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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

1 task for the RE?’~ASS Advanced Development under AgreementNumber 75~lZL
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- - Chapter 1 
- 

-

INTRODUCTION

- which have the capability of passively determining the bearing
angle of the targets they detect and reporting this Information

— 

I 

Remote unattended ground sensors are being developed

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
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 is used to fit the lines
to the point which represents the sensor position . This theory

- I is relatively simple, but there are problems which complicate
• 

- the calculations .

I

- ~~~~~~~~~~~~ ~.



- NSWC1WOL./TR 704

-

• 

• I SENSOR

J 
LOCATION

‘I BEARING REPORTS

I

~i 
} 1(t4)

- TARGET TRACK

~ 1(t 1) 

1(t 2)~~~~~~~~~~~~~~~~~~ 

LOCATIONS

- . P10. 1 SENSOR FIELD

I

1 

_ _ _ _

r r -~-
~ ~*. —



—•-
~~~~

..•‘••- ,-.-.- --—-- ,—--
~~
.- 

~~~~~~~~~~~~~~~~ ~~~~~ • ~r . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—‘---
~~

‘- -
~

- ‘--
~
-
~~~

--- ----—-

NSWC/WOL/TR 76— 8

Chapter 2

PROBLEMS AND SOLUTIONS

As stated there are several factors which complicate the
calculation of a sensor’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
direction of the vehicle. If the sensor thinks that North is
actually East, then all of its calculations will have a 90 degree
error factor built Into them.

Target Location Errors —

If It is desired to locate the sensor within 25 meters,
then it is necessary to locate the known target within 25

• meters (even more Input accuracy is 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 -•

H 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 is outside the
scope of this investigation, but the errors It causes are not.
It is evident that the available accuracy for sensor position

- I 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

6
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by the sensors have to be believed, 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

S the propagation of these errors to the greatest possible extent.
~~ Associated with these “sensor errors” are errors caused by other

noise 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 is reasonable to try to catch and use the data
when it is close to error—free and ignore the data when it is
believed to contain large errors. The problem Is therefore to

- - find some indicator to tell us of the magnitude of the error,
and such indicators 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 Is possible
to estimate the radial distance from the sensor• to the target,
and then use it to construct a weighting 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
will have an arbitrary angular orientation s When the sensor
reports, “I see a target at 90 degrees,” does that mean North,

-
- i— 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 will 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 SPLJ

7
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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
I 

• 
can then be determined using this bias for compensation.

p
- Errors in the SPL simulation due to all of these sources

- are discussed in more detail in Appendix A.

I

)
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•Chapter 3
— 

•MATH MODEL FOR CALCULATION OF ROTATION BIAS

•This is a straightforward algorithm that uses three
flearing reports (cil, ci2, c*3) that all have the same bias.

I It is not nec~ssary that the reports be sequential, and in

bearing, then it is advisable not to use sequential reports
because they will probably be in the same or adjacent bearing

F ~~ fact if there are many reports which differ only slightly in

bin. The algorithm uses angle differences in which the bias
• 

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 if the angle differences are zero
which occurs if the target has not moved.

Figure 2 shows ti~ geometry necessary for the calculation
of the rotational bias of the sensor. If the sensor reports
the three angular bearings (cxl., a2, a3) shown in Figure 2,
then d12 and d23 are the linear distances 

along the target

- ) track between those reports. ciA is 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 is 180 degrees, one obtains equations 3 and 14.

d12 = 
d52 (1)

Sin 81 Sin A

4- d23 - 

d52
Sin 8.~ Sin D (2)

I

8 1 + @
2 + A + D =

ciA + 
(
~ — A) + (

~ — Bias — c i )  = ~ (
~

)

9

r -
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Eliminating d52 from equations 3. and 2 yields:

d12 Sin A = d23 Sin D (5)
Sin 0~ Sin 02

Using equations 3 and 5 to eliminate D and then solving
j • for A one finds :

I r Sin 
~°l + 0 2 ) 1 ( 6 )

A = arctan(d SinO

~~ 
•

(Sin 0~ ) 
— C05 + 02 )

where 01 = (a
1 

— a2)

0 — ,ct a
2~~~~~2 3)

) Equation 14 can be rewritten to solve for the rotational
bias:

BIAS = 1 T + c t
A

_ a
l

_ A  (7 )

Referring to Figure 2, it is 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 is 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 bias will be

4 in error by some amcürit . If one was to perform this calculation

4 
several times for different target runs one would get several
values for the rotational bias, called B4. Assuming the errors
are gaussian, a best value for the rotattonal 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 weighting
factor, W , to yield better results. Then the final value for
the bias ou].d be:

1 

11

:i-~’~
- 4 -• _ -i~• -~~~ _ ..• - _ -~~ ~~~~~~~ • - -•



• -~~~~~
- - - -

~~~~~~~~~~~~ •~~
- -  =~~~~

.•

NSWC/WOL/T R 76—8

I (W 1B1)

j BIAS = ________  
(8)

c n

i—l

The standard deviation for this BIAS calculation is:

) 
~~~~ W1(B~ - .BIAS 2 ) V2

i=l ( 9 )

n

Wi.

1=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 incoming

sound waves. This is because the sound takes a finite At seconds
i to travel from the target to the observer. In~ this At seconds thetarget moves, and is therefore ahead of where It was when the

sound originated.

The point is to determine the effect of this error on the
calculation of the rotational bias and to correct for it. In
two dimensions this error can be deterministically calculated

- Independent of radial distance and therefore can be calculated
without knowing the sensor’s location.

12

L ~
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I
Correction Algorithm, Let At be the time elapsed between

the time when the sound originated at the target Ct1) and the

time when the sound Is 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 t1, V(At) is the distance the target will travel in

~~ the time At, a~ is the target course,0 Is the angular error due tothe speed of s8und, and at1 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 — + (180 — B )  + ciA = 1800 ( 10)

y = l 8O0 — 0 ~~~ B (11)

) C (A t )  = V(At) ( 12)
Sin ? Sin O

Substituting from equation 11 into equation 12 and
simplifying gives the error due to the speed of sound, 0,
to be:

e = arctan c 
Sin B • (13)

~~ — cos 8

j And from equation (10) we find B is:

= 180 degrees — report bearing referenced to true

North + target course.

i~
•t

13

!• 
~

k 
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Figure 14 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 - 0.14;
then the target would really be 23 degrees ahead of the report
bearing.

1 Adjustments for 3—D. The previous discussions were al]. done
J in a two dimensional space, that is for the target track in the

dimensions will require the following simplifying assumptions;
- ~~ same plane as the sensor. To extend the algorithm to three

(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, ZO, 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 , 8, due to the speed of sound !s independent of the horizontal
distance from the sensor to the target track. Unfortunately, this
is not true if there is a sizable altitude difference between the
target track and the sensor.

Since 0 is needed to calculate the sensor location and the
sensor location is needed to calculate the altitude correction
to 0, an iterative algorithm must be used whereby the sensor
location is first calculated without the altitude correction
for 0. This sensor location is then used to determine a more
accurate value for 8, this new value of 0 is used to generate
an improved sensor location, and so forth until the desired

I 

accuracy is achieved.

I-... Figure 6 shows the speed of sound correction for three
dimensions where ZA is the perpendicular distance between ther j target plane and the sensor plane, RXYT is the distance from
the sensor to the projection of’ the tar~et onto the sensorr 4 • - plane at time t1, and 0 is the correction error due to the
speed of sound. Note that both ? and 8 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:

~- t .
k RXYT1 = 

CV) (At) (15)
Sin y Sin G

1 . 15

_______________ 
— —•.~ .~
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V/C OR RATIO .9 .8 .7 .6 .5 .4 .3 .2 .1 .05 .025 .0125 0

\ MPH 675 600 525 450 375 300 225 150 75 37.5 18.8 9.4 0
~~ ANGLE \ — —  

~ \
p.vs 101 67 ~4 17 84 4 2 0

180° 0° 0° 0~~~ 0° O° 0° O° O° 0° 0° 0° 00 00

- 
1500 14° 13° 12° 11° 10° 8° 7° 5~ 3° 1° 1° 0° 00

135° 21° 20° 180 17° 15° 12° 10° 70 4~ 2° 10 1° 0°

120° 32° 260 240 320 19° 16° 13° 9° 5° 20 1° 1° 0°

f 90° 42° 390 35~ 31° 27° 22° 17° 110 6° 3° 1° 10 00

4. 600 55° 490 430 370 30° 230 170 110 5~ 3° 1° 10 0°

45° 60° 52° 44° 36° 27° 22° 15° 0 0 4°  2 0 1  10 00

30° 64° 520 42° 32° 24° 17° 11° 7° 30 10 10 00 ~0

100 54° 33° 21° 14° 10° 70 4° 2° 1° 1° 00 00 0°

0° 00 0 0 0 0 00 00 00 0~~~~0 0 0 0 00 00 00 0

FIG. 4 SAMPLE BEARING ERROR DUE TO THE SPEED OF SOUND
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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) _ l(ZA)2 + (RXTT )2 (16)1

Let Ratio = (
~

) 
~~~

. 
1 (17)

.vhi
~~~ (ZA/RXY T1)~

Then equation 13 for the three dimensional case becomes:

8 — arctan Sin 8 (18)
Ratio — cos B

I

Unfortunately, to calculate 0, one needs to know RXYT1 (equation17), and RXYT1 is dependent upon the sensor location.

Calculating RXYT1. Chapter 14 discusses the sensor position .
Once this is done one can come back and calculate RXYT1.

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 114, 0 is the correction error due to
the speed of sound, and RXYT1 and RXYT2 are the projections of

(C)(At ) and (d ) onto the sensor plane .st2
- I From the definition of the sine of a right triangle it is
- I 

seen from Figure 7 that :

RXYT — 
1(X0 — X~ )~ + (-Y

0 

— Y~)~ (19)
1 Sin B

19 - 
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TRUE
NORTH TARGET TRACK
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(XT . YT JI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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FIG.7 CALCULATION OF RXVT 1

20

~~1I 

— ~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

k .,
~~ ~ ~~~~~~ ~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

NSWC/WOL/TR 76—8

2 2The value (X 0 — Y~) + (Y0 — Y~) is simply the distance between

the two points (X0, 
~~ 

and cx~ Y
r
). The point (X0, Y 0 ) is the

sensor location which is calculated in Chapter 14~ The other point
~~ (X~~ Y~ ) 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 ~~~ ~ ~T ~ on that line and from the slope (ciA)
I i

of that line. From standard algebraic formulas:

AT = cos (ci
A

) (20)

BT = sin (ciA) (21)

L

C~ = ATXT - B
T
Y (22)

The co—ordinates of the point (X , Y ) on the line
ATX + BTY + C

T = 0 that is closest to~the~ point (X0, Y0) is

given by:
—(A C + B X )

= 
T T  T O  (23)
2 2

4 ~
AT + B T )

= 
A~ (A~Y0 — BTXo ) 

— BTCT (214)

(AT + B T )

h 

Now RXYT1 (equation 19) can be calculated and substituted into

equations 17 and 18.

21
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Chapter 14

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 t2. The method of approach is to calculate the parameters
of a line , L1 = a1x + biY + c~ , passing through the target and

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

in the bearing report and in the target ’s position It is 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 (X0, Y0) which best fits the H-

intersection of all the lines. A weighted least-squares algorithm
) is used, and the distance function is the rat io of the perpendicular

distance, d, from the point (X 0, Y0) to each line over the radial
distance , rxy , (where rxy is equivalent to RXY T2 in Figure 6) from
the target to the sensor. This ratio is the arc sine of theta,ei,
as shown in Figure 9 for one bearing report. For small 0,

d1 (25)
rxy1

Math Model for SPL

The weighted least-squares algorithm to be used requires
minimizing the equation below where W1 is a weighting function :

4 S =  ~ 2 (26)
i( i)

1=].

4k 22 - 
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The di stance from the sensor location, point (X0, Y0) , to the
line L1 is given by:

1 — 

a1X0 = b1Y0 + Ci (27)
- i di

a1
2 

+ b1
2

The length of the line rxy1 is given below where (X0, Y0)
is the sensor location and (XTi, 

~Ti~ 
is the ith target location.

rxy~ “~X0 — xTi ) + (Y0 
— 

~Ti~ 
( 28)

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

= ~ W1(a1X0 + b1Y0 + C1) (29)

— 1=1 (a1
2 

+ b1
2 ) (rxy~~)

2

- To minimize equation 29 one needs to take the partials with
respect to X0 and Y0. To simplify these calculations let and

— 
Y in equation 28 be the sensor position from a previous calculation

~~ i

-i~ (X 0, Y 0 ) .  Then rxY i is not a function of and Y0 and can be
treated as a constant. The above simplifying assumption results in

t. - 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 coitplexity with little promise of any accuracy to be gained .

Taking the partials of equation 29 with respect to X0 and

L . and setting them equal to zero gives the following formulas for
calculation of X 0 and Y

0
:

‘ 

25

-
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Calculation of A1, B1, C~

In order to evaluate equations 30 and 31 one needs to
calculate the parameters A 1, B1, and C~ that form the line

I 
A 1X +B~Y+C~—O. This line passes through the target position

~~ (XT1, YT1) and has a corrected report bearing of d + c as shown
in Figure 10. d +c is just cit — 0. Since the slope and one
point on a line determine its ~quation, we find that :

A
1 — cos (d+c ) (32)

B1 = Sin (dj~c) (33)

C
1 — A 1(XT 1) — B ~~(YT1) (314)

)
Substituting these values and rxy4 (equation 28) into equations
30 and 31 one can solve iteratively for the sensor position

I (X 0, Y0). An Iterative solution is necessary since rxy~ is cal—

I culated using the values of (X0, Y0) obtained from the previous
I iteration.

4

27
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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

I program and the flow charts associated with It are shown in Appendix

I B.

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

Run #l

- 

• - 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 bias of —25 degrees and was located 100
meters from the target track. The sensor indicated 25 detectIons
at the times and bearings shown below.

4)

Run #1 Sensor Reports

Time Bearing W
314.00 116.00 1.00
35.00 119.00 1.00
38.00 122.00 1.00
39.00 127.00 1.00
140.00 136.00 1.00
141.00 11414.00 1.00
145 .00 1147.00 1.00
146. 00 153.00 1.00

- 

1 147 .00 158.00 1.00
• 

1 48 . 0 0  1 61 4. 0 0  1 . 0 0

\ 

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
55.00 209.00 1.00

- 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 2314.00 1.00

- 

69.00 237.00 1.00

29
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The weighting factor used in the calculations was 1.00 for all
points. When the test vehicle passed certain 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 

• 

-

I location of the sensor. In the other two cases, a value for the
• • I rotational bias of the sensor was put into the program and this

I value was used to calculate the sensor location. The results
~~ of these three calculations are shown below where (X0, Y0) is the

sensor location , Radial error 2 2 and ALROT is the
(XO ) + (YC ) ,

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

ROTATIONAL BIAS CALCULATED
X0 Y0 ALROT

) REAL 0 100.00000 0

) CALCULATED —38.21974 86.881408 —5 .29993

DIFFERENCE 38.219714 13.11592 5.29993

RADIAL ERROR 14 0.40762

ROTATIONAL BIAS SET 0 DEGREES

X0 Y0 ALROT

REAL 0 100.00000 0

J 
CALCULATED —50.520514 88.81540 0

\ 

DIFFERENCE 50.52054 11.18460 0

RADIAL ERROR 51.74380

31
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• ROTATIONAL BIAS SET -25 DEGREES

XO Y0 ALROT

REAL 0 100.00000 —25 .00000

CALCULATED —3 .74224 103.15131 —25 .00000

DIFFERENCE 3.7142214 —3.15131 0

- 

RADIAL ERROR 14.89235

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 bias of the sensor was —25 degrees.

Figures 12 and 13 graphically depict 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 locat ion

) (whenever the sensor made a report) towards the sensor along
a corrected bearing. This corr8cted bearing was just the bearing

r 
‘. 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 114 shows the target track
and the times that the vehicle passed the different stake locations.

C

4 32
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The sensor indicated detections at the t imes and bearings
shown below .

• TIME BEARING Wp) 23.00 51.00 1.00

25.00 46.00 1.00

28.00 143.00 1.00

29.00 37.00 1.00

30.00 34.00 1.00

31.00 26.00 1.00
32.00 23.00 1.00

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:

/

BIAS CALCULATED

- X0 Y0 ALROT

REAL 0 —100.00000 0

CALCULATED 1.147177 —67.59963 —23 .99265

DIFFERENCE —1.47177 ~32.140037 23.99265

RADIAL ERROR 32.143378

I 
BIAS SET = 0 DEGREES

4 xo Y0 ALROT
REAL 0 —100 .00000 0

r - - CALCULATED —3 .67670 —86.62461 0

F 
~ DIFFERENCE 3.67670 —11.37539 0

RADIAL ERROR 11.95482

36 
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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 bias calculation occurs when there are many
reports and when the reports are widely spaced . The error occurs
because the angle difference with close reports is often just a

p bearing bin shift and is not truly representative of bearing
movement .

SPL calculation where the bias was set equal to zero. This was
A graphical sensor location is shown in Figure 15 for the

accomplished by drawing a line along the corrected report bearing
from the vehicle location for each sensor report. The intersection
of these lines locates the sensor position as is 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

-p
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 discusses the method
used , present s 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
funct ions to the data or adding a compass to the sensor , this
method located two sensors within 140 ft of their actual location.
This location algorithm increases the flexibility of sensor place—
ment for sensors which report target bearing .
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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. Gaussian Noise, XK

3. Target course error , ~ALA

4. Target X position error, ~X

5. Target Y posit ion error , ~Y

• 6. Target Z position error , ~Z

7. Target Velocity error , ~V

8. Temperature error , ~ temp

9. The bearing resolution of the sensor , BINS

Errors due to these sources were computed for ~8 simulated runs
under four condit ions . These conditions were :

1. Rotational bias calculated , one target vehicle

2.  Rotational bias set , one target vehicle

3. Rotat ional bias calculated , two target vehicles

4• Rotational bias set , two target vehicles

The results of these runs are shown In Table 1. Unless specified

4 

the input parameters were :

BIAS 0 degrees V = 0 meters/sec

-: 
~~~ t~XK = 0 temp = 0 degrees

~ALA = 0 degrees number of Bins = 100,000
(runs 1—47)

~X = 0 meters

~Y = 0 meters number of Bins = 256
p (runs 53— 58)

= 0 meters

A-l
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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 rn/s at an altitude of 200 in. The range of the
target track was 3000 meters . In Table 1, DR100, DR500, and

DR1000 refer to the distance of the sensor from the test track.
All sensor locat ion errors are in meters displaye d from their

Bias Errors) actual location .

In Tab le 1 the bias errors only affec ted the cases where the
bias was set. In those cases, the bias 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 noise 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:

-
• I K

Sigma = 1 (35)
- • - S/N

~ 4 S/N Is inversely proportional to the radial distance from
the sensor to the target . Equation 36 depicts this relationship .

approach (cpa).

.
~~~ where S/Mcpa is the signal to noise ratio at the closest point of
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TABLE 1 ERROR ANALYSIS OP SENSOR POSITION LOCATER

OPIB TARO T TWO TARGETS •

R UN 69809 E R R O R  A I T H  CA L CU I. A T I D  BIAS .~~I T .  BI AS SET WITH CALCULATED BIAS W ITh BIAS SC’
- 

- NUMBER TYPE 
• 

AMOU NT • I — •
- 09 I O9~~~ O9~~~~ 09 , 09~~~ 0R ,~~ 38,~~ DR~96 0R~~~ 08189 DR~~ DP~~~

I IIjOP4(~~~ — 0 , 0 0 0~~ 0 0 0 0 0 0 1  0 0
2 BIAS 20’ - - • — 96 366 57 7 — — — 792 - 347 57 5
3 BIAS 10’ — - — 7’ I 14$ 221 — — — 96 147 256

p 4 
• 

BIAS • 5~ — - 2’ 63 lOB — — — 23 64 29
• S BIAS - I’ — — 

• 
— 3 77 2’ — — — 2.6 12 26

6 I BIAS 7’ — — — 3 73 21 — — — 75  ¶2 26
7 BIAS 5. — — — 29 95 707 — — — 77 62 ‘26 -

I BIAS 10 — — — $2 119 225 — — 50 729 24’p I BIAS 20• — - — 219 362 579 — .163 - 342 IS~ I
70 8K 0 0001 0-2 09 24  3 1  0.5 16 0.2 07  0.3 0_ i 03  I I

11 88 02010 12 _ I 9 I 219 II 6 65 769 7.5 93 35 15 9.0 164
Ii I *8 0 0060 416 216 ~~ 296 ‘50 363 127 32 203 i 337 33 85
13 xK 00700 9692 3074 601 120 1904 4023 139$ 1244 299 476 I 2154 I 878 -
74 .OALA 20 969 696 935 996 546 7 263 901 103$ 1236 2961 - 1361 • 7565
IS .OALA 70’ 436 444 419 514 346 540 444 447 497 521 505 549
16 .~ALA I~ 219 222 235 236 199 256 209 777 166 212 I~~
17 .O A LA f 43 44 47 44 44 47 34 79 32 33 19 88
16 ~ ALA I’ 43 44 47 42 46 45 36 36 33 37 ~$ 93

• 19 ~3A LA -5’ 71$ 223 235 195 248 205 210 179 789 226 181 759
20 .2 ALA 10’ 436 444 469 355 536 359 403 435 445 $03 636 469
21 .2ALA -20’ 949 ~~ 938 699 1190 546 964 1020 7 040 504 11 7 1 1332

• 22 ~ X IOM 10 ¶0 10 10 70 70 70 tO 10 10 10 10
; 23 .2X SM 5 5 5 S 5 5 5 5 5 5 5 5

24 OX SM 5 5 5 5 5 5 5 5 5 5 5 5
25 .2* - I OM 10 10 ¶ 0 ¶0 10 10 ¶0 10 10 10 10 tO -

26 .21 TOM 70 10 10 10 10 10 tO tO 10 70 70 70
27 2Y SM 5 5 6 5 5 5 S 5 5 5 S 5
26 .31 -SM 5 5 5 5 5 5 5 5 5 5 5 5
29 .21 -TOM 10 10 10 10 10 10 TO ¶0 10 10 10 70
30 .OZ lOO M 13. 4 6.5 4 .0 13. 4 6.0 3.4 75.0 61 3.9 14.9 5.9 - 3 7  -
31 .3Z 50M 4.6 3.0 1.8 8.5 2.8 1.5 6.6 28 1.8 5.6 2.7 1 7
32 .3Z T OM 1.3 0.5 0.3 7.3 0.5 0.3 1.7 0.5 0.3 1.2 0.5 0.3
33 .22 -i O N 1 .3 0.5 0.3 1 .3 0.5 0.3 1 .2 0_S • 0.3 1 .2 0.5 03
34 .OZ -SC M 6.2 2.4 1 .4 6. 7 2.2 1.2 5.3 2.2 

• 
1 4  53 2.2 1-3

36 22 100 N 11 .6 4 . 1 2.4 17 .5 3.8 2.1 9.6 3.7 I 2A 9.5 3.7 2 2
36 .3V 20M/S 995 987 1027 994 975 995 1035 1786 1410 1034 1173 1376
37 .3V T OM/S 498 495 517 498 490 803 516 602 741 515 597 733
35 .W S M/S 249 246 259 249 246 252 282 307 390 252 305
26 .3V SM/ S 249 249 261 249 248 256 260 301 385 290 307 385
40 3V TO M S  499 500 523 499 497 514 576 856 749 576 612 751
47 .OV -20 M/S 999 7005 1054 999 1000 1Q40 1039 7210 438 1039 1205 2635
42 LIEM P 20CC 1.2 2.6 4.0 1-3 2.3 6.0 1 , 1 3.0 61 I 3.2 64
43 .OTEMP l0’C 0.6 7 .3 2.0 0.7 1 .7 3. 1 0.6 7 .5 3.1 - 06 16 3.3
44 .3TEMP S’C 0.3 0.7 TO . 0.3 0.9 1 _S 03 0.8 1.6 

I 
0.3 0.8 ~7

45 .3TEMP • S~C 0-3 0.7 1.0 0.3 0.9 1.6 0.3 0.5 1 .6 0.3 0.8 7

4 46 OlIN? • - 10 ’C 0.6 1.4 2.1 0.7 1 .8 3.2 06 16  3.2 
- 

0.6 1 7  - 3 4
-• _ 47 21678? -2O C 1.3 2.8 4 3  14  3.6 6.5 1 .2 3.2 6.5 1 2 34 69

4 
- 48 • BINS 7024 0.2 0.2 7 3  0.1 0.2 13 0 1  0 _ I 0-3 0.0 0.2 0.2

I • BINS 512 0.6 7.9 2.6 0.4 I .B 2.0 0.3 10  0.5 03 0.6 I 0.3 -
$1. 50 • BINS 256 0-6 3.7 28 0.4 0_ i 2.S 0_ S 2.3 2.3 0.2 0.0 0_ S

51 • BINS 171 0.6 5.7 19. 4 0_ i 5.0 118 0.6 3.2 ¶0.3 0. 7 1 .2 2 1
6 53 . BIN$ 54 5.4 23.4 17.9 3. 1 22.7 26.0 2.6 6.3 24 .3 1 .6 5.3 I 231

53 *8 0 0007 (1.2 6.0 94 0.3 2.5 5.2 0.3 1 .3 4.6 Q2 1 .8 03
54 • A K 0.0010 7 S 9.3 32 6.4 57  32 4 4  6. 4 ¶8 3.0 59 l OS

~
• .~ 55 8K 0 0050 623 275 690 148 228 636 ~~ 148 123 413 lIE 14

4 -  56 - AK 00100 7670 505 $284 5687 689 2266 4261 2763 203 77 0 352 • 101 -

57 BIAS 5~ 1.0 5.7 4 .0 239 63.7 107.5 04  2_ i I 9 - 22.5 634 • 28

38 BIAS 
~~~~~~~~~~~~~~~~~~~~~~ 

0.6 1 2.4 4 6 : 2 ?  ~~~~ ~~~~
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AFFECTS OF BIAS ON SPL ERRORS
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K + 3/N
S/N— f(D) = 2 cpa 3

D +  ].

Combining equations 35 and 36 gives:

d
l

Sigm a=K D+]. (37)

For the error analysis values of .0001, .001, .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 is 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 is 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 is 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 = 1(AX ) ~~ + (AY ) 2 (38)

The amount of this error is independent of whether the rotational
4- bias is calculated or set equal to some value in the SPL algorithm,

and it is 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 is independent of the number of targets used to sight in the

A-5
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AFFECTS OF K (GAUSSIAN NOISE) ON
SPL ERRORS
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- AFFECTS OF ~~~COURSE ON SPL ERRORS

CPA tOO
1000 -

- 
p

1 900 CPA:I000

I CPA:500
CALCULATED

800 BIAS
(CPA~ 5OO)

CALCULATED BIAS
- 

(CPA: 500)
700 -

1

~fl 
- CPA IOO) 

~~ 600 - TWO TARGETS
(CPA=500)

~~ 5OO -

- CPA:l000
~ 400 - - CPA: 500
a
4

) 
. 300 -

- 4 -
200 -

TWO TARGETS100 - 
(CPA:500)

0 I I I I
—20 —t O 0 tO 20

~ COURSE IN DEGREES

A — 7  FIGUREIS
r - ~.



NSWC/WOL/TR 76-8

sensor and is not a funct ion of whether the rotational bias of
the sensor was calculated or set to the correct value . As can
be seen In Figure 19 it is very much a function of the distance
of the sensor from the target track.

Target Velocity Errors

the target velocity are independent of the distance of the
- ~~ Radial sensor location errors due to miscalculation of

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 locat ion error as a funct ion of the
target velocity error.

Temperature Errors

The sensor locat ion error due to temperature differences
is shown in Figure 21. It is 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 sect ions
of a circle (360 degrees) into which a sensor can locate a target.
If the sensor can only indicate in which quadrant 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 radial sensor
location error.

I
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AFFECTS OF ~~ Z ON SPL ERRORS
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AFFECTS OF MELOCITY ON SPL ERRORS
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- AFFECTS OF MEMPERATURE ON SPL ERRORS
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AFFECTS OF NUMBER OF BEARING BINS ON
SPL ERRORS
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APPENDIX B

FORTRAN PROGRAMS AND FLOW CHARTS

Since there are many calculations involved in locating a

~
j sensor position, it is best done using a computer. Appendix B

is a listing 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 arid 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 it provides the time
of report , report bearing , and a weight ing 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 Subrout ine . —

I 4.
~ 

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

“
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C~I~~~ SIMU LA TE ~~
CALL

I INPUT DONI-
1. NIRG

\ READ KFLAG . M/
\ NPASS. / TIME
\_ NRUNX

__J -00

T L R ( ( - - S 0 .0
P NO NPA SS “~~ AL R(’) OO

FRUN.11 
DO NS-

J p .~ i NSEN

BIAS • SAVE (1, NRUN( • I/ISO CALl. SENCHKIJIIS, TIME, NT)
XI( - SAVE (2 . NRUN)
SNCPA • SAVE (3 . NRUN)

______ TIME-

— çLNTRG)4,
AT LEAST I ANY

ALAINT ) - RALAINT) • SAVE (4 N RUN ) - it/leo MFLA G -XA)NT) - RXA INT) + SAVE (5 , NRUN) 0?
YA(NT) • RYA(NTI • SAVE (6 . NR UN(
ZA(NT - RZA(NT) + SAVE (7. NRUN) AU. MFLAG - 1
VA(NT) • RVA(NT) + SAVE (8, NRUN)
TA(NT(-RTA(NT )
AT(NT) - cOS(ALA(NT)) cON.T.
Bu NT) - -SIN)ALA (NT))

~ CTNT - -tAT~N1. XMNT) +BT NT - YA(NT)

4,
1 NSEN

______cONT.

CALL
SPL)NS

TEMP-RTEMP + SAVE (9.NRUN)
CS - 331.36 + O SO96 TEMP
BINS • SAVE (10 , NRUN)

4, cONT

X0(1 0.O
L YO(’( .O.O
r A L ROT () .0 .0

MFt.AG) ) — 0  CALL4 INCSAVE( . ( - o OUTPUT
NREP( , ) 0

4
rBI

~~ 

NRUNX - NRUNX+1

• YES NRUN NO
2 

NUM

FIG. 23 FLOWCHART OF SIMULATE
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Q~
PUT

D 
____

MUM-i j 
\__~~~~~~~~~~~

/

j r

~~

i

~~~~

(

~~~~~~~~

M1 

[
~~~T]

RALROT (NV
YES NOVE S RALROTD .7r/1I0

NO

~~ NT.

NUM - NUM-2

4, \ READ RANGE .

______/ 

\~~~~~~~~~~~

° 7
4, CALL NORMA Lr (ERROR)

DO NT-
~~~~ f l\ i . NIR G

— RCS - 331.36 +
4, 0 8096 X RIEMP

- \ READ RAI .AD . /
I \ RXA (VT ),PYA (NT) /

\ RZA (NT) . R1A (NT)!
\RVA (NT) / RETURN _

~I)- - 4 4,
RALA (NT)-
RALAD.1T/1BO

FIG. 24 FLOWCHART OF INP(J 1
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INS . f. NT)
SENCHK -

YES 4 TLR 
___________

F REQ ’ 11

R E T U R N  NO 

TLR (NS(-4

RX+~~RXA+R VA II (f -PTA) I I ALP INS) .

d 
COS (it. RALA ( 0f

2
RY4-  RYA +RVA (f -PTA)

SIN(ir-RALD)
XSIGMA -

XK NREP (NS, NT)-

* 
NREP (NS NT)+1

Raf -i( .
2 4,

LRX4-RX 0

YES 

ARCTAN 

CALL NORMAL N - N R E P (P4$. NT)

Raf - Raf+ 

~~~~ ERROR 

NT. N)

OxYz -
SHIFT ~4

/(RX+-RXØ) 2 +( RY+-RY ~ )’ INTO BEANNG ASA INS. NT. N)

+ RZA’ BIN -
~~

N!

~~~

./’

~~~~~~~~

), YES w - col 4~AVE INS. N T . N)

MFLAG(NS) MPLAOMS(

] YES 
(+TLR (

1 I FREO)2) AND
V -~~ V af - ALR

( RETURN )
I..— _—~ TIME-f  NO

+ DXYZ/RCS

______________ YES NREPINS. NT) NO

So
1 RETURN 2

~~ FIG . 25 FLOWCHART OF SENCHK
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CouT
~~D

_ _

~~~~
E

~T/
\~~~~~~~~~ / \ PRINT / _ _ _

\~~:/ \~~~
./ \ ~j~/

F _ _ _ _  \~~ 
\~~!/

\ / (coin.)
\ INCREMENT/
‘1~ ACTOR . M/ cONY.

4, 
_ _  

_ _

PRINT DO NS-
\ XMEAN. / 

~~~~~~~~ 
NSEN

\ RANGE / ____________

4, \ PRINT
\ Ns .

~ PRINT / ‘,, HEADER
\ X K . I V
\s N~PAJ  4,

_ _ _ _ _  
\ PRINT /
\ Rx0~RYø. /

~~
sin I \RALRO?

\ FREO I1). I
\FR~~~~~] 4,

I I \ PRINT
\ ~~~~~~

\ \ ALRO1-
\ PRINT _______\ BINS .

DELTA 
_____________

______ DX .R X Q - X ~

A
ALROT

FIG. 26 FLOWCHART OF OUTPUT
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~~~~~~~~~~~~~~~~~ (NS)

YES /NRPTN.. I CALL ENTER I XQIN$ ) -
/ Do pjT - \ r—( < ) I (NL NT.N3.T3. BIC AIII.AICI IR)

1
~ 

__
~\ 

1. NTRG / ~~~ 
~~~ ,,.-rN 

~,
/‘ X3, Y3,a3, W3) 

DENOM

4 4,
i+NREP INS NT ) i N  (FLAG (AICI A)BI4ICI A R)

N DENOM

d 
INcSAVE INS NT) - DO NFIRST - -o

- 1  4,
S

- 
CONY.

-
~ NSTA RT-N2+ N JFLAG I

cONT.
IFLA G-0
JFLAG— O CALL ENTER 5

(NS, N’T . NI.TI.
. X1. Y1,a1. WiI 5

- - CONY.

DO NP
1. NPASS CALL ENTER NO WI - 0 0

INS. NT. N2. T2. OP
X2.Y2,02, W2) (FLA G-i

A A12 BI2—
I
I BICI - BSI - 

CONY.

W I -o _ o  -o  
(FLAG ALROT INS)-

IFLAG —i 2

2 DO N T -  -1
I. NTRG 1 2 CONY.

DENOM-

NRPT - NREP INS, NT) 
AI2 812.AIBI2

I N INcSAVE INS. NTI DO N 3
5 NSIART . NRPT.

FIG. 27a FLOWCHART OF SPL
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012 023— 1
________ I YES ,P DENOM ~~~

/IX1 - X2)2 + /1x3’ x2(’ + I i — c ~ < ~,
)  Ni — N2

.11 (VI - Y2)2 (,“~~
. ‘I’

~~_i I ____________

4, 4, NO 4,
‘ 81 -a2-ai 82-a3-a2 N2-N3

4, lIp • - +~ 
iIp

CALL SHIFT CAL). SHIFT
(81.0.0) (92.0.0) —

~~ 

:~~~~~:

E
~~~2 “

~ 

~~~~~~~~~~~~~~~ 
____________

INcSAVE
(NS. N’T) BSI BSI +

612—81 -1-82 W2 • BS al—aZ

(N$ NT)+i

_ k .  ___________  
4, _________

DENOM
2—a 3

~j4~~j- .CO$8l2 W2 a

4, 4, 4,
•.ATA N I

1~
i
~
iiz1 I D12—D23

LDENOMJ~~~

I
‘ 4 -  

W2•W3

FIG . 27b FLOWCHART OF SPL (CONY.)
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)NS . NT . NR . T . XT . Y T O . WI 

-

r~~~L 
____

~~~~~~~E INS, NY NRI 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~.B~~ PXYYAU’~

I~ - ‘I [ ‘l  r.....—..... —.
~~~

.... ................. I AI2 A12 +) ASAVE )NS, NT. NR ( 0- AT (NT) • YØ (NS) W.A 2

-ST (NT ) • X~ INS) ATAN 1S~N ~ 1 A2P92
1RATI0~COS ~J 4,

812 — 8)2+
WSAVE INS NT NR) DENOM W•8 2

AT’ +BT 2 Ca- la-ALP O Y) A~~82
- 8  ________________

‘I,
CALL TXY - 1+
(XT YT,T.NTI 

I I A

- (AT -CT+ BT .DI
D O N  a -a -e  

A2P12

4,

YES IFLAG-0 A ICI:A ICI +

(FLAG IAT .D-BT .CYI 
W A C

-0 DEMON A - COS (Ca) 
A2P82

RETURN NO 4.
RXY1 AU - BId - BId +

W.B.C
(XO-XP(’ + (YO.YP) 2 A2P82

B IT.ALA (NT) ISIN ~ I B--SIN (Ca) 
______________

- (a-ALROT INS)) 4,
RAT IO - RATIO (I RETURN~~~)

RXY1AU

RATIO . V~~ YYAU 2 + ~~ 2 C - -(A~XY + S.YT)
CS

VA (NT)

YES RXYTAU NO 3
>

RXYTAU

If 
10000.

4 
.

RXYTAU 5000

1

p.
2

FIG. 28 FLOWCHART OF ENTER
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-
~ SHIFT 

(ANG LE. BIAS)

NO BlAS T YES

ANGLE

ANGLE - ANGLE
+211

NO BIAS +11 YES

- - ANGLE

ANGLE ANGLE RETURN
-211

I —

FIG. 29 FLOWCHART OF SHIFT
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(J TXY IX. v T . NT)

I
ANGLE .) iT/s -ALA INT)

It

DIET-
VA INT) x
(T-TA(NT)I

1~ 1
- 

X - X A fNT) + 1
- J

(ANGLE)

) _______

YA (NT) +
DIST SIN
(ANGLE )

It

~~~~~~ETUR~~~j

FIG. 30 FLOWCHART OF TXY
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C • AC OUS TIC SENSORS AR E r)FPLOYEO IN TIlE. FIt .LD wIP-’OuT •
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C • ROUT INES t~ TO LOCAT E TMt SENSORS ONCE THEY AR ~ ~N Twc •
C • FIELD . Ti~ I FOLL OWING ME THOD IS mED.... 8

C • I. A TARGET , WHOSF POS ITI oN £5 A FUN CIgON OF TIUF
C • IS  (NO~~N~ I S  H UN OV ER T HE SENSOR F I E L O .
C • ~• Ti~ PEC IEV ING IJN IT L I S T E N S  AND R~ cO~ j s TH E SFOUENCE.
C • OF REPORTS BY THE SENSOR OF THE T A R G E T .
C • 3. TsF. ARRAYS OF REPO RTS RLUS TPIE TA HG ET L UCATIO ’ ~JS •
C • A R’ : FED AS It~~IJT S TO TH E SPL AL GORIT HM . a
C a 

~~• SPL CALCULATES THE SENSOR L OCATION (AND B IaS aMiLE)•
C •~~ 

- a
C • THE FOLL O4T Nf,  OPT IONS ARC AVA I LAH LE TO SPL... •
C • KF LA CjZ U IF THE S1a5 IS TO ~E CALCULATED. •
C * (FLAG *1 IF TilE RIa S IS RE~’OR TEL) ( LNPuTE ~) TO SAL. )

— C • H I S  T I-)f’ DICREM~~J T FACTOR (SEE SPL)
C • N P A S S  I S  TH E NU •4H E R OF PASS ES SPL MA (ES OVER REp ORTS 0

C • • *
C • THE .FQLLO ~~~N’3 OPTIONS AP~ A V A I L A H L E  TO THE S i MU LATIO N ... *
C • NSEP.. THE Nt 1 ’qER OF SE NSOR S
C • NIHG THE N(I’ - R E~P OF Tis (4GE15
C • ‘lANGE THE. RANv ~E OF THE . SENSORS a
C • d IMS - THE NJ ’ ~HER OF b E A W L N ~ BI l lS CF TIlE SFI’4SOP S

C • FR EGH) THE. CYCLE TIME ~plE,N THE dE. AR I ,~t, LP4AP.iGrs
C • F R E C ( - ’) THE CYCLF TI M E ~cWF N THE ~EA~~l 1 -./i I~ THF SA’-I E a
C • D E L T A  THE TIM! INCREMENT IN T HE. ST M UL HT IO rI i  S

C • X M EA ~~ .x lc,S,1’ RA A~JE FOR J AU S S IA N ERROR
C • MEt~.N *H(- A N a —

C • SIGM A g~ K ,S0RT(S~ CRM, (DXY ~~.k)) a
c •q - C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C

A 
- 0 0 0 0 1  COMMON / T ROT/ /  A L A ( 3 ) . X A ( 3 ) , Y A ( 3 ) . Z A ( 3 ) ,

P 
- 000 01  1 T A ( 3 ) , ( 3 ) . A T ( 3 ) , R T ( ~~) , C 1 ( 3 ) , T E M P . C S , N T R G

0000 P COMf’ (JN ,(~r-~Gr // ~ALA (l),RX 4(3) ,P,A(J),W ZA (3),
0 0 0 (1 2 1 Q T A ( l ) , P V A 3 1 , RT E M P ,PCS
0 1)00 3 COMMO N /S~~’ - / /  NS E I ,~~o ( i ) . Y O ( 3 ) , ~~L ) 1 ( 3 ) , i ~~LA (, .JF L4); 00004 COMMON /~‘5~ N// O C 3 ,~~Y 3 ( 3 , ~~~L~ 0 T I 3 )
00 00 5 COMMON /~~E0//  T S A V E ( 3 . 3 , 5 Q ) , A ~~Av F. I 3 , 3 , S O ) , w S A V E ( 3 , 3 , c n ) ,
0 0O0 S I r- !REP- 5 (3. 3 ,.TN cSAVE(3, 3 )
O ’~f l C 8  CL1’41-’UN / S T . \ T b / /  T L R ( 1 ) . A( .R ( 3 ) , ’F L A r ( 3 ) , F R E ( ( 2 ) .
00 ( 1 1)6  1 I

~ IN S, * I l EA N . x K , S OC RA , M ! G E , D E L T A . N U M , N’ l U N , N P U N L , 3 A VF ( 1 0 , 1 O O)

~~~~ 000)) ’ COM NUN / C O ” S T / /  R I , P T ’ ~~,PI2
0000 ) 1 CO WMO N ,OI’T I.DNS,/  K F L A r ~.M, NP A5 S

- 
- 

- 
FIG . 31 COMPUTER PROGRAM

_
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C
C •aaS4*aa+aaa.S.*~~oa*..aeaua~~ae.aa.. ,~~.ao*aa*.eaaoa...4. ~eav*o.Oa
C a a
C • F IRST  CA LL INPUT TO SET UP THE S IMULATION
C • a
C a.aa*e.a**Sa.a *.•a*a.S•eaa*e•~~aaa.aa4~~aa•41-e***.a*aaa*..~~a•~~••a**a

C) 00009 CALL IN PUT
- C

C •Sao*aaa**00008*aaaag*a*aao,aa.aa*a.*ae.*aaaaae.aae*a..,aaaaaaaaa

C 0 0

C • THEN W E.A D THE OPTIONS FOP THIS SET OF RUNS
C a T HIS is uHF START OF A SET OF QU~.S O IT H SEPEW .~rE. O DTI O - ~S. a

a

C .oa.aa**a*.a.a.*o*.oa*.*.a**.*a...ao ~~a.e*a..a*o*aa.aa..*a..o.a•oa

C
00010 101 REA L) 103. ‘(F LAG , M.NPAS S,NRUNX -

00 011 103 F O N W A T  1 4 1 ) 0 1  
-00012 IF INPASS .EO. 0) RETURN

00O1~ - NRUN~~1
C
C
C •a*0*a*•*O*.**.aa*.*a*aa*a.*.a•Oa.a*4..*Oaaa**a0000*.a.,.oee**0**

C • 0

C • sAVE COI~TA t N S  THE SIMUl ATION O PTT Ou S FOR EacH ~UN OF SET a
) 

C a a

C • ALL A r.CiLE 9.PUT$ AN)) O’ ,TPUTS AW E. IN DEGREES AND 0 
—

C • ALL 1NT FPN’ . L AN GLES . FPF IN I4~ O I A N S .  •
c a *
C • AL A IS TIIF IMPUTED TA RGET COU~~SE. -

C • RALA IS THF. REAL T~~~GET COURSE.
C VA lb TH E. INPUTED TA Pr,ET V E L O C I T Y .  •
C • RVA lb THE REAL TA R G E T V E L O C I T y .  •
c a aT Ti M E TA (SE CO ’~DS THE TARG ET iS Al ( X A , Y A , Z A )  INPUTED. •
C a A T  T IME PTA (SE C )  THE TARGET IS aT ( R X A , R Y A , P Z A )  REA L.
C S *
C •aaa*a.**a*0*0.**...0000a.ae*a.*aa*0*.a.050ea**005a*.*.*...e.ODaa

C
C

0 0 0 1 5  lb  ~~IA S ~~~A V E ( 1 , N R t ) N ) 5 P T / I 4 0 . O
0001 6
0 0 0 17  S NC I- U154VE t 3 , NR UN)
0 0 0 1 8  00 155 1-JT ) , N T R G  

-
00019 AL A (N T ) RAL ACT. T ) .S~ V E (4 ,NRUN )~~Pl/3S0 .O

4 -
00020 X A ( N T ) z P X A ( N T ) + S 8 V E (~~~.~~.PuN)

00021 Y A I N T ) 2 P Y A U ~T ) a S A V E ( ~~,.J PI)N)
00022 2 A ( N T ) P Z A ) I - ) T ) + S A V E ( 7 . ~~RUN)
Ou023 V A ( N T ) ~~PVA N T ) . S A V E ( F - . N R u N )
00024 T A ( N ! ) * R T A ( N T )

C
C

3-12

k’ - - . 1 -

- -

Il —

I

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~J~~~~~I1’~~~~~~~~~~



-T — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

.- L  F %.IwT .(AN (1 .0) PR OGRAM SI M ULA 1E

C
C .aaaaaaeoa.,.... ....aa..aa..aa.aaaa .ao.,aS..aa.,.a...a.aaa.eaaaea

C • • S

C • AT ,8T ,CT FORM THE LINE ATSX .BTaY.CTIO OF THE TARGET TRAC K. a
C •
C • S

C •aSaaO•S*aaao....0*a.aaaaa•.a..*aa•a***.a*.aaaa..a•OSa*a.aaasaa*a

C -

~~ 00025 £ T ( N T ) Z C O S (A L A ( I ’ i T ) )
000 26 R T ( N T ) . — S I N ( A L A ( N T ) )
00027 C T ( N T ) a — ( A T ( N T ) a X A ( N T . 8T ( NT ) ~~Y A ( N T ) )
00028 155 CONTINUE

C
C
C
C
C
C
c •a••a.•*a•a..a..aa*a.a........*...aaa.a.a....•.o.aoa.•.....a•.•.s
C a a
C • CS IS THE INPUTED SPEED OF SOUND IN MET ERS/S ECQy ~’O.

— C • - RCS 15 1’E REAL SPEFO OF SQUI’,O IN METERS/SECOND. a
C • TEMP IS TW E IN PUTED TEM PE RATU R E IN CENTIGR ADE. a
C • RTEMP IS THE REAL TEM PERATU RE. IN CENTIGRAD E.
C S - 

- a
—• 

C *.aaaaaaasao a...a.•.a..*aa..aaaaaa....,.ae*aeo.aaaa.Sa.•aaaeaaa..
C

00029 TE.MP~ WT EMP .SAV E 9 ,NRUN)
00030 CS~~ 3l.36.h1 .6O96 *TEM P
00031 B I N S * S A V E( b 0 . N R U N)
0003 2 00 160 1.1 .3

C
C •.aa.... aaa.a.a .55•.a....* ~s.aa...S.••Sa..a a..a..a.aaa.a.a..*aaaSa

C • a
C • (*O,Y0) IS THE CALCU LATE )) SENSOR POSITION. a

C • ( R X O , R Y 0 )  IS THE REAL SENSO R POSIT ION.
C • A LRUI IS EIT HER THE CA LCUL AT E) . )  OR INPUTED SENSOR a
C * A NGLE R O T A T I O N  ~ T A S .  DEPE.M)ING ON 0 PT 1O P-I~ KF LAG . a
C • RA L ROT IS THE REAL SENSO R ANGLE R O T A T I O N  b IAS .  a
C a
C • UFLAG zO *H~~N THE TA R ;ET IS W I T H I N  RANG E OF T H A T  SENSOR, a
C • MFLA )4.1 w HEN THE TAP U ET IS O UTS I1) E THE RANG E OF TH AT SE NSO R* -

C * a

4 
C •,*.S,*aasa.e .a.*.•a,a•eaao.,..aa*a***a.a*a*asa*a•a.a, ,,......Sa.

C
~~~ 00n33 xO (l)aO ,O
p. 00034 v0 (I)~~0,0 -

00035 ALPOT(I).0 .0
- 

. 00036 M FLA G( I).O
00037 IF ( IcF LAG .EU. 0) XH EA l ’~ R I A S
000 3’I IF ( K F L A Ij  .EU. 1) A L R Q T ( I ) ~~MA L R O I ( I ) . y . IAS
0 00’. 1 D~

) ib O J 1 s 3
00042 T N C S M V E ( I , J ) . U
0 0 0 4 3  16(1 NHEP(I,J ) . l

- 
- 

s 3-13-
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1’- F ( — T - a N  ~~~~ I - W O G W A H  SI”iJ LAl E

00044 DO i~~s NT.l,NTRG
00(145 T1Ht~~O .O
00046 - DO ill ~~~~~

C
c aaaaaeaaa*aS.sS.aeaa .as•~~e.a.aa•.e...a•. e.aaSaa. aa. .ao.a.aaeaaa

C S *
C • TL P IS THE TI ME OF THE LAST REPORT.
C • ALR IS THE ANGLE OF THE LAST REPORT , a

— -I C a a
C •5aSa***a•*5***a***5.**a~~95e*a55.,a5**,5Sa5a05*a.*,*.aaaa..a5aaS,

C
~~ 00047 TLR (I).—50 .O

00048 A L R ( l )~~f l .O
00049 111 CONTi NUE
0)0050 115 00 1~~O NS~~3,NSEN

C
c •...aaaaaSa..a.o.a.a.. ~~e..aeaa*Sa....a.aS.. aøaa.a......aa. *..,a~~•
C a S

C • SENLII K WI LL CHECK TO SEE IF THE 5EN~ OW SHOULD l~EPORT . • :~C -• IF SO IT DETER M INES THE TIM E OF THE REPORT A OQ PUTS IT
C • IN ISAV E .  IT DETERM INES THE HEARING AND PUTS I T  IN A S A V E .  *
C • IF TilE SENSOR REPOMT3 ~ W EIGHTING FA CTO R IT b S IN W S A V L .  •
C a
C •a5*5.*55V,.a*e..aa*.**a,.* . eea..ea*.*aaS.*aa~~..**e.aaa..aa•~~~5a

C
00051 3 2 o  CALL SEN C HK (N S ,T I M E,NT )
00052 T IHt .T IME.OE LTA
00053 DO 121 NS= 1,NS EN
00(154 J F (M FLAG ( I- S .EQ. 0) GO TO 115
00(156 121 COI~11NUE -

A 00057 125 CONTINUE
C -

c
C a a

C a NOW THE AR RA YS C TSA VE.AS A VE , W SAVE ARE FULL , *
C a a
C •.a.•aae••*..••.a.S*.•~~*..a.*4.a• .*a••eS**Qa*~~***~~** ..o.o•.*0Saoa
C

00058 DO 1.~O NS.l.,r’4SEN
C

L C - ..aaa.aaa*e.aaa.e.e*e.a*.eea~~aae*eae.aa*a.oa•aee.aaaS.aa .a*.aea*a

•
C • CA LL THE SENSOR POS ITION LOCATOR (S~ L). a
C *  - S

c ..e..a... aa....a. .a.. .S*,aae.ea*. a.aa.. .*.aS Sa...a.a....a .a*.e*.a

4 
C

00059 CALL SPL INS)
0006 0 130 CONTINU E

C

C .

- ‘  C

r~ t B—1~4

F t .  
-
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- r ~~ F U.ITWAN (1.0) PWUOWAM 51H; LATE

C
C aaeS**eSSSaaSaaa*aSaooaaaaa,* .a5.a555a55aa.aa5*aa~~eaaaaaa..ao•~~aa
C • a
C • CALL OUTPUT TO PRINT RESULTS, * -

- C •
C a5aaaaaSaaaa5ea,aa*ea...aa,.aa..aaa.a..aaaaaaa9aaa.aa,.,a*aaa5o~~.

- C

d 
00061 CALL OUTPUT
0006 2 NWUNsNHl Jr~s . b
00063 NRUNX.NPUll~ ,1
00064 IF (I4RUN .GT, NUM) GO TO 101
00066 GO TO 110
00067 END

NOL FOR TRAN DIA G NOST IC RESULTS — FOR SI1IULAT E

NO E RRo RS

B—15
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-~~L ~~L~~ T .lAr ~ ( )  . 0)  ~- - , ~~f lA l~ S’ -Iij T E

DAT a VA PIL8LES

AL A 00001 00119 00025 000db
ALP / o o o~ ooo ~~s
ALROT fl1)J0 3 00035 00040
ASAv E 00t~05

BItIS 00006 00031
aT 001)01 00026 00027
CS 00001 00030) AT 00001 00325 00o~~7

CT 00(101 00027
()ELTA 00006 00052
FREQ oo~~n ’~IFLAG 00003
INCSA VE 00005 00042
J E L A G  00 003

- )cFLAG 00008 00010 0)0037 00039
H 000(18 00010

~ M FLA O 00006 0003b 00054
S NPAS S Q OO0 ~ 00010 1)0012

NIIEP 00005 00043
NW UN 00006  00014 0001~ 000 16 00n1 7

00 023  O0U ~~9 0003 1 000b2 00o62
NHUNX 0 0 0 0 6  00010 j0063 o oo ~~iNSEN 00003 00050 0)0053 ooosa
NTRG 00001 00018 00044
N U M  00006 0006’.
P1 00007 00015 00019
P12 - 00007

~~~ 

- P11) 2 0 0 ) 0 7
RA LA 00002 00019
RALRO T 00004 00040
RANGE 00006
RCS 001)02
RTA 000(12 00024
RTE MP 0)002 00029
RV A 00002 00023
R
~
0 000(14

L 
R’.A 0 ) 3( 12  0002 0

- 
- - - PY0 001)04

RYA 00002 00021
P24 00002 00022

4 SAVE 00006 (10015 0)0016 00017 fl~~n19
00029 0003 1

4 

- SNCPA 0 0 0 0 6  0 0 0 1 7
TA - 00 (101 00024
TEMP 00(’-01 00029 tiOO3 (J
ILk 00(1(16 0004?

~~ T S A V E  3 0 0 05
V A  001)01 00023
W S 4 V E ~ - 

0’)~~03 00033
• X A  000l~1 00020 v002’

C *10 0 f l 0 0f~ 00 0)16

5—16 
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— N’)L FURTIIA’) (1.0) . - - - -
~~~~~

‘ 51

XM EAN 000fl6 00038 -

Y0 0 0 n’J 00031.
YA 00001 001)21 00027
ZA 00 001 00022

COMM ON VA R IABLES

I
J PROGRAM VAR IABLES

BIAS 0 0 0 ) 5  00038 0 )0040
‘I COS 00025

1 00032 00033 0003’. 00035 0nn36
00046 00047 0)0048

INPUT 00009
- J 00041  0004 2 0)0043

00050 00051 uOoS J oQOS’ 00A58
NT 00018 00019 00019 00020 Ooo2 O

00023 00023 00024 OO 0~ 4 0nn25
00027 00 027 0)0027 0O0~~7 On~ 44

OUT PUT 000 61
• SENCHK 00051

— , 
SIN 00026
SPL O00~ 9

• TI ME o00’.~ 000S1 00052 00052

E 
5-17
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NOL FORTRAN - (1.0)

00000 SUbRO UT IN E INPUT
C
C • .,** .* .*5 ,* *5** .*5aa**a5*5.*5aa5~~~5 5 * 5 * 5 5 0a.,55* a*~~~~~
C • - 

S

C • JO NAT HAN V A L V AN O 03/l’,/7S
C S
C • THIS ROUT I .E INPUTS I~ ’ IT IA L  PARAMETE R S. 0

~~ C • ALL ANGLE INPUTS ARE TP j DEGREES.
C • *
C •*5a*.*.*5a..a***a**a..a*a*a*.a.*a**..aa*5a*55* .S*~~~a ..*a**5’.

C
00001  COMMON / T RGT/ /  A L A ( 3 1 . x A ( 3 3 , Y A ( 3 ) , Z A ( 3 ) ’
0 0 0 0 1  1 TA (3 ),vA( 3 , A T C 3 .BN3 ,CT (3 ),TCMP , CS ,NTRG
00002 COM MON /RTl)GT// PA 14 (3 ),RXA( 3 ),RYM (3) , R2A( 3) ,
00002 1 R T A ( 3 ) , R V A I 3 ) , R T E M P ,w CS
00003  COMMON /SE’~.// N SEN ,*fl(i), YQ (3) ,ALRQ I(3) ,IFLAG ,JFLA G
00004 COMMO N / RS EN/ /  P * Q ( 3 ) . R Y O ( 3 ) , R A L M O T ( 3 )
00005 COMMON /PE~~/ /  T S A V E ( 3 , 3 , 5 O ) , u S A V E . ( 3 , 3 , 5 0 ) , W S A V E ( 3 , 3 ,~~O ) ,
00005 1 NR~ P ( 3 , 3 ) , f N C S A v ( ( 3 , 3 )
00006 COMMON /STATI ~// TLP (1) .A LR (3 ) ,M FLA G (3),FRE Q (2).
00006 1 B I NSiXMEAN. * I~,S N CPA, )~Alj (,E ,OELTA.NUM

,N RU N,NP U t-JXs5 A VE (1n ,10t s )
00007 COMM ON /CO~~~r,/ PI ,P102 .PI2
00008 COMM ~~ ,OPIIOr4S/, K FLAC ,M ,NP ASS
00009 0*1* /CONST/ (Pj~~3 ,1’I59265J8)

.1 - 00010 DAT A /CONST/ (PT02 ~~l,S7O79b327) -
00011 r )ATA /CONST/ (P12*6.2R3185307)
00012 D ATA /RFP / (NREP (1) .9 ))
00013 DA TA /STA TE / (TLR(1). 3 (—511 .O))
00014 DATA /STAT L / (AL ~~(l) 3 (O.0~~)C

C
C
C
C

c •.aaaaSSaaeaaeaoa.aa.aaSaa...aaa.Sa.aaa.*..Sa•...a. .a.... ...ao.

C •
C • READ SL”UL~ TION OPTIONS.
C • NUN 15 THE NUMBER OF PUNS IN A SET. - 0

C • a
C •S**55 59~~55***.5**S5*5*5*****55*a*a55*51•**~~55**5* **•S*.***5_
C -

4 00015  NUM 1
00016 279 REA U 280 ,  N O Y E S , ( S A V E ( T , N U M ) ,  I~~1,1 O )

4 - 00017 280 FOR MAT (I5.FS .0,f10 . 4 ,7F5 ,O,F10. i))
00018 NUM NUM,~
00019 IF (NO YES .E~~. 1) GO TO 279
00021 NUM~ NUtl ~ 2 -

1•

C
Ct C
C

C l  C
C 

B-19 
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NOL FORTRAN (1.0) SiIBROUIIIJE INPUT

00022 REAL ) 2~~0. 
r T ) ~3

00023 200 FOIIMAT (151
00024 00 225 NT= ’ ,~~Tr~G

C
C •aS.*,a*eSS..4 .. *aa..aaa,o4..*a.a.a.* .a**Sa*a***aaaS* ...Saa*a*~~*~~a

p C a

) 

C • REAL) REAL TARGET CHAPACTERISTICS . *
C a - a

c •.aa..*ea*ao.aS*.*eaaaa*.e..a..a.•.f..aS*.*aa.*aa*.a.aaaa..D ,.a.o

C
00025 READ 220~ ~A LAD ,R~ A( NT),PY A (NT ) ,RZ A (NT) ,R TA(N T ) ,RV a(NT)
00026 220 FO M MAT (6F10.2)
000 2 7 RALA (NT) RALAU*PI,180 ,0
00028 225 CONTi NUE
00029 REAL) 230. r-SEN
00030 230 FO RMA T ( I S )
00031 00 250 NS= 1, ’ ISEN

C
C •..**.*****...*.*D**a..O..**.*.e**..****S•**S**a.aa*a*.....a.005.
C • S

C • READ REAL SENSOR CHARA CTE RISTICS.  a

C a S

C •a.a*.**a*.a.*o.aa**..***a.a..aa.SSS*a*.*S***Saa*e***a.*,.a****S.

- C
00032 READ 240, ~x O ( N S ) , R Y 0 ( ~ ’5 ) , RA LR0T D
00033 240 FORMAT 3F10 .2) -
00034 RALNOT (N5 =k4LROT D~ Pjf l80.0
00035 250 CONTINUE
00036 REAL ) 290.  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
00037 290 FOR MAT (S F10 . 2)

C
c •a*a* .a**a.* ...* .aaea....* ..*oa..a*S*e,.*a*e*a*aa*aeaaaa*e,aa*aSa
C a a

C • NOR MAL IS THE SUBROUTINE THAT GENERATES GAUSSIAN NOISE . •
C • HERE , IT 15 CALLED JUST TO IN IT IAL IZE. a

C * S

C •aaeaaaaaa*5. . .aao•*a*aaa• .* . .aS.*5*a**ee**555*a.*aS, .*aao.aSSO*a
C -

00038 CALL NOR MA L ( ERROR )
C 

-

C RCS IS THE REAL SPEEU OF SOUND.
C

4 00039 RCS~ 331.36 .O .bO98 *RTEHP
00040 RETU RN -

~ 4 00041 END 
-

NOL FORTRAN UI AG NOS T IC RESUL TS — FOR iNPUT

NO ERRORS

B—20
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NOL FORTR AN (1.0) SUBMOUTI ’~ INPUT

DATA V A W I A b I ES

A LA 00( 1(11
ALW ~~~~~~~ 0001 4
ALROT 00003

) 

ASA VE 00005
AT 0000 1
BiNS 00006

00001
CS 0f l~~f ll
CT 0000 1
DELTA 00006 00036
F” EO 000(16 00036 00036
I~~LA G 0000 3
INCSAVE 00005
J FLA G 00f1 03
,C FLA G 00008

• H 000 08
MFLA G - 00006
NPASS 00fu 8
NREP 00005 00012
NRUN 00006
NHUNX 000( 16

• N~ EN 0(1003 00029 00031
— NTRG 000ol 00022 00(12’.

NU ’4 00 006 000 15 0) 0 0 16  0 0 0 l d  0 - i i I~ 3
• P1 00007 00009 000?.~ 00034

P12 00007 00011
P102 00007 00010
RALA 00(102 000)27
RAL R OT 00004 0C034
RANGE 000(16 00036
RCS 00002 00039
PTA 00 002 00025• RTE MP 00002 00036 00039
PV A 00002 00 0)25
R*0 000(14 00032
R*A 00002 00025
RY O 0 0 004  0f l 032
RYA - 

00002 00025
RLA 00002 0002S
SA VE 00006 000 16

• 
4 

SNCPA - 00( 106
TA O C O () 1

a TEMP 000( 11
TLR 00006 00013
TSAV E 00005
VA 00 001

• ~SAvE 00005
X0 000 03
*4 0 (1001

00006
XMEAN 00006& - YO 000 (13

5-21
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— NOL FORTRAN (1.0) 
- 

SUBROJTI-NE INPUT

000’~1
z~ 0000 1

COMMON VARIAB LES

~~ PROG RAM VARIA B L ES

ERROR 00038
I 0 0 0 ) 6  00016
NORMAL 0003 8

- Nt) ’(ES 00016  00019
N S 00’~~1 00032 00032 o0O3~NT 00024 00025 0002S o o o 2 S  Oon2S
R A LA D 00025 00027
RALPO T O 00( 132 00034

)

- 1  
• 

•

- i
t

5—2 2
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NO~ FORTR AN (1.0) 
-

00000 SU.IROUTINE SF.rICHK (NS,TAU,NT)
C
C S.aaa.a.Saa..S.a*aSea.,54**a.S*...SSa.* .*a.*aOS.aa*S..a.S..a*Oaaa

C • *

C • JONATHAN VA LV A NO 03f l t3/ 75 ‘~
C •

) 
C • Pits ROUT !~~E CHECKS TO SEE IF THE SENSOR SI~OuLu S

C • REPORT AT PiIS TIME, IF IT DE C IOES TO RE POR 1 TrIEN T I .~~rcE S •

C • THE APPPOP~~l ATE ENTRIES INTO THE ARRAYS. (TSAVt,ASAVE. wSI.VE*
C *
C *.aaS*aSSSS•aaa .eS*SaSS***•**a*Sa*S*a**a~~*SSS***SSa*S*S*•S•1.*SlSS

C
00001 COMMO N /RTPGT// RALA (3),RXA( 3),RYA(3 ),RZA(3),

- 00001 • I RT* (3),Rvar3),RTEMP ,~-CS 
-

00002 CO1’M UN / RSFN/ /  R X 0 ( 3 ) , ~~Y 0 ( 3 ) . R A L M O T ( 3 )
00003 C~W MUN /R EP//  TSAVE (~~,3 ,50) ,A5AvE(3~~3 ,5O),1.SAvt( 3 ,~~,~~n),
00003 1 N REP (3,3) ,TN C SAV E (3 ,3 1
00004  C O W M U N ~ST~~T E/ /  TLR(3),ALR(3),MFLAG (3),FREO (2 .
00004 1 BINS ,* !4EA N,X K,S NC PA ,P~~NG E,OELT A ,N UM ,NNU N, NRUNX ,SAV E( 10. 100 )
00005 COMMO N ,CON ST// PI ,P102 ,P12

C
C aa,aaa*a*S*S.S..aSS.*.aaa***a***aaaaa.a*Saaaa*a**aa*aa**aa.****ae

C a -
C • THE SENSOR CAN ONLY REPORT EVERY FREQ(1) SECONOS IF PiE a

• C a TA RGET IS CHAIGING RT NS.  IF IT HAS NOT BEEN A T  L EAS t
—‘ C • F R E 0 ) ( 1 )  SECO~J 10S, CONT~~()L IS RETU RNEL ) TO S I M U L A T E ,

C S AND THE SEl~SOR DOES NOT REPORT. *
C ~
C aaa*aa*aSa*5,* .S **5aa*a*55**5.55 *a***** a5** *a*a 5*~~~5. .04055.
C

00006 IF ( ( T A U — T L R t ~~S ) )  .LT.  F R EOC i ) ) RE TURN -

C
C •aSSSS*S*Sa*5S*øS***Sa*S9**SSa**aS*S***a*SSSSSS***SOSe**a~~e*SS*Sa
C • S
C • TIME TAO IS WHEN THE SOUND O R IG I N A I t S  FROM 1HE TAR GE T .
C • R~ TAU zREA L X POSITION OF THE TARGET AT TIMF TA U .
C • RYTI. UZR EAL V POSIT iO N OF THE TARGET A T  T i ME TM) . a

t C • RAL TAUSR EAL ALPHA ANGLE TO THE TARGET AT T IME ~AU.
L. c

C •aS*SS*aS~~a*~~•a*a**a.O.S*•S••a*SaS*aSSSSaS*aSSS****a*~~*a*...*S ***

C
00008 R * T A U Z RX A ( N T ) . R V A ( N T ) • ( T A U_ R T A ( N T ) ) * C O S ( P 1 0 2 _ N M L * ( N T ) )

4 00009 RY TAu zMVA T .RVA(NT a T4U—RTA (NT))*SI N (P IP2~ RAL A (NT~~
00010 RA L T AU~ PID2 — A TA l-d((RV TA U— R Y 0(NS ) ) / (RAT~ LfrRX0(NS)))
00011 IF (RX TAU •LT . RX O(NS )) RALT AL )2RA L TAU .PI

C
C •a5*5.Saa**a.aa**5.aaa.• .aaaa.*aaS*•*5•*a*a*555*a4**a.a .a.a*** aa
C •
C • DXY Z IS THE DISTANC E F~ OM THE SENSO R TO THE T A R G ET .  IT IS •
C • T HIS D I S T A r ~CE THAT THE SOUND T R A V E L S  (FROM TA R G ET TO SEI’SO~~•
C • S
C •.a.Sa*a* SS.aa*ao*..aa,aaa.aaaa.*5**a.*a*SS SS,.4 *Sa...S. .**a**

C
000 13 DX Y Z * S Q RT ~~ PX T A U— RX 0 N S ) ) . S 2 . ( R Y T A U R Y 0 ( N S ) ) a a 2 . W Z A ( N T ) a ~ 2)

- 

B-2~4

— 
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NOL FORTRAN ( 1 .0 )  SUI4HQ UTIME SENCHK (N5,TAU,NT)

C
C •*SSS5SS***55S5~~S’.SS5S5.~~*5.5S*55SSSS*SS**S•S•*SSSS*SSSS**Sa**~~*S

C • -
C • IF PiE TAR ;~E1 15 OUT OF RANGE FOR TH IS SENSOR ,
C • SET MI LAG TO 1 AND RETURN. NO REPORT.
C * S

C •S~~SSS*•**SSaS**S*a*aS4~4S**..S4*aa••aS*a*•S•*aS4*~~~**a•**•S* **SS*

C
~~ 000 14 IF (U*r ~ . 1T .  RANG E) GO TO 300

00016 M FLA Lj ( NS)g~
00017 RETu RN -
00018 300 MF L UG( NS) : t )

C
C ****a*a5 **S5***•*****5,**.55***S4e~~S.S aa •5~~*5~~~*** **a*****

C a S

C • TIME IS THE TIME W HEN THE SOUND R~ Aç Hs THE SENSOR. •
C • IT IS THE REPORT TIME , *
C • 0

C * 5* aa5*a* * 5*aa•*aa5a555a 5 55*a•*~~,5 **~~~****5aa**,

C -

00019 T I M E * IA U ,OX Y Z / RC S
C -

C •.•*aSa•a50*0.5S.*.**••5S0,.••aaaa.*•5*•*5.* 5*aa .Saaaao*.** S*0,

C • - a
C • ALTAU wILL BE THE REpt ~~r BEA R INU *

- - C *
c •a•*aa•S*•.•**.*aaa*.a,.a...aS.e.***oa•a9•*• 5**.*,eaao.•.*5*.a*.

C
000 20 AL TAU SRA LTAU ,RA L ROT INS)

C —

C •.•*a•a*ae.. .a.oa..•*..•S.,a. a.a.Sa.•..aa•.0*a.e.aSaee.a....aaaS•

C a a

C * CALC U LAT E SIGNAL/NOISE (SN) a

C • - a
C • ADO GAU SSIAN ERROR. a
C • -

C •aa**Saa a*a,a***•Sa*SSSea*.a.*.a****a*a*aS•*•**.*a**a*a.a.Sa**5.
C

00021 5w=S NçPA,(pxy Z .~~.o)
00022 XS IGMA = *i /5QRTCS N

J 00023 CALL NO RMAL (E)~NOR)
000 24 A LTA U A L T AI J ,XMEAN+ * S IG I IA .E R R O R

4 C
C •Sa, * a•*aSSaa4.a0*5**~~a*a.*SSaaa5•.aS5•e*•****S.S**.e****e****o

g C a
C a ALT AU IS ADJUST ED TO FIT INTO A B EARING BIN.
C -* S

• C ••SaaSaaSSS***aSQ**a*4aaaa....*aa***a.*~~*aSS*Sa*.S.•eaa.a....• ’...

C -

00025 A L T M U 2 ( P I 2 , B I N S ) 4 F L O A T ( I F IX ( B I N S SA L T A U/ P 1 2 .0 . 5 ) )
C

C

3—2 5 
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NOL FORTRAN (1.0) S~JBRnUTI NE SENCNP( (r~5 , T A U ,NT) - 
-

C
C •S~~~ •*** 5• *05 * *0*S a * a S S..sa•o * a a *.S..*S * a as .5*05 a a * * * a ** * - •  * * -,
C a C-

C ~ w IS Tr’ E I’~H T I — ~0 rA C T O  ?I~SS EO FMU -1 ~~~ SE.- . 5 W .
C * 

. 0
C •aas000•SOSSO* . . .S*aaa•* . , .a .*aaaoa000.S*a.s0000•a*c ,*aaea. .e.a**o

C
00026 w= .001

C

C • a

C • IF TIlE BEAQ It4G HAS NOT CHANGEO SINCE THE LAST NEPORT *d C * .*a a* ,* *Q a . o a.* .* * *. a*0*S e o*v . . 5*a* ,* , S* **S*a*a aa a* *a a a a*ac~~~~ ’~ ,le

C • ( A L T A U A L R ) .  T HE.~ T’IF SENSO R MUST W M I T  AT LEAST FREOI,) *
C a SINCE THE LAST REPORT . wE K NOW THE SENSOR HAS a*ITE~ 

C

C ~ FRE~~(1) SECO’~OS (FROM -~ROVE )~ SO ~F w IL L P~~~PI ) R I  IF E1T-’E~ ~
C • 1~~ THE bEA~~TNG HAS CMA~-.LjEL)
C OH 2. THE 1II~. Ot FFERE~ CE .G1 . FRE ~~ 2 a

C •
C •a*aSa5*55•aa*Saa*e .a*a50 .a .* .a .e* * *55a .aa0•aa5.• ,•*w .SS5.a* Q5~~a~
C

00027 IF ( C  T A U — T I P C N S ) )  • L T .  FR EQ ( 2 )  .ANIJ .
00027 1 A LTAU .EQ. ALR(NS )) RETURN

C
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C~~~~C ~ THE SENSOR IS NOW PEPOWTING. 0

C a -  0

-• C .5*S *** 0 **aa0*0*S0~~~**5*0555555055*5 *a5S5*5a0 5..S***5 5 h *
k C

000 29 IF INHEP (~~5,NT) .GE. 5o RET URt4
00031 - T L R ( N S ) S T A J
00032 ALR (N S) = A L TAU
00033 NREP (N~~,P,T)= .’~RE P (.lS,NT).1
00034 N N RE P( NS , NT )
00035 T S A V E ( N S , N T , N) T I M E
00036 A S A V L ( N S , N T , N ) A L T A U  -

00037 W S A V E ( N 5 , f 4 T , N)~~W
00038 RETuRN
00039 END -

NOL FORTR AN DIAGNOSTIC RESULTS — FOR SENCHK

NO ERRORS

3— 25
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a

NOL FORTRAN (1.0) SUI3ROUTINE SENCI-~ (N5,I 4U,NT)

DAT A VAR IA BLES 
-

A LR 00004 0 0 027  00032
A SAvE 00003 00036

p BLI’~S 00004 00025 uo025
DELTA 0O0~ 4

~~ FNEQ 00004  0000 6 Q O o 2 T
IMCSAV E 0 0 0 0 3
MFLA G 000 04  00016  0001 8
NHEP O on3 00029 00033 00033 0(1034
NRUN - 00004
NRUNX 00004
NUN 00004
P1 00~~05 000 12 -

P12 00005 00025 00025
P102 00005 00008 0 )00 0 )9  0 0 0 1 0
RALA 00001 00008 uooo9

• RALROT 000n2 00020
RANGE 0O00~ 00014
RCS - 00001 00019
PTA 00001 ooooB 00009
RT EMP 000n i
R V A 0000 1 00008 00009) RXO 00002 00010 00011 00013
R*A 00 ( 1( 11 00008
RY Q 00002  00010  0001 3
RYA 00 0 (11 00009
RZA 00O0’~ 000 13
SAV E 0 0 0 0 ~ -SNCPA 00004 00021
TI-P 00004  0000 6  00027 0003 1
T SAV E 00003  00035
WSAVE 00003  00037

00006 00022 -
XMEAN 00004 00024

COMMON VAR IABLES

a5NONE•~ —

PROGRA M VA R IABLES

AL TAU 00020 00024 0OO 2~ 00025 00025
ATAN 00(110
COS 00 008

ERROR 00023 00024
FLOAT 00025

~~ DAYZ 00013 00014 00019 00021

IFIX 00025
N 00034 00035 00036 00037
NORMAL 00023 

—

- 

- NS 0 0 0 ( 10  00006 00010 00010 00011

B—27
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a

NOL FORTRAN 1.O) SUBROUTINE SENCHK (N$.TAO,NT)

00(120 00027 00027 0002w 0r~n3 i
00035 00036 00037

NT 00(1(10 0 0 0 0 8  00008 0000d O( 1’~C’~ -
00013 0002’~ 00033 000Ji 0~~r~31.

RALTA U 00010 00012 00012 00020
p RXTAU 00 005  00010 00011 0 0 0 13

RYTA L) 00(109 00010 00013
SIN - 00 009
SN 00021  0 Q022
5~ RT 0 0 0 ) 3  00022
TAU OOonO 00006 00008 00009 0~~n l -9
TIME 00019 00035

00026 00037
XS IGMA 00022 00024

B-28



- 
--- — 

-- - T 5  ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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a

OUTPUT DECK’

/

- 

- 

3-29
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NOL FORTRAN (1.0)

00000  Su BROUT I NE 0~iTP~~T
C
C . o a 5 0 0* a . S* 0 0 0 0* o C a* S o a c* o o * *a . a s* a** . . S a* a S 5aS* *eS* u S . o* . o o* *S . o

C • 
- 

*

C * JONAT PiAN V~~LVAN O (13 / ) N/ 7 5
C *

C * T~- I S  RUUT P- E OUT PUTS 0ESLJ LTS. a

d C * ALL AN~,LE (
~UT PUT S A~~F TN DEGREES.

C * a
C ~~~~~~ ~~~~~~~~~ Q* * * * *Q* b 0* * * * *  e* a* *S  a~~ ~ *** * * *5* ** * * *S* .**  a a*S*~~a*4 ~ 4.a *
C

00001 COMMON /TRGT// ALAd 3),XA1 3),YA (3 ),ZA (3 ),
00001 ) TA (3),~~A (3),At (3),BT (3),CT (3~~,IEMP ,CS,I~ 1RG
00002 COMMON / R T Q G T / /  R A L A ( 3 , , p x A ( 3 ) , R Y A ) 3 ) , R 2 A ( 3 ) ,
00002 1 RTA (3 ),~~V A ) , ~~TEM P,~~(S
00003 COUM Ur~ /SE~ / /  ~SEN,X(1(3),Y 0(3)IALPOT (3 1~~LA(’.J~ LA C
oooo ~ COMM ON /RS~ N// RXO (3) .~~~f 0 ( 3 )  ,~~4 L R U T ( 3 )
0 0 0 O~ CQ~”~UN /RE~~/ /  T S A V E ( ~~,3 , 5 0 ) , A v E ( 3 I 3 , 5 0 ) ; ’.cSA v t ( 3 , ~~,~~r I ,
O0~ 0S I NREM ( 3 , 3 ) , T f’IC S A v E ( 3 , 3 ,
00006 COMMON /STATE// TL~~(3).ALR(3),MFLAG (3),FREQ (2),
O0oo~ i B I NS ,  EAN. ~~K, S NC PA , R A ~~,E,OEL1A,NUM ,NRUN,NRU,~~ ,5 A V E ( I ( 1 . 1 O O )
00007 COfrMUN ~ORT10~ S// ~FLA ,,,~,NPASS
0 0 00 8  CO MMUt~ / CO~— S T / /  P I,R102 , P12
000 09 PRI NT 804 .  NOUNX
0 00 1 0 604 FURM4\I ( 1? - l ) ,~~O X , 5r~RUt~ .15)
0 0 0 1 1  IF (NFL~~G .E.. 0) PP!~~t 611
00013 611 FORMA T (1H3,IOX .15)-4RIAS CALCULATED)
0001 4 IF (KFLAG .EQ. 1) PRINT 612
000 16 612 FO RMAT 11H 3 , 1OX.12HBIA S  INPUIEL ))
00017 PRI NT 615
00018 615 FORM AT (1K ,1OX,14HREP~ RTED W 1,17X,
00018 ) 32I-1CALCULA~ EO w~ EXP (_ (RXv/1000)**2))
00 0 19 PR INT 6l4~ N~ AS S, M
00020 614 FORMAT tIM , 1UX,1~~MNt)P-4 BER OF PASSES ,18.5X,
00020 1 21HLNCRE~ E~ T F A C T OR M ,I~~)
00021 XM~.ANU 2XMEAN4180.O/RI
00022 PRINT 802,XMEAN D,RANGE
00023 602 FORMAT (iM ,1OX , 4KME A l4X,F~(.],5X,5HRANGE,1ó~~,FH,O)— 
0002’ PRI NT 6(13, XK ,Si~(CP A
00025 603 FOR MA T (1K ,10X, 1~PlI~ ~~~~T O R , 1 0X , F M .4 ,5 X , 10 I lS f N  A t  C PA , l 1X . F~~.~~00026 P R jN T  ~ t )O, F R E O ( 1 ) , F R F Q ( 2 )
00027 600 FORMAT ( i N  , 1 3 X , 1SH CH A N G E  CYCLE TIME ,F~~.2,
00027 1 5X.2INNO CWANSE CYCLE TIRE ,Fd.2)
00028 PRjNT 601, RINS,OEL TA
00029 601 FORMAT (1H ,1O X,18HNtJM~ Ep OF BINS ,F8.O,5X,
00029 1 2 1HT IME INCREMENT

• C
C

‘ 
C
C
C
C

3-30
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‘ 5 -  -~~~ -~~~~~

NOL FORTRAN (1.01 SUBROUTINE OUTPUT 4

C
00030 00 810 N T S I , N T R G

p 00031 PRINT 80~~, NT -00032 805 FORMA T (LH3,1QX,5HTAf-4 (~ ,~~S,
00032 1 seN *4 Y A ZA VA COURSE T EMP CS)
00033 RA L A U a R A L A ( N T ) • 1 8 0 . 0 / P T
00034 PRI4t ~~~~~ RX NT ).RYA (NT },R2A (NT),RVA(NT),~~MLALh R TEuP .RC5
00035 606 FORI~A T t IM ,1Q*, 1O H4EAL ,7FP(.2)
00036 ALAU ALA (NT).IHO.O/PI
00037 PHII~( ~o7. *A (NT ).YA(N T),ZA (N f),vA (NT ),ALAO ,1E4R ,CS
00038 607 FOR MAT (IN ,IOX ,IOHINPUTEO ,7(—B.2)
00039 blo CONflNUE
00040 DO O’~O NS I,t-4SEN
00041 PRINT 820. NS

— 00042 620 FO RMA T (1H3,LOX,14HSENS ()R NUMI~ER ,15
00043 PRINT 821
00044 621 FOR MAT u n  , L J X ,2 0X ,
00044 1 38K ~0 ‘(0 AL POT)
00045 RAL RUT D~ RA LR1T ( MS * I8O.O,PI
00046 PRINT 822. Q ( N S T . R Y O ( N 5 ) , R ~ LP0TI)
00O~~7 622 FORMA T ( IN .10X ,4HR EA L . I A* ,3 F 1 2 . 8)
00048 A L R Q T O a A L M O T N S ) a j R O . O , P I

— - 00049 PRINT (‘23. *0 (NS), Y (1(NS),A L R O T D
oOo5o 623 FORMAT (in ,10 X ,L0HCA LCULATC0 s10~~,3Fl2.~~)
00051 0A RA0 (N$) .~~)(N5)
00052 DY= RY U( r~S)~~y)(NS) 

-

00053 OAL :NALROTc~_AL ROTD
00054 PRINT 24, O x , O Y , O A L
00055 624 FOR MAT (1K ,1Q*,LONOIFFERENCE,1Ox,3F12.5)
00056 ORZSU RT DX S*2 .DY aa2
00057 pRINT 625, OR —

00058 625 FO RMAT ( 1 H ( 1 , 1 0X . 12 M RA O T A L  ERRUR,R* , F12,S)
00059 PRI NT 616, (I~ CSAVE (NS.I1. I~~1,3
00060 616 FORMAT ILK ,10X,10HINCREMENT5,10~~,3I12) 

- 
-

00061 650 CO NTINU E
00062 RETURN
00063 END 

-

NOL FORTRAN OIAGNO STI C  RESULTS — FOR OUTPUT

4 NO ERRORS

I
• 4
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NO L FORTRAN ( 1 .0 )  SU~ R0U1 INE O UT P UT

D A T A  V A R IA B L E S

AL A 00001 00036
AL R OC rH€ ~
A LROT 00003 00048
A S A V E 000( 15

J 

Al 000 (11
BINS 0000b 00028

00001 -
CS 00001 00037
CT 0 0 0 0 1
DELTA 000 06  00028
FREQ 00008  00026 00026
IFLAG 0 0 0 0 3
INCS AVE 00 005 00059
JFL A3 00003
KFLAG 0(10(17 00011 0001.
M 000n7 00019
MFLAG 00006
NPASS 00007 00019
NREP 00005
NRUN 00006
NRU4X 00006 00009
NSEN 0O~~03 00040
NTR G 0 ( iOOi  00030
NUt-i - 00006
P1 00008 00021 OQQ3.3 000ib 0’~~’•5
P12 00008
PID2 00008
RALA 00(102 00033
RALROT 0(1004 00045
RA NGE 00006 00022
RCS 00(1(12 00034
PTA 00002
RIEMP 00002 00034
PVA 00002 00034
RXO 00004  00046 000 5 1

F 
R*A 00002  00034
RYO 00004 Q0046 00052
RYA 00002 0003’.
P1* 00002 00034

4 SAVE 00016
SNCPA 0000b 00024- A —  TA 00001
TEMP 00001 00037
TLR 00006
TSAVE 00005
,VA 000(11 00037

d W SAV E 000’IS

• X A  00001 00037
• 

- 00006 00024
XMEAN 00006 o0021

-,; *0 000 0 3  00049 0 0051

4 
‘(0 00003 00049 000s2

~~ , 3—32

~t . V  ~~~~~~~ ~~~~

~
_ t -

~~ ~~~

t

__-- 
- 

I



NOL FORTRAN 
~~~~~ 

SUBROUTINF -)tJTPUT

yA 0( 10~11 00037
ZA 00001 00037

COMMON VARIAB LES

**NONE**

d PROGRAM VARIA ’3LE~ 
-

ALA Q 00036  00037
AL ROTf ) 00048 00049 000S3
DAL 00053 00054
OR 00056 00057
OX 0005 1 03054 000S6
DY 0O0 ~~ 000 54 3005 6
I 00 0 59 0005 9 

-MS 00(140 00’)’.1 00O~~ 000’.b O~~o— ~
ooo s i  0005 2 0005 2  o o nS~NT 00030 00031 00033 000-3 . Onr3’
00037 00037 00037

RALAD 00033 00034
RALROTO 00045 03046 00053
SwRT 000 ’~6
XMEANO - 00( 121 00022

3-33
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NOL FORT RA N ( 1 .0)  -

00000 SUIIRUU FINE SPL (NS)
C
C -

C ....*..a* ..a.aa**a.a,.....*a* .*...* ib.a..CS******.4..*a.C.C4C*a*a.
C •
C • JOPIATMA N V -’IL VANO ~~~~~~~~~ 

—

C • - 
a -

C •
C • THIS IS Tn~: SENSOR POS IT ION LUCAT ~~W ~QU 1INE. *
C * 0

C •
C • INPUTS N5 NUØt3ER OF SENSOR a

C a NPASS NUI.BER OF PA S S~~5 USED *
C NTQG NUMBE R OF T A RGETS * -
C • T~~4 V E ( N S . N T , ) T I -’~t OF R ERO RT a

C • A $ A ~~E ( N 5 , N T , \ N ) ~~ A N O L E  OF REPORT *

— C • W S A v E ( N S , Nt , NR) ’. OF RFPcdAI *

C • t-~~EP(NS,Nt)INUM~ ER OF RE PORTS
c •
C • OUTPUTS XO (NS) X R~ 5~ fl~~M OF TRE SENSOR a

C • YO NS) Y POSITION OF T ME SEtu S’1P •
C • *LROT (NS) ANGLE ROTAT ION BIAS *

C •
C • * 1) C • GIV EN THE PEPORTS SA V EO IN TME A R R A Y S  T P415 POUF INE

a CALCU LA T ES T— E SE SOR O O S IT I O N  AND o I A S  Ai~C- LE. * - 
—

C * THE U L A S  IS THE F IRST THING CALCULA T E D.  IT USES TN7EE
C 0 REPORTS ANf) uSING AN (jLE OTFFERENCE~ CA LCULATES TNF ~ 1A S. ~
C ‘ THE bE~~5OR POS ITION 75 CAL C ULATEL ) B~ A LEAST SUUA~~FS
C • FIT OF A P~~T NT TO THE ‘iAi~ Y LINES (ONE FOR EACH NEP,PT) a -

C • FROM TME TA RG ET TO TRE SENSOR,
C • ENTLP~ CALCULATES T NESE LINES AND M4~~ES THE A~ PRUPR T A T ~ a

C • SU~-IS INT O 4 I2 ,8 I2 ,4181.A ICL.BIC 1.  THE SENSOR R051110P C

C • IS A SIMPLE RELATI0 ~ OF IMESE V A RI A B L E S ,  a

C • *
C • THERE IS T~ E POSSIBILITY OF INPUTED THE BIAS (ALROT .) a
C • IF 1.115 CP~~I0N IS TA KEN,  KFLA (., SMOULL) BE SET (

~~FLA ~~~1,. C

C • IF K L A~ IS RESET ( KF LA ~j =O) THEN IHf PROGRAM W I L L  CA LCULAT E *
C 0 ITS O &-4 BIAS.  *

-‘ C a -

C •aa.aaoea***.a.*00000000000.o.**..e*0*0004**a****a***a000*.*a**oI

S C
00001 COMMth .. /TRi T// A LA C 3 ),XA t 3 ), YA(3),ZA (3),TA (3),VA(3),

A 00001 1 *T (3),B1 3,,cT 3 ,TE AP.c5,UTRG
00002 COMI~JN /$E-

~// NSEN.* (1(3).YI)(3),ALROT (3),IFLAG,JFLAG
4 00003  COMMON /RF~~// TS.\VE (3.3,5O),ASAVE(3’3,50),WSA~iE(3,3,~~t)),

00003  1 NW~ Pt 3 , ) ) , T N C S A v E ( 3 , 3 ~

00005 COMMON / 5 1j U5/ /  At2 ,R !2,AI~~I, A ICI.81CIooo oe COMMON ,CPIIONS,, KFLAG. M ,NPASS -

C
C

— ~~ 00004 COMt -UN /C0’.ST// PI.P102.P12

3—35
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NO L FO RT RAN ( 1 . 0 )  SUB ROUTI NE S PL ( NS )

C a . . . a4* *a* *4* * *o**a* . .*** *a .* *0,4 i* *a* * *O*e* .~~***4..**4b .aa.a,*a.0.u

C • a
C • WMEN CALCULA TING THE BIAS IT IS nETTER NOT TO USE a

C a SE~ U~.NCI AL AE~ ORTS r1ECA IISE r~iE ANGLE DIFFERENC~~ A~~F
C • EITHER TOO SMALL OR Z~ RQ . 1HERL~ ORE aE. W 1LL !I~CREMEN T a
C • THROUGH T t-(~ ARRAYS STEPPING MORE T.1AN ONE. INC IS T Ry 0

C • VALUE OF T-~E INCRE MENT FOR EACH TARGET THE SE 4SOR SA ..
C ~ IF 1’1c ( 1)~~~ THEN WH EN oE LOOK AT TM~ REPORTS O~ 1A3GET ~.
C • wE OIL L ST EP THROUGH RY 4 (i,5.9.l3~~...). a

C * TN OR~ EW TO USE AS MUCR OF THE DaTa AS POSSI b L E, ~E a

C • w ILL STEP TH ROUG H THE A R R A Y S  A G AIN  BUT S T A R T I N O  ~ IT K 7 . •
C • THEN 3. THEN 4, IF -~REP(NS .1) 50 T I-1~:N I N C C L )  WOU LD ~E 13 a
C * ANO WE WOULD LOOK AT IRE R€. ’O RTS Ir~ THIS ORD ER——— •

- C • 1,14,27 ,40 ~ ,15,28,4 1 3,16.29 ,4 1 .... i3’2b .39 a

C • BIAS CALC UI_ ATIOI.S USE REPORTS IN GROUPS OF 1~i’~tE.
C * POSITION CALCULA TION S USE t~AC N REPORT SEPEPATELY. a

C •
C a**04b *4 t-*a****.* * * *0*a .V* .O****.* *. .* .*0 .* * * * * * ** * * * * *• .• •.* *,~**. a

C
00007 00 ‘.00 NT 1,NTNG
00008 INCSAVEuNS,NT )=1..4REP(r4S,NT)/M
00009 400 CONTINU E

C
c 0000000000000*e0000aa* *000a*a .0000000a04000aa*a , .*o *000a .* * .Coa .a

~ * 
- 

. -) C ~ THE ~U~~T T 1 O ~4 CALCU1 ATIO~-t CA~ NUT BE DONE WITrIDOT A ~ 1~~i
C • CALC ULA TIO -4 • BUT Tt-iE OIAS CALCULAT iON CAN BE. UOt~C W ITH *

C • OR W iTHOUT A POSITION CALCULATION • THE BIAS CALCULAT ION
C • IS MORE ACCURATE W HEN POSITION IS KNOWN. TO KEEP
C • TRACK OF WHICH CALCU LATIONS HAVE BEEN DONE FLAGS 0

C • ARE USED, IFLAG O MEANS NO BIAS CALC’JLATION ~
C ° - IFLAG 1 MEANS A BIAS CA LCULATI oN a

C • JFLAG O ME ANS NO POSITION CALCI;LAT1 O~.*
C * JFLAG 1 MEANS A POSITION CALCULATIO N •
C • KFLAG O MEANS BIAS TO BE. CALCULAT ED •
C • KFLAG3 1 MEANS BIAS HAS BtEN TN?JTEO •
C •
C •0000000**0000*e**0*.000400a*.* .00000000a000***..* ..•....a.* .***.

L 00010 401 IFLAOXO
— - 00011 JFLALi O

00012 00 490 MP=) , N PA$ S
A c • .*00400009.* *,o000000000* . .ea . .  ~..**o..ae. *** .*...* ,e,,a, .*ea**.

C * a
C • EACH PASS S T A R T S  6 IT N FRESH SUMS RUT USES THE CA LCULATI ONS .

A - C • FROM THE PREVIOUS PASS .
C • a

4 C
00013

-• 
- 00014 912:0.0

00015 A 181 0 .0  -
00016 a IC I O.o
00017 BICI2O.0
00018 851 0.0

* 00019 *I 0.0
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NOL FORTRA N (1. 0) SUBROOT INE SPt. (N S)

C
C
C
C •o..* .* .aa*a.aaa**a.*ea.**.* .•* . .*ao4ia***.**o***ae*a• .* .o..C 0~~~*4 C

C •
C • IF OA TA FROM Tw O OR MORE TAR GETS IS A V A i L A B L E  THEN

) 
C • CA LC~ L AT I O ’ ~S A R E GENE’~aLLY -~ORE ~CCUP4 T E.  a

C • HERE, ME LOOP TsROU G.~ FO~ EA CH T A R G E T .  a

C • - a -
C ,.*.*.**e*.*a..*.a,**,.*..***.****.Q**.**.****0**.**.**a*****aa*a
C -

C -

oo o ao 00 4B0 NTa I,NTRG
C
C
C •******4** .a**.**~~0.**•*0*.*4* e*** * * * *a** * * * * * * *e** * * * * * * *~~ i0*
C • a

C • NRPT Is THc NUMBER OF RE~ O RTS OF T H IS T A RG E T .

C • N is THE INCREMENT U~5ED W IT H  I~~E REPORTS OF T H IS T A P c E T .  a

C •
C •.* ....****..aC**.***..* ..a..************.****0******.***.****a •• -

C -C -

) 00021 NPPTZ NREP (~IS ,N T )
00022 N P ~C S A V E t . S . . T )

C -

C •a* .* * * * * * ***e*G* * * * *e* *.e* * * * * * *** * * * * ** * • * * * * ** * * * *.* *•a .a* * *s a

C *
C • IF ~E AR E GOING TO INCREMENT BY N THEN THERE MUS T RE *
C • AT LEAST 3*N POINTS IN THE ARRAYS ,LF NOT GO TO NEXT T A R G E T *
C • a

C

C
00023 IF (NRPT .LT. 30N) GO TO 480 -

C
C -

C
C
C
C 

-

4

- i  C
C4
C
C
C
C -

C
C
C
C

- 9_~~7
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NOL FORTRAN (1. 0) SURROUTIWF : SPUNS

C
C

00025 00 470 NFj~~ST 1,.-4 -
- C

C
I C •*o ....a***.* ..a..a....*..*.a*.,.**.*.a.******o .*aab*oa**aa*.***a

I C * *
I C a a .

~~ C • Ni IS THE t~UMBER OF TRE FIRST REPORT. a

C * N2 IS THE PIUMBER OF T .~~ SECOr~O REPoR T.  *
— C * N3 IS TH E NUMBER OR THE THIRD REPORT..  •

C -
~~~

C * Ti IS T HE T IME OF THE FIRST REPORT,
C * T2 IS TH E TI ME OF THE SECOND REPORT. a

C * 13 iS THE TIME OF THE TH IRU REPORT . •

C •
C * (X 1 ,Y 1 )  IS THE TAR G ET POSITIO N AT THE FIRST REPORT, a

C * ( X ~~,Y2) IS THE TA RGET POSITION AT THE SECOND RtP ’ORT . a

C * (X 3 , Y 3 )  IS THE TA RG ET POSITI ON AT THE THIRD REPORT ,
- C •

C • AL PHA1 IS THE REPOPTErj REARING OF THE FIRST REPORT, a
C • AL PMA~ IS THE REPORTE D .3EA RING OF THE. SECOND REPORT. *
C • AL PP4A3 IS THE REPORTED BEARING OF THE THIRD REPORT. •
c . e

a w i  IS THE .EIGHTING FACTOR ASSOCIATED WITH THE. FIRST REPOR1O
— - C * w2 IS THE .EIGHTING FACTOR ASSOCTA1t .D W I T H  THE SECONO ê- E . PO HTC

C * W3 IS THE •EIGHTIF4G FACTOR ASSOCIAT ED WITH THE THIRD REPOkI~
C • a

I C * T HETA 1 IS THE ANGLE O!FF~ERENCE BETw EEN FIRST AND SECOND a
C • T r(ETA2 IS THE ANGLE DIFFERENCE BETwEE N THE SECOND AN D TrIIRD*

I C • - a
I c a Dl2 IS THE OISTA NCE TRAVELLED BETW EEN THE FIRST AND SECONO.

C * 023 IS TH E. DISTA RCE T RAVELLED BETWE EN THE SECOND AND T HIRD *
L C • - 

a

L 
- C * a

C •.a*•a*****.aaoo*a*a*a****a*..a***a**a*.**aa*aaa**a*aa***.e**•

I I  C
c -

00026 • N1:NFJRSI
• 00027 N2SNI.N

4 0002 8 NST MRT N2.i1
00029 CALL ENTER ( NS , NT , N l ,T 1,x 1,Y 1 . A LP HA I .w l )

- 4 00030 CALL ENTER (W S , N T , N2 ,T 2 , X 2 ,Y 2 , A L P N A Z , w 2 )
00031 IF (‘(FLAG ,CQ. I) GO TO 410
00033 O 12sS URT Y1~ X 2)0* 2 . v i_ Y2 a*2)
00034 TP-4ETA 1XA LPHA2—AL P-4A 1

C
c •.aaa.*aa*a**a*a*a**aaa*.**.a*aae**a,.,*a4.ao.,*.a**a*.*aaa. ,o.a,

C • a

1- C • SHIFT WILL SHIFT THEIA 1 BETW EEN —P1 AND ‘~~1 •
C •
C •*aa*a******a*..,o**a**..*a*a..a•**aae.*•o*o*.**a**aa.****.aa**.a

C
00035 CALL SHIFT (THETA1,O.tT )

5—3 8
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NOL FO RT RAN ( 1 .0 )  SUBRO~J) INF SPL( N S)

C
C
C •a*aa~~*a.*.a~~.,~~*.a*...*a.a*Oaa a. . aa* * *** *. ØaS* * *a**aaa a aa . 0 4a*~~*
C • 

-
C •

‘ C • THE BIAS ALGORITH M W ILL NOT WOR K IF TH ETA1 EO UA LS ZE RO . a

) 

C a THE INLPEU~ N1 IS t NC~~~a5 ED A ND w E S T A R T  OVER A~~A I r~,
C • *

C • -  -
-

C •a.**a*a* a.aaaa***V*a4*a**.***aaa*a**.a .**~~~~*aaa~~aa***,.* *0**

C
C

00036 IF (T H ET A 1  .NE . 0.0)  GO TO 4 10
00038 INCSl~V € ( N S , N T ) : I N C SA V E t N S , N T ) . 1
00 039 GO T(~ 4 0 1
00040 4 10 00 460 N3=~~5 T A kT , . I R P T , N
00041 CALL ENTER ( N S , N T , N3 , T ~~,X 3, Y 3 , A L M M A J , w 3 )
00042 IF (KFLAG .E~~. 1) GO TO A~~0
00044 O23: T *3~ *2)**2.(Y1~ Y2)*ad)
00045 THE.TA2:ALPHA.3—ALPHA2

C
C
C *..*.***aa.aa**a*e*****a*.***.*ea*a.*aa,e*a**a~~a.•*a.9aa****a4*a a —

C •j  C * SHIFT W ILL SHIFT THETA2 RETWEEN — RI AND •Pj -

C -

C ***.*,**a *a* * * *a4*0* * *a* ** * * * ** .* *a* * *a* *~~~~~~~** * * * *0a* * * * * * *a* * *

I
00066 CALL SHIFT (T H E T A 2 , 0 . 0 )

C
c
C a.a.*.aaa•a.*.*.**aa**a*a*aa•.aa****a**********.a*****aa*..000***

C •
C * a

C a THE ALGORITHH W ILL NOT wORK IF *
C • T H E T A )  EQUALS ZE RO 0

C • TH ETA2 EQUALS ZE RO - 0

C • THETAI AND T~ 1ET A 2 HAVE OPPOSITE SIGNS. *
* C • IF ANY OF THESE FAULTS OCC UR THE A LGORI TH IS SIcLPPED,

C a
C * a

C •*aa..***a.a.a.**aa*.**..**a*..a*a***.* ,**a.****.0***.a*...e*0**. I

- 4 —
C
C

00047 IF ( TH ETA 1*Tr1CT A Z .LE. 0 .0)  GO TO 460
C
C
C
C
C

5—39
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MDL FORTRAN (1.0) S~j j NOU T INE SP L(N S)

C
C
r *a* . aaa a a* * * * *a a* *• •* *a*** *eo a .*a a a* * * * * * * * * * * * * * *a* ** *a* * *.~** * *0
C * 

- -,
C *

C a TrilS IS Ti-~ HIA S CA LCL)LA TIO--4 . *
C • .3

c a . a .* * *a a* *. o* . .*o a* 0 .* * * *o * * * * * * * * * * *e** a a*a e* ** a•4*v a* .*a* *e* .*  -
C

00049 T M ET A 12 = T N C T A ) , T H E T A 2

- 

) 

C • 
- a

00050 DENOM O 12M SIN (THETA 2 )/(D23*S1NC1NETA 1 )) COS (TMETA 12 )
00051 PHI T A N ( S f N ( T p , E T A I 2 ) , o E N O P~)
00052 IF (L)ENO” .LT. 0.0) PHI=PHI.PI
00054 H S = R 1 . A L P H A 1 — A L A ( N T ) — ~~I~IC

c •aa .oaa*a*a**a*o**.*aaa .*a *0 0 0* * . a* *a* . e*a* **a*e a** **a** . u* *a O* *o
c •
C • SHIFT wILL SHIFT BS BTwEEN (ALWOT PI) A ND (ALRUT .PI) a

C *
C • EAC H BIAS CALCULATION (BS) IS AVE PA~JEO INIC BSI W ITH A
C • WEIG HTING FA CTOR OF w2.

.5 C •
c •.•.**.a*••*a.*o*a****a*a**e.a.*a*a•*a*ae******a****a*.a**a**e*e43

C
00055 CALL SHIFT ( N S ,A L R O T ( N c ) )
00056 BSI :BSI.w2*BS
00057 w1 :w1.wZ

C
C •a..* ..a**a..a...**a ..a*a*a* .*o*a******.a*ae***a*a***a*e******** . -

C • a-
C • THIS FOLLO~~ING VA R IABL ES A RE BUMPED DOWN SO *
C • THEY WILL NOT HAVE TO BE RECALCULAT ED. - a

C •
C aaaaaa***aaaaa*o• .a• .*a**a.a,o* . .************a* .***aaa.**.**a***a -

c
00058 NI N2
00059 N2:N3
00060
00061 Y2 Y3
00062 THETA1 :THETA2
00063 AL PPIA1:A LPi-4A2
000 64 A LP MAZZA L PMA3

- 

4 

00065 D12 023
00066 w2 :wJ
00067 460 CONTINU E

A .  

- 

B-’0 

-

~
y 1I

~
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NOL FORTRAN (1.0) SUBROUTINE. SPL (NS)

C
C •*aa*a*aaaa.aa****,aaaaaaa*a.*aaa*a***a• aa* * aa*a* .aa* . .ob*~~~*.
C • a

C a wE HAVE ?.O. FINTSri€ D ~‘~E LOOP TH~ C I i~~H l r ~~ A W 4 A ’ S .
C * CUNIHUL w ILL  ~E. HERE A IOIJ T INC (Nr ) 1ME5 FOR C~ CH 

a

C a TAR GE T A ND FOR EACH PAc S AND. FOR EACH SEr- SCR . *
c • -

C •.aa*e***aa•aaa*a..oa..•..u.ea.*aø*a********* *.a*0aaao.a*o****43~
C

d C a a a a * * *4* a a a a a •.~ * *a~~e a ** *0* *40 * a * **** a * • * * * 0* * a *a * * * .3* * * *4 * * 43 -~ *
C • a -
C • iF •i EOUA LS ZERO THAT MEA NS NO BIAS CALCU LAT IONS HAV E
C • BEEN DONE. IF THIS IS 50 THEN NO AV E RA G ING CA N BE DONE,
C •
C •a•aa*a*aQ* *aaao * .3aa*a*a*aa.*aaa* * *a* .*aa* * *ea*aa* * *a . .* .*e*a*o*43
C

0006 8 IF ( W I  .EQ. 0.0 .OR . KF Lj ~(, .EQ. 1) 00 10 4E,~~
C
C •.a.***** *aa*.***ê**.*a.a**.o*aaa*aa*e****a***a*a*aa.a...a.***aM

C • a
C • CALC ULATE THE AVERAGE RIAS ANO SET IFLAG. a

C •
C •* .* * *0*a*a** * * * * *. aa* .* * * *a*o a* .•*a* * * * * * * * * * * * *** * *.*a . . a*000**
C

00070 A L R O T ( N S ) =~’ ST / e I
00071 IFLAG :1 - 

-

CL 00072 465 DENOM A t 2 * ~~I2_ A ) R I * a2
C
C •*** ***** aa*aa**,* *a*a*O*a***a***** *a***a* a~~a* * *0 .a* * *aa** *.*a
C • 0~~~~~

C • IF DENOR E-~UALS ZERO THEN WE HAV E CALCULATED ONLY ONE Q~ a

C • NO LINES THROUGH THE SENSOR . IN EITHER CASE A SENSOR 43

C * POSITION CA LCULATION CAN NOT BE DONE. AND IS SKIPPED, *

C a - a

C

3 C
00073 IF (DE NOM .E~~. 0.0) GO TO 410 -

C
C • ,****O*Oa*a .a000 .*aa* *,a* . .* . .*4* *.* *aa* *400* .oaa . , .a*a* .a*04* *,

C a a

4 C • THE SENSOR POSIT I O N LOCATION IS CALCULATED.  AND J ELAG S ET.
C • ..

~~~C •aeaa* .*4ia*a**a*a.***aa** .e* . . . .aaa***.*aa***a.a.e*aaa..*e, i ,4*aaa
C

4 00o75 *0 INS;: ICI*A IRI—A ZCI*B!2 /OENOW

‘1 0 0076 Y 0 ( N S )~~(A I C I 4 b A L 8 I — d I C I *A I 2 ) / O E N O ~00077 JFLAG~~I

~ 00078 410 CONTINUE
00079 480 CONTINUE

• 00080 ~90 CO NTII~UE
o0o~~i 

RETUR N
000B 2  END

r~~~
NOL FORT ~~A N D iA G N O S T I C  PESULTS — FOR SPL

~—41

CL~PY J~~~ -4~~ 
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NOL F0RT ~~A N ( 1 .0 )  
- 

St~jB~-v - )r I --.~ Si~e(( NS)

D A T A  V A R I A .~LES

A 12 000 f ) 5  00013 0 0 0 ( 2  o o ’~ f~
A IBI O ( 1 r~o~ Q30 1~ u 0 0 i ~ ~~~~~~~ (, ‘ ‘ -~

A i d  O 0 O t ~~ 00016 01,0(5 0007o
AL A 0 0 0 o I  0’~054
AL POT 000o2 ( 13) 55  U~~~) 7 4j

) 

A S A V E - 000o3
A T 00 (101
012 000oS 00014 00072 Ooo f~BId 00005  00017 Ooo (5 00076
81 0 0 0 0 1
CS 0 0 0 0 1
CT 0 0 ( 1( 11
IFLAG Of l r~r) 2 00 1)10 0 0 0 7 1
I’~C S A V E  0 0 0 0 3  0 0 0 0 8  00022  000 3 L3 0O ’~~J FLAG O O o n Z  00011  0 0 0 7 7
KFLA G 0000’ , 000.3 1 U0O 4 ~ 000o r4
H 00O0~ 0 0 0 0b

- — - NPASS 0000’, 00u12
WHEP 000n3 00008 00021

00002
NTRG 00001 00007 00020

-• RI 00 0 04  0 C 0 ~~3 000 54
P12 00004
P102 00004

— • TA 00001
TEMP 0000 1
TSAVE 00003
V A 00001

‘I WSAVE 00003
XC 00002 00075
X A  00001 -

Y0 00002 00076
yA 0000 1
ZA 0000 1 -

COMMON VA R IABLE S

a*NoNEa a

4 PROGRAM VA R IABLE S

4 ALPHA ) 00029 00034 00054 Oo0~~3ALPMA 2 00030 00034 0OO 4 ~ 000o 3 0 r r ~~~ALPHA3 00041 0004~ 0006 4
AlA N 00051

BSI 00018 00056 000~ b 00070
COS 00050
012 00033 00050 00065
023 00044 00050 00065

.~~~ 85 COO S’. 00055 00056

S—~ 2

~~~~~~~~

~
— -

~~~~~~~
-
~~ ~~~~~~~~~~ 

LI • , ,

~~~~
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- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
~~~~

-------------—--- - - ---—~~—

NOL FORTRAN ).0) SUBROUTINE S PLINS)

DENOM 000NO 00051 OoeSZ 00(1!~
ENTER o o o~~~ 00030 00041

flc~ ?2 00023 . U002~ f l i~~ . I ~~~~( 0 n 0 ~~c I
Ni  000 2S O ( -0 ~~7 ~~~~~ 0 ) - ) ’-’
N2 00 027 0 0 0 d b  00030  O 00~ ’3 000S- :
N3 0 0 04 3  00041  00059
NFIRST flo~~Vj 000 2k
NP 0 ) 0 1 2
PIRPT 0 0 0 2 1  00023 00040
MS 0 0 ( 100  0000b  0CO0~ 0l jc~~ 0(1

- 00fl41 00055 00070 00375 0~~n 7~
NSTART 00029 00040
NT 00 (107 00008 0000B 000dU Oo. ’2 1

0 0 f l~~~ 00041 0005’.
0r)-)c1 0C053 000’3 o0~~-~-~

SHIFT OO~~~ 00046 uO)5b
SIN O CC SJ 0G0~~0 U~~I51
SUNT 00 (13 00044

•. Ti 0012Q
T2 - 0 0 0 3 0
T3 0 0 0 4 1
THETA ) 0003’. 00035 00030 000’.7 0n~~— ”• THETA12 OO04~4 .)0U50 uOoSl
THETA2 00O4-~ 00046 00047 00O’.~ 0n~~-

- -
wi
w Z 00010 01056 00057 0000b
w3 0 0 0 4 1  0 (0 8 6
w I oooi - ;  000S7 00057  000 ’~’~ Cr ~o7~~ 

-

*1 00()2- 00033
*2 00 0 30 00033  v O C 4 4  OO 0” ~x3 0 0 0 4 j  00044 00 06 0
Yl  0fl~~29 000.33
Y2 0 O o~~O 00 033 000’. 4 0 3 0” l
Y3 00041 00044 O0O~~1

4 

B-~~3

--

3 —~~~

c
i~~~~_ 

-

~ 

~~~~~~ -~~• i . :~~~~~— -- - - -~~~- 

— -

~ 
- :



7 .
AO—A0 32 850 NAVAL SURFACE WEAPONS CENTER WHITE OAK LAB SILVER SP—ETC F/S 17/1SENSOR POSITION LOCATOR. (U)

SEP 75 .1 VALVANO
IMCLASSIFIEO NSWC/WO L/TR 7 6 8  ML

-~~~~~
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—~ ‘

NOL FORTRAN (1.0)

00000 SuHMUUT (NE E~ TER (NS.~.1T,
,,jR,T,*T,YTs ALiJHA,W)

C
C
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

C • 0~~~

J 
C • JONATHAN VALVANO 03/IM/75
C •
C * 0

C • ENTLH IS T~~ ROijTLP~E T..AT CALCULATES THE LINE PROM
C • Ts~E TAI4GET TO TUE S~)’IS(ffi AND I4AKES filE APP~IC

eH
~IATE S S u n S  *

C • USE() IN TU~ SPL ALGOkITUM.
C • •~~~
C •

• C • INPUTS NS TIlE NUM~EI’ OF TUE SEr~sOR
C • NI 1a TUE ‘~UI•’I4~~~ OF T*.~E TAk~tT
C • NN inn. NU~4.~~~ OF T~~ w,i)~uR 1• I C • TSAV~~INS,~~1.t 4) TnE TT’~ OF luil S REPORT
C • AS4VE.(NS.141.t’4R) TIlE. h e ~~ nj OF T—t ~~Por4T
C • wSAVt(~ S.NT,P.I~i THE ~~UT1N~i FACrUR i’uSSCfl ‘~Y T~ E s~~ so~
C • A1 .~~I.CT ww LC H FORM Ts~~.t~ E *I~~ .UT•y.Cf~ O OF TARGE T Ti4ACK
C • ZA(N1) •HICH IS TUE Ta~ GETS ALT1 ruo~
C • TAY ~r$ ICk ~~TURp~S THE tARGETS POSITION AS A FUNCTION OF I
C • ALROT •UIC-i IS Tii~ SFt~SO~~ ANGLI.. DUTATION ALAS •

C • 0~~~

C • OUTPUTS T TIlL T1M~ IW ~~~~
C • ~T,YT THE PO$ITIQ~I OF THE rAu~iEr i~T ;~lt. TIME OF rUE RFpOI’T •
C • ALPHA THE REPQ1~T 

P~ :APING CUMRECTED ro~ THE. Swtb.o OF ~OUI~.L)~
~ C • W THE COMH 9iE.O ~dEI (iilT1~ G FACTOR HEPORTED AP~O CALCULATFO •

C SUM S IN A I ? , B 1 2 , A I M I . A T C t ,~~ICI F OR SPL ALGORITPIM
C •
C • 

S

•...*.*•*••..*..e*•* **•****e****e***•*••*******•a*see*.o*... •~~~.
C
C •.*.*..e***..**..*000*.*****.*.**********.**•O•*.*4**,......000*.

C • 0

C • THESE ARE ThE COMMON STATEMENTS.
C • 0

C •*..*.** .**..*..**..*....*...***e**00000000000**00000.*...00000

C .
00001 COMMON /TRC’T// ALA (3).XA(3),YA (3),ZA(3),TA(3),VA (3),
00001 1 aT (3),dT(3),CT (3),TEMP .CS,NTk~.,
00002 COMMON /$f~:// N5EN,XOf3) .YO (3),ALROI(3),IFLAu~,JFL AG

\ 

00003 COMMON /WE~// TSAVE(3,3,50),ASAVE(3;3,5O),WSAVE (3,1.Sn),
00003 1 NREP (3.3),TNCSAVEI3,3)
00004 COMMON /CONST// P~~ PfØ~~ P~~
00005 COMMON iSU~S// AI2.~~I2.4I4~ .AIcI.B1cI
00006 COMMON /OPTIONS// KFLA~ ,M,NPASS

C
C
C
C
C
C

• • B—~45

COPY A VAIl ~~
1 

PERE!T fbtj j’
• 

4

r

— ———— -~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ _ _ _ _ _



~~ ~~ - ~~~~~~~ - • • •-~- --• - • • . • - ~ ~~•. - • ~• - - • - • - ~~~ • .~~~ -

NOL FORTRAN (1.0) SU~kOUTI~ F FNTE~ (~ S,~~T,Nk,T,XT,VT,ML~ HL,w

I 
00007 T5TaAVE(NS.NT .’.P)
00008 AL PMAZASAVF U&S.NT’NR
00009 WRW V E( ? , S ,~ IT.N~~)
00 010 CALL T~ Y (- ‘T,YT,T,NT)

J 

C
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C • 

5 
0

C • IF aE AR E C~OTN~
j TO CALCULATE THE ~ 1AS (i%FL4(,zO1 ANn

C • j F  A k4IAS CALCULAT ION WAS NOl ~EFN DONE THEN RETuRs~ 
0

C • *
C ** 0 *0***0*.*.* ***0**0*~~0**0~~~~~ *0***** 00* ***~~~~~*..*..**.•*.0
C

00011 IF (IFLAG •EU. ‘I .ANO . ~FLAG .E(~, 0) RETURN
C
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~5 5 /  C 0 0

C 0 THE MA TTO IS USED TN TUE ALGORITHM 10 ACCOUr”T FOR TUF
C • SPEE.U OF SOU”d) • THE TAR W.T S~ E.E.I) (VA) MUST P’E LESS T W A N  ~
C • TUE ~PEEO OF SOUNO (C5). THIS ALONE LORRECTS O4~LY THE• C * TWO UI’4ENSTONAL CASE. TF A SLIISOR CALCULAIIt)~4 HAS KCF.~ I

• C • DONE. B E F OR E  (JFLAI,sl) THEN T IlLS ALGORITHM CAR CORRECT 0

C • TUE THREE OIMENSIONAL CASE. IF NO SENSOR POSiT ION 0
) C • LOCATION HAS dE~~ DONE (JFL A 3O) THEN JUST USL THE 7—U. ~-

S .  C * 0

C ***0********e**.*********.****.****4*.**********.** * * * *.o . .* * *~~.~
C

000 13 BETAz PI.A LLCNT) ~~(ALPI1A~ A LROT ( NS ) )  
-000 14 RAT IUZCS/V& ( NT )

1 00015 RAY TAU zI0000 .0
1 00016 IF (JF LAG .E(~. 0) GO TO 500c

C •*0***•****0.**.O.******O.0*.**~~**•*************.**e*.*,..**,*.*.

C • 0
• C • (AP,YP) IS THE P01fl ON THE TARGF.T TRACX A T Cøa~ S

C • THE POINT IS USED IN TUE £LG0,~IIM M !o CORREC T FOR THE 0

C * SPEEU OF SOUNO DUE TO TUE ALT1TUOE. THt RAT1O ~S *
C • RECALCU LAT ED TAXING TUE ALTITUDE INTO EFFECT. •
C • RXYTAU IS THE T~ O DIME NSIONAl. RAOIAL DISrANCE. rROM

0 C • TUE SEwSOR TO T~~ TA RGET AT TIME TAO (TIME ~~~~ T HE Sn’JNU 0

C • ORIGLNATEO.i RXYTAU IS USED TO CONSTRUCT A W. 0

C 0 0

C •*****~~~~~~~•0***.***000*4******o•.******.e**0***...*.*........*.0,

\ ooole 
C 

D*AT (NT)*Y 0(NS) BT (NT)*X0(NS)
00019 ~~NOM~ A T (NT) .•2.BT (NT) •~200020 XP’— (AT NT *CT(NT •RT(NT)•D)/OENOM
00021 yPs(AT (NT)oo—qT(NT).~ T (NT))/IEr ~oM
00022

• 00022 1 A~ S(S IN 8ETu ) -

• 000 23 RAT IOZ HAT IO* RXY TA U/ 5 0 QT( ZA ( NT ) * * 2 .RXYTA U*4 2 ,
00024 IF IRAYTAli •GT. 5000,0 ~XYTAU~5000.O5 000 26 w*)000 .0 .wo F.*P(~~(R~ v7AIJ ,1000.U)• .2)

C
• C

• ~

• B—~6

~ r~n r ~~

COPY ~~~~~~~~
PER~1T1~LL1 L L . ~-~

~, -~1



I

NOL FOR TRAN (1.0) SU)4 100T !4E FNTE R 1NS.r.T, NR,T ,*T ,YT , .LPtlA,.~)

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C • S

C • THETa IS tsE CJRRE CT !ON AR’3LE DUE TO. THE SPFI1) OF ~~~~~~~~~~~~~

J 
C • CuLør~.~ (5 ~~~ C~)RECTEI) REPORT RF.AR LNG.

• C • ALPh A (S CORW ECTEO AND PASSED bACX TQ rilE ~3 IAS AL6ODIIHM S

C • *
C • CALPHA IS ‘JSED TO CALCIfl.ATE A.~~,C oF THE LINE. A* A .R*y .C53
C • TH IS LINE GOES THRO’J~~ TUE SENSOR AND THE TAREbI 0

C • THE A~ GORIT,4M ‘ILL EVENTUALLY (I~ SPL) FINO T.~ POINT
C • (AO.V0) w~ jCH MIH IULZFS ThE OT S IA NCE FROM T HAT POINT 0

- C • TO EACH LI’~E. A W EIGIIT!Nr, F&CTON Is USED IN THE LE$ST •
C • SQUARES AL4OR Z THU.
C
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C
000 27 500 T HE1Aaa TA N( S 1$( RETA ) , ( RATI ’ J~ COS(Pl E T A ) ) )
0002k CALPHAz(A%..’~U~~ ALUOT (NS) )-1,4ETA0002Q ALPMAsgLPH~ — T~1ET A

• C
C • .S50450000540* .S*5550500050050050000*5550S*S*50000S5000050050000

C • *
C • CALCULATE 4,I3,C TO FOH~ TIlE LINE A .8•Y•C~0 

S

C S -

j C
• C

00030 AsC (Th(CALP~ A )
00031 85 51N(CALP HA)

• 00032 Cs— (A•AT.B.YT)
C

• 
C •05000*00500.00005500 *0*550500005005500 **0005050005*.0000.005 **S.

C • •
C • MAI’.& TrIE SUMS.
C * 

• - o p
C 5000050505555555550*0005055550* 4505000*SS50050500550*000.,00S000*

C
00033 A2P~ 2z (A ’~ 2.~~~ 2) S RX YTAIJ à O2
00034 A12*412.w•AS’2/42P132
00035 BIZ~~ I2 .w0A**2/A2P82

• 0003o A I8I~ A I~3 I .weA* ~ /42 PA?
00037 AIcIsAIcI.~ .A.c,AaPB2

• 00038 A ICI~~~ICI.,.~~ *C/A2 PB2
7 00039 RETUHN

4

~~ 

00040 END

NOL FORTRAN UZAGNOSTIC RESULTS — FOR ENTER

- } • . NO ERRORS

• B—~47

-
• COPY ~YA !Y .~~r ‘

~~~~~ r~ r~ - ~PERMIT iUL[~ LEG~LLE .~j i~ 

-~ ~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~



!PU 1 

- T___
~
w
~

_ 5 
~

• 
~~. — _ - -  _ ,,- _ - _ __ -- ‘ --- — - ~ ~~~~~~~

NOL. FORTRAN (1.0) 
- 

StJd ROUT INE ENTER (NS ,rT , NR. T ,X T , Y T , A L P H A ,~~

DATA VAR IA BLES

- 
A !? O0nn~ 00034 • 00034

J 

AID ! oooos n0036 00036
AICI oooos 00037 00037
ALA 00001 00013

• ACROT - 0flOt~2 00013 00028
• ASAVE Ounn3 00008

A T ()0001 0001~ 00019 00020 o~ o2:812 00005 00035 00g3S
SICI - 00005 00038 00038
A T 0000 1 00018 00019 0002 0 DnA ?!

- CS 00001 00014
CT 001)01 00020 00021

00’)02 00011) INCSA~ E 00003
JFLA~, 00’~02 00016

-: -) KFLAG 3fl~ fu~ 00011• -1 U 000(11
NPASS 00006

00003
)  NSEN 00002

NTRG 0~ t~1)1
RI (U’004 00013 -

4 P12
P11) 2 00004
TA 00001
TEMP • 00001

1 TSAV E S 00003 00007
1 VA 0C.001 00014
1 wSA v E 000oa 00009

• 00002 000 18 00022
AA 0000 1 

-

VO 000( 12 00018 00022
Y A  0000 1
ZA 0000 1 00023

COMMON VA DIALILES
4-

~~~~~ PROGR AM VAMIANLES

A 0fl~
•
~O 00032 00033 00034 0n’u36

A?P82 00033 00034 Ouo3S 00036 ~~~~~A1~S 000~ 2ALPHA 00000 00008 00013 0002b 00025
- ATM. 0O0~ 700011 00032 00033 ff035 nnn3e

RETA OG~~t3 00022 u002t 011027
C 

- 
00012 00037 00038

CALPMA 00078 00030 00031

s—~ 8

COPY ~~~ ~~- -  ,~~ r ’ ’  • y r  p ~~, - ~~- ‘

I -~~. 
•
• • • • _ ~~ L.

T~

-~ 5—— —~~—-‘i — ‘-!IA _____



~r T~~ 
- — -_

S ~~—• —

NOL FORTRAN (1.0) SU6HOUTINE F.r~11ER (N5,IjT, NR .T,XT,YT.ALP IIA,Al

COS - 000’7 00030
o S 0001M 00020 00021

J - OEr4oM 00019 00(120. o0021
EAR OOfl~ 6
NM 00040 00007 00008 00009

• NS 00400 00007 00008 0001)9 0nn~~3
$ 00028

NT 00000 00007 0000D OuO”9 ~~~~~000 l~ 000 19 00020 O0fl~ 0 0o n~~0RA TIO 011014 00023 00023 00027
R*YTAIJ - 04015 00022 00023 00023 Oonco

• SIN 00022 00027 00031
SORT 000~ 2 00023
1 00000 00007 000IJ

1 THETA 00027 00028 00029
• YXY 00010

) 000oo 00009 U002~ 0002b 0t10~~•.--I 0002.0 00022
XT 00000 00010 00032

• 000~’1 00022
I VT 00000 00010 00032

4 5  

.

5

- 

-

I

- 

•

COPY ’.~~ 
f r - ;s T

~
-j
~

.
I

- - - • • .
~• ~~~ ___________



• ~~~ —“—--w--•--- ~~~~~~~~~~~ — — ‘ -w~~~~~r ~ r- 
~~

- -.-- -
~~— 

~~~~~~ ~~~~~~~~ —~ - —,,—-—-—— — —‘—-s--- — -—.-, , _~~~~~~~~~~~~~~~~ _ . _

I

• SHIFT DEcX~ L.R.X 
- 

- 

S

S

I

- 

- -

.

5

- B—50 •

COPY ~~~~~~~~~~~~~~~~~~~ 

~ 1) :
. 5 . — 4~•l~• r ~~~ 

-

rt~ i~ —

~~~~~~~~~~~~~~~~~~~~ l. .-
~~~

_ 
~ :.-L..~~~XL~

-. - -



—
~~~.J :

—.-‘-—-T~~~ ----

lOt. FORTRAN (1.0) -

00000 5UthlUUT~ p.E sI-4IFT (ANGLF,RIA S )
• C

C •.5.5.5 5* 5S., ....5*.5.5S **•S.•*S* *55.S. o5S ~~~~~5SS0S*5.*SS..0•* ~~~~*

C • - 
*

J 

C • JONAT HAN VA LVAN O fl3,18/~ 5 •
C • S

C • S

C • THIS ROUTI;~E SHIFTS T’s~ ANGLE 8LtwEc.N S

C • (dIA ~~ PI) TO (8 IAS.PI) •

C S

• C • S

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C
00001 COMMON /CO~ST// PL,PIfl2,PI2

C
00002 800 jF (8IAS PT •LT. AIp (jLF) GO TO s)’~- - 1 00004 A,~1GL~ ZA MGLE.~ I2
00005 GO TO H0O
00006 810 IF (NLAS.Py .GT. ANGLE ) RETURN
00008 4NULE$At.IC.L~ —iII2 -
00009 GO TO 810
00010 END

NOL FORT RAN U1anr~OsTTC PESUtTS — FOI~ SHIFT

10 ERRORS

L 
.

.

\

I

‘p

- B—5].

-*4

- p - •
-
~~~~~ 

•j• (•
~4 r’-~ i~ •~~, s •  ‘ 4

COPY ~‘W’
-

• 

- 

. 

—--—---—- —

~~~~~ 

- - S - S S ~ -~.~*

-1



- -~~~~~~ 

- 

-,  NOL FORTRAN (1.0 ) Su’4P0UTI r~F. SH IFT (ANGIE, I3IAS )

oA rA vsR~ AdLEs

P1 0000 1 00002 00006
i
~~
!

~~~ o~~’~~1 0000’. O~j nOd
- P102 00001

P - COMMON VAPIA8LES -

PROGRAM VA R IAI3 i.ES

A Nc,LE OOUOO 
- 

000’)? 0000’ 00004 00~~OHULA S nfl)r l0 00002 000Db

a 

- 

B—52 

- 

- 

‘

?°~~~Y 

~~~~~~~~~~~~~~~

1_a I 
p ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~



- - 
— -

~~~ ~~~~~~~~~~~~~~~~~~~~~~~ x :;rI.~~~~ 
.;U:,4:-,::.T •:;T -.•:: ;;: ;

~~~~- 
—.- -

-~~ S —

- 5 . 1
TAY DECX/ L.R.A 

-

i

i

-

• 

. 

- 3-53

- 

- 

COPY AV~~~’~- !~ ~2 ~M ~~~
- : ‘ -

~ :-:~
a ~ fll,. l~ ~

- ~~~~~~~~~~~~~~~~~~~~~~ 
S



• -• -• •-S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ‘ - - -—r-~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~~~~~~~~~~~~~~ -~
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~~~~~~~~---. -
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- 

5 - - - -5 --

NOL FORTRAN (1.0 )

00000 SU8UUUTI,~E T* Y (X,Y.T.’~iI)
C
C

I e. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1’ C • S

C • JONATUA f~ VALVANO 03/)R/75 •
• C • 5 0

C S S
C THIS ~OUTI~~E CALCULATES TH( TARGET POSiTION .
C THE ~O~~ITI-1N IS TMOU~jM1 10 BE T RUE .
C • - . 

•
C • a
C *0***0**SS*5*S**5*S*SS0SS*.4 ~oS*S.5.****405.*005 *o.e*.....o *e.. *.o

00001 COMMON /TR;T// A LA (3 1,AA( 3 ), rA( 3 ,Z4 (3),
00001 1 TA (3 ),vA( 3I ,AT (3).RT(3),CT (3),T~~oP,C$,NTR,30000 2 C0MMO~. /CC .ST//  Pj, ø!r7 ,D12
00003
00004 DJST V.~tr.TI* (T~~14 (NT))
00005 XaAA(N1).OfSTSCOS (Al~~LE)00006 YaY A (NT).0TST*S1,~ (ANGLE) -00007 RETuR N 

-

I, 
00008 EM) 

-

~ 
NO( FORTR AN UI~~GNO~ T IC RESULTS — FUR lAY

NO ERRORS -

H1
I

I S

- 

- 
3~ 5Z4 

-

~Ut.h I ~~-~~~‘ - 
-

- 
- - S -

~
r 

.-.-~~~

• ( — ‘--- a

- 

- 
- .

-

I• - 

—— — — — ,
~ ~~~~~



NOL FORTRAN (1.0) SU8HOOTINE TAY (X,Y.1,NT)

DATA VA RIAd LES

ALA 0 O~’01 00003
AT 0’~ fl1
8T - 00001

p CS 00001

) 

CT O fl O fl i
N IRG - 0000 1
P1 011002
P 12 0°’102 

-

RID? 00002 00004
TA 00001 00004
TEMP 00001
VA OO fl OI 0000’.

0~’-0 f l 1 00005 
5

VA 0’~()fll 00006
Z~

COMMON VAR IA BLES

•NONE~~ S

PROr,RAM V~ RIAA LES 
-

ANGLE 
- 

00 003 00O O !~ 3000 0
cOS 00005
01ST 00004 00005 00006
NT 00000 00003 0000? 00004 flnn0~SIN 00006
1 0 0 00 0  0 0 0 0 4
A - 00000 00005

S V 00000 00006

4-

4-

3—55

CP ’7 ~~~~~~~~~~~~~~~~~~~~ ,, .

r ‘ I

l L _ .L 
-

S ~~~ 
___________ -5- - --- -

~~~~~~ -~~~~ Li~~-~!~J



V

- 
- 

000:
lAY UEcK/ L e R a X
NORMAL OECK/ L,R,A

I

li-i
3-56

Cop y 
-
~~

-‘
~

-
~~~~~~~~: ~~ r~ ~~~~~~

•- ‘
• •

‘
~~7 r!!:~~

_
• is - • -

~

- ‘  I 4 
~ I ~~ 

-

I
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- —•-—.--• -S- -
S•--- ---.——---—S - — - — ----5- ——-- - — _ ‘ •• - •-S—•- --—1,

~ FORTRAN (1.01
p

00000 su8qour1~ E h04 MAt. (x )
C

S C FORTRAN CALL LINES
C -

C CALL NOI4MML (A)
C

~~ C THIS PROGRAM USE S TUE POLAR METHOD TO GENERATE NORMA LLY D?S T DI8UT ~.C
C MAN&IUM NUMd~~I4S OF ZERO MEAN A ’JO UNIT VAI~IA NCES ThE -IUMMEDS II~~EC GENERAT ED T ao AT A TIM E, SO EVERY OTHER CALL REQU1R~ S NO ~OPw.
C TUE LOC AL INTEGER MODE VA R IA ~ LE U W ILL NURMALLY NOT ‘~~ ONE A l  ,. (‘M)

S C TIME , IF THIS IS NOT THE CASE FOR A PAMT !CULAH FOR1RAN SYSTF M , TUE
C USER CAN INITIAL IZE THE PROGRAM VAQIA8LES 8Y MAKING AN INITIAL CALL
C AND DISREGAUROING THE RESULT.
C
C THE SUBROUTINE UNTEORM USED TN THE P R O GR AM SHOULU GE ’4EMAT E cA r .UC’ M
C t4UM~LRS UNIfORMLY DISTRIdUTEI) 8ETWEEN L~ RO A ND ONE.
C

0000 1 IF (M .EId. )) (.1) TO 20
00003 4*1

5 1 00004 10 CALL UNI FC RM(Y ) -

-

~ - 00005 U1~ 2.•Y— 1.
00006 CALL UNIFORM (v)
00007 U2~2.~ Y 1 .

4) 
00008 S*U10Ul.u~’oIJ 2

• 00009 IF(S .uE . 1 .1 GO TI) 10
00011 SsSQR1F 1~ 2.*A L1W, ( S )/ S )  -
00012 AsU1SS
00013 RETURN
00014 20 MaO
00015 XaU2•S
00016 RET URN

00017 END

NOL FORT RAN DIAGNOSTIC RESULTS — FOR NORMAL

ERRORS
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NOL FORTRAN ~~,0) 
- 

SIJP3ROUT Isa~ NORMAL(A) -

DAT A VA RIAb LES

•NONE•.

S COMMON VARIAB LES

- I ••NONE’• -

d 

PROGRAM VARIABLES

- s 41.00 000US U 00001 00003 00014S 
S 0noo~i oooo-, OOoU OC~~1 1 ~~~~~

- S’~RT F
- IlL 

~~~~~~~~~~~ ôouo.~ ~‘OØV ~ UI~~12 ?
U? -) :‘~~ 7 0000., u000j 0i11

- UNIFORM o”~o~ 0000o
A •3’,OI1 3 0001k. 00015
V o o ~ OO~ C3 0ooa ~ -

V - 

• 

-

-
~1
~4j
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NOL. COMPASS (1.0) 
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UNiFORM DECs(/ L~~A
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NOL COMPASS (1,0) - 

£

U~ IFO~~i

- 
a 

J 
EP’THY POZNT SYMBOLS

-. PROGRAM
COMMON 

00052

DA TA

I
U

4 -

I

a - 
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UN i F O R M  - 03/27/75 PAGE 2

- 
ENT RY IJNIFUIIM

S 
- FOR1RAN CALL LINE :

CALL UP4LFORM (A )

J TF A IS GREATER THAN 3M ~.U(IAL TA ZEiiO ~ P4E~. T$t CALL IS £XEC,JTEO,
- A IS PE~ LACEO .aITM A RANOOM NUMBER t ’~.IFO ReLY t’lST”TBUTED RëTaCE’ 1~S AND 

~~
. THE COt-tWUTAT IC )il USES 35 RIT INTEGER ARITIIMtTIC , AND C0(~VFRTSTO ~LOA )1NG POINT. THE A LG ORLIUM IS THE LINEAM CUM W UEIaIT IAI

MET HOD Mliii A MODULUS OF ? 3b, A ~*L1LTI RLIER ~F S~a1S. A’Ir 
AN

INCISEI-,ENT 0, 7261067005, THESE PaR*.,ETERS i-sAvE d E t p ~ EXTENSIVELY
TESTED, AND YiELD A MAXIMUM Lt.NGTH SEQUENCE •ITII b000 SPECIRAL

• pPrRERTIES. -

jI i iS LESS THAN Z~ WO 1P~EN ThE CALL IS EAC-CUTELI, —~ IS
- - 

- 1 CO11~1EPTEO TO ~ 3~ NIT FIxED ~OI~~T ~
UACT10N . AP4) T P F  MUST S IG NI FT CA P- I T

- 35 H T TS AWE USED TO INITIAL ILE. THE S4INDOM NUM~EW ~[NERA1 ~~R. IF — A IS
GRF -~TEP THAN OW E~ UA1. 10 1 Or~ LESS 1ULN 2.0_ ic , ls ’~ SEs.ieJENiE .TL L
ST.~-~T w IT ii LERO. TiiE STARTIN~, VALUV IS CUNVERTEU 10 FLI)ATP”G POTf lT
A -~c RETUR NED IN A , SO THAT A Is AL aAYS A FRACTION R E T AFI.4 0 At”) I ON

• RETURN .

f ~~~~~~ GET A, MM) BRANCH TO 111111 41 TZAT ION 1F NE~isljoE .

77777 0 U,NIF0~~1 VJP • 
- 

ENIRy POINT
P00000 1 LDI UNIFORM ,1 PAR AMETER ADDRESS TO ~ 1
0000~ 1 LOAQ, I 0,1 ~ Ii) A~

P0002’ 3 AZJ,LT INIT INITIAL IZE IF A LT ZERO

IF A GE ZERO ON CELL, GENERATE A NEw RANDOM NUMOEH.

P0004w 0 LD*Q V NESYZ (A*OLCiY•2*C)MOO2 JA
P(i0044 0 MUAD A -

p 00000 3 EA~ -

07777 2 ANA 77778
P0004’ 0 *040 C?

L 07777 2 ANA 77778
P000.? 0 CONT STAQ V SAVE V FoR NEXT TIME

CONVERT THE 36 BI! NUMbER IN AQ TO A FLOATING POINT FRACTION .

• u?013 2 SCAQ 2013B,2 SCALE AQ ,PIASED EXPONEN I TO ~2- 
P00022 0 AZJ,EQ RETLIRN 1ERO IS A SPECIAL CASE
jJ?OO o 2 156 20008.? TEST FOP NON NEGATIVE LAPONENT
777Th 2 jNI —1,2 AOJUST BIAS IF NEGATIVE
00031 0 SHAQ 25 ME 4GE FRACI ION AND EXPO iENT
‘.0000 2 ~j4 2
0001’ 0 SRAO 12 Au I~ NOPE ~ FLOATI NG POINT FRACTION

- STO”E A0 IN A. AND RETURN TO CALLTN’ PROGRAM .

- 00000 1 RETURN STAO,i 0,1 STORE 40 TI-s A

3—62
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UNIFORM - 01/?1/7c PAGE 3

- 00001 1 UJP 1.1 REIuWN TO I.APAMETER MOOMESS • 1
- 

- 

IF * LT ZERO ON CALLS CONVEI~ —A Tfl FI XEI) P01-IT Li i) USE TT 70
• INITIA LI ZE 1~~ p 4 I~~ QM NUM~ tR ut- NcRATOR .

J 
rTl7-7 0 INIT xO*,S 777778 NEGATE L~
p7777 ~O(~,S 77777o
00044 •) SiLO 36 B1*SrD EXPONENT TO 13/
0000n ?~ 141 2
s)177P 2 Au 3777d,2

- 0001.. 0 SHAO 1~ FRACTION tO LQ
07777 2 ANA 777Th
02001 ~ ISG 2u018,2 S’~iP IF (Il-ONENT liE 1
0173’- 2 jso 1?35b,2 SI(TR IF €1POI~ENT GE ~J4

~~00~~’ ) LOA~) ZERO FL1RCE 7F ~ fl IF ExPONENT O u T  O~ ROUNDS)1777 2 ISO 11778.2 S (IP~ IF EIRONE!lt NI)N..tULT IVE
7~ CC ’ 5,-lAO —1777u,2 Ex~~~~ -~T jS Sr’~ FT COISNI. IF
7777’ IND,S 7?77D~ CLP.~~~ P LSP TO WETA IN J~ r 1 T~

~00O12 0 ujP CON , USi ~w FOw NE~ 
y jN HAj ;~ LOOP

CONSIAP-iTS AND VAPISLES

)0O V OCT 0’O

J 

100
- A OCT 3432,7724461~ THIc IS S..1S

H -

‘41 C? OCT 3541,45427?32 THIS IS 2~ 726i0b106~132
1 100 ZERO OCT 0.0

100

END *

- NIJM~~EP OF LI’~ES .1TH DIAGNOSTICS 0

II

I riri ~~ —
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