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PREFACE

This report documents a portion of the work performed
at the Naval Surface Weapons Center, White Oak, Silver Spring,
Maryland on the Multiple Target Classification and Location
task for the REMBASS Advanced Development under Agreement

Number T75-14.
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Chapter 1

INTRODUCTION

Remote unattended ground sensors are belng developed
which have the capabllity of passively determining the bearing
angle of the targets they detect and reporting this information
in real time to a central location via an RF link. For one
reason or another, it is not always known just where the report-
ing sensors are located in an exact geographical sense. Although
each sensor possesses a unique identifier in the message code
transmitted, the original emplacement of a sensor field may not |
be done by surveying them in, but rather by dropping them out of
aircraft, or using rocket or gun delivery.

The purpose of this task has been to determine the location q
of such sensors after they have been emplanted. The proposed
method is to move a target, whose location as a function of time
is known, over the sensor field. The sensors will each report
the bearing angle of the target several times as the target
passes by. Since the target is moving, each report by a sensor
will (usually) be somewhat different. That is, the sensor will
report a series of angular measurements, which will differ as
the target changes location. By knowing the target location as
a function of time back at the sensor reporting unit the present
algorithm will use the series of reports to calculate the sensor
position. The method used constructs radials from the target's
position towards the sensor. Each of the many radials should
intersect at the sensor position, as shown in Figure 1.

A weighted least-squares algorithm 1s used to fit the 1lines
to the point which represents the sensor position. This theory
is relatively simple, but there are problems which complicate
the calculations.
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Chapter 2
PROBLEMS AND SOLUTIONS

As stated there are several factors which complicate the |
calculation of a sencsor's position. One of these is the uncertainty ]
of the location and speed of the "known" target used to locate |
the sensor. A second problem occurs due to extraneous noise sources |
which can distort the sensor reports. And a last source of error |
is the reference used by the sensor to indicate the bearing or |
directicn of the vehicle. If the sensor thinks that North is
actually East, then all of its calculations will have a 90 degree
error factor bullt into them.

Target Location Errors

If it is desired to locate the sensor within 25 meters,
then 1t is necessary to locate the known target within 25
meters (even more input accuracy 1s necessary when other errors
are considered). It can be shown that a linear relation exists
between the planar error in the target location and the resulting
error in the calculation of the sensor's position. The scale
factor is exactly one. For example, if one thinks the target
is 20 meters East of where it actually is (throughout the track)
then the Sensor Position Locator (SPL) will also be 20 meters
East of where the sensor actually is. This relationship holds
for X and Y positioning in the horizontal plane. Errors in the
altitude (Z coordinate) are not as serious.

The problem here is that a high speed jet used as a known
target may be difficult to locate within the desired accuracy.
The problem of precisely locating a test target 1is outslde the
scope of this investigation, but the errors it causes are not.
It is evident that the available accuracy for sensor position
location is determined by the current capabilities of target
position location for cooperating targets.

Sensor Report Errors

At the time of investigation, the sensors themselves are
also under development. It is not known exactly what kind of
accuracy these sensors will have, and the bearing values reported
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by the sensors have to be bellieved, to some extent, as the

truth. Therefore, errors originating in the sensor will
propagate to the SPL algorithm. It is not the purpose of this
task to reduce these inherent sensor errors, but rather to reduce
the propagation of these errors to the greatest possible extent.
Assoclated with these "sensor errors" are errors caused by other
nolse sources in the environment.

It is assumed that the magnitude of the error does fluctuate
and the simulation in this work has used gaussian noise as an
error model. It 1s reasonable to try to catch and use the data
when 1t 1s close to error-free and ignore the data when it is
believed to contaln large errors. The problem is therefore to
find some indicator to tell us of the magnitude of the error,
and such 1ndicators do exist. Possibilities include signal to
noise ratio, signal strength, and distance from the sensor to
the target. The first and last of these indicators were used in
the simulation and favorable results were obtained.

The least-squares algorithm will accept a weighting factor
(W) based on data quality and it appears that full use of it will
improve the quality of the SPL.

Because of the multi-pass SPL algorithm, it 1s possible
to estimate the radial distance from the sensor  to the target,
and then use it to construct a welghting factor within the
algorithm itself. This too has been done in the simulation and
improvements were noted.

Sensor Rotation Error

In addition to assuming that the sensor will fall in an
arbitrary (X, Y) position, it is also assumed that the sensor
willl have an arbitrary angular orientation. When the sensor
reports, "I see a target at 90 degrees," does that mean North,
East, South, or West?

It is probable that each sensor will ultimately contain its
own compass, in which case, this source of error would be minimized.
It seems reasonable that errors in angular orientation calculated
inside the sensor might be on the order of five degrees, when one
considers that the compass willl be in close proximity to metal
parts of the sensor, etc. This amount of angler error, called
angle bias, can produce very unsatisfactory errors in the SPL
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simulations (on the order of hundreds of meters). Therefore,
it seems necessary to include a bias calculation within the
SPL algorithm. Fortunately, it is possible to calculate the
angle bias without knowing the sensor position, and the latter
can then be determined using this bias for compensation.

Errors in the SPL simulation due to all of these sources
are discussed in more detail in Appendix A.
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.Chapter 3
MATH MODEL FOR CALCULATION OF ROTATION BIAS

This is a stralghtforward algorithm that uses three
bearing reports (al, @2, a3) that all have the same bias.
It is not necessary that the reports be sequential, and in
fact if there are many reports which differ only slightly in
bearing, then it 1s advisable not to use sequential reports
because they will probably be in the same or adjacent bearing
bin. The algorithm uses angle differences in which the blas
subtracts out and, using the geometry of adjacent triangles,
calculates an internal angle which in turn leads to the bias.
The algorithm will not work i1f the angle differences are zero
which occurs if the target has not moved.

Figure 2 shows the geometry necessary for the calculation
of the rotational bias of the sensor. If the sensor reports
the three angular bearings (&l, a2, @3) shown in Figure 2,
then d12 and d23 are the linear distances along the target

track between those reports. o 1s the direction of the target

track with respect to North. By applying the law of sines to
Figure 2 one obtains equations 1 and 2 and by also applying
Figure 2, the law that the sum of the interior angles of a
triangle 1s 180 degrees, one obtains equations 3 and 4.

S L s (1)

Sin 6, Sin A

o

Sin 6, Sin D (2)
9, + 6, +A+D= (3)

a, + (n = A) + (n - Bias —a)) = (4)
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Eliminating dS2 from equations 1 and 2 yields:

&, Sna 4 Sin D (5)
12 s1n A 23 3nw® A

Using equations 3 and § to eliminate D and then solving
for A one finds:

Sin (el + gg) (6)
A = arctan d12 Siné 5
== - cos (8, + 6,)
23 (Sin 51) i 2

where 91 = (al - a2)

0 (% -9
2 2 3)

Equation 4 can be rewritten to solve for the rotational
bias:

= + & —
BIAS U TR _ (7)
Referring to Figure 2, it 1s possible for the rotational
bias to be in the other direction. That is, for the line N’
to be on the other side of N. If this 1s the case, the rotational
bias from equation 7 will turn out to be negative.

Least Squares Method for Bias Calculation

Due to the inherent errors in any system, the results
achieved by this calculation of the rotational bilas will be
in error by some amcuint. If one was to perform this calculaticn
several times for different target runs one would get several
values for the rotational blas, called B,. Assuming the errors
are gaussian, a best value for the rotational bias would be the
mean and an indication of the accuracy of that value would be
the standard deviation. If some values are known to be more
accurate than others, they can be multiplied by some welghting
factor, W%, to yield better results. Then the final value for

ou

the bias 14 be:
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n
2 (,B,)

BIAS = ==t (6

n
2 W)
i=1

The standard deviation for this BIAS calculation is:

n
:_ i Ve 21 /2
j 2 W, (B; ~-'BIAS®)
; 1=1
o= (9)
n
2,
i=1

Effects of the Speed of Sound

It is easily observed, when listening to an approaching
high-speed target, that the target is ahead of the lincoming
sound waves. This is because the sound takes a finite At seconds
to travel from the target to the observer. In this At seconds the

target moves, and is therefore ahead of where it was when the
sound originated.

The point 1s to determine the effect of this error on the
calculation of the rotational bias and to correct for it. 1In
two dimensions this error can be deterministically calculated
independent of radial distance and therefore can be calculated
without knowing the sensor's location.

12
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S ath i e e

Correction Algorithm. Let At be the time elapsed between
the time when the sound originated at the target (tl) and the

time when the sound 1is received at the sensor (t2). Figure 3
depicts this case where C is the speed of sound,“V is the velocity
of the target, C (At) is the distance from the sensor to the
target at time tl, V(At) 1s the distance the target will travel in

the time At, a, is the target course,® is the angular error due to
the speed of séund, and atl is the report vector referenced to true

North (not sensor North). Applying the law of signs (equation 12)
and the sum of the interior angles of a triangle equals 180 degrees
(equations 10 and 11) to Figure 3 yields:

(180 - e.,) * (180 - B) * @, = 180° (10)
y =180° -8 - B (31)
c(at) _ v(at) (12)

Sin Y Sin ©
Substituting from equation 11 1into equation 12 and

simplifying gives the error due to the speed of sound, 6,
to be:

® = arctan —6—§39—§—— ; £13)
v-cos B

And from equation (10) we find B is:

B = 180 - @, = @y
= 180 degrees - report bearing referenced to true

North + target course.

13
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FIG. 3 SPEED OF SOUND CORRECTION IN 2-D
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Figure 4 gives the correction angles for some values of
B and V/C. As an example, if the target were reported such
that B = 60 degrees and the velocity was 300 mph, or V/C = 0.4;
then the target would really be 23 degrees ahead of the report
bearing.

Adjustments for 3-D. The previous discussions were all done
in a two mensional space, that 1s for the target track in the
same plane as the sensor. To extend the algorithm to three
dimensions will require the following simplifying assumptions;
(1) that the target will travel in a horizontal plane parallel
to the ground plane, (2) that the sensor will report in the ground
plane as if the target were also in the ground plane, and (3) that
the altitude of the sensor, Z0, will be assumed to be zero. Thus
the altitude of the target, ZA, is just the perpendicular distance
between the two parallel planes. Figure 5 depicts these assumptions.

Correction Due to Speed of Sound in 3-D. In 2-D the correction
error, 6, due to the speed of soun s independent of the horizontal
distance from the sensor to the target track. Unfortunately, this

is not true if there 1s a sizable altitude difference between the
target track and the sensor.

Since 6 1s needed to calculate the sensor location and the
sensor location 1s needed to calculate the altitude correction
tc 0, an iterative algorithm must be used whereby the sensor
location is first calculated without the altitude correction
for 6. This sensor location is then used to determine a more
accurate value for 6, this new value of 6 is used to generate
an improved sensor location, and so forth until the desired
accuracy 1is achieved.

Figure 6 shows the speed of sound correction for three
dimensions where ZA is the perpendicular distance between the
target plane and the sensor plane, RXYT, is the distance from
the sensor to the projection of the target onto the sensor
plane at time tl, and 6 1s the correction error due to the
speed of sound. Note that both Y and 6 are in the ground plane.

The calculations for the three dimensional case are very
similar to those for the two dimensional case. In fact, equations
10 and 11 still hold. However,equation 12 now reads:

RXYT, (V) (at)

= (15)
Sin Sin 6

15
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>
j
V/C OR RATIO 9|8|7|6|5|4|3|2|.1] 0502501250
\MPH 675|600 | 525| 450 | 375 | 300 | 225| 150 | 75 |37.5|18.8| 9.4|0
ANGLE
B YM/S 302|268 235| 201 168 | 134 | 101| 67 |34 | 17 | 8.4| 4.2|0
\ 180° 0°| 0°| 0°| 0°f 0°| 0°| 0°| 0°|0° | 0°| 0° | 0° |0°
150° 14°13°12°| 11°| 10° | 8°| 7°| s°|3°| 1° | 1© | 0° |0°
d 135° 21° | 20° | 18°| 17°[ 18° [ 12° [100| 70|a° | 20| | 1° |o°
] i,-' 120° 32° | 26° [ 24° | 22°| 190 | 16° [13°| 90|80 | 20 1 |o°
| J 90° 42°139°(35°(31° 279 (220 |17°|11° [e° [ 3° | 1° | 1 [0°
: : 60° 55° | 49° | 43° | 37° | 30° [23° 170 [ 11° 60 | 30 | 10 | 10 Jo°
45° 60° | 52° (44°( 36° (279 (220 (15° 9°|a° | 20 1° [ 1° |o°
30° 64° [52° [ 42°| 32°|24° [17° [11°| 7°|3°| 1° | 1° | ©° [o°
10° 54°[33°121°]14°|10°| 70| 4°| 2°|1°| 1° | 0° | 0° |o°
0° 0°| 0°f 0°| 0°| 0°| 0°f 0°| 0°f0° | 0° | 0° | 0° |o°
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FIG. 6 SPEED OF SOUND CORRECTION IN 3-D
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Observe that the projection of the line (C) (At) onto the sensor
plane forms a right triangle. This gives one a relationship
between equations 12 and 15, namely:

| (C) (at) ="(za)2 + (RxTT, )2 (16)

Let Ratio = (§) ( 1 Qan
M1 = (ZA/nyTl)2

Then equation 13 for the three dimensional case becomes:

@ = arctan

{ Sin B (18)

Ratio - éos B

Unfortunately, to calculate 6, one needs to know RXYTl (equation
17), and RXYTl is dependent upon the sensor location.

d

Calculating RXYTl. Chapter 4 discusses the sensor position.
Once this 1s done one can come back and calculate RXYTl.

Figure 7 is a two dimensional view of the ground plane of
the three dimensional speed of sound correction shown in Figure 6.
B is defined by equation 14, 6 is the correction error due to
the speed of sound, and RXYT1 and RXYT2 are the projections of

(c)(At) and (dstz) onto the sensor plane.

From the definition of the sine of a right triangle it 1s
seen from Figure 7 that:

/ 2 2
(X = X,)° + (¥ - ¥)) (19)

RXYTl =
Sin B8

19
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Y
The value (Xo - Yp)2 + (YO - Yp)2 is simply the distance between
the two points (xo, YO) and(xp, Yp). The point (XO, Yo) is the

sensor location which is calculated in Chapter 4. The other point
(Xp, Yp) is calculated as the point on the target track closest to

the sensor.
The equation of the line (ATX + BTY + CT = 0) can be found
from any point (XT 5 YT ) on that line and from the slope (aA)
i

i
of that line. From standard algebraic formulas:

Ap = cos (aA) (20)
By = ain (uA) (21)
CT = ATxTi - BTYTi (22)

The co-ordinates of the point (X Y ) on the line

p P{heP
ATX + BTY + CT 0 that is closest to*the® point (XO, Yo) is
given by:
—(ATCT + BTXO)
: (8,2 + B.2)
T 41
¢ = —mltp¥y - BpXo) - Brly (24)
: (A2 + B.2)
iy iy

Now RXYTl (equation 19) can be calculated and substituted into
equations 17 and 18.

21
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Chapter 4
CALCULATION OF SENSOR POSITION

At this point it is assumed that the reported bearing has
been corrected and that it points from the sensor to the target
at time t,. The method of approach is to calculate the parameters

2
of a line, L1 = aix + biy + ci’ passing through the target and

along the reported bearing ray. This is done for every report.
Therefore, many lines will be calculateq, all of which should
intersect at the sensor's position. Because of the lnaccuracies

in the bearing report and in the target's position 1t 1s not
expected that every line will intersect exactly at the sensor's
position. Figure 8 shows a typical case.

The idea is to find a point (XO, YO) which best fits the

intersection of all the lines. A weighted least-squares algorithm
is used, and the distance function is the ratio of the perpendicular
distance, d, from the point (XO, YO) to each line over the radial

distance, rxy, (where rxy is equivalent to RXYT2 in Figure 6) from
the target to the sensor. This ratio is the arc sine of theta,@i,
as shown in Figure 9 for one bearing report. For small 0O,

d
O = i (25)

i rXyy

Math Model for SPL

The weighted least-squares algorithm to be used requires
minimizing the equation below where Wi is a weighting function:

n
S = Zwi(ei)z (26)

i=1

22
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FIG. 9 DEFINITION OF THETA, 8
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The dl stance from the sensor location, point (XO, Yo), to the
line L1 1s given by:

3tg = Pi4g i (27)

The length of the line rXyy is given below where (X O)
is the sensor location and (xTi, ) is the 1th target location.

e 2 2
rxy; = (XO - XTi) + (YO - YTi) (28)

Substituting equations 25 and 27 into equation 26, one gets:

n 2

Z Wy (agXg + by ¥y + Cy) (29)
e 2 2
i=]1 (ai + b1 )

(rxyi)2

To minimize equation 29 one needs to take the partials with
respect to XO and YO. To simplify these calculations let xo and

YO in equation 28 be the sensor position from a previous calculation
(fo, ?0). Then rxy, is not a function of X, and Y, and can be

treated as a constant. The above simplifying assumption results in
acceptable errors. Without this assumption the model cannot be
brought into closed form. A more complex derivation has been worked
out but not implemented here. It was abandoned because of the fast
growth of complexity with little promise of any accuracy to be gained.

Taking the partials of equation 29 with respect to xo and YO

and setting them equal to zero gives the following formulas for |

calculation of XO and YO:
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C

Calculation of Ai’ Bi’ 1

In order to evaluate equations 30 and 31 one needs to

| calculate the parameters Ai’ Bi’ and Ci that form the line

AiX +BiY+Ci-O. This line passes through the target position
(XTi, YTi) and has a corrected report bearing of d4c¢ as shown

in Figure 10. d+4c¢ is just at, - @ Since the slope and one
point on a line determine its %quation, we find that:

i A = cos (d4e) (32)
Bi = Sin (d+4c) (33)
C, =A, (xT,) -B,(T,) (34)
E |
Ly
Substituting these values and rxy, (equation 28) into equations
4 30 and 31 one can solve iterativeiy for the sensor position

(XO, YO). An 1iterative solutlon is necessary since rxy, is cal-

culated using the values of (Xo, YO) obtained from the previous
iteration.
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Chapter 5
APPLICATION OF SPL ALGORITHM

To facilitate the calculations involved with the implemen-
tation of this algorithm, a computer program was written. This
program and the flow charts assoclated with it are shown in Appendix
B.

Then using this computer program, the algorithm was tested with
two trial runs.

Run #1

The first, called Run #1, consists of a truck traveling at
20 miles per hour along the target track shown in Figure 11. The
sensor had a rotational blas of -25 degrees and was located 100
meters from the target track. The sensor indicated 25 detections
at the times and bearings shown below.

Run #1 Sensor Reports
Time Bearing W
34.00 116.00 1.00
35.00 119.00 1.00
38.00 122.00 1.00
39.00 127.00 1.00
40.00 136.00 1.00
41.00 144.00 1.00
45.00 147.00 1.00
46.00 153.00 1.00
47.00 158.00 1.00
48.00 164.00 1.00
49.00 172.00 1.00
50.00 178.00 1.00
51.00 186.00 1.00
52.00 192.00 1.00
53.00 198.00 1.00
54.00 203.00 1.00 f
55.00 209.00 1.00 i
57.00 212.00 1.00
58.00 217.00 1.00
59.00 223.00 1.00
63.00 226.00 1.00
65.00 229.00 1.00
66.00 231.00 1.00
67.00 234.00 1,00
69.00 237.00 1.00

29
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The welghting factor used in the calculations was 1.00 for all
points. When the test vehicle passed certaln locations along the
target track, called stakes, the time was noted. These times and
the stake locations are also included in Figure 11.

The sensor position was calculated under three different
conditions. For the first case, the rotational bias of the
sensor was calculated and this value was used in calculating the
location of the sensor. In the other two cases, a value for the
rotational bias of the sensor was put into the program and this
value was used to calculate the sensor location. The results
of these three calculations are shown below where (X0, Y0) is the
sensor location, Radlal error =, 3 > and ALROT 1s the

(X03™ » £¥0)",

sensor angular rotation bias (either calculated or externally set
equal to some value.

ROTATIONAL BIAS CALCULATED

X0 Yo ALROT
REAL 0 100.00000 0
CALCULATED -38.21974 86.88408 -5.29993
DIFFERENCE 38.21974 13.11592 5.29993
RADIAL ERROR 40.40762

ROTATIONAL BIAS SET = 0 DEGREES

X0 YO ALROT
REAL 0 100.00000 0
CALCULATED -50.52054 88.81540 0
DIFFERENCE 50.52054 11.18460 0
RADIAL ERROR 51.74380

31
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ROTATIONAL BIAS SET -25 DEGREES

X0 YO ALROT
REAL 0 100.00000 -25.00000
CALCULATED -3.74224 103.15131 -25.00000
DIFFERENCE 3.74224 -3.15131 0
RADIAL ERROR 4.89235

The Radial Error is lowest for the case where the rotational
bias was set at -25 degrees, which indicates that the best
results were achieved in this case. This is true because the
actual rotational blas of the sensor was -25 degrees.

Figures 12 and 13 graphically deplct the two cases where
the rotational bias was externally set to either 0 or -25 degrees.
In these figures lines were drawn from the vehicle location
(whenever the sensor made a report) towards the sensor along
a corrected bearing. This corrgcted bearing was Just the bearing
reported by the sensor plus 180° minus the rotational bias of the
sensor.

Run #2

The second run was very similar to the first. This time a
truck was again driven by the sensor at a CPA of 100 meters, and
with a velocity of 9 meters/second. However, this time the sensor
had a rotation bias of 9 degrees, and the sensor was placed on the
other side of the target track. Figure 14 shows the target track

and the times that the vehicle passed the different stake locations.

32
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The sensor indicated detections at the times and bearings 3

shown below.

Two SPL calculations were made; one with the rotational bias
calculated and the other with it set at 0 degrees. The results
are shown below:

REAL
CALCULATED
DIFFERENCE
RADIAL ERROR

REAL
CALCULATED
DIFFERENCE
RADIAL ERROR

NSWC/WOL/TR 7

TIME BEARI

23.00 51.00
25.00 k6.00
28.00 43.00
29.00 37.00
30.00 34.00
31.00 26.00
32.00 23.00

6-8

NG W

1.00
1.00
1.00
1.00
1.00
1.00
1.00

BIAS CALCULATED
X0 YO
0 -100.00000
1.47177 -67.59963
-1.47177 -32.40037
32.43378
BIAS SET = 0 DEGREES
X0 YO0
0 -100.00000
-3.67670 -86.62461
3.67670 -11.37539
11.95482

36

ALROT
0
-23.99265
23.99265

ALROT
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The reason the SPL calculation with the bias calculated
was so poor was because the reports were few and very close
together. A good bilas calculation occurs when there are many
reports and when the reports are wildely spaced. The error occurs
because the angle difference with close reports is often just a
bearing bin shift and 1s not truly representative of bearing
movement.

A graphical sensor location is shown in Figure 15 for the
SPL calculation where the blas was set equal to zero. This was
accomplished by drawing a line along the corrected report bearing
from the vehlcle location for each sensor report. The intersection
of these lines locates the sensor position as 1s done arithmetically
in the computer using this program.

The sensor location accuracy of these runs could be improved
by applying appropriate weighting functions to the data, adding
a compass to the sensor, or by running several target vehicles
past the sensor.

Conclusions

For a sensor which reports a target bearing angle in
addition to a detection, this algorithm can determine the location
of that sensor after deployment. This report dlscusses the method
used, presents a computer program capable of accomplishing the task,
and does this analysis for two sensors of "unknown" location.
Although better results could be obtained by applying weighting
functions to the data or adding a compass to the sensor, this
method located two sensors within 40 ft of their actual location.
This location algorithm increases the flexibllity of sensor place-
ment for sensors which report target bearing.

T TN
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APPENDIX A

ERROR ANALYSIS

There are many factors which contribute to errors in

accurately locating a sensor.

These include:

1. Calculation of the rotational bias of the sensor, BIAS
2. Gausslan Noise, XK
3. Target course error, AALA
4., Target X position error, AX
“ 5. Target Y position error, AY
6. Target Z position error, AZ
7. Target Velocity error, AV
4 8. Temperature error, A temp
A 9. The bearing resolution of the sensor, BINS
Errors due to these sources were computed for 58 simulated runs
under four conditions. These conditions were:
1. Rotational bias calculated, one target vehicle
2. Rotational bias set, one target vehicle
3. Rotational bias calculated, two target vehicles
ke ; 4. Rotational bias set, two target vehicles
p : The ?esults of these runs are shown in Table 1. Unless specified
5§ the input parameters were:
f“ BIAS = 0 degrees V = 0 meters/sec
" AXK =0 temp = 0 degrees
3 AALA = 0 degrees number of Bins = 100,000
3 (runs 1-47)
3 AX = 0 meters
‘ AY = 0 meters number of Bins = 256
(runs 53-58)
A = 0 meters

Z
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These sensor location errors were calculated for sensor positions
100, 500, and 1000 meters from the target track. The vehicle was
traveling at 50 m/s at an altitude of 200 m. The range of the
target track was 3000 meters. In Table 1, DRlOO’ DRSOO’ and

DR1000 refer to the distance of the sensor from the test track.

All sensor location errors are in meters displayed from their
actual location.

Bias Errors

In Table 1 the bias errors only affected the cases where the
bias was set. In those cases, the bilas was set equal to that
error amount and the sensor position error was calculated. In the
cases where the bias was calculated, it was calculated correctly
as all other parameters were "error free." Using this correctly
calculated bias the sensor position was accurate. Figure 16 shows
the effect of bias errors on the SPL algorithm. The results are
about the same for one or two targets, but do depend on the distance
of the sensor from the target track.

Gaussian Noise

The signal received by the sensor from some target source
contains noise. This noise affects the bearing angle reported
by the sensor.

All nolse is assumed to be Gaussian added to the real report
bearing. This noise consists of an average value (Mean) and a
standard deviation (Sigma). The mean is just the bias. Sigma
is a function of the signal to noise ratio. The higher the ratio
the lower the error. The following relationship has been observed:

=
Sigma = (35)
S/N

S/N is inversely proportional to the radial distance from
the sensor to the target. Equation 36 depicts this relationship.

where S/Ncpa 1s the signal to noise ratio at the closest point of

approach (cpa).
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TABLE 1 ERROR ANALYSIS OF SENSOR POSITION LOCATER
-~
{ ONE TARG' T | TWO TARGETS E *
RUN | ERROR | ERROR | WITH CALCULATED BIAS |  WITWBIASSET | WITWCALCULATED BIAS |  WITHBIASSET |
NUMBER | TYPE | AMOUNT j— - — - . -
! | DRy ORigg ORyoy | DRy LI T:ou,m [ORigo | DRegy (ORioe  ORypg | DRy | OF oo
T T T ! '
1 | ~NONE - 0 0 o | 0 | 0 ! 0 I 0 ] 0 0| 0 0
2 [ sias ! 20° % .3 -~ ‘ 9 { 188 3 F = - - ’ 515 |
I 3 | sias | 10° =7 & = ™ s 22 £ A ¥ 68 | 1 258 |
4 « | eas | | - = - a| e we| 2 - . 3] 6| 12
] 5 | sas | 1 - = I s 3 12 2 - - = 26 t 12 26
6 | 8ias | * - - | - 3 12 2 - - - 25 12 26 |
? | BIAS s° - T SR 26 65 107 - = - | e 126 |
8 | BIAS 10° - - - 82 149 228 - - - S0 l 128 241 |
9 | BiAS x° - - - 29 262 519 - - - 463 | 342 487 |
10 XK 0.0001 02 os 24 21 05 15 02 07 03 01| o3 11|
n | xx 00010 | 121 91 | 289 1"e 65 168 76 93 s 4s 90 164 |
12 XK 0000 | 416 | 216 | 509 265 | 150 | 363 | 127 2| 203 | 33| 3 8 |
13 XK 00100 | 6992 | 2074 901 120 | 1904 | 4023 | 1395 | 1244 89 | 476 | 2154 876
] AALA 20° | see 688 935 960 | se6 | 1263 | 901 | 1038 | 1236 | 2061 1301 | 1565 |
} 15 AALA 0° | a3 s 0 514 349 560 ] “ 91 . 521 | 505 1 549 l
16 AALA s°1 218 222 238 23 199 258 200 1”7 188 | 212 175 | 154 |
17 SALA ® a “ '] . “ ) W 2 2 32 8| 88 |
18 SALA y a “ @ 2 a6 a k'] 20 3 Y] 8 93
: 19 AALA s | 218 222 238 195 248 208 | 210 178 189 228 181 159
] 2 AALA 0" 43 444 ) 385 538 358 | 403 435 aas 503 636 8 |
Pl AALA 20° 88 ess 935 699 | 1190 546 | 884 | 1020 | 1040 504 | 17N 1332 |
2 ax 10M 10 10 10 10 10 10 10 10 10 10 10 10 }
2 ax sM H s s s 5 [ 5 H s 5 s 5
i 2 ax sM 5 5 s 5 5 5 5 5 s H s f
/ P ax 0M 10 10 10 10 10 10 10 10 10 10 10 10 !
J 26 ay 10Mm 10 10 10 10 10 10 10 10 10 10 10 10 |
: 2 av 5M 5 [ 5 5 5 5 5 5 5 5 5 5 |
: 28 av 5M s s s s 5 5 5 5 3 s 5 s '
b 29 ay 10M 10 10 10 10 10 10 10 10 10 10 10 0 |
3 30 az 100M | 134 65 40 134 60 34 | 150 61 | 138 149 59 3 |
1 3t az 50M 66 30 1.8 66 28 1.5 66 28 | 18 66 27 v
2 az 10Mm 13 05 03 1.3 0.5 03 12 05 | 03 1.2 0.5 03 |
k<] az 0M 13 0.5 0.3 13 05 0.3 1.2 05 0.3 12 05 03 i
k'] az S0M 6.2 24 14 6.1 22 1.2 53 22 14 5.3 22 13 |
k7 az 100m | 116 4 24 ns g 21 96 37 24 9.5 37 22 |
3% av 20Ms | 995 987 | 1027 994 | 975 995 | 1035 | 1186 | 1410 103 | 1173 | 1378 |
” av oms | a98 495 517 a98 490 503 516 602 741 515 597 733
38 av sMsS | 249 248 259 249 246 252 252 307 l 290 252 05 388
9 av sM/S | 249 249 261 249 248 256 | 260 301 385 290 01 | a8
© av oms | as9 500 523 499 497 514 516 856 749 516 612 | 781 |
a av 20M/8 | 999 | 1005 | 1054 999 | 1000 | 1040 | 1038 | 1210 | 1458 1039 | 1205 | 2635 |
42 ATEMP 20°c 12 26 40 13 23 60 11 30 6.1 11 32 | s |
43 ATEMP 10°c 0.6 13 20 0.7 17 A 06 S| 31 | 06 16 | 33 |
a atemp | . s°c 0.3 0.7 1.0+ 0.3 09 15 03 08 | 16 0.3 08 | 17 |
45 | ATEMP | s°C 03 0.7 1.0 0.3 09 16 0.3 08 | 16 { 03 o8 6 17 |
46 aATEMP | 10°C 0.6 1.4 21 0.7 18 32 06 16 | 32 06 17 e |
47 ATEMP -20°C 13 28 43 14 38 65 12 32 65 1.2 3a | e9 |
a8 *BINS 1024 02 0.2 1.3 0.1 02 13 01 0.1 0.3 0.0 0.2 02 |
@9 | :BINS 512 06 19 26 04 18 20 0.3 10 05 | 03! o6 ‘ 03 |
0 | «BINS 256 0.6 37 28 04 0.1 25 06 23 23 02 | 00 | 05 1
51 | «BINS 128 | 06 5.7 184 0.1 50 1.6 06 32 | w3 | o3| i 2 |
52 | «BINS 64 54 | 234 128 30 | 222 26.0 26 6.3 43 18 53 | 231 |
83 | XK 6.0001 0.2 6.0 94 03 25 5.2 0.3 " 1.3 46 .2 18| 09 !
s | oxx 0.0010 75 93 32 64 5.7 32 4a 64 6 30 59 106
5 | oxx 00050 | 623 215 690 146 228 636 20 | 148 123 a13 16 I 114
6 | XK 00100 | 1670 505 | 5284 5687 689 | 2266 | 4261 | 2763 203 710 3’2 | 10t
i 87 | BIAS 5° 1.0 52 40 239 | 637 | 1075 04 ! 21 | 19 | 225 | 634 | 128
| s8 | Bias = 04 | 102 5.0 37 | 127 212 06 1 24 | 46 | 27| 23| 257
A-3
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AFFECTS OF BIAS ON SPL ERRORS
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K, + S/N

3 i cpa (36)
S/N = £(D) —
D+1

Combining equations 35 and 36 gives:

—
Sigma = K D + 1 (37)

For the error analysis values of .0001, .00l1, .005, and
.01 were used for K. Figure 17 plots the radial error (meters)
of the sensor as a function of K. From Figure 17 it 1s noted that
repeating the calculations for a second target greatly reduces the
error from this source.

Target Course Error

This error comes about when the test vehicle is traveling
in a direction slightly different than it 1s thought to be traveling.
Figure 18 plots these errors as a function of course error (in
degrees).

AX, AY Errors

This type of error occurs when the target vehicle 1s at a ;
point different than it is thought to be. Equation 38 gives the
radial error of the sensor as a function of the AX, AY displace-
ment.

radial error = "(AX)° + (AY)® (38)

The amount of this error 1s independent of whether the rotational
bias 1s calculated or set equal to some value in the SPL algorithm,
and it 1s independent of the number of test vehicles provided the
AX, AY displacement of each vehicle is the same.

AZ Errors
This error results from inaccurate estimates of the differences

in altitude between the target track plane and the sensor plane.
It 1s independent of the number of targets used to sight in the
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AFFECTS OF A COURSE ON SPL ERRORS
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sensor and is not a function of whether the rotational bias of
the sensor was calculated or set to the correct value. As can
be seen 1in Figure 19 1t 1s very much a function of the distance
of the sensor from the target track.

Target Velocity Errors

Radial sensor location errors due to miscalculation of
the target veloclty are independent of the distance of the
sensor from the test track and independent whether or not the
rotational bias of the sensor is calculated. Figure 20 is a
graph of the radial sensor location error as a function of the
target velocity error.

Temperature Errors

The sensor location error due to temperature differences
is shown in Figure 21. It 1s not a function of the number of
target vehicles.

Errors Due to Lack of Bearing Bins

The number of bearing bins refers to the number of sections
of a circle (360 degrees) into which a sensor can locate a target.
If the sensor can only indicate in which gquadrant the target is,
then the number of bearing bins equals four. Obviously, the more
bins into which the sensor can place the target, the more accurately
it can locate that target. It also follows that with more bearing
bins, the sensor can be more accurately located. Figure 22 depicts
the affect of the number of bearing bins on the radlal sensor
location error.

LR T NN
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;‘ AFFECTS OF AZ ON SPL ERRORS
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AFFECTS OF AVELOCITY ON SPL ERRORS
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" | AFFECTS OF ATEMPERATURE ON SPL ERRORS
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APPENDIX B

FORTRAN PROGRAMS AND FLOW CHARTS

Since there are many calculations involved in locating a
sensor position, it 1s best done using a computer. Appendix B
is a 1listing of the flow charts and the computer program used
to accomplish this. The computer program is called Simulate,
and it calls nine subroutines called Input, Senchk, Output, SPL,
Enter, Shift, TXY, Normal and Uniform.

Program Simulate is the program which locates the sensor
position. It accomplishes this by calling four subroutines;
INPUT, SENCHK, SPL, and OUTPUT.

Subroutine INPUT loads the initial parameters into the
program.

Subroutine SENCHK picks which sensor reports should be
used in the calculation. For those reports 1t provides the time
of report, report bearing, and a welghting function to the main
program.

Subroutine SPL calculates the sensor location and the
rotational bias from the data provided to it from the main
program.

Subroutine OUTPUT prints out the results of the calculations.

There are five other subroutines which are used in this
program. Subroutines Normal and Uniform together provide a random
number uniformly distributed between 0 and 1 to Subroutine SENCHK.
Subroutines Enter, Shift, and TXY simply perform minor arithmetic
calculations needed in the SPL Subroutine.

The flow charts, Figures 23-30, and computer printout for
these programs, Figure 31, follow.

B-1
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0

DO NT =
1. NTRG

TIME
=0.0

v

TLR(*) =-50.0
ALR(®) = 0.0

e

NRUN = 1

DONS=
1, NSEN

Rl sanEn o doadi s

BIAS = SAVE (1, NRUN) + T7/180 [ caLL sencukins, TimE, NT) |

XK = SAVE (2, NRUN)
SNCPA = SAVE (3, NRUN)

TIME =
TIME +
DELTA

AT LEAST 1

ALA(NT) = RALAINT) + SAVE (4, NRUN) * T /180
XA(NT) = RXA(NT) + SAVE (5, NRUN)

YA(NT) = RYA(NT) + SAVE (6, NRUN)

ZA(NT = RZA(NT) + SAVE (7, NRUN)

VA(NT) = RVA(NT) + SAVE (8, NRUN)
TA(NT)=RTA(NT)

AT(NT) = COS(ALA(NT))

BT(NT) = -SIN(ALA(NT))

CT(NT) = -(AT/NT)+ XA(NT) + BT(NT) » YA(NT))

ALLMFLAG=1

CONT.
CALL
SPLINS)
TEMP = RTEMP + SAVE (9, NRUN)
CS = 331.36 + 0.6096 *TEMP
BINS = SAVE (10, NRUN) @
. Xo(*) = 0.0
Y&(*) = 0.0
ALROT(*) = 0.0
MFLAG(*) =0 CaLL
INCSAVE(*,*) = 0 OUTPUT
NREP(*,*) =0 ‘
i NRUN = NRUN + 1
-0 =1 [ ALROT(®) = NRUNX = NRUNX + 1
xl':é‘“ ¥ | RALROT(®) +
8 BIAS
YES NO
e £ D
NS

FIG. 23 FLOWCHART OF SIMULATE
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NSWC/WOL/TR 76-8

0

READ
NUM =1 NSEN

READ NOYES,
BIAS, XK, SNCPA,

NOTE:

PUT IN
SAVE (*, NUM)

READ
RXO(NS),
RYO(NS),
RALROTD

NUM = NUM + 1

RALROT (NS) =
RALROTD - /180

YES NOYES
1
NO

NUM = NUM-2

j READ RANGE,
DELTA, FREQ (1)
FREQ (2),
RTEMP

READ

NTRG
CALL NORMAL
{ERROR)
RCS = 331.36 +
0.6096 X RTEMP

READ RALAD,
RXA (VT), RYA (NT)
RZA (NT), RTA (NT)
RVA (NT)

<RETURN

RALA (NT) =
RALAD - /180

FIG. 24 FLOWCHART OF INPUT

83




NSWC/WOL/TR 76-8

(NS, 4, NT)

RX 4= RXA + RVA x (}-RTA)
*COS (T-RALA)

2
RY4$= RYA +RVA (4-RTA)
'SIN(g-RALD)

v

Rad=1-

ARCTAN

S

DXYZ =
(RX4-RX®)? + (RY4-RY®)?
+R2A?

NO YES

MFLAG(NS)
=1

MFLAGWS)
=0

YES

i

s

a$=Ra+

TLR (NS) =4
oT
Sepas ALR (NS) =
(DXYZ +1) a4
e g NREP (NS, NT) =
=L NREP (NS, NT) + 1
VN
CALL NORMAL - NREP
CALL NG N = NREP (NS, NT)
ab=ai+ TSAVE (NS, NT, N)
XMEAN + = TIME

XSIGMA * ERROR

v

v

SHIFT a4
INTO BEANNG oo il L
BIN

o NSAVE (NS,NT. W

RETURN

v

TIME = §
+DXYZ/RCS

<
FREQ(2) AND
a4 = ALR

NREPINS, NT)
P
50

FIG. 25 FLOWCHART OF SENCHK

RETURN




NSWC/WOL/TR 76-8

DONT =
1,NTRG

PRINT
“REPORTW = 1~

PRINT
FREQ (1),
FREQ (2

DX = RX®- X0
DY« RY®- YO
DAL = RALRUT -
ALROT

®

FIG. 26 FLOWCHART OF QUTPUT
B-5
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NSWC/WOL/TR 76-8

NRPT = NREP (NS, NT)
N = INCSAVE (NS, NT)

&

3
YES
0 NO
INCSAVE (NS, NT) = o
1+ NREP (NS, NT)
M
5
» N1 = NFIRST
N2=N1+N
NSTART=N2 +N
IFLAG=0
JFLAG =0 CALL ENTER
(NS, NT,N1,T1,
N X1,Y1,a1,W1)
@ CALL ENTER
(NS, NT, N2, T2,
X2,Y2,a2,W2)
Al2=BI2=
AlBf = AiCl =
BICI =BSI =
Wi=00 =0 KELAG
?
=1

DON3=
NSTART, NRPT,
N

9

CALL ENTER
(NS, NT, N3, T3,
X3, ¥3,23,W3)

ALROT (NS) =

BSIWI

IFLAG =1

XO(NS) =
(BICI1*AIBI-AICI *BR)

DENOM

g

Yo (NS) =

(AICI*AIBIBICI*AR)

DENOM

¥

JFLAG =1

:

DENOM =

! Al2°BI12-AIBI?

FIG. Z7a FLOWCHART OF SPL

RETURN




-y oy —

D12=

fix1-x23 +
(v1.v2p?

v

61=a2-a1

!

CALL SHIFT
(61,0.0)

INCSAVE
(NS,NT) =
INCSAVE
(NS,NT) +1

NSWC/WOL/TR 76-8

/ix3-x2)2 +
(v3-v2?

v

62=a3-a2

v

CALL SHIFT
(§2,0.0

612=61+62

+

E%-i-}'ﬁ%-cosm

¥

¢ = ATAN

]

O

YES DENOM
< N1=N2
0.0
NO g
N2=N3
PedeT v
I X2= X3
2 .
WANT) - v2ev3
& *
CALLS
o ALROTING)! g=92
ol a1=a2
= a2=a3
é :
D12=023
W2=w3

FIG. 27b FLOWCHART OF SPL (CONT.)
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NSWC/WOL/TR 76-8

(NS,NT,NR, T, XT, YT, 2, W)

Ts=
TSAVE (NS, NT, NR)

v
ae 4
ASAVE (NS, NT, NR)
v

W=
WSAVE (NS, NT, NR)

2

CALL TXY
(XT,YT,TNT)

B=T+ALA (NT)
-(a- ALROT (NS))

v

RATIO =
CS

VA (NT)

%

RXYTAU =
10,000.

&

N

YES

NO

D= AT (NT) * YO(NS)
- BT (NT) * X2 (NS)

v

DENOM =
AT? +BT2

v

XP=
-(ATCT +BT-D)
DENOM

v

YP=
(AT+D -BT-CT)
DEMON

v

RXYTAU =

(x0-XP)2 + (YO-YP)?

lsin 8 |

v

RATIO = RATIO
* RXYTAU

VRXYTAU? + 2A2

7

S

?

W= 1000 *W* A2PB2
8 ‘(;‘-,’i‘,-l.b""—“!)z (a2 +B?) RXYTAL?
Al2= AI2 +
wea?
0-
atan [an s Azeaz
RATIO-COS _‘
‘ B12=812+
w-8?
Ca= (a-ALROT) A2PB2
-8
& AlBl = AlBI +
W*A*B
A2PB2
a=a-@
r AICI = AICI +
WeA*C
A2PB2
A =COS (Ca)
‘ BICI = BICI +
WeB*C
A2PB2
8= -SIN (Cal
C=(A*XT +B8-YT)

FIG. 28 FLOWCHART OF ENTER

B-8
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NSWC/WOL/TR 76-8

SR D S S

( SHIFT > (ANGLE, BIAS)
b

NO l|28 - YES
ANGLE |

ANGLE = ANGLE
27

Y

NO BIAS +T YES
> o
ANGLE

4
ANGLE = ANGLE ( RETURN )

FIG.29 FLOWCHART OF SHIFT




—

NSWC/WOL/TR 76-8

XY

ANGLE =
T/, - ALA (NT)

DIST =
VA (NT) x
(T-TA(NT))

X = XA (NT) +
DIST x COS

(ANGLE)

Y= YA (NT) +
DIST*® SIN
(ANGLE)

FIG. 30 FLOWCHART OF TXY

B-10
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L FOwTRAN (100 . ]

| ¢0060 PHOGKAM SIHMULATE

(XA I A R Y L Y T Y Y X Y Y Y Y R Y YT Y Y Y Y Y YT XL T Y )

JONATHAN vALVANO 037187175

~

THESE PRCGWAMS SIMULATFE A SENSOR FIELD FOR TwE
NDEVELOPMENTY OF A SENSOR POSITION LOCATOR (SPL)e
ACOUSTIC SENSORS ARE NFPLOYED IN THE FIELD wlTrOUT
THE KNOWLENGE OF THEIR EXACT LOCATIUN, THIS CAN BE pONE
AY AlW DRUP OR GUN DELTVERY, THE PURPUSE OF THESE
ROUTINES IS TO LOCATE THE SENSORS ONCE THEY ARE IN TwWF
FIELDe THE FULLOWING METHOD IS USEDesee
l. A TARGETs wHOSF POSITIUN AS A FUNCTION OF TIwf
IS KNOwNy IS ~uUN OVER THE SENSOR FIELDe
2. THE RECIEVING uUNIT LISTENS ANp RECORLS THE SFOUENCEO
OF REPORTS RY THE SENSOR UF THE TARGET.
3. THE ARRAYS OF REPORTS PLUS THE TARGET LOCATINNS .
ARE FED AS InNPHTS TO THE SPL ALGORITHM. .
@, SPL CALCULATES THE SENSUR _LUCATION (AND RIAS aANGLE)e
L

¢ ¢ 8 0% S¢S s e

THE FOLLOWING OPTIONS ARC AVAILAWLE TO SPL,..
KFLAG=U IF THE 814S IS TO dk CALCULATED.
KFLAG=1 IF THE RIAS IS REVORTEU ( INPUTED To SPL.)
M IS THE IMCREMENT FACTOR (SEE SPL)
NPASS IS THE NUMHER OF PASSES SPL MAKES OVER REPNRTS

THE FOLLOWINS OPTIONS ARE AVAILARLE TO THE SIMULATION,.s

NSEN THE NUMSER OF SENSURS
NTKG THE NURER OF TARGETS
RANGE THE RANGE OF THE SENSORS
8INS - THE WiMRER OF BEARINS BINS OF THE SENSNR
FREG (1) THE CYCLE TIME wHEM THE HBEARING CHANGES
FREG(?) THE CYCLFE TIME wwEN THE BEARIANG IS THE SamME
DELTA THE TIME INCREMENT [N THE STMULATION
XMEANXKeSHCPA  ARE FOR GAUSSIAN ERROR

MEANZ XME AN

SIGMA=«K/SQRT(SVCPAaz LDXYL*1))

€S 0% 6 %0 ¢ % GO0 G CEE S SE S S S S SO OC S S OSSN SS

S & ¢ 6 &0 ¢ 6O &0 OO O E S BSO

|
/

QRRVIQUEPRRBOOVOVVEVBBBOVRDUORIBRRIVOILOVDININDBAIVORIDORGVLEDRVDGLOS

(e NaNeleNe e N e e Ns o e oo No e R Ne N Ne e Ne N Ne Ne N NN NoNeXa N Re Ne NeNe Ne e Re N Nel

. { 00001 COMMON /TRAT/Z ALA(3) «XA(3) 4YAL3) 4ZA(3)
00001 1 TA(3) 9vA(3) «AT(3)9BT()4CT(3) o TEMPLCSINTRG

00002 COMMUN /KTSGT// RALA(R) ¢IXA(3) sRYA(S3) ¢RZAL(])

Jgonon2 1 QTA(3)yPVA(3)9RTEMP,,RCS
00003 COMMON /SEN// NSEN9XI(3)eY0(3)eALRDT (I 9 IFLAGIJFLAG
00n04s COMMUN /KSAEN// RX0(3)sRYDI(3) e RALROTI(3)
00n0S COMMUN /RE®// TSAVE(3¢3¢50) 9ASAVE(393+50) +WSAVE(393450)
0000S 1 NREP (343) ¢« TNCSAVE (34 3)
oence COMMUN /STATE/Z/Z TLR(3) (A.2(3)e“FLAGI3) 4FREG(2) e
0onne 1 QINSYXMEAN ¢ XK e SNCPARAMGE ¢ DEL TAoANUMINRUNINRUNK s SAVE (10e100)
00007 COMMUN /CONST// PLePINP,PI2
00008 COMMUN /OPTIONS// KFLGLGeMeNPASS

FIG. 31 COMPUTER PROGRAM
B-11
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FURTHAN

00009

00010
0001}
00012
0001a

00015
00016
00017
oools
00019
00020
00021
00022
00023
00024

(1eV)

OO0 O0OODOO O

101
103

OO0 OO0 OOOO0O0

1lo

[sXeRaNalel

PROGRAM STMOLATE.

DUCRLOELRULROVEEUUBRVOLEVUDUROPRBOERULLRLOVORORORLOLOOVLBRGUGCLEDOCD

° ®
e FIRST CALL INPUT TO SEY UP THE STMULATION L
. ®

LA A X A R R T T T R Yy Y T Y Y 2 L T T T Y XY e T L X

CALL INPUT
T R T T Y Y Y Y T Y T T T Y Y T R Y T Y R Y T T XL L 4
® ©
L THEN READ THE OPTIONS FOR THIS SET UF RUNS .
® THIS 1S THF START OF A SET OF RUNS w]ITH SEPERATE OPTIONS.
v ®

BONPLBONRC OB OB LLVCRRORROBPUIDQBBLBOVCVOSDRVPOLOUORTCRRICLbEOLOGOPOS

READ 103+ YFLAG,MsNPASS,NRUNX
FORMAT (4110) :

IF (NPASS ,ERe 0) RETURN
NRUN=]

VOB ERDACOR RO RGO UREDROERBRRRDORORERORERODROURREDROCNVOITREDWDPROGY

L ]

o SAVE CONTAINS THE SIMU_ATION OPTIONS FOR EaCH RUN OF SET *
* -
@ ALL ANGLE TNPUTS AND O1TPUTS ARE IN DEGREES AMD L
° ALL INTERNAL ANGLES .APE IN RADIANS, .
° o
L ALA IS THF INPUTED TARGET COURSE. @
° RALA 1S5 THF REA| TARGET COURSE., ®
® VA 15 THE INPUTED TARGET VELOCITY. L
© RVA IS THE REAL TLRGET VELOCITY, ®
L AT TIME TA (SECONDS THF TARGET 1S AT (XAsYAyZA) INPUTED. L
o AT TIME RT4 (SEC) THE TARGET IS 4T (RXASRYAyKZA) REAL. .
o L ]
CORBORERVDLOBDO AL BRRORBORRUOOUBORRERDLOOEUDNORIOQRRRDORREORRRORROY

BIASESSAVE (1 ¢NRUN)®PT/130,0
XRSSAVE (2o MRUN)

SNCHA=SAVE (34NRUN)

DO 155 NT=)4NTRG
ALA(NT)=RALA(NT) ¢SAVE (44 NRUN)*P1/180,0
XBINT)=RXA(NT) ¢SAVE (S enRUN)
YA(NT)=RYA (NT) ®SAVE (& enKUN)
ZA(NT)SRZA(NT) «SAVE (7« NRUN)
VA(NT)=RVA(NT) #SAVE (8 +NRUN)
TA(NT)=RTA(NT)

B-12
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. _v"-.

oL FuxTrAN

00025
00026
00027
00028

00029
00030
00031
00032

00033
00034
0003s
00036
00037
00039
000e«]
00042
00043

O0O0OO0O0OO0OOO0

OO0 OO0

OO0 O0OOOOOOOO

PRUGRAM STMyULATE

LA AT A A Al T Y L R R Y R R A R Y e R R R R A R Y YR P Y R L L L X )
L ] L

. AT+BToCT FORM THE LINE AT®XeBT®#YeCTZ0 OF TRE TARGET TRACKe ®
L L]
® L ]

PROROBNNNINCONRVVORBREVIDVNNVLBNIBRN0RNRORNRONONARRINNBVOERECDDOR,

AT(NT)=COS(ALA(NT))
BTINT)==SIN(ALA(NT))

CTINT)=a (AT(NT)®XA(NT) «BT(NT)®YA(NT))
CONTINUE

PO RN GO RPN RB VB P NP RO PRI BN RN ROBERIORRULIDENVORN R BB VOV DINRO RPN ONOOERy

L 2

L CS 1S THE INPUTED SPEED OF SOUND IN METERS/SECOND,
o RCS 1S THE REAL SPEED OF SUUND IN METERS/SECOND,
e TEMP IS TWE INPUTED TEMPERATURE IN CENTIGRADE.
*
L ]
»

* e %8 o

RTEMP 1S TeE REAL TEMPERATURE IN CENTIGRADE.

CRRRRBRB RN IRNCARRR BRI RNNORLRDBRRRDRRNBERIBRRVVVVRBIOONBRRREREOERN,

TEMPERTEMP « SAVE (99 NRUN)
€S=331,36+7,60960TEMP
BINSSSAVE (10,NRUN)

00 l60 1=1,3

PRPRORORNERNDORRINERRRBVBRIVRLRBIRBRIRRRRNORNCVVBEOONIBORRROCERERORS

L ]

. (X0eY0) IS THE CALCULATED SENSCR POSITION,

° (KX09RYO) 1S THE REAL SENSOR POSITIUN.

° ALROT [s EITHER THE CALCULATEU OR [NPUTED SEMSOR

° ANGLE ROTATION k1aS, CEPENDING ON OPTIOM= KFLAG,
o RALROT IS THE REAL SEMSOR ANGLE ROTATION BIAS,
o
L]
L ]
°
o

® ¢ & & C 88

MFLAG=0 wHEN THE TARGET IS WITHIN RANGE OF TraT SENSOR,.
MFLAG=] wHEN THE TARGET IS OUTSINE The RANGE OF THAT SENSORe
L
CRRVBRBENDOPRDVCVRRBRORBUVIVRBIBVIDRUEIVOLPRVLROOPOEQRRRTREROOCUNS

x0(1)=0,0

¥0(l)=0,0

ALKOT(11=0,0

MFLAG(])=0

IF (KFLAG +Ewe 0) XMEAN=RIAS

IF (KFLAG JEue 1) ALROT(I)=RALROT(1)enlAS
00 160 g=143

INCSAVE (Teu) =0

NREP ([4J) =1

B-13
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Ay

v

FOURT=AN

Q0044

00045
Co046

00047
00048
00049
V0050

00051
00052
00053
00056
00056
00057

00058

00059
00060

(1e0)

O0O00O0OOO0O

OO0 O0ODOODOOO0

120

121
125

(s XeNeXe e NaXel OO0

130

O0O0O0O00O0

PROGRAM STvyLATE

DO 125 NT=) ¢NTRG
TIME=Q0,0
DO 111 1=1.3

POPRCLORDVUVOOORILUDORORPIIRNIDORVOOOLORRENDEOBVROURLOEVLEEDOBRDOOODOYL

© °
L TLR 1S THE TIME OF THE LAST REPORT, *
4 ALR IS THE ANGLE OF THE LAST REPORT. L]
a *

RODOBRERORRVRRROPREORDRRRCRORREVOODOOLERDRENBRRLONOVOEOROQBCEODOS

TLR(I)==50,0
ALR(1)=0,0
CONTINUE

DO 120 NS=) ¢NSEN

VPR ORROREOIBRRRLRURVOOLEVIODOROEEROTNEEEVOPGDOCROCETCGOGRGOQOROOUS

SENLHK wILL CHECK TO SEE IF THE SENSOR SHOULD KEPORT,
IF S0 IT DETERMINES THF TIME OF THE REPORT AND PUTS IT

IF TrE SENSOR REPORT3 A WEIGHTING FACTOR IT 1S [N WSAVE.

. °
° .
L °
®  IN TSAVE. IT DETERMINES THE BEARING AND PUTS IT IN ASAVE. ®
° .
- °
° o

CORODORRVRONBOVNRRRBICOVBORLOEIERRDNICRPOUREIEREVTCVCBRIENROEEVED

CALL SENCHK (NSyTIME,NT)
TIMESTIMESNELTA

DO 121 NS=1,NSEN

IF (MFLAG(MS) +EQe 0) GO TO 115

CONY INUE

CONT INUE
00000090“'000000OOOOQ000000000oooooooono«o.noooooo&ooooo.ooooiooo
° 3
° NOw THE ARPAYS (TSAVE,ASAVEsWSAVE) ARE FULL. .
® °

BONG O ROV E PRI OO O DRNVRDOLRIDBIROULORRPBILTREOROROOOLIROCEORLOROREROCDOOD

DO 130 NS=1,NSEN

GOOORRRNOVVDVORDODNCLBBVNNVVOBVALRABLOBRLBCNDVOBONNDOVODDBDROEOOEGY

® °
. CALL THE SKNSOR POSJITTON LOCATOR (SPL)» L
® . )

BROOEORDUOBOVVRCVDVRIBIRQROBOBECOEIERECINBCCBROORLRGOBBBVRDOEDEOOD

CALL SPL(NS)
CONTINUE

B-14




O FURTHAN

00061
00062
00063
00064
00066
00067

© NO ERRORS

(1.0)

(s ¥aXeNeNeNelNel

PROGHRAM 'SIMLATE

(L AR AR A Al 2 R X2 Y T Y Y Y Y T T T T 2 22 2 )

CALL OQUTPUT TO PRINT RESULTS.

(A A 22 A A A4l T Y R R L Y Y R R R L L Y A R T Y P Y R 2 2L 2

CALL QuUTPUT
NRUNSNRUN )
NRUNXSNRUNX+ ]

IF (NRUN ,GT, NUM) GO TO 101

GO0 TO 110
END

NOL FORTRAN DIAGNOSTIC RESULTS = FOR

SIMULATE

T NN

oy "




-

B 0 ol o) e ML

0L FORTRAN (1.0)

DATA VARIABLES

ALA
ALR
ALROT
ASAVE

INCSAVE
JFLAG
KFLAG

M

MFLAG
NPASS
NREP
NRUN

NRUNX
NSEN
NTRG
NUM
PI
plz
Plb2
RALA
RALROT
RANGE
RCS
RTA
RTEMP
RVA
RX0
RXA
RYO
RYA
RZA
SAVE

SNCPA
TA
TEMP
TLR
TSAVE
VA
wSave
x0

XA

XK

PrOoRaM

B-16

STUNATE

00001
00906
9903
00005
00001
00006
onnol
0000l
0nnol
00000
0000n
00023
00395
00903
00008
00008
00306
000038
00305
00006
00023
00006
00003
00001
00006
00007
00007
00007
n0an2
00904
00006
00302
00002
03902
onnna
00004
00902
00904
00002
ooone
00006
00029
00noé
0oonnl
goeel
000068
00005
090901
onans
0003
ooonl
00006

00019
00048
00035

00025
00031
00026
00030
00027
00052

00042

00010
00010
00036
00010
00043
00014
00u29
00010
00050
00018
00064
00015

00019
00040

00324
00029
00023

00020

00021
poca2e
n001S
60031
00017
00024
00029
00047

00023
0033

00020
00016

00025
00040
00027
00027

Vo037

0ons4
voolz

VU015
00031
00063
00053
00044

00019

00016

G003V

vooe?

00026

00039

000lé6 0nal7
00062 0nn62
00003
00058

00017 nonlo




NOL FORTRAN

(1.0)

XMEAN
YO0
YA
Z2A

COMMON VARIABLES

*ONONE e

PROGRAM VARIABLES

8lAS
cos
1

INPUT

J
NS

NT

ouTpUY
SENCHK
SIN
SPL
TIME

PHOGRAM S 4)LATE

00006
00003
ooool
00001

00015
0002%
0non3l2
00046
00009
00041
000%0
00018
00023
00027
00061
00051
Q0026
000%9
00045

B=-17

00038
0003«
0002l
00022

00038

00033
00047

00042
00051
00019
00023
00027

00051

o027

00040

00034
vooes8

00043
00053
00019
00024
Vo027

00052

00035

0005s
0000
000<ce
00027

00052

’ f ""!IlﬂEIIIllllIE3===ﬂEHHEEIHIllllIlIlIlIlllIlIIllIIllIlllllIllllIIlllllllfllllllllllllllllllllll'

00n36

nonsS8
0nneo
0nn2s
0nnéa




NS,

g

0

§ gty

ks -

©

—~
[}

m

LeReA

N_
|

otcx/

INPUT




NOL FORTRAN (1.0)

00000

OO0 O0OOOOO

00001
00001

00002

00002

00003

00004

00005

00005

00006

00006

00007

00008

{ 00009
" : 00010
00011

00012

00013

00014

OO0 OOOOOOOO

|
4
{ 00015
00016 279
‘- 00017 280
00018

00019
, co021

P

o

OO0 O

SUBRUUTINE INPUT

BQVIB POV IR QORI VIVVEBRBOBRVDOVRVVIRONNVGVVERIVINIPNEOVQVRIBORENGOD

°
L 4
L ]
L ]

..'....'9'.....000’0..0.0.6.0..0...&0'.’...O......'..Q...Qﬁﬁ.'06

JONATHAN VALVANO 03/16/15
THIS ROUTINE INPUTS IMITIAL PARAMETERS.
ALL ANGLE INPUTS ARE In DEGREES.

COMMUN /TRGT// ALA(3) eXA(3)3YA(3)9ZA(3)

TA(3) 9vA(3)0AT(3)eBT(3)4CT(3)9TEMP,CSyNTRG

COMMON /RTRGT// RALA(3) WRXA(3)sRYA(3)9sRZA(3)

RTA(3) sRVA(3) sRTEMP,4KCS

COMMUN /SEM// NSENeX0 ()« YO () 9ALROT(3) 2 IFLAGWJFLAG
COMMON /HSEN// RAQ(3) eRYD(3) s RALROT (3)

COMMUN /REP// TSAVE (3¢3950) 9saSAVE(393950) swSAVE(343450)
NREP (3¢3) 3 INCSAVE(3423)

COMMUN /STATE// TLR(3)<ALR(3) yMFLAG(3) +FREQ(2)
BINSYXMEAN XK 9 SNCPAyHAMNGE s DELTA«NUMINRUNyNRUNX9SAVE (10s100)
COMMUN /CONST// PlsPID24P12

COMMUN /OPTIUNS// KFLAGyMyINPASS

DATA /CONST/ (P]1=3,1615926538)
DATA /CONST/ (PID2=1.570796327)
NATA /CONST/ (P1226,283185307)

DATA /RFP/ (NREP(1l)=9(N))
DATA /STATE/ (TLR(1)=3(=50,0))
DATA /STATE/ (ALR(1)=3¢0,0))

<
v
°
<
<
e
L d

BROBOBINT N DR BVOOR NN DRI RN CBOBVICRAIRNBBVBVOVOINPRVRINDRIDRORNBBSOCS

L 3
o

L
>

READ SIMULATION OPTIUNS,
NUM 1S THE NUMBER OF RUNS IN A SET,

L
-
<
<*

AR RNBBROE OB DI PRI BRDRINRVVBEPORNBDRDVRBVONRRVABREODUAGRRAGN 2GBTSy

NUM=]
REAU 28049 NOYES, (SAVE (TeNUM) s I=1410)
FORMAT (1S54FSe04F104447F5.09F1040)
NUM=NUMs |
IF (NOYES ,E2Z« 1) GO Tn 279
NUMSNUM=2
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> NOL FORTRAN

; 00022
: 00023
00024

00025
00026
06027
00028
00029
00030
00031

‘, 00032
00033

00034

J 00035
00036

T 00037

00038

s

00039
- 00040
" 00041

NO ERRORS

(10)

200

(s XeEeXeNeNeXe

220
225
2390

0OO0O0O0O0OOO0O

240
250

299

o000 0OO0O0OO0O 00

SUBROUT IE INPUT

READ 200 1 TG
FORMAT (15)
DU 225 NT='  NTRG

BREGVVRRVUVOVOUCLURNVABRUBOUONICRVREVBRVDLOPORBVELUOOOVORRRROQOLLOGYD

READ REAL TARGET CHARACTERISTICS. b
; @

0...0.000'0O0.000Q“O.Q.OO“OQQQQQOQQQOOQQQOG.0900.0000..#.'600900o

READ 220+« SALAD¢RXA(NT) ¢sRYA(NT)sRZA(NT) sRTA(NT) sRVA(NT)
FORMAT (6F10,2)

RALA(NT)=RALAD®PI/Z180,0

CONTINUE

READ 230+ ~SEN

FORMAT (15)

DO 250 NS=1+WSEN

CRRRC RN PR RBOEILDOCBBOOBORUBDBHREPVIRBOOERDIIDPOOODOORDIDRAICVODOD

READ REAL SENSOR CHARACTERISTICS. @

°

GORRVROUBUOCOT VRO RRNVERRNBRROOVROERERORORDVRRREGCOURORV VPO RORBOREL

READ 240y 9X0D(NS) sRYQ (MS) 9RALROTO

FORMAT (3F10,2)

RALROT (NS)=RALROTD®*P1/180.0

CONTINUE

READ 290+ PANGEJDELTAWFREQ(1) sFREQ(2) +RTEMP
FORMAT (SF10,2)

BECO RN RO RNCIRROORRRBIBOBLDRDRERBLRNODOLRROLBLOCRCQRBRBROCEVOO

°
NORMAL IS THE SUBROUTIME THAT GENERATES GAUSSIAN NOISF. °
HEREs IT 1S CALLED JUST TO INITIALIZE. .

CREBERUREOOVROBCIOVRRNOBICOLADRVRERTRRDVRTIVOOCVRLERORGBOOQDORONRGD

CALL NORMAL (ERROR)
RCS 1S THE REAL SPEEL OF SOUND.
RCS=2331,36+¢0.6096*RTEYP

RETURN
END

NOL FORTRAN UIAGNOSTIC RESULTS = FOR INPUT
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NOL FORTRAN (1.0)

DATA VARIABILES

ALA
ALK
ALROT
ASAVE
arT
BINS
8T

cS

cT
DELTA
FREQ
IFLAG
INCSAVE
JFLAG
KFLAG
M
MFLAG
NPASS
NREP
NRUN
NRUNX
NSEN
NTRG
NUM
Pl
Pl2
PI0D2
RALA
RALROT
RANGE
RCS
RTA
RTEMP
RVA
RX0
RXA
RYO
RYA
RLA
SAVE
SNCPA
TA
TEMP
TLR
TSAVE
VA
WwSAVE
X0

XA

XK
XMEAN
Y0

w

=21

SUBRQUTINE TIWPUT

oonnl
0fAnk
00003
00005
00901
00096
00001
00001
00001
00006
00006
00003
00005
00003
00008
00008
00006
00008
00005
00006
00016
00003
00001
00005k
00007
00007
000n7
00002
06004
00006
00002
00002
00002
00002
060n4
06002
0C004
00002
00002
00006
06006
0c001

00001

00006
0000S
00001
00005
00003
06001
00Nné
00006
000c3

00014

00036
00036

00012

00029
00022
90015
00009
00011
00010
oova7
0C034
00036
00039
009025
00036
00v2s
00032
0002%
00032
0002S
0002%
00016

00013

00036

voo3l
9002«
vuoole
00027

00039

‘00014
00034

0anli




g NOL FORTRAN (1.0) SUBROUTINE TNPUT
Ya 0nany
2A 00001

COMMON VARIABLES

#ENONE @

PROGRAM VARIABLES

ERROR 00028
1 00016 00016
NORMA( 00038
NOYES 00C16 00019
) NS 00031 00032 00032 00034
NT 00024 00025 00025 00025 (onzS
RALAD 00025 00027
RALROTOD 00032 0003«
' 4
A
B-22

¥

- e
L3 3
AT N AT e
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NOL FORTRAN

00000

00001
00001
0coo02
00003
00003
00004
00004
0000S

00006

00008
00009

i 00010
i ‘ 00011

R .

00013

(1.0}

SUAROUTINE SFNCHK (NSeTAUWNT)
CReR0LRIVRVRCRVLBODNBRVRRAT VROV VEICRVRVRDNBOIBVOORTCVORQRVOBRIDROODS
JONATHAN VALVANO 03/18/75
THIS ROUTIME CHECKS TO SEE IF THE SENSOR SKOULU

REPORT AT THIS TIME, IF IT DECIDES TO REPOR1 TrHEN IT MAKES
THE APPRCP=]IATE ENTRIES IMTO THE ARKAYSe (TSAVEIASAVE (wSAVE®
-

¢ 0o ¢ ¢t ¢

ROV UUOOCEIRVUOCEVNBQIRD VLNV RRRBDRIRNBE VR OIDEIODOOCLORGODOERRILOEVNSD

OO0 OOOODOO0O
o % &0 ¢ 0O

COMMON /RTRGT// RALA(3)4RXA(3)9RYA(3)yRZA(3))
1 RTA(3)sRVAI3) «RTEMP,4RCS 3
COMMUN /RSFN// RX0(3)+RY0(3)¢RALKOTI(3)
COMMUN /RERP// TSAVE(343¢50) 9sASAVE(393950) vnSAVE(3423e50)
1 NREP (343) 4 TNCSAVE (34 3)
COMMUN /STATE// TLR(3)«ALR(3)sMFLAGI(3)eFREQ(2)
1 BINSIXMEAN ¢ XKy SNCPA3FANGE s DELTASNUMINRUNONRUMNX9SAVE (104100)
COMMON /CONST// P1oPID24PIR2

c
c BODRVBRERCORAVBVVVIRRIVRRVOUBLOOIRRVRRBOTVRIOCRRBUOVGVOBRBOETREEOC
c ) i “
c - THE SENSOR CAN ONLY REPORT EVERY FREQ(1) SECUNDS IF TwE °
c ° TARGET 1S CHANGING RINS, IF IT HaS NOT BEEN AT LEAST @
c . FREW(1l) SECONDSs CONTROL IS RETURNED TO SIMULATE, °
(o L AND THE SENSOR DOES WOT REPORT. <
Cc e e
c VORVCQORNRRORRPICOVUNBOVRVITGRVOCRVBORRBERNVONCOOORDRANOCVOQCEEBIQEOORDORS
Cc

IF ((TAU=TLRINS)) oLTe FREQ(1)) RETURN
c
c SORRBRRRURVBBORNCRONRRRRBORNVRBBRERNVIBRBORVORRNVRQGRTVOOODROROIRRCCV S
Cc L : °
c . TIME TAU IS WHEN THE SCUND ORIGINATES FROM THE TARGET, °
€ L RATAU=REAL X POSITION OF THE TARGET AT TIMF 1au, -
c L] RYTaUsREAL Y POSITION OF THE TARGET AT TIME TauU, .
Cc L RALTAUSREAL ALPHA ANGLE TO THE TARGET AT TIME lAau. °
[ b -
(4 BOBBTOLDIVNODRRNVOPRIDIDRRBDOERIDRTORNBRRNONDEORBVQRAIVOOARBBRBOLOELU D
C

RXTAUZRXA (NT)*RVA(NT) @ (TAU=RTA(NT) )*COS(PID2=RrRALA(NT))

RYTAUZRYA (MT)*RVA(NT)# (TAU=RTA(NT))®SIN(PID2=RALA(NT))

RALTAU=PINZ <=ATAN((RYTAU=RY((NS))/ (RXTAU=RX0(NS)))

IF (RXTAU .LTe RXO(NS)) RALTAUSRALTAU+PI
Cc
[ ~ BOOVVROINNROREVOVUVINRNCRVRBVRIRORVVRRRCRRRNVBOBALEROQORDGOIERCROD
Cc L e
c & OXYZ IS THE DISTANCE FROM THE SENSOR TO THE TARGET, IT IS
cC THIS DISTARCE THAT THE SOUND TRAVELS (FROM TARGET TO SENSOke
c @ °
c SP0BVANRRVVBRRONVONDBVORBRVGEARBVORDRORNOOVBOBAVOROUECLOODOBRBLUCOD S
[+

DXYZ=SQRT ( (RXTAU=RXQ (NS))#82¢ (RYTAU=RYO (NS))®w2+RZA (NT)®®2)

B-24
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NOL FORTRAN (1,0) SUBRQUTINE SENCHK (NSeTAUWNT) -
‘v c
c EY Y L L Y Y Y Y Y YR Y YRR IR AL SRS 222 2222 X2 L A 0002
| c ® x L
c @ IF TrE TaRZET IS OUT OF RANGE FOR THIS SENSOK» “
- Cole SET MFLAG TO 1 AND RETURN. NO REPORT. .
(o ° *
c .00.0009“00...09.000..060'600.00'600'0.00..000'0.90000.000.00’000 ‘
c |
0001a IF (UXYZ L1.T. RANGE) GO TO 300 {
00016 MFLAG(NS) =]
00017 RETURN
000l8 300 MFLAUG (NS) =0
c
c XX XTI R A R Y - L - R R R Y R R T R A L R R R AR A AL 2 222X Y22 222 27
| (> o °
| e TIME IS THE TIME wHEN THE SOUND REACHS THE SENSOR. “
| c @ IT IS THE REPORT TIME, -
| (o] L 3 e
c BVORBPVNODAVOROVVRVRVONVVRIVRRIOVIVDRRNIVVOBVODRNOVGIDINITIQROIOGOEVAS
¢ ;
00019 TIME=TAU+DXYZ/RCS L
[+ "
‘, c CRDRVRRON PO RBRVIVRBVDRVRAIVOVDBCRNRORRVPIVRVADTORRVRVBIVRRTVRIRBOOQOD S :
c - . . 7
” c L4 ALTAU wlLL BE THE REPORT BEARING e
C o @
- c BRBBIRVVIVOVNACRLRRVORIRRRNOTVERRODORLBRRN ORIV DVRVICRROROIGOVOOTY
c
‘ 00020 ALTAUSRAL TAUSRALROT (NS)
c
C BROPVBRNANVCNBNBANVUBRNIBTIDCOINVBIRRRNINORVDICRBDGOVNVRDQREBVBRIPEOSTe
Cc o ™
Cc o CALCULATE SIGNAL/NOISE (SN) *
Cc o ©
c L ADD GAUSSIAN ERROR, L
| c @ ; )
l} c SRS DRVRVIVVORBRCTNVBVROTRDDVENVRVVDVRIVNVORDORORIVVOIVOBVRBBRRORQGVEY
E. c
| 00021 SWESNCPA/ (PXYZ*140)
i ,' 00022 XSIGHMAZXK/SQRT (SN)
{ 00023 CALL NORMAL (ERROR)
f 00024 ALTAUSALTAII+XMEAN*XSIGMA®ERROR
c
‘ c GOV RRTRNANOBNVVRRNNDVVIVDVIVVTRRNDRRGBNRNRRNVIRLRTGAIVIRTOROREROVOS
Cc . »
.‘ C o ALTAU IS ADJUSTED TO FIT INTO A BEARING BIN. ©
c -9 <
c BNV PNVRVVBVNRAVBRIDINRRORIDINRRVVVVRTRNRQRIVVQOIVBRRVOBBRVRORGNCO
(of v
i 00025 ALTAU=(PI2/BINS)®FLOAT (IFIX(BINS®ALTAU/P12+0.5))
2 [~
5 Cc
1 c
c

B=25




~ NOL FORTRAN

00026

00027
00027

00029
00031

00032

00033

00034

00035

00036

00037

00038

| 00039

NO ERRORS

(1.0

OO0 ODOOOOO O

O0O00OOO0O0O

SUBROUTINE SENCHK (NS TAUGNT)

VRO COVRRUOOVVIONVIVOVRAOCAVEAIVNVORPVOVUEORIGRUVRIOPOOUCROOEORLROIONC L

L <
° W IS THE AF [GHTING FACTOR PaSSED FRUM THE SENSIR, -
« N o

RRBBOQUDRRPONORVORVRBUITVVRGDIDOBVEDURRBVVORONORQRCUCLROORUDIDEERCGY

w=e001

CGRROPVOVIROBODBIRIVVUVBORVBVVOLOVORUURDUURVVLEAVLREOOVLLDDBRBBCREOL G

1F THE BEARING HAS NOT CHANGEU SINCE THE LAST KEPORT
(ALTAU=ALR) s THEN THE SENSOR MUST WAIT AT LEAST FREQ(2)
SINCE THE LAST REPORT, wE KNUW THE SENSOR HAS waAlITEn
FREW()) SECOWOS (FROM ABOVE)s SU wE wlLL REPORI [F EITHER
1e THE BEARING HAS CHANGED
or 2¢ THE TIME DIFFERENCE «GTo FREW(2)

¢ % ¢ ¢ o8 o8
¢ 0 ¢ & 0 0 O &

PRVICBOORURPRAVRBEEIRVRBVOURLRUBCTRRVRIROVVOOOERQROVORDRROCRRAOURELO S

IF (( TAU=TLR(NS)) oLT. FREQ(2) eANU.
1 ALTAU LEQ, ALRINS)) RETURN

PR RRPRRVNRBRICRRRVOBRORCOROTOROIRVTDORIVOIVOROVRVCRROOCPRBOUIDOODO L

° ¢
b THE SENSOR 1S NOW REPNKTING. °
L <

GGRORBUBVOBROVVBOORVOVORNOVRVVNORBBRBRAOVUOERBVROORRVERORQREORVOD

IF INREP(NS¢NT) +GE. S5n) RETURN
TLRINS)=TAY

ALR(NS)=Aa TAU

NREP (NS oNT)I=NREP (WSWNT) )
N=NREP (NS eNT)

TSAVE (NS4NTyN)=TIME

ASAVE (NSyNTeN)=ALTAY

WSAVE (NSeNTeN)=w

RETURN

END

NOL FORTRAN DIAGNOSTIC RESULTS = FOR SENCHK
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NOL FORTRAN (1,0) SUBROUTINFE SENCHK (NSeTaUsNT) .
DATa VARIABLES
ALR 00004 00027 00032
ASAavE 00003 00036
BINS 00004 00025 V0025
DELTA 00004
FREQ 06004 00006 Vo027
INCSAVE 000n3
MFLAG 00004 00016 0oo01l8
NREP 00003 00029 00033 00033 0nn3e
NRUN © 000064
NRUNX 00004
NUM 00004
PI 00005 00012
Pi2 00005 00025 00025
P1D2 0000S 00008 00009 00010
RALA 06001 00008 V0009
RALROT 00002 00020
RANGE 00006 00014
RCS - 00001 00019
RTA 00001 00008 00009
RTEMP 00001
RVA 00001 00008 00009
RX0 00002 00010 0001l 00013
RXA 0nnnl 00008
RYO 00002 00010 00013
RYA 00001 00009
RZA 00001 00013
SAVE 00004
SNCPA 00004 00021
TLR 00004 00006 00027 00031
TSAVE 00003 0003%
wSAVE 00003 00037
XK 00n04 00022

XMEAN 00004 00024

COMMON VARIABLES

SOANONF. @

PROGRAM VARIARBLES

ALT AU 00020 00024 00024 0002S 0002S

ATAN 00010

cos 00003

DAYZ 00013 00014 00019 00021

ERROR 00023 00024

FLOAT 00025

IFIX 0002%

N 00034 00035 00036 00037

NORMAL 00023

NS 00cno 00006 00010 00010 0onll
B=27
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ey

NOL FORTRAN

{1.0)

NT

RALTAU
RXTaAU
RYTAUY
SIN

SN
SWURT
TAU
TIME

w
XSIGMA

SUBROUTINE SENCHK

00020
00035
noeno
00013
00010
00008
00009
00009
non21
003
00000
00019
00026
00922

B-28

00027
00036
00008
00029
00012
00010
noolo0

00022
00022
00006
00035
00037
00024

(NSeTaUsNT)

00027
00037
00008

00033

0go1e
00011
00013

00008

0002y

00008
00033
00020

ocol3

00009

non3i

onnod
0nn3«

09019

|
|
|
|
i




ouTPUT DECK/ LeQeX
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NOL FORTRAN

00000

00001
00001
00002
00002
00003
0000«
00005
00005
00006
00006
00007
’ 00008

’f 00009

00010
00011
00013
00014
0001le
00017
00018
00018
00019
00020
00020
00021
00022
00023
00024
00025
§ 00026

00027

00027
‘ 00028

00029
00029

(1.

0OOO0DOOONDOOO0O

O000O00O0O 0

0)

604
611
bl2
615

614

602
603

600

601

SUBRUUTINE OuUTPRUT

LT R R L T R Y A R A R A AR A T TR L 2

°
@ JONATHAN VALVANO N3/1h/75 «
< £
L THIS ROUTINE OUTPUTS RESULTS. °
“ ALL ANGLE OUTPUTS ARE [N DEGKEES, =
® °
ooh.obooéﬁooouooo«eboooo@ooooac.ah&080000006“00n00¢¢.obo.aooo&voo

COMMUN /TRGT// ALA(3) «XA(3)9YA(3)9ZA(3)
)| TA(3) 9 VA(3) 9AT(3)9BT(3)4CT(3) 2 TEMP4CSyIvIRG
COMMON /RTOGT// RALA(3)4RXA(3) ¢RYA(3)RZA(3),
1 RTA(3) +RVA(I) s RTEMP4RCS
COMMUN /SEin// NSENyXN(3) 4 YO0 (31 ¢ALROT(3) v IFLAGJFLAG
COMMUON /RSEN// RX0(3)4RYA(3) yRALKOT(3)
COMMON /REP// TSAVE (3¢3+50) 9ASAVE (393450)5wSAve(393¢30)
1 NREP(343) 4 TNCSAVE (34 3)
COMMON /STATE// TLR(3)¢ALRI(3) +MFLAG(3)sFREQ(Z) s
1 BINSIXMEANXKeSNCPAWRAMGE ¢DELTAsNUMINRUN s NRUNKISAVE (104100)
COMMON /QPTLIONS// KFLAGeMINPASS
COMMON sCONST// PL1sPIN24PI2
PRINT 604+ NRUNX
FORMAT (1H]+50XeSHRUN 4 15)
[F (KFLAG .Eue 0) PRINT 611
FORMAT (1H2y10Xy15HRT1AS CALCULATED)
IF (KFLAG .EQs 1) PRINT 612
FORMAT (1H3,10Xs12HRIAS INPUTED)
PRINT 615
FORMAT (1H +10Xs14HREPORTED w=1e17Xy
)] 32HCALCULATED w=EXP (= (RXY/1000)0%2))
PRINT 614, NPASSyM
FORMAT (1H +10Xx¢ldHNUMBER OF PASSES «189s5X,
1 21MINCREMENT FACTOR M y18)
XMEAND=XMEANY]B00/P]
PRINT 6024¢XMEANDRANGE
FORMAT (1H +10Xs4HMEANG14XoFBe145X¢OHRANGE 416X ¢F84N)
PRINT 603y XKySHNCPA
FORMAT (1H 910X98HK FACTORILI0OX1FBe6sSXe10HS/N AT CRAG [ XeFB, D!
PRINT 500y FREQ(1)sFRFQ(2)
FORMAT (lH 410X IBHCHANGE CYCLE TIME +F&.2,
1 SXe2lHNO CHANGE CYCLE TIME +F8.2)
PRINT 601y HINSIDELTA

FORMAT (1H +10X¢18HNUMRER OF BINS sFBe0ySXe
] 21HTIME INCREMENT 2sFB8e2)
B~30
YO
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NOL FORTRAN

00030
00031
00032
00032
00033
00034
00035
00036
00037
00c38
00039
00040
00041
00042
00043
00044
00044
00045
00046
00047
00048
00049
00050
00051
00052
00053
00054
00055
00056
00057
00058
00059
00060
00061
00062
00063

NO ERRQRS

(10}

505

606

607
6lo

620

621

622

623

624

625

6l6
650

NOL FORTRAN DIAGNOSTIC RESULTS = FOR

SUBROUTINE oQuTPUT

D0 610 NT=],NTRG

PRINT 60%, NT

FORMAT (LH3 410X ¢SHTARG +150

S6M Xa YA ZA va
RALAUZRALAINT)®180,0/P1

PRINT 6064s RXAINT) sRYA(NT) gRZA(NT) ¢RVAINT) yRALADRTEMO«RCS |
FORMAT (1M 410X l0HREAL s TF8e2)

ALAUSALA (NT)#1H0,0/P1 ; ;
PRINT 607e¢ XAINT) o YA(NT) ¢ZA(NT) o VA(NT) ¢ ALAD s TE4PCS
FORMAT (IH +10Xy10RINPUTED 17F3.2)

CONTINUE

DO ©50 NS=],NSEN

PRINT 6204 NS

FORMAT (1H39L0Xy14HSENSOR NUMBER +15)

PRINT 621

FORMAT (1M 910X420X,
3e6n X0 YO ALROT)
RALRUTO=RALRATINS)®*180,0/FI

PRINT 622¢ RAGINSI sRYO(NS) s RALROTD

FORMAT (1M ,10X,4HREAL16Xs3F12.9)
ALROTD=ALRAT(NS)®1B0.0/P]

PRINT 6234 X0(NS)YN(NS)4ALROTOD

FORMAT (1H ¢10Xs10HCALCULATES10%93F1243)
DA=RAQ (NS)=x0(NS)

DY=RYOQ (NS) =YO(NS)

NAL=RALROTN=ALROTOD

PRINT 6244 DXsDYsDAL

FORMAT (1M 410Xy 10HOIFFERENCE10X93F1245)
DR=SWRT (DX##ReDyee?)

PRINT 625, DR

FORMAT (1HM410Xs12HRANTAL ERRURWBX4F12,5)
PRINT 6169 (INCSAVE(NSeI)s I=143)

FORMAT (1H 410X410HINCREMENTS»10x93112)
CONTINUE

RETURN

END

CUURSE TEMP Ccsy

QUTPUT

w
)
w
e’

fODY BUan
%Jgf I AT

l"&‘ 1 n g
’ L”::'-!! :U&’»Z Sehamter (048 helle & L R W R




NOL FORTRAN (1,0)

ALA
ALR
ALROT
§ ASAVE
AT
8INS
af
k cS
ct
/3 DELTA
FREQ
IFLAG
INCSAVE
JFLAG
KFLAG
M
MFLAG
NPASS
NREP
NRUN
NRUNX
NSEN
- NTRG
NUM
Pl
Pl2
pPlD2
RALA
RALROT
RANGE
RCS
RTA
RTEMP
RVA
RX0
“ RXA
- RYOQ
| RYA
} RZA
H SAVE
SNCPA

b ¢ 4‘ TA

: TEMP
R ‘ TLR

g . TSAVE
= VA
WSAVE
X0

XA

XK
XMEAN
YO

~

DATa vARIABLES

B-32

00001
0Cnn6é
00003
00005
000n1
00006
00001
00nn1
ooonl
00006
00006
0onnn3
00nnNS
00003
onnn?
00007
00006
00007
00005
N0006
onnne
00003
onnnl
00006
00008
00008
00008
00002
00004
00006
onnna2
00002
000n2
00002
00004
0nnn2
00004
00002
00002
00006
000n6
00001
00001
00006
00005
00001
00nAnsS
00093
00001
00096
00006
00003

nnoy

LY AR S

SUBROUTINE OUTPUT

00036

00048

00028

"00037

00028
00026

00059

00011
00019

00019

00009
q0040
00030

00021

00033
00045
00022
nN0034

00034
00034
00046
00034
00046
00034
00034

00024
00037

00037

n0049
0no37
0002«
00021
00049

kY

1

00026

U001«

00033 00036 0nnas

00051
00052

00051

voo%2




NOL FORTRAN (}.0) SUBROUTINE HUTPUT
YA 010001 00037
ZA 00001 03037
COMMON vARIABLES
QONQNEOO
PROGRAM VARIABLES
ALAD 00036 00037
ALROTD 00048 00049 00053
DAL 00053 00054
OR 00036 00087
0X 009051 03054 00056
oY 00052 00054 00056
1 09059 00059 )
NS 00040 00941 V0045
00081 09052 00052
NT 00030 00031 00033
00037 00037 00037
RALAD 00033 0003e
RALROTO 00045 00046  000S3
SWRT 00056 .
XME aND 00021 90022
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NQL FORTRaAN (1.0}

00000

00001
00001
00002
00003
00003
00004
00005
00006

oty

¥

OO OOOOOOHOO

OO0

SUBROUTINE SPL(NS)

P R R R A R T R R R R R R T R DR R A R R AR R A A2 AL 2R L A2 DA A 4 8 24

€ 6 C O %6 0% S0 S %0 &S OGCE ¢S S * S S S G S SC S S S

JONATHAN VALVANO

THIS IS THFE SENSOR

INPUTS

OUTRPUTS

GIVEN THE REPORTS S
CALCULATES THE SENS
THE UBlas IS THE FIR
REPORTS AND uUSING

THE SENSOR PUSITION
FIT UF A POINT TO T
FROM THE TARGET TO

ENTER CALCULATES TH
SUMS INTO Al2+81294
IS A SIMPLE RELATIO

THERE [S THE POSSIB
IF THlS CPTION IS T
IF KLAG IS RESET (K
ITS OwN BIAS,

COMMUN /TRAT// ALAL
AT(3) 48T (3)4CT(3) T
COMMUN /SEN// NSEN

COMMUN /REP// TSAVE(3¢3950) sASAVE(3¢3950) ywSAVE(343950)

NHEP (343) ¢ INCSAVE (3
COMMUN /CONST/ZZ Pl
COMMUN /Syu~S//7 812y
COMMUN /OPTIONS// K

03718775

POSITION LOCATCIH ROUTINE,

NS NUMBER OF SENSOR

NP 4SS NUMBER OF PASSES USED
NTRG NUMBER OF TAKGETS
TSAVE (NSeNTyNR)ST[ME OF REPORT
ASAVE (NSeNTAR) SANGLE OF REPQRT
WSAVE (NSyNT9AR)Sw UF RFPORT
NHEP (NSyNT)=NUMBER UF KEPORTS

X0 (NS) X POSITION OF THE SENSAHP
YO (NS) Y POSITION OF THE SENnSAR
ALROT (NS) ANGLE ROTATION 8IAS

AVED IN THE ARRAYS THIS ROUIINE
OR OOSITION AND S1AS ANGLE.
ST THING CALCULATEDs IT USES THREE

ANGLE OIFFERENCES CALCULATES THF ATASe
SQUARFS

1S CALCULATED B8Y A LEAST
HE ™AKY LINES (ONE FUR EACh KEPNRT)
THE SENSOR.
ESE LIMES AND MARES THE AFPRUPRIATF
IRTLAICLeBICls THE SENSOK POSITION
N OF THESE VARIABLES.

ILITY OF INPUTED TRHE BIAS
AKENy KFLAG SmOULD 8t SET
FLAG=G)

(ALROT)

0000030900200 CRRVRNRRVABNORBVRRVIVAVVRBROIGAVITUBVLIVARIORGGRBRGS

3)eXA(3) 9 YA(3)92ZA(3)9TA(3)9VA(3)
EMP«CSINTRG
X0(3)aYN(3)0ALROT(3) 9 IFLAGWJFLAG

' 3)

PID2.P12

RIZWAIBI4AICIBICI
FLAGyMsNPASS

B-35

Cf”"! AY AN fns e

(KFLAG=1) .
THEN THE PROGRAM wlLL CALCULATE

¢ &6 ¢ € ¢ ¢ 06 ¢ ¢ % GCC & OO0 0O O CC O C OO G &0 G O €O
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NOL FORTRAN

00007
00008
00009

00010
00011
oool2

00013
00014
00015
000l6
00017
0ools
00019

(10) SUBROUTINE SPL (N3)

CRARCUREVLOUORVDRUELOBIRVOVRORLARVLHBRNOOVICNETCONUORUUROLOTPNGREG

WHEN CALCULATING THE RTAS IT IS BETTER NOT TO USE
SEJUENCTAL REPORTS RECAUSE THE AnGLt DIFFERENCZS AxF
EITHER TOO SMALL OR 2¢RQ, [THEREFORE wE WILL INCREMENT
THRUUGH THF ARRAYS STEPPING MORE THAN ONE, INC IS TwF
VALUE OF TwE INCREMENT FOR EACH TARGET THE SENSUR SAw.

IF INC(1)=4 THEN WREMN wE LOOK AT THc REPORTS OFr YA2GFET L
WE wILL STFP THROUGH RY & (195)9013'000’0

IN ORDER TO USE AS MuCHW OF THE DaTa AS POSSIBLLs WE

wILL STEP THROUGH THE ARRAYS AGAIN BUT STARTING wITH 2,
THEN 3, THEN 4. IF WREF(NSe1)=50 THEN INC(1) wOULD 3E 13
ANDO WE wOULD LOOK AT THE REPORTS IN THIS ORDER===
1014027440 2015428441 3416429061 (00 13026039

BIAS CALCUILATIONS USE REPOKRTS IN GROUFS OF THREE.
POSITION CALCULATION S USE £ACH REPURT SEPERATELY,

¢ 6 0 600 006 053G CLC O O C 08

BEUOROEUE RO RN RO ORI RQEVRDBORDOROIBBRRLROPEBDOBDDOROTVCRBOBUERIOICE

O0O0OOODOOODOODOODOO0O O
% 0 6 0 ¢ 58 ¢S SO & O C O

DO 400 NT=14NTRG
INCSAVE (NSWNT) =1 +nREP (NSyNT) /M
400 CONTINUE

CHROE R RO R R ERRORPTONRORBRRBLOEIIBEORURBOBIROROVRODORRORDBPDODGRGD

@ THE POSTITION CALCULATION CAN NOT 8t DONE WITHOJUT A B1.43

* CALCULATION « BUT TYE BIAS CALCULATION CAN BE UONE wITH

» OR wlTHOUT A POSITION CALCULATIUN , THE BIAS CALCULATIUN

® IS MURE ACCURATE wWHEN POSITION IS KNOWNe TO <XggP

L TRACK OF W4HICH CALCULATIONS HAVE BCEN DONE FLAGS

“ ARE USED., [FLAG=0 MEANS NO BIAS CaLCuLATION

® . IFLAG=1 MEANS A BIAS CaLTULATION

L JFLAG=0 MEANS NO POSITINWN CALCIn ATION
L JFLAG=] MEANS A POSITION CALCULATION
“ KFLAG=0 MEANS BIAS T0 HdE CaLcuLaTeD

L KFLAG=1 MEANS BIAS HAS HcEN [NPUTED

o
&

QOO0 OOOOO OO O

¢ 6 ¢ ¢ 0 &0 G 0B O O O U

GH BN OEE R RN GR LB BTN R B DB RIG DG RIVEORRNGEDOBROTORRELRRERODRBBIT OO
401 IFLAG=0
JFLAG=0 ‘ y
DO 490 NP=)yNPASS

c LI A R Y R 2 R A R A Y T R T Y - LR L
c bt °
(= © EACH PASS STARTS AITHK FRESH SUMS BUT USES THE CALCULATIONSe
c FROM THE PREVIOUS PASS, o
c o .
= (TR A R Y L L T A Y R R T R R Y YT YT L X 2 2

al12sv,0

B12=0,0

AlIBI=0,0

AlICI=0,9

8ICI=0.,0

BSI=V,0

wi=0.0

B-36




00020

00021
00022

00023

NOL FORTRAN

(1.0)

OO0O00OOOOOO0 OO0OODHOOOOOOO

OO0 OO0O0OOOOD

SUSROJTINE SPL (NS)

T Ll S I T Y T e Y R Y T T Y T Y T L L A

°
IF OATA FROM TWO OR MORE TARGETS IS AvalLABLE THEN *
CALCULATIONS ARE GENEWALLY MORE ACCURATE. °
HEREy wE LNOP THROUGH FOR EACH TaRGET, °
<
L]

* %6 o0

Y X AR R T Y L DR R R Y YRR LA AR AR SR AR A A 222 2 R A 0 0

00 480 NT=1,NTRG

BBV RRGIVIVVGEIVUINPG IRV ORNBIVRORDDBBDVLVVBIDVRDBIVORBODORGRROIOCD
* °
° NRPT [S THE NUMBER OF REPORTS OF THIS TARGET. o
o N IS THE INCREMENT USED w[TH TwE REPORTS OF THIS TARCGET. @
* . @
BDOBRVBRVPRRVPRIBIVIPPERVBOVTVORRIRNQVVRIVDOQRAIVTORGNEVRNRQGPOIROBOU QY

y NRPTaNREP (ANSeNT)
N=INCSAVE (vSeinT)

BRERIDHRDPODPUAURDORROVOPPIVIORDIBRRDIVVITROVDEORNCORORBREDBORRR OV

L] L3
° IF wE ARE GUING TU [NCREMENT 8Y N THEN THERE MUST RE °
L AT LEAST 3aN POINTS IiN THE ARRAYS IF NOT GO TO NEXT TARGETe
* a

BORGRRRNVRDVIVCPORRNIBRVRRORVVIVDIRVPRRODTROTNOVOVVDVRROTRWPRROED o

IF (NRPT LT, 3#N) GO TO 480

i N

I N AN SIS T ey T




NOL FORTRAN

00025

00026
00027
00028
00029
00030
00031
00033
00034

00035

(1.0)

OO0 OOOOOOOOOO OO0

O0O0O00O0OO0

SURRQUTINE SPL (NS)

DO 470 NF[RST=1l4w

QEORVOERER 00RO IVPOOCTORGTVRTREIOBDODDIOROVOECRIBOEOVBRBODEOUOGOROD

N1 1S THE WUMBER OF TWE FIRST REPOKT.
N2 IS THE MUMBER OF TwFE SECOND REPUKRT,
N3 IS THE NUMBER OR THE THIRD REPORT,,

Tl IS THE TIME OF THE FIRST REPORT,
T2 1S THE TIME OF THE SECOND REPORT.
73 IS THE TIME OF THE THIRU REPORT

(X19Y1l) IS THE TARGET POSITION AT THE FIRST REPORT,
(x29Y2) 1S THE TARGET POSITION AT THE SECOND REPORT,
(X39Y3) IS THE TARGET POSITION AT THE THIKD REPORT,

L

-

&

L]

o

°

>

L

«

L

@

L

L

° ALPHA] IS THE REPORTENn REARING OF THE FIRST REPORT,
o ALPHRAZ IS THE REPORTED BEARING OF THE SECOND KEPORT,.
L
.-
«
L]
L
]
-]
L]
.-
L]
L 2
L)
®
L 3

& &0 ¢ ¢ 0 ¢ 00 & 6O & OB

ALPHA3 1S THE REPURTED BEARING OF THE THIRD REPORT,
°
wl IS THE wEIGHTING FACTOR ASSOCIATED wlITH THE FIRST REPOKTS
w2 IS THE 4EIGHTING FACTOR ASSOCTATED WITH THE SECNANN WEPORT®
W3 IS THE #EIGHTING FACTOR ASSOCIATED WITH THE TRIRD REPORT»>
L]
THETAl IS THE ANGLE OIFFERENCE BETwEEN FIRST AND SECOAD “
THETA2 IS THE ANGLE DIFFERENCE BETwEEN THE SECOND AND THIRD®
L ]

012 IS THE DISTANCE TRAVELLED BETWEEN THE FIRST anD SECOND®
D23 IS THE DISTANCE TRAVELLED BETWEEN THE SECOND AND ThIKD =
e
°
PEROOROI RO IRCOPRBODDRDIVRTNORDVEDBRORRDEREDBLRRDOROBORRGROROOO,

N1=NFJIRSY

"N2=N]+N

NSTART=NR e

CALL ENTER (NSeNTeNleTleXlsYloALPHALIW])
CALL ENTER (NSeNTsN2eT29X29Y29ALPHACW2)
IF (KFLAE EQe 1) GO.TO 410

D122SQRT ((X1=X2) %824 (Y =Y2)#e2)

THETAl=ALPHAZ=ALPHA]
BEROCORRERBRBNDORNNRERBVRBORCRBVVROCERRARNVCROOTNGEBRTRBCOBGOORRED
L ] °
. SHIFT wILL SHIFT THETA] BETWEEN =P] AND ¢Pl ®
o o

COOBORACNORRVBUBOBVRNRIBOBVUOBINDOORRANROVLOOVRLQVOROVRRCD YO ROEDOL

CALL SHIFT (THETA140.0)

B-38
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NOL FORTRAN (1.0)
c
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(o}
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. c
g c
(&
c
c
C
c
00036
00038
00039
00040 410
00041
00042
000644
00045
(54
c
c
’ o
P c
(=
C
: c
c
00066
c
c
Cc
c
(o
(of
3 C
& | c
k.. | c
3 ' . C
c
{ -
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e 00047
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1 (>
E c
! c
E | G
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£ >
L c

SUBROUTINE SPL (NS)

PRCANAVRORVVIVNVVIBRRICVVOVGOVBVIBNOVUROVORRVOVNABLIVRVBVLORIDEIO

o <
L °
* THE B1AS ALGORITHM wILL NOT wORK IF THETA]l ECUALS ZEPN. L
o THE INCREMFENT IS INCHFASED AND #E START OVER AVAIN, >
° o
. . i L]
BOPVDVVVCUCOQUOEQORICGVIROVODDUNRRORDRORRINVODVORRRODRRVCVLORRBOROOPOOC S

IF (THETA] oNEe 040) GO TO 410
INCSAVE (NSeNT)SINCSAVE (NSeNT) ¢]
GO TO &n)

DO 460 N2I=“START¢NRPT 4N

CALL ENTER (NSyNTeN34TAyx35Y39ALPHAI A 3)
IF (KFLAG JFEle 1) GO TO n0
D233DURT((13=K2) @924+ (YI=Y2) 8e{)
THETA2=ALPHA3=ALPHA2

QOB RRODREBRVBRIVERRRRVIRBVTEOICIDORNIRRVDRVVIRIOOBRNOVIOIGBRIDRIBROC O

<@ i~
@ SHIFT wILL SRIFT THETA2 RETNEEN =PI AND *P1 s @
L3 . -]

VRV RRROVOVVRVBVNITTROIRRVOCRDTRDIRDIILVOOIIDLRROROTRVOONRRRRBRERTD

CALL SHIFT (THETAZ2y0.0)

ROONODRRCRRVRVRAVUBRBVNTDBVOBOBDLRDIRNDRVBDOVARINTRCGROBORDRERIDICELY

THE ALGORITHM WILL NOT WORK IF
THETA] EQUALS ZERV
THETA2 EQUALS ZERO :
THETALl AND THETA2 HAVE OPPOSITE SIGNS.
IF ANY OF THESE FAULTS OCCUR THE ALGORITM [S SKIPPED,

LN BN B R N AR A
¢ & C & Q000G @

BHORDBRAINVB VBV INCGORTIVTCIANDRIBIBANNNQAVIRBDCORQUV20RGORODICEUTL

IF (THETA1#THETA2 «LEe« 040) GO TO 460




NOL FORTRAN

00049
00050
00051
00052
00054«

00055
00056
00057

00058
00059
00060
00061
00062
00063
00064
00065
00066
00067

(1.0)

O0O0O0OOOO000 0O

OO0 OO0

OO0 0OOO0OO0

460

QOO0 O0OO0O0

SUBROUTINE SPL (NS)

DOVOVVOROVOVLOCGVNOVORBVERBUNVCTRVRVCRVGOOVOEONUDUGIRBOVQLBUGOVIOOLD

¢ s & 0 0

®
ThIS IS THE RIAS CALCULATIOWe. ®
<

POV RC BRI OB ORGP RCRLOVRORPROCELLERBELRCNRORURRRCOELOOLEROOURNOCD

THETA12=THETA)J«THET A2
DENOM=0124SIN(THETA2) / (D23®SIN(THETA]))=COS(THETAL12)
PHISATAN(SINI(TRETAL2) /NENDOM)

1F (CENCVM (LTe 0e0) PAI=PHI+PI]

BS=Plea| PHAL-ALA(NT) =0T

POV OOGOUNOEDALROVRNOVRDBIORLNLUROBLIBLVRDURICRICCVOLOOOLORTBOUOEROERGG

SHIFT wiLL SHIFT BS BTWEEN (ALROT=Pl) AND (aLROTeP)

WEIGHATING FACTOR OF w2,

% ¢ 200

<
°
@
EACH BIAS CALCULATION (BS) IS AVERAGED INTC BS! wITH A o
©
<
o

VOCRRVRRRVTVRORACUBDREVRROBERCOECDRRLNIROEOTOOOBD RO R RORBR L IROOO

CALL SHIFT (HSsALROTI(NS))
RSI=BS[ewl24BS
Wlizwlew?

GO0 RRRRNNCCVTRRNOPROTRRRRVELBHBORRRVOORBREOVOOCOTRRREDOCRRRORORRO L

° @
- THIS FOLLO%ING VARIABLFS ARE BUMPED DOWN SO 2
i THEY wILL ~OT HAVE TO BE RECALCULATED. - .
o ®

CRGRORRONDRBORBOVIVORVBBDORRRITBRRDODUBLTHQOODOROIOETIVGRRRIOOOGOD

N1=N2

N2=N3

X2=x3

Y2=Y3
THETAl=THETA2
ALPHAl=ALPHA?
ALPHAZ=ALPHAJ
pl2=023

wa2=n3
CONTINUE

B-40
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NOL FORTRAN

00068

00070
00071

00072

00073

00075
00076
00077
00078
00079
00080
00081
00082

N0 ERRNKRS

OOOO0OOOO0O OO0 OOODOO0OOONOO0OO0O

OO0 OO0 OO0O0OOO0O0O0O (9]

(1.0)

465

470
489
490

NOL

SUBROUTINE SPL (NS)

BERUOVPUORIROVVOVINVURODNORCRVUOEOIVIINRACROOVUONPAIVOIVNGIVVPORRIOICRV OO
L] &
e wE HAVE NO« FINISAED ONME LOOP ThHRCHUHM THRE AwRAYS, v
o CONTRUL wlitLL BE HERE ai0UT INCINT) TIMES FOR EACH °
o TARGET AND FOR EACH PASS AND, FOR EACH SENSCR, @
° 2
* o

L A L R T R R R R e A R R R A R R A A T AR R R R TR

BBV RERIVBLVVDGRRINIROOTRRVUNIROVORDRVRBODINICORVRQCAINGCOUPOIIRETOID

°* <@
. IF wl EQUALS ZERO THAT MEANS NO BlAS CALCULATIONS HAVF *
* BEEN DONE. IF THIS IS SO THEN NQ AVERAGING CAN SE OONF . “
* £-2

(22X A A B T R R R R T R R A R R A AR A R AR A R A2 Y TR TR 2 )

IF (W] LEQ, 060 «OR, XFLAG .EQs 1) GO TU 465

XX AR A2 2 R R R Y R R R R R R R DA R AL L DR RN R R

L] @
° CALCULATE THE AVERAGE RIAS AND SET IFLAG. @
* “

BROVVDVDAICBIBRBAUEDRROVINORDOSDROBRVDBDIBVIORRDRTIBOON DRI RQBIDURGO

ALROT(NS)=RST/w]
IFLAG=]

DENUM=AL28Q]2=A]R1%02

BORORIOR ARV RNV RODIORIRVRIOTIGERBODDRRNBRIVVORRRORVORAOIBORRORROOCD

o o
L IF DENOM EUALS ZERQ TSEN WE HAVE CALCULATED ONLY ONE OR °
° NO LINES TwROUGH THE SENSOR, IN EITHER CASF A SENSOR <
@ POSITION CALCULATION CAN NOT BE RONE AND IS SKIPPEN. e
o B °
° 2

BEBBBONERVVRIVRLINNAVVIBRV LBV ICRBVAVROVVOVEDIRRTURUBRRIGBALERSG

IF (DENOM ,EQ. 0403) GO TO 470

BRVGAOBIVIVROBVRGRBVRVOIIVRDVNOICBIIIRIRVEIIINICRVAROVRBLDORBRNBIV S
L -]
° THE SENSOR POSITION LOCATION IS CALCULATED. AND JFLAG SETe =
° «
BRVARBBAICT ORIV VOVUBVIBBERVISACDDORVOVVVRIBVBRIRVOVRRICCRRIVBCRRRLRIVOOT

X0 (NS)=(RICI2AIRI=AICI#312) /DENOM
YO(NS)=(AICI“®AIBI=8ICI®»A12) /DENUH
JFLAG=1

CONTINUE

CONTINUE

CONTINUE

RETURN

END

FORTRAN DIAGNOSTIC PESULTS = FOR  SPL
B-U1

CQFY AU}HLM

e
QL BEna
o -5 0 W

Vit
‘

» ¢




NOL FCRTRAN (1.0)

DaTa VARIASBLES

alz
algl
alcCl
ALA
ALROT
ASAVE
AT
glz
BICI
BT

(5

cT
1FLAG
INCSAVE
JFLAG
KFLAG

M
NPASS
NREP
NSEn
NTRG
Pl
Pl2
PID2
TA
TEMP
TSAVE
VA
WSAVE
X0

XA

YO0

YA

ZA

COMMON VARIABLES

SONONE®R®

PROGRAM VARIABLES

ALPHA1
ALPHA2
ALPHAZ
ATAN
8s

BS1
cos
nlz
D23

SUBROUT INF SP(, (NS)

B-42

000nS
000ns
00005
0000l
000n2
00003
00901
0nnns
00005
00001
00001
onngl
onnne
00003
000n2
00nns
000nk
000nA
00003
ooon2
00nnl
00nn4
000n&G
00004
ooonl
00001
00003
0000l
ooon3
nooon2
00001
06002
ooonl
00001 °

00029
00030
00041
00051
00054
00018
00050
00033
00044

nnn
M | ke
VWi

mET R
g

bl

21T

00013
0U0lS
00016
00054
00055

00014
00017

00010
o0ovo08
00011
00v3l
00008
0gul2
00008

00007
0C053

00075

00076

00034

00034
00045

0005%
00056

00050
00050

0p0/2
vooie
voords

uoorTv

voo72
00075

00071
00922
voo77
V0042

00021

00020
00054

00054
00045
00064

00056
00056

V0065
00065

nnolo
Q007>
02070

neols
00076

00030

voood

00063
00003

00070

RS s

0nn3e

0nnes




NOL FURTRAN (],0)

DENOM
ENTER
N

NSTART
NT

PHI
SAIFT
SIN
SWRT
Tl

Te

T3
THETA)

THETA12'

TRETA2
wl
we
w3
wl
Xl
X2
X3
vl
Y2
Y3

SUBRAOUTINE SPL (NS)

0N00S90
00029
nenz22
non2s
00027
00040
0n02s
0v012
0nozl
00000
00n4l
00028
00007
oon3y
009s1
000135
002893
00633
00629
00030
0004l

00023«

00049
000645
oany3
06030
00041
00019
00023
cnn30
00041
0nng9
00030
0004]

00051
00030

00023 .

0coar
000¢8
06041
00026

00023
00008
000S5
06040
00008
00041
NCesS3
0004b
0C0s0
00046

00035
0euso
00046

0C0Se
nCo0be
00057
00033
00033
00044
00033
00033
00044

Vo052
Unoel
0nnes
uuney
00030
00659

00040

ugceoy
o070

V0008
0065«
00053
00155
voasl

00030
V00Sl
00047
00057
00057

vog4s
00060

00044

00061

“

00a7e
0tianel

0935~
000543

095¢cl
00975

0092u

000N5e

000e7
009049
[JVIVICE)
0006n

000nV

03961

0nnv7:

0nnce :

00055

onngz!
oan7c!

onn21‘

0nnesS

0nns:

eonTe

s S |

et




| AD=A032 850 NAVAL SURFACE WEAPONS CENTER WHITE OAK LAB SILVER SP=-ETC F/6 17/1
SENSOR POSITION LOCATOR.(U)
SEP 75 J VALVANO

UNCLASSIFIED NSWC/WOL/TR 76-8 NL

202

END

DATE
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NOL FORTRAN (1.0)

. 00000 SUHRUUTINE EWTER (NSeNTenReTeXTe¥TeALPHAW) 3

..'.0.00"....00.0.”......0°000.0¢0..'Q0¢‘0000...00@00000..0#&on

JONATHAN VALVANO 03/1%/7%

ENTER [S TwE ROUTINE TWAT CALCULATES THE LINE FROM
TrE TARGET TG THME SENSOR AND MAKES [HE APPRCPRIATES SUMS
USEV IN THF SPL ALGORITHM,

L J
L ]
*
*»
°
«
[ ]
»
- .
. INPUTS NS THE NUMRE® OF fHE SENSUR

° NT 15 THE NUMBER OF Teg TaRGET

L] NR 1At NUA<ER OF THE WrPORIT

° TSAVE (NSenTerR) THE TIve OF THIS REPORT

L ASLVE (NSeidTeNR) THE BEARING OF Twe RePORT

. WSAVE (NSeNTyNR) THE #+ETGHTING FACIOR PASSED Ky TmE SEANSOR
L )

L ]

*

°

*

L ]

®

L

o

*

®

*

L J

*

R ——

o,

ATeBToCT weICH FORM THELIMNE AT®XepT®Y+CI=0 OF TARGET THACK
ZAINT) wHICH IS THE TacGETS ALTIIUDE

TAY wHICH RETURNS THE TARGETS PUSITIUN AS 8 FUNCTION OF T
ALROT aMIC~4 IS THE SFMSORS ANGLR RUTATION BlaS

OUTPUTS T ThE. TIME OF THE WKREPOWT

XTeYY THE RPOSITION OF THE TARGET AT Irt TIME OF [HE REPUPT
ALPHA THE REFOKRT HEARING (CUORRECTED FQR THE SwEED OF QOUANL)»
W THE COMBINED WEIGHTING FACTUR WEPORTELU AND CALCULATFO
SUMS IN AI29BI2sAIARI«ATCIeBICI FOR SPL ALGORITHM

© e 0 60N G B & C Y OC GO ® OO OCE QOO

et
s 09

°
BORDRRVVCVVARNNDENVAIINVRGDOBIDIPEVOBVVVIBIVVVVRDONRVENORVERPBIOVOV LS

......0.'......0.0...0'00..00.................'60...'..0....00009

L 4 . 3
i THESE ARE THE COMMON STATEMENTS. @
[ ] °

VR0BVRNNVVVVVNNVCNIDAVRBRRBIDRVNVIVEDNRORVVINCVVARRBRCGOIDRRPIRRO0L

OO0 DO OOONOO

00001 COMMON /TRGT// ALA(3) e XA(3) o YA(3)9ZA(3)sTA(3)VA(I)y
00001 1 AT(3) sdT(3)4CT(3) s TEMPCSINTHS
00002 COMMUN /SEN// NSENeX0(3) Y0 (3) 9ALROT () 9 IFLAGIJFLAG
00003 COMMON /REP// TSAVE(3¢2950) 9ASAVE(393450) swSAVE(343e¢5n)
00003 1 NREP (343) ¢ TNCSAVE (34 3)
00006 COMMUN /CONST// PIyPID2sP12
00005 COMMON /SUNMS// Al2+R[2.41814A1CI14B1ICI
00006 COMMUN /OPTIONS// KFLAGyMyNPASS

c

(]

c

c

c

c
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% NCL FORTRAN (1,0) SUHROUTINE FENTER (HSoNTeNHyToXToYTonlPHL W) ;
- 00007 TETSAVE (NS«NTeNR) 5
: 00008 ALPHAZASAVE (NS*NTINR)
00009 WEWDAVE (NSeMTeNR)
£ 00nlo CALL TAY (¥TeYTeToNT)
b Cc
} c Q.O..0..0'0.QQ.QOQGGO’Q#000..0.....'..000....0.0...Dl..c...QOOOOn
3 c ) E o
b C o IF wE ARE GOTNG TU CALCULATE THE Bl1AS (KFLAG=0) ANN 3
C = IF A B1AS CALCULATION HAS NOT BEFN DONE THEN RETURM °
c L] °
c GO0V RNRRN OO LPUNNNVDEPRDODBPORVVBINNOORROIOBUBOERROORNVGBCROLLLOGOOD
E c
: 00011 IF (IFLAG .EUe 0 oANDe KFLAG +EW, 0) RETURN
C
3 c C..00.0.“...OOQQ.0.0.Q'QOOQQQQ'.....QQ'QOQ.QOQO.Q.'O..0000900000G
k. ) C e . E
A (o » THE ®ATIO IS USED IN THE ALGORITmM 10 ACCOUNT FOR THF @
b { c » SPEED OF SOUND , THE TARGET SPEEN (VA) MUST KE LESS THaN »
9 gl THE SPEED OF SOUND(CS). THIS ALONE CORRECTS OwLY THE o
c ® TWO VDIMENSTONAL CASE. TF A SLHSOR CALCULATION HaS REEs o
3 c * OONE BEFORF (JFLAG=)) THEN THLS ALGVUR[THM CaiN CORRECT o
(o} . TRE THREE NIMENSIONAL CASEe IF NO SENSOR POSITION @
c L LOCATION HAS HEEN DONE (JFLAG=20) THEN JUST USE THE 2=De
[+ * v
c VORI RBOIRO VR RV GOV ORIRVOUIBRORNRCRVUERVRQOIRVBBIVDVUHOBVEQRLIORCREPC,
¢ §
00013 BETAZPI+ALL (NT)=(ALPHA=ALROT (NS))
00014 RAT[U=CS/VL(NT)
0001s RAYTAU=10000,0
00016 IF (JFLAG ,EQe 0) GO TO %00
c
c GOOBBGORP RN NBDIOIONIVRVVOBVDEVOVRDBVNGRVRIVRRVRVCRCRRVGORVONGCOY
C L4 @
(- (AP9YP) 1S THE POINT ON THE TARGET TRACK AT (Pa .
c L THE POINT 1S USED IN TWE ALGORITWM TO CURRECT FUR THE ¢
c * SPEEL OF SOUND QUE TO THE ALTITUNE., THE RATIO 3§ <
(of L4 RECALCULATED TAKING THE ALTITUDE INTO EFFECT. ©
c L RXYTAU IS THE TwO DIMENSIONAL. RANIAL DISTANCE rROM o
S c . » THE SENSOR TO THE TARGET AT TIME Tau (TIME whHEN THE SOUNU ©
Cc . ORIGINATED.) RXYTAU IS USEN TO CONSTRUCT a we @
[+ ® L3
c QQQOQQ.Q'000.0000000000Q0...0.‘..0.0...0'0000000000OOQ..OOQQ.O.oo
c
00018 O=AT(NT)eYQ (NS) =BT (NT)#X0 (NS)
00019 DENOMEAT (NT) #424BT (NT) @2
00020 XPe= (AT (NT)OCTINT) ¢8T(NT)*®D) /UENOM
00021 YP= (AT (NT)ON=ST(NT)@CT (NT)) ZDENOM
00022 \ RXYTAUR (SQUT( (X0 (NS) =XP) ##24 (YO INS) =YP) ®@2))/
00022 1 ABS (SIN(BETA))
00023 RATIOSRATIN4RXYTAU/SQRT(ZA(NT) #22+RAYTAUSS2)
00024 1IF (RXYTAU GT. S5000,0) AXYTAU=5000.9
00026 W2l000,00WeEXP (=« (RXYTA1)/1000.0)®02)
c
c
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NOL FORTRAN (140) SUHRQUTINE FNTER (NSoNT NRyTeXT,YTyaLPHAs ) W
c A I Y e s XY XYY ISR YA 2L L2 2P L 2 2 2 Y 2 27 2.1 A A 20
C * *
c ® THETA 1S TRE CURRECTIIONM ANGLE DUE TO, THE SPFE) UF 301N .
c . CaLPra [S ThE CORECTED REPORT HEARING, v
C * ALPHMA S CORRECTED ANN PASSED BACK TO THE 31AS ALGORIIHM &
C L °
cC e CALPHA IS 9SED TO CALCULATE AsBsC OF THE LINE A®gene®yeCcsz) <
c * THIS LINE GOES THROUGH THE SENSOR AND THE TAREGT @
c . THE ALGORITHA wILL EVENTUALLY (INSPL) FIND Tme POINT @
(o L] (A0sY0) WwHICH MINIMIZFS TRE OISTANCE FROM ThAT RO(NT e
C L] TO EACH LINEe A WEIGHTING FACTOR [S USED IN ThE _EaST L4
c . SQUARES ALGORITHM, .
[ L) ®
c 000......000..'00....0.0.0.....00...Q...'....Q.Q'.0'0.'00.00000uo
(4
00027 500 THETASATAN(SIN(RETA) 7/ (RATIN=COS(HETA)))
00028 CALPHAS (ALPHA=ALROT(NS))=THETA
00029 ALPHASALPH =THETA
X c
c B0VQVPRNVVVVRPVVVRVVBVVVVVVDRVIVRITIVRIONLRNVBVROBVDVPIVRIPRVVIOO I
Cc * °
cC o CALCULATE 445+C TO FORM THE LINE A®XeB®Ye(Czg e
c * o
c BRVBOVNRRVDVRNVOVDRIPROVVVVRRVIBRVRDRRBRPRRRDBVQROPVOQIBVQRIIV G VY
c
00030 AZCUS (CALP~A)
00031 B8=2=SIN(CALPHA)
00032 Cs=(A2xTenBaYT)
(o
c X X X 22 I Y Y Y P X I Y YT YT YRS XTI TYAL XL L Z YT DX YY XYY Y X L X 2%
(o4 . s
C - MAKE THE SUMSe ®
3 [ * C - ]
c BR0RVRVNVVVRVNQVRVRRRRVVRRRIVNVBOBRRBRVBRVEVRBQBNVVNQOVRQEGEGROe
¢ X
00033 A2PH2= (A%S2+1®82) BRXYTAUGS?
00034 Al23A[2+neaen2/02PR2
00035 BI230]2+werea2/pA2PB2
. 00036 AIBI=AIR]ewnA®B/02PR?
00037 AICI=AICIevvA®C/rACPR2
00038 BICIZWICI+vvn®C/A2PB2
00039 RE TURN
00040 END

NOL FORTRAN LIAGNOSTIC RESULTS = FOR ENTER

NO ERRORS
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i

ﬂ;&‘f“ﬁ

; : i
NOL FORTRAN (1.0) SUBROUTINE FNTER (NSeATeNReToXToYToALPHAS4) i ol
ey | DATA VARIAWLES f 1
al2 00905 00034 . 00034 !
Alol 00005 00036 V0036
alCl 00005 00037 00037 | i
ALA ooo0nl 00013 i 1
ALROT - 00002 00013 00028 '
ASAVE 0unn3 00008 :
AT noanl 00018 V0019  0098v 0anc:
gl2 ‘ 000nS 00035 V0035 ;
8IC1 00005 00038 00038 |
ar 00001 00018 00019 00020 0pn21
cS 00001 00014
cT 00001 00020 voo021
IFLAG 00902 00011
INCSAVE 000603
4 JFLAG 00062 00016
- ’ KFLAG 0090k 20011
o f 00006 °
" NPASS 00006
sy NKEP 09003
J NSEN 00002
k- | NTRG 0onnl
g Pl 0nnnG 00013
ple (LY A
plue 00004
TA 0000
TEMP . 00001
TSAVE ; 00063 00007
VA 06001 00014
wSAVE 000c3 00009
X0 ; 00062 00018 00022
XA 00001
\{ 00002 00018 00022
YA 00001
ZA o0col 00023

COMMON vARLAHLES

SONONE®S

PROGRAM VARIABLES ] i

A 00030 00032 00033 00036  0nn36
Az2Pe2 00033 00034 00035 00036 0Qyn3?
AHS 00022
ALPHA 00000 00008 00013 00028  00N2S *
ATAN 00027
8 00031 00032 00033 00035 o0an3s
HETA : 0cn13 00022 v002!  nno27
c 00032 00037 00038
CALPHA 000”8 00030 o003l
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NOL FURTRAN (1.0)

cos

)
DENOM
EXP
NR

NS

NT

RAT IO
RXYTAY
SIN
SART

T

') , THETA
TXY

,;f .
E d xP
& X7
: 'p
1Al

SUBROUTINE ENTER (NSenToNReToXT YTeALPHA s 4)

00027
00018
00019
00026
00000
00900
00028
00090
0nn19
00014
00n1s
00022
00022
00000
oon2?
00010
00990
00020
00000
00021
00000
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00030
00020

00020,

00007
00007

00007
00019
00023
00022
00027
00023
00007
00028

00009
oovea
00010
00022
00010

CGDY ﬁ"‘"f“”

PEH%T (U

.

0go2l
vooel

00008
00004

0000y
00029
00023
V0023
00031

voolv
0ovev

V002

00009
00009

ovouy
000<9
00927
00023

00026

00032

00032

J i. By’

! RN RAaroe

S

l(g i
"3 i LaJllbL |a¢U~§ dbthl

00033

ore.
0nnz0

0nnce

000 3«

’r
ROl
re R
B
)




-
> -~ - Lo 2 wn B ol s e 8 e - Wbl e DA s 4
¢ J
..
C-
-
PR
Lt
L1 S
L~ |
S
e |
-l ¢
B o —
i
-l |y
——
&
D hn
[ =
D Ll
o cO L.
n
{
m
»
>
a
L d
P |
N
b 4
(8]
W
(=]
-
W
L]
X
w
|
£
[
-




g 0L FORTRAN (140) : . o
00000 SUBRUUTINE SHIFT (ANGLF.RIA4S)
c
c YT XTI AL XYY YY XIS XY XYY AT Y AR AL AL Z YT X2 XYY YRR 2 2 23 d ;
(o ° g e
c L] JONATHAN vALVANO 03716775
Cc L o
C @ o
c L] THIS ROUT[E SHIFTS TuE ANGLE HETwEEN °
¢ « (BIAS=PT) YO (BIASeP]) = .
C . .
cC o ®
c [ XA A Y Y I L Y Y Y Y Y Y Y X R X T Y L2 X L L L Y R I Y Y YR X X X X
(o
00001 COMMON /COnST// PLoPIN24PI2 1

c

y ) 09002 800 IF (B1aS=PT LT, AMGLE) GO TO M1

E 00004 ANGLESANGLE 212

E 0000S GO TV #n0

{ 00006 810 IF (BlAS5ePT ,GT, ANGLE) RETURN

i 00008 ANGLE=ANGLE=P12

x) 00009 GO TO 310
/‘ 00010 END
NOL FOKTRAN DIAGNOSTIC RESULTS « FOR SmIFT
10 ERRORS

neeLT .'7, '.. i b ¢ Uiiu
!)E c, L] } R L



-~ NOL FORTRAN (1,0)

DATA var]aABLES

Pl
pleg
PlD2

COMMON VARIAGLES

B s an

GRNONE 80

PROGRAM VARJARLES

| ANGLE
‘ B1AS
A

B-52

SUHROUTINE SHIFT

nnnny)
HLEED|
0000l

00000
n0)no

(ANGIEoBIAS)

00002
0000«

00002

00002

00006

" 09nog

vonUe
00006

GOPY AYMLATIE T

"""Y ke

‘bu‘
N

b s

5]
¥

0000«

nn

0aNde

g 1 A=, . —— — i — ——r——— ——




q.m,_."
¢ a'

¥Ry DECK/ LeRex
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NOL FORTRAN (1,0)

00000

00001
0000)
00002
00003
00004
00005
00006
00007
00008

NO ERRORS

o
-

OO0 OOOOOODNOO

1

RIS s - e v

SUBROUTIAE TXY (XsYeTeNT)

JONATAHAN VALVANO n3/18/1715

THIS RQUTINE CALCULATES THE TARGET POSITION,
THE PUSITION IS THOUGWT TO BE T2UE.

COMMON /TRGT// ALA(3) ¢ XA(3) s YA(3)92A(3)
TAL3) ovA(3)3AT(3) aRT(3)9CT(3)aTewPoCSyNTRS
COMMON /CG*.ST// PlePI2.012

ANGLEZ® [C2=ALA(NT)

DISTSVA(INTI®(T=TAINT))
X=XA(NT)+D[ST#COS(ANGLE)

YZYA(NT) «DISTeS [N (ANGLE)

QETURN

END

\ NOL FCRTRAN U]1AGNOSTIC RESULTS = FOR TXY
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o,

-y

NOL FORTRAN

DATA VARIAHBLES

(1.0)

ALA
ar
al

_COMMON VARIABLES

SONONE#®

PROGRAM VARIABLES

ANGLE
cos
oISt
NT
SIN

T

X

Y

SUDROUT INF. TXY

oone)
0°nn)
0aocl
00001
0nonil
ooenl
0nnn2
onnoe
00002
00001
00001
00001
oronl
07601l
06091

00003
00905
00004
00009
onoes
00000
oenpoon
00000

LI

00003
00004

00004
00005
00006

0000%

904aGS
00003

00004
00005
00006

PY “,&” A e

(XeYoToNT)

Jonoe

0gade
00004

00004

00nds

R ey

RS S SN SR



TXY DEecK/ LoRaeX
NORMaL DECK/ LeReX

L] i ?
COPY 2vanpnir 79
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00000

00001
00003
00004
0000s
00006
00007
00008
00009
00011
00012
00013
00016
00015
00016
00017

-

r;Qx‘\~\

ERRORS

« FORTRAN (1,0)

OO0 OOOOO0O0

SUBROQUTIWE NO-MAL (X)
FORTRAN CALL LINE:
CaLL NORML (%)

THIS PROGRAM USES THE POLAR METROD TO GENERATE NORMLLLY DISTRIBUTEC
RANDUM NUMBERS OF ZERO MEAM ANMD UNIT VAKIANCE. THE WUMRERS ARE
GENERATED TwO AT A TIME, SO EVERY OTHEK CALL REQUIRES NO «0PK.

TnE LOCAL INTEGER MOUE VARIAQLE M WILL NURMALLY NOT it ONE a1 L0&AU
TIMEe [IF TAIS IS NOT THE CASE FOR A PARTICULAR FORTRAN SYSTF™, TrE
USER CAN INITIALIZE THE PROGRAM VARIABLES dY MAKING AN INTTTIAL CALL
AND DISREGAURDING THE RESULT.

THE SUBROUTINE UNTFORM USED TN THE PROGRAM SHUULLD GENERATE ca%COM
NUMAERS UNIFORMLY DISTRIBUTEDN BETWEEN ZERO AND ONE,

IF (M oEuwe 1) N TO 29
M=)

10 CALL UNIFCR™(Y)
Uls2,.0Y=],
CALL UNIFORM(Y)
ues=2,4Y=~1,
Sauleyleylsy
IF(S +6E, 1,3 G0 T 10
SaSOPTF (=2,24,06(S5)/S)
X=syleS
RE TURN

20 M=0
XsU2eS
RE TURN
END

NOL FORTRAN OIAGNOSTIC RESULTS = FOR NORMAL

COPY AVAAIF 7
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k ~ NOL FORTRAN (],.0) " SUHKOUTINE NOWMAL (X)
' e
DATA VARJaBLES ;
S v 3
| COMMON VARIABLES '
SONONE® e - i

PROGRAM VARIABLES

ALOG 01011
M 00091 00093 0001 ! |
S 0onnng 0090 00011} 0oecnly 0mals :
i SURTF 96911 |
, ul niaAns o0vo2 voouy ueal2 |
ve 34007 0000,  LONCS (DL
] UNIFORM 070Ny 00VUe |
3 X 949009 0001z vools
X Y N200s  00UG3 00008 . 00Ju7
(;,
E |
g U
‘ :
& E
!
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NOL COMPASS (1.0}
UNIFORM DECK/ Lex 3

E
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1
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NOL COMPASS (],0) " UNIFORM

ENTRY POINT SYMROLS

UNIFORM 00000
PROGRAM
cOmMmOnN 00052
DATA

B-61
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2

UNIFORM

03727715 PAGE

ENTRY UNTFURM

FORIRAN CALL LINE?
CALL UNIFORM(X)

1F X IS GREATER THAN JRr Euwllal
X IS REFLACED «ITH A KANNOM WNUMBER (IMIFORNMLY L]ISTRIBUTED RETWEE O
AND e THE COMMUTATION USES 35 RIT INTEGER ARITHMETICs AND CONVFRTS
TO FLCATING PUINTe THE ALGORIIHMM 1§ THE LINEAN CUORGWUENTTAL
METHOD wITH A “OQULUS OF 2e435, Ao MULTIPLIER OF S¢e)Se ANP AN
INCREMEMT OF 7261067055 THESE PARAMETERS HAVE SEeN EXTENSIVELY
TESTEGs AND YIELD A MAXIMUM LENGTH SEGUENCE wlTr 6NOD SPECIRAL
PROPERTIES.

IF X 1S LESS THAN ZEY0 wrEN TWE CALL IS EACCUTEDs =Xx IS
COMVERTED TO a4 35 RIT FIXED POIMT FuaCTIONe ArD TrF MOST SIGNIFTCANT
35 KITS ARE USED T0O INITIALIZE THE ~ANDOM NUMrER GENERATNAR. IF X IS
GRESTER TrAN Ou guWUAL 10 ] OR LESS 1HAN 2ue=i&, Trf SEWUFNCE wlll
STLRT wlTH ZEROe THE STARTING vALUF IS CONVERTEUVU 10 FLOATING POTHT
Adid RETURNED In X9 SO THAT X IS aALwaYS A FRACTION RETWEEN 0 ah) 1 ON
RETURN,

ENTERy GET Xo anD BRANCH VO INFTIALTZATION 1F NEGRTIVE,

TT177 0 UNIFOS  UJP an’ ENTRY POINT
P0Y00Nn 1 LDI UNIFORMy] PuRAMETER ADDRESS TO ®]
o000n 1 LDAQs!] 09l x 10 AQ
PO0024 3 AZJoLT INIT INITIALIZE IF X LT ZERO
IF & GE ZERO OM CALLe GENERATE A NEw RANDOM NUMBER,
PN00&2 0 LDAQ Y Ne-vs(A-oLovozoc)Monz'Osé
Pe00s4s © MUAQ A
00000 3 EAQ
07777 2 ANA 77778
PO00GA G ADAQ ce
07717 ¢ ANA 77718
P00042 0 CONT STAQ Y SAVE Y FAR NEXT TIME
CONVERT THE 36 BIT NUMBER IN AQ TO A FLOATING PUINT FRACTION,
02013 2 sCAQ 2013892  SCALE AQ,RIASED EXPONENT TO B2
Po0022 0 AZJHEQ RETUXN ZERO IS a SPECIAL CASE
92000 2 1SG 2000892 TEST FNOR NON=WEGATIVE LAPONENT
77716 2 INI «1l92 ADJUST B1AS IF NEGATIVE
00031 0 SHAQ 25 MERGE FRACTIUN anD EXPOWENT
«090n0 2 AlA 2
00014 O SHAQ 12 AQ IS NOw a FLOATING POINT FRACTION
STOPE AQ IN Xs AND RETURN TO CaLLINA PROGRAM,
00000 1 RETURN STAQeI 0+1 STORE AQ TH X
B-62
yﬁrlr an paro .
GOPY AYAILARIE T2 P2 DOES D
r:)-?:ﬂ/!!? ‘1> : iy ’w» jenE e p ey ‘
annii : LE’:L,{ '- P u.-:,,i’ ; Iiwrn vl L% iz 3
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Tn ZEWO #MEn THE CALL IS EXECHTED,
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0000!

17777
17177
00044
0000
0377
0001«
07777
02001
0173%
D IR
N7T?
7460
17177A
Pang)?

100
100
*32
1S
)
232
)00
)00

LR I\ VIRR VI VI TS Y OV I VIRSAE e ]

=3

UJP

CONSTANTS

03/27/75 PAGE

101 REIUNN Tn FARPAMETER AUDRESS o |

IF X LT ZERO ON CALLLs CONVERT <X Ta FIXED POINT Aii) USE 1T TO
INITIALIZE [HE RANDOm NUMRER WENERATOR, :

X0A,S 777770 NEGATE AQ

¥0GeS 777778

SHAQ 30 BIASEFD EXPONENT TO 82

TAl 2

ANI 377792

SHAQ 12 FRACTION TO AQ

ANA 17778

1SG 2001892 SK1P IF EXFONENT GE ]

1S6G 1735m¢2 SKIP IF EXYPONENT GF <Jé

L0aq ZERN FORCE 7ER0 1F EXPONEMT CuT OF ROUNDS
1S6G 1777842 SKRIP IF EXYFONENT NONeNeGATTVE
SHAQ «lT777002 EAPONENT TS SHIFT COUNTe JF MEGATIVE
LNQSS 717709 CLraR LSFP T0 RETAIN 35 118
uJP CUNT USE AW FOR NEw Y IN MALW LOOP

ANO VARIBLES

oCcT 0+0

oCcT 3432077244615 THIS 1S %ee)S

ocT 1541045027232 THIS 1S 247261067005

ect 0+0

ENO ;
NUMBER OF LINES wITk DIAGNOSTICS 0
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