1

J 
lO

O
SO

 
~ 

F
 'f>

N 
01

-U
~ 

6
0

6
7

 
If)

 

F$
E:

:O
P 

S
42

3 
$ 

F$
A

D
U

R 
6

2
7

7
 

$ 
F'

£E
RC

O
 

7
5

7
7

 
$ 

F$
SP

E
C

 
63

00
 

1£ 



F'
£E

SS
Y

 
2

1
6

6
 

<t 
F$

FM
TC

 
6

3
0

0
 

$ 

F'
i'F

C
C

 
6

3
0

6
 

$ 
F
$
~
1
 

6
3

0
1

 
jj
 

F$
FE

R
R

 
6

3
2

0
 

l> 
F
~
D
 

6
3

0
2

 
$ 

F 
:£ 

F 
f··1 

T
 

6
3

0
4

 
$ 

F$
E

 
6

3
0

3
 

$ 

F
~
F
M
T
C
 

6
3

0
0

 
$ 

Fi
>F

iv1
T 

6
3

0
4

 
$ 

F
lF

O
P

 
5
0
~
0
 

$ 
F$

F3
U

F 
6

3
0

5
 
~
 

F
~
F
U
N
C
 

2
4

0
4

 
$ 

Fl
>F

C
C

 
6

3
0

6
 

$ 

Fi
>G

IP
 

4
0

0
2

 
$ 

FI
£R

CC
 

6
3

0
7

 
$ 

Fi
>G

O
P 

54
21

 
$ 

F
~
P
 

6
3

1
0

 
$ 

F
$
I
~
f
"
 

6
3

lb
 

$ 
F

$
E

/0
 

63
11

 
$ 

F
:£

II
P

 
3:

53
2 

$ 
F
~
E
/
0
1
 

6
3

1
2

 
~ 

F
~
I
O

I--1
0 

7
3

5
0

 
~
 

F
$

E
il

 
6

3
1

3
 

$ 

F$
IO

M
1 

7
3

3
4

 
$ 

F
$

E
/E

l 
6

3
1

4
 

$ 
F

$I
O

H
( 

7
3

3
6

 
$ 

F$
C

O
N

V
 

6
3

1
5

 
<±

) 

F 
$

I 
0

1--1 
~~

 
7

4
4

6
 

$ 
Fi

>I
B

F 
6

3
1

6
 

$ 
F~

IO
I-

-1
4 

7
4

5
5

 
£ 

F$
FE

R
R

 
6

3
2

0
 

$ 

F
$I

O
P

 
4

S
5

4
 

$ 
F$

N
C

H
R

 
63

21
 

$ 
F
~

·L
I
P
 

3
4

4
2

 
$ 

F$
PN

L
 

')
37

3 
j,

 
.....

 
\..N

 
F

 l> 
t-1 

P
 K

 5
 

7
1

3
7

 
$ 

F
$0

C
F

 
6

4
1

2
 

$ 
Fl

>N
C

rlR
 

63
21

 
$ 

D
CF

 
6

4
1

2
 

$ 
F 

$ 
~4

 0
 R

 ~~ 
6

0
6

7
 

$ 
F'

li
DC

I~
T 

7
1

0
6

 
$ 

F$
0.

L
I:

3 
5

2
5

4
 

$ 
P

lJ
T

N
$

 
71

11
 

$ 
F
~
O
.
S
N
 

52
6C

J 
$ 

FC
£M

PR
5 

71
 j

7
 ·

$ 
F

$
0

IP
 

3
4

7
4

 
$ 

F:
l>

O
V

RS
 

7
2

3
3

 
$ 

F
$

0
Q

P
 

5
2

7
3

 
$ 
. 

F 
9> 

I 0
!"1

1 
7

3
3

4
 
~ 

F
$0

PE
N

 
7

4
6

3
 

'£ 
F$

!0
1'

-1
2 

7
3

3
6

 
:b 

Fl
>P

 
6

3
1

0
 
~ 

F$
 I

 O
t-1

0 
73

50
 

$ 
F'

t>
PI

'-i
l 

6
3

7
3

 
$ 

(X
 I

T
 

7
4

4
3

 
$ 

F
~
Q
O
P
 

5
2

4
0

 
$ 

F$
C

N
O

P 
7

4
4

5
 

:h 
F<

t-R
t3t

-1 
1

0
0

4
3

 
$ 

F 
:£

I 0
1"

13
 

7
4

4
6

 
$ 

F$
R

 R
r~ 

I 
1

0
1

0
6

 
$ 

F$
IO

M
4 

7
4

5
5

 
$ 

F
$R

IF
F

 
2

1
1

2
 

$ 
F$

0P
E

N
 

7
4

6
3

 
$ 

F5
>R

IP
 

3
3

4
7

 
$ 

FS
1C

LO
S 

75
20

 
$ 

F$
R

O
P 

4
4

6
6

 
$ 

I
O
E
~
R
 

7
5

7
5

 
$ 

F1
1R

OR
 

23
01

 
$ 

F
~
E
R
C
D
 

7
5

7
7

 
$ 



F$
R

SF
F 

2
1

1
2

 
$ 

I t
~T

 
76

00
 

'b 
F$

R
SS

Y
 

21
13

 
$ 

I D
IN

T 
76

00
 

$ 
F'

£S
O

P 
52

45
 

$ 
IF

IX
 

76
00

 
~ 

F$
SP

E
C

 
63

00
 

'f>
 

IF
IX

$ 
76

00
 

$ 
Fi

SY
E

E
 

22
66

 
$ 

F
$C

V
4l

 
76

02
 

$ 
F 

~\
·J

 
6 

30
1 

$ 
FS

iC
V

51
 

76
02

 
$ 

F
~

.'t
J 
IF

F
 

2
1

1
5

 
$ 

S
C
~
R
T
 

76
14

 
$ 

Fi
'v

J 
SF

F 
2

1
1

5
 

$ 
O

SQ
RT

 
76

14
 

$ 
F 

jj
 ~~

 S
 S

 Y
 

2
l.

lb
 

$ 
C

$E
R

R
O

 
7 

62
1 

$ 

!D
IN

T
 

76
00

 
$ 

C
'tO

FL
O

 
76

23
 
~
 

I
F
~
X
 

76
00

 
$ 

C
$1

JF
L0

 
7

b
2

1
 

$ 
IF

IX
'b

 
76

00
 

$ 
C

$I
O

E
R

 
76

32
 

s, 
IN

T 
76

fJ
O

 
~ 

F 
I£E

 1"
18

 
10

03
6 

$ 
IO

ER
R 

75
75

 
$ 

F 
$ 

R
 dl
~ 

10
04

3 
S> 

M
S
Gi

\J
~ 

60
64

 
$ 

F 
~
E
 r
~
d
J
 

10
05

0 
:£ 

PT
C

H
( 

66
2 

$ 
FS

>B
H

J 
10

06
6 

$ 
10

10
6 

.$
 

_.
. 

PU
TN

'b 
7 

11
1 

$ 
F$

R8
1'-

1I
 

\.N
 

SQ
RT

 
76

14
 

J) 
F'

l>
B

tjl
 

10
13

5 
$ 

[\
) 

TA
RU

LR
 

14
33

 
$ 

*P
.E

N
D

 
10

16
1 

TE
N

TH
$ 

57
37

 
~ 

Z
L

l 
10

16
1 

c 
Z

ll
 

10
16

1 
c 

ZL
4 

10
£t

72
 

c 
ZL

2 
12

32
0 

c 
ZL

3 
12

27
6 

c 
ZL

3 
12

27
6,

 c
 

ZL
2 

12
32

0 
c.

 
·Z

L4
 

10
47

2 
c 

*H
IG

H
 

1
2
~
2
4
 

~
E
O
J
 

SI
M

D
A

T 
T
I
~
E
 

O
O

H
RS

 
O

O
M

IN
 

O
O

.O
O

O
SE

C
 



APP:SH DIX H 

THR~-;::; SPAC-:~: HETHOD T 1.'10: PLANAR PROGRAH, pp. 134-1 61 • 

DESCRIPTION: 
This program interprets the disk-file three

space planar-sensitized time-difference data of 
Appendix I, which v1as generated by the program of 
Appendix G, and yields the tracking solution plots 
of Appendix J. This program essentially results in 
the solution of three planar two-space problems to 
yield the resultant three-space tracking solution. 
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APPENDIX I 

THR:SE SPACE: HETHOD T'//0: PLANAR SIHULATION DATA, pp. 163-166. 

DESC?IPTI ON: 
This appendix contains two sets of data gen

erated in tabular/ disk-file format as a result of 
the program of Appendix G. The disk data is input 
to the pro~ram of Appendix H; and, the results are 
the tvo sets of plot solut~ons of Appendix J. 
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APP.:NDIX J 

THREE SPACE: HETHOD T\'10: TRACKI ,JG SOLUTION, pp. 1 68-179. 

DESCRIPTI03: 
This appendix contains two separate tracking 

solution tabular/ plot sets which are a result of the 
disk-file data sets of Appendix I which serve as time
differen ce data inputs to the program of Appendix H. 
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APPENDIX K 

COHPUT:SR OBJECT-CODE RUN-TI'1E PROGRAHS, p. 1 81. 

DESCRIPTIO 'T: 
This appendix contains the various pro<3rams 

required to execute the object-code proGra!llS in the 
BACKGROUND PROCESSING HODE for the programs contained 
in the various appendices of this report. 
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~JOB SU-'1 DLIST4 
$ASSIGN 21=21,6=6,22=DATA 
l>SIMOAT 
$EOJ 
EOF •• 

<J>SIMOAT 

:fJOB TRK DLIST 

1 81 

$ASSIGN 62=21.74=b,50=83DATA 
1>i-3TPCK 
~EOJ 

EOF •• 

$JOB TRK DLIST 
$ASSIGN 6~=21,74=6,50=8DATA 
~t3TRCK 

$EOJ 
E OF •• 

<"!>JOH TRK DLIST 
$ASSIGN 62=21,74=6,50=0ATA 
$ATRCK 
%~(\.._! 

EOF •• 
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