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SECTION 1

'ﬁ INTRODUCTION

N

o 1.1 PURPOSE

Ef This analysis focuses on illuminating the logical and mathematical

structure of the location estimating algorithms found in the TRAILBLAZER

[ §: system, and identifying the assumptions that must hold for these algorithms to
i 3 give valid results. TRAILBLAZER is one of several current U. S. Army direction-

SE finding systems. These systems use sevaral lines-of-bearing to estimate the
X - location of an enemy emitter. Such a lgcation estimate is 2ften called a
. £ "fix." Several general methods for direction finding and fix estimations, some
E §§ with more mathematically rigorous foundations, some frankly empirical, are
S discussed in Intelligence/Electronic Warfare (IEW) Direction Finding and Fix

o Estimation Analysis Report, Volume 1, Overview. The TRAILBLAZER algorithms

analyzed belong to that most interesting hybrid class of empircical algoritlus

with a strong mathematical flavor. Althgugh the designer of such an algorithm

Rl o B S G S |

often has a specific mathematical structure in mind, the empirical nature of

j V; the algorittm often leaves the analyst several possible mathematical interpre-
E " tations. This richness of interpretation increases the understanding of just
u how well the algorithms function in various environments and how compatible
3 LR they are with algorithms found in other systems.
2 e 1.2 BACKGROUND
2
N . . : L
N This algorithm analysis effort is being performed by the Jet Propul-
- sion Laboratory for the U. S. Army Iantelligence Center and School as a
5 %; research~type effort to increase the understanding of the hybrid mathematical/
. empirical algorithms found in intelligence processing systems. Algorithm
? QI results from one system are frequently used as input data for another system.
Do Understanding both the assumptions urder which the algorithms work, and the
ro assumptions theoir results satisfy, is crucial to understending the overall
Eﬁ system. This view of a metasystem of intelligence processing systems (see

Figure 1-1) is centr_l to this algorithm analysis effort.
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For purposes of these studies, "algorithm'" means a set of rules for
carrying out a single conceptual operation on a set of data. There are many
types of algorithms necessary to the operation of the metasystem shown in
Figure 1-1. Analyses reported on so far, listed in Appendix E, have focused
on four of these: geographical transformation algorithms, self and cross-
correlation algorithms, and aggregation algorithms. Geographical transforma-
tion algorithms translate locations from one grid reference system to another.
These algorithms appear in almost all systems, often as incoming data or report
preparation functions. Self-correlation algorithms test if the entity referred
to in a new report has already been recorded in the database that reflects the
estimated :nemy situation., Cross-correlation algorithms test if a sighted
piece of equipment belongs to an already identified unit, or a lower echelon
unit to a higher echelon one. Aggregation algorithms try to identify an
artillery battery in a cluster of equipment, a division in a group of
regiments, or like groupings. Several statistical issues arising particularly
in the correlation algorithms, are analyzed in a companion set of technical

memoranda.

Looking once more at Figure 1-1, note that the same intelligence
function, hence algorithms performing that function, is often embedded in
several intelligence processing systems. Some generic algorithms, such as the
geographical transformation algorithms mentioned above, appear in almost all
systems. Comparing these algorithms that perform the same function in
different systems increases the understanding not only of what these algorithms
actually do and how well they perform, but also increases the understanding of
how a ''good" algorithm would work and what it would look like. Such compari-
sons should lead to developing criteria for selecting algorithms for embedding
in new or upgraded systems, and finally in the creation of a library of "good"
algorithms from which the choice can be made. The development of these
criteria and building such a library are two major goals of this algorithm

analysis elfort to which each analysis of an algorithm in an existing system

contributes.
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SECTION 2
ASSUMPTIONS, RESTRICTIONS, SCOPE

BRIEF DESCRIPTION OF RADIO DIRECTION-FINDING AND POSITION FIXING

The purpose of radio direction-finding is to estimate or fix the
position of selected emitters. Usually, the position estimate is accompanied
by a confidence region reflecting measurement errors, propagation errors, and

modeling errors.

Radio direction-finding (DF) requires that an emitter be viewed from
at least two DF stations spaced far enough apart that their look angles inter-
sect as close to 90 degrees as possible. However, 90° is usually impossible
under battlefield conditions. Figure 2-1 illustrates a simple situation of two

DF stations.

The fix estimate is at the point of intersection of the two lines-
of -bearing (LOBs) (Figure 2-1). Since there is only one point of intersection,
we have insufficient information to estimate the fix uncertainty due to

measurement, propagation, and modeling errors.

In a multiple DF station configuration, there are many intersections
(Figure 2-2). A more accurate fix estimate may be obtained by evaluating the
clustering of these intersections. Since each intersection is a simple fix
estimate, the uncertainty can then be expressed as a confidence region sur-

rounding this fix estimate. This uncertainty reflects:

(1) Random measurement errors in measuring the lines-of-bearing.

(2) Errors because of different radio propagation effects along

the lines-of-bearing.

(3) Errors because of spherical or flat~Earth assumptions.

4) Phantom or ghost intersections because of the presence of

multiple emitters or hidden emitter reflectors.
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2.2 ASSUMPTIONS

Some standard assumptions are made in the following analyses:
(1) The lines-of~bearing are straight.
(2) The errors in the separate lines-of-bearing are independent.

(3) The errors in the lines-of-bearing are Normally (Gaussian)

distributed with zero mean and fixed estimable variance.

(4) The emitter location estimate error is distributed as a

bivariate Normal distributiom.
(5) The sensor positions are known exactly.

(6) The transmitter location is fixed during the period of DF

fixing.
(7) The sensors are properly sited, calibrated, and operated.

Assumption #1 is reasonable for the systems considered in this
report when the sensors are properly sited. However, this assumption is weak
at frequencies below approximately 30 MHz because of the effects of atmospheric
tile,

Assumption #2 is reasonable based on the systematic errors being
accounted for in calibrations. This assumption is weak at frequencies below
approximately 30 MHz when some stations are close enough to each other to be

subjected to the same propagation effects.

Assumption #3 is usual when considering measurements which are sub-
ject to random measurement error. There are biases in the measurements from
navigation errors, errors in the calibration tables, interference, depression

angle effects, etc; these biases may be removed. In the absence of specific

2-4
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i
knowledge about these errors tne normal assumption is reasonable. Distorting
ii effects such as plinthing to account for wild bearings, skewedness because of
low receiver signal-to-noi.e ratios, and distcrtions reculting from the sensors
w not uniformly surrounding the emitter can weaken or invalidate this assumption.
Ny
R

Assumption f##4 is necessary to allow confidence levels about the

estimated emitter position to be computed. The qualifications on assumption #3

also apply to i#4.

/

Assumption #5 is reasonable based on the fact that any such position

” y
v

15 errors can be added to the emitter estimate uncertainty, if they are signif-
C, n
. N icant.
1
- B .
‘? Assunption #6 is necessary to the analyses of the systems considered
- in this report, and it is reasonable over the period required to obtain a
<n single fix,
li Assumption #7 is reasonable in the absence of contradictory infor-
mation.
.
g
LY
2.3 RESTRICTIONS

In addition to the assumptions discussed in section 2.2, this report

does not consider the following effzcis:

(1) Geographic transformation, map projection effects, and grid

(RN § RV R gL gt g o R e A USRI N e

A reference system conversions (see UAAD02 Analysis of Geo-

ot B el

graphic Transformation Algorithms July 9, 1982 of this series

of algorithm analysis reports).

[ do B
[
¥

-

R (2) Propagation effects.

WILTLTL T A
x
*

oo (3) Centroid effects and susceptibility to deception (meaconing,

Tha
.

[ gated signal parameter techniques, etc.).
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"u e

&
'™
|z (4) Special problems associated with low-probability-of-intercept

enitters (low SNR, spread-spectrum, time-frequency diversity,

{2

frequency agility, etc).

x
- T

;; (5) Numerical computation and normal truncation effects. P!
v =
e (6) Combination of lines-of-bearing, or emitter location estimates 53
ué‘ and their confidence ellipses from differeat systems (these

:5 problems will be the subject of a future report in this series ﬁé
\?‘ of algorithm analysis reports).

2 e
’5",‘*.’

i (7) Elimination of wild bearings and ghost intersections using
a1
i hardware/software processing of target message internals. e
%ﬁ
1
S 2.4 SCGRE Y
VY v:,-"
] J_':; Tox
'&3 This report covers the TKAILBLAZEK system as documented in ROLM B
Y . L. s
L 1602 Extended Assembly Language listings, marked DSO:TBSYS.SV, generated on
2/25/82.
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SECTION 3
TRAILBLAZER DF FIX ESTIMATION

3.1 A GENERAL DESCRIPTION OF TRAILBLAZER DF FIX ESTIMATION

This analysis of the TRAILBLAZER DF Fixing System (a communication
intelligence collection system (COMINT)) is based on the TRAILBLAZER AN/TSQ-
114, Operator's Manual TM 32-5811-022-10-1, and assembly language listings
dated 2/25/82. There are some duestions as to whether the manual and the
listing correspond to thae same version of TRAILBLAZER, of which there are

several.

TRAILBLAZER is a ground-based, computer-assisted COMINT DF Fixing
System consisting of five sensors: two master control stations (MCC) and three
remote slave stations (RSS). TRAILBLAZER can obtain relatively accurate fixes
in the "normal {ix wode' with as few as three opevational sensors. Less reli-
able fixes (cuts) can be obtained in the '"degraded fix mode" using multiple

lines-of~bearing from each of only two sensors.

Figure 3~1 depicts the most desirable siting of the five stations
of a TRAILBLAZER system. This layout allows fcr a maximum DF base line con-
sistent with maintaining the required data~links between the sensors. Over

flat terrain the penetration of the system is about 15 to 20 km.

Figure 3-2 indicates extended penetration ranges pussible when the

system is operated from elevated vantage points.

TRAILBLAZER's five sensors can obtain up to five lines-of-bzaring
(LOBs) simultaneously on a desired emitter(s) and place this se: of LOBs in one
of up to five available bins (arrays). Each bin may contain up to five sets of

LOBs on same or different emitters. Wild LOBs may be edited (rejected) by one

The system operates in a multifix (automatic) mode and in a single
fix (manual) mode. Since the single fix mode amounts to the first pass in the

multifix mode it will not be discussed separately.
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Figure 3-1. TRAILBLAZER Deployment

From: U.S. Army Field Manual (FM 30-476),
Radio Direction-Finding, 8 April 1977
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f 3.2 SIMPLLFIED DESCRIPTION OF TRAILBLAZER DF FIXING PROCESS =T
L &
4 The following description is based ou obtaining a DF fix using one %
. set of five LOBs in one bin (array). Since there are five LOBs, there can be %
0 up to 10 possible intersections of two LOBs. g&
N
§
l o
o® o n! ~
A r ! (n-r)! )
; ”
G X4
H is the number of combinations of n things taking r at a time. L
e Each of these intersections represents an initial fix candidate. LN
¢ The '"best' intersection must be selected, and any obviously "wild" (ertran:2ous)
| \’(
L
$ LOBs must be discarded (edited). Figure 3-3 represents a set of five LOBs with Y
! the intersections numbered for refereunce.
i AR
M ":-
N The first step is to edit any wild bearings. Since LOB from station i
; five doecs not form any intersections near the cluster of the other iuntersec- ii
tions (see Figure 3-3), it will be edited from the set of LOBs as a wild
' bearing (Figure 3-4). "Ghost' or "phantom' intersections from the geometry of “»
+ Fa
: the LOBs should also be edited (Figure 3-5). These are inadvertent crossings b
af LOBs and not relevent to the fix estimation process. -
=
Next, each of the remaining intersec:ions is evaluated to choose the
aly
"best" one. The ''best’ intersection is determined by considering which inter- "
w
section is best supported by the other LOBs. For a LOB to support a fix esti-
mate the "exactness of the LOB" from the station to the estimated fix is deter- !?
: mined. If the angular difference between the two LOBs is excessive (greater =
: than 3 standard deviation (sigma) units in statistical terms*) the station's .
LOB is considered to be a wild bearing and is discarded. Otherwise, it is con- W
sidered a supporting LOB. The number of supporting LOBs is noted for each .
intersection. The intersection with the greatest number of supporting LOBs is :b
selected as the initial fix estimate. Figures 3-6 and 3-7 show how the
supporting LORg are datermined. o
*+ one sigma about the average value of the LOBs will usually contain about }j

S 68% of all the LOBs. + 3 sigma corresponds to about 99.7%.
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The initial fix estimate is then optimized to obtain the "best'" fix R
estimate. This optimization process uses a potential function (detailed below) o
as the objective function and is based on displacing the initial fix estimate £
i systematically in four directions (north, west, south, east), and calculating -
[ the support for each displaced (trial) estimate and keeping the "best" one. ;&
) This process is continued with steps decreasing in size until a "best' fix
I estimate is located. : g%
E
b

The support of the trial "best" fix is calculated as the sum of the

e

L E T8

potential function weighted {(which is a semi-normalized Gaussian-weighted)

miss-angles between the actual LOBs and the computed LOBs :co the trial loca-

y tion. The effect of the Gaussian weiginting is to give more consideration to Tos

b . : .

" the LOBs associated with the smaller miss-angles. %

" Y
e

N L+

3 Having found an optimized or "best' fix estimate, a '"confidence"

region is calculated. A 'confidence" region is a regican that is likely to

contain the true emitter location for some percentage of all fixes on a given

emitter (50% in the case of TRAILBLAZER). r
: The following descriptinn of TRAILBLAZER DF Fixing has been 0
E freely-adapted from the software comments. Differences between the actual W
code and the description of the algorithm will follow, along with comments )n nu
- the methods used. Ej
=
The TRAILBLAZER DF Fixing Algorithms are based mainly on heuristic :j

and empirical reasoning, rather than purely mathematical/statistical tech-
niques. The four main steps in the DF Fixing process are quite intermingled EE
and relate to the following discussion as follows: =
N
(1) Obtain initial fix estimates. -
it
(2) Reject wild lines-of-bearing by manual screen editing and R
-: automatic rejection. .
I3

(3) Refine (optimize) the initial fix estimate.
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(4) Establish a confidence region (elliptical error probable

{EEP)) around the fix estimate.
3.3 DETAILED DESCRIPTION OF TRAILBLAZER FIXING

The TRAILBLAZER fix algorithm has been tailored specifically for
operation with the LOB data produced by a ground-based DF network, consisting
of a predetermined number of DF stations, whose locations remain invariant
during the data collection process. The goal of this algorithm is its attempt
to resolve multiple targets reliably, while at the same time avoiding ghosts,

i.e., false targets arising from coincidental intersections of unrelated LOBs.

The TRAILBLAZER fix algorithm execution consists of three distinct

procestes or phases:

(1) Fix estimation (ESTMP Procedure) and

wild bearing rejection (ESTMP and FINAL Procedures).
(2) Fix optimization (FPEAK Procedure).
(3) Computation of an error ellipse surrounding the

established fix point (FINAL Procedure).
Figure 3-8 outlines the flow of the TRAILBLAZER DF fixing algorithm.

3.4 FIX ESTIMATION

The estimation process is the key to the fix algorithm. For an
undel ading of this process, the TRAILBLAZER LOB database structure must be
explain. .. The LOB .ata are stored in sets of up to five LOBs, i.e., one LOB
from each of tive possible DF stations. A set of five LOBs results from a
system response to a DF command (or from a single manual LOB entry sequence via
the "demo'" command). The as.umption is made that to the best of the operator's
judgment, the LOBs within a set are associated with a single emitter. Given

that the LOBs within a set are collected simultanecusly, this is a fair assump-

tion.
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. The objective of the estimation process is to examine all possible

i

intersections of pairs of LOBs in the same set and all other sets, and to
select that intersection which has the largest number of other LOBs in the

database that miss this intersection by less than some specified miss angle.

N

?: The estimation process selects that intersection which lies within the larges*
or strongest cluster of intersecting LOBs. It also makes a gross check to

*s prevent duplication of previous fixes in multifix processing (as discussed in

) intersection criterion (2) discussed below). This process is computationally

ﬁl efficient because:

W

5! (1) The number of DF stations is small. Therefore, the

b number of intersections to be examined per set is

s reasonable.

- (2) The locations of the DF stations are fixed. Conse-

;E quently, for miss angle computations at each inter-

section, there are at most only three other exact LOBs

that need tc be computed, since two are already used

&f'x

for the intersection.

b

Each possibie intersection of two LOBs is calculated directly from

the geometry indicated in Figure 3-9.

% au |

The calculat:. intersection is wvalidity-checked by:

(1) Verifying a true intersection, i.e., D, and D, both

.

v positive.

i? (2) Verifying that the angular difference between the LOBs

v is sufficient LOB2 - LoB, > 0.6 degree.

S (3) Verifying that the minimum and maximum range limitatious

b are not exceeded for either station, 0.5 ¢ Di < 100 km.
- (4) Verifying that the intersection does not fall within the
NVl
i &: error ellipse of any previously computed fix (in the
- multifix mode ouly).
. .
4 | 3-13
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ié 2 degrees in the source code comments, but assigmed a valua of 8 degrees in

. parts of the source code.

4

el

In order for an intersection to be a candidate for valid fix esti-

Fol g

mate, an intersection must satisfy the following criteria:

2 |

e

(1) The intersection is real, i.e., the absolute value of

. the diffcrence between the LOBs is at least 0.6 degree

"

ry

and the directed LOB vectors must intersect. The source

code does not verify that only forward-logking LOBs are

A ' considered for intersections. It is possible, in

running the program, to allow reciprocal bearings aud

lf create '"phantom'" intersections. This, however, is

unlikely because of the normal deployment geometry.

> Also, the intersection must be in the range of 0.5 to

100 km of the reporting stations. The source code

[; implementation of intersection out of range fails and
[

would loop infinitely because of an initialization

o problem.

(2) If this is not the first pass for fix processing, i.e.,

Lﬂ‘

L ]
x

- a multifix (as opposed to single fix) situation looking

for multiple emitters, the intersection must fall out-

.

side the error ellipse of the immediately previous suc-

e

czssful fix estimate (this is because all previous fix

error ellipses are checked in the optimization process).

)
T
Al

This provides the capacity to resolve multiple targets.

A
w0
i
Supporting LOBs are calculated from all the available (unused in
ﬁ any previous fix optimization) LOBs over all the bins. These supporting LOBs
are calculated as indicated in Figure 3-10 and must fall within 3 sigma of the
E: actual intersection to be considered as supporting it. The actual value of
o sigma is confused in the available source code listings. It is stated to be

W

o

9] (3.a) In the normal fix mode (as opposed to degraded) the
-+ intersectiun must be supported by LOBs from av least
;i three stations. The supporting LOBs must be within a

+3 sigma miss angle of the three exact LOBs from their

!1’ 3-15
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Figure 3-10. Supporting LOB Geometry

stations to the intersection. Also the supporting LOBs
belong to a set of LCBs not used in any previgus fix
optimization computation, and in which the majority of

LOBs conform to this miss angle requirement.

(3.2) In the degraded tix mode, the intersection must be
supported by more than one set of intersecting LOBs from
two stations whose LOBs were used in the computation of
the intersection. The supporting LOBs must be within
+3 sigma of the exact LOBs from their stations to the
intersection. Furthermore, these LOBs must belong to a
set of LOBs not used in any previous fix computations in
which the majovity of LOBs conform to this miss angle
requirement. The degraded mode is used only if the
estimation process for the normal fix fails to yield a
valid estimate which would satisfy the three station

criteria.
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. (5) Of all the possible intersections, this intersection is
]

supported by the largest number of LOBs that meet the

“.

- miss angle and set requirements mentioned in the above
¥ N
o1 i{ criteria.
S
,‘ L.
. The estimation process yields a 'mon—ghost' intersection which is
—S 5:_ the best fix estimate (lies within the strongest clustering of LOBs). Also in
=, . - .
~ the multiple fix case, the best fixed estimate lies outside the error ellipse
= ~
> of the previous fix. In addition, by discarding invalid intersectiomns, the
' amount of computations in subsequent estimations (in the multitude fix case) is
) g: considerably reduced. Thus, for the multiple fix case, the number of computa-
} k)
Y & R .
A tions is reasonably bounded.
W
) .‘_:,
P In the case of multiple target examination, once the fix mode has
S been degraded, it remains degraded for all subsequent passes. Also, failure
'i h; to obtain a fix estimate in the degraded mode precludes further passes.
Pl
<
NI
i 3.5 FIX QOPTIMIZATION
%y
T . L . \ . ;
ﬁ o The fix optimization process seeks to improve the fix estimate by
5 s
o finding that location which locally maximizes a multipeaked objective function.
' [‘ By the nature of the estimation process, the initial estimate should be fairly
re s close to the optimum fix location. This process also performs a final check to
i 'I - - . - - . - 3 » . 3
T eliminate the duplication of previous fixes in the multifix situation.
SO
on
% | “ At the outset of the optimization process, an =2stimate is available
’ ;: along with the exact LOBs associated with it from each system station. Also
O . . . . X X .
g available are the LOBs supporting this estimate as a valid fix estimate.
- :? Before beginning optimization, that portion of the database which supports a
;‘ ) particular fix estimate is modified to include complete sets when a majority
;f of the LOBs supported the estimate. This increases the potential number of
o peaks and ridges in the objective function.
(4
't N o
. ",
K b The optimization is then performed by systematically searchirng for
j- ) a local peak in the total objective function which is a potential function of
o ;: the form

r.. - L

=Pk
r——n
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1) exp [-Kaij(x,y)]
2
where the outer sum is over the stations, the inner sum over the LOBs from E%
each station and aij is the miss angle between the actual and computed LOB ?3
(see Figure 5-8). This objective function is applied locally in each case by: o _
(1) using the selected portion of the database, (2) using the fix estimate as = 'ﬁ
an initial reference location, (3) using its associated set of exact LOBs, and ;&:
(4) using the computed potential function for the point. -
o
¥
The peak searching scheme is a fairly conventional pattern search
optimization method (Jacoby, 1972; Gill, 1980) but without a pattern step Ef
directed along the steepest gradient. The reference location is displaced by w
some step size (initially 16 screen raster (resolution) points) along the axes ég
in the following four directions: +Y,+X,-Y,-X. Only one direction is con-
sidered at a time, generating a trial location. If one of these trial loca- -~
[ tions yields a higher value of the potential function, the trial location ;j :
becomes the reference, an associated set of exact LOBs is determined, and a . =
new trial location in the same direction is attempted. This peak search
scheme continues until no further improvement in the same direction can be made
and the process has been repeated in all directions. Figure 3-11, Parts I EE

through IV illustrate the fix estimate optimization process. At this point,

the step size is halved and the four directions are tried again. The procedure

F el

stops either when the step size bzcomes too small (currently less than one

w W W e ¥ V¥

raster point in screem geometry), oF

- - —— = s | g o4 - - — - - L 1 - —
CEr & maximuwn nuwnbei of successful 1~ 3

af
provements have been made (currently 16). Under these restrictions the process

is nondivergent, that is, it stops.

v
“,l ‘

Although this algovithm always stops, and gives a value, it may not
converge in the sense that the final location estimate is substantially closer T

to the location of the nearasst local peak than was the starting value. One

major cause is that the cbjective fuaction itself may not be sharply peaked,
- and may even have ridges. Thus, since the optimization algorithm does not have
a pattern step, and it does not rotate axes to take advantage of the gradient,

I it may climb very slowly. Three other factors compound this behavior. - |

2 (1) Angles are rounded to quarter degrees. g
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(2) OUnly the first four terms of the Taylor expansion for the
exponential function are used in calculating the objective

function.

(3) The algorithm terminates after, at most, l6 steps.

Therefore, as often occurs in purely empirical methods, the location estimate

may be fairly inaccurate and thus not well-defined.

In the multifix situation (multiple passes), the final location (a
result of peak searching), is checked to determine whether the emitter lies
outcide the error ellipses of all previous fixes. If not, this optimized fix
is unacceptable and a new fix estimate must be obtained. Note that if this
occurs, the selected portion of the local database that gave rise to this

unacceptable optimized estimate is removed from further consideration,

If the final location is acceptable, what remains is the computation
of the parameters in an error ellipse surrounding the optimized fix estimate.
The data available at this point is: (1) a selected subset of the LOB database,
(2) a final optimized fix location, (3) a set of exact LOBs to that location
from all system stations, and (4) and the value of the potential function for

that location. This procedure is satisfactory for ellipses with small eccen-

tricity. However, it degrades with the higher eccentricity ellipses arising

from emitter ranges that are large with respect to the sensors' baseline.

Also, just as it is unclear that the best fix estimate is a measure of central
tendency for a known bivariate distribution, it is equally unclear that the
calculated ellipse reflects a related measure of dispersion. The statistical
properties of these estimates is important because intelligence processing
systems to which these values are input data assume they are the estimated

mean and elliptical error probable from a bivariate normal distribution.
3.6 FIX ERROR ELLIPSE COMPUTATION (CONFIDENCE REGION)
The error ellipse computation serves a dual purpose. First, its

computed parameters are used in the checks to prevent duplications of previous

fixes. Second, it is part of the information describing a fix.
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The parameters computed are:

(1) The ellipse orientation angle of the semimajor axis in
radians. This is with respect to true north, and is
lefined as the mean of all LOB angles used.

(2) The ellipse semi-major axis is denoted: a = s/(tau )1/2,

1/2

and semi-minor axis is denoted: b = s (tauE) .

where s is the ellipse size, and tau_ the ellipse

E
axis ratio (semi-minor/semi-major).

In more detail, the size s is directly proportional to the root-mean
squared miss angle nf all LOBs used in fix computation. It is also directly
proportional to the mean (potential weighted) station to the target distance.
It is inversely proportional to a weazk function of a number of LOBs used. This
de;endence is and should be weak because the LOB errors in a ground-based
system are primarily due to propagation path perturbation by terrain. These

errors are not zero-mean and not uniformly distributed.
It should be noted that:

(1) The RMS miss angle is forced to be no less than the
system instrument accuracy of two degrees. The actual

value of the rms value is confused in the available

source code listings from 2 to 8 degrees.

(2) The step size itself is forced to be at least 0.5 km.

(3) The step size is tripled when the fix mode is degraded.
This is based on the consideration that with only two
stations providing LOBs, there is no indicacion of the
propagation path perturbation effect; hence, a two-

station fix location is of cuestionable value.
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The ellipse axis ratio semiminor/semimajor is defined as the mean Ny
. . i
!; absolute deviation of all LOBs used from the mean LCB vector, i.e., the <
ellipse orientation angle divided by 45 degrees. 5
1
o
A Note that when these error ellipse parameters are used, they are 3
used to ensure that a fix estimate does not duplicate a [ _eviously determined i
] fix. The criterion employed requires that the fix estimate be outside the .
} previous [ix error ellipse. 5
e !
5 ’é
3.7 COMPUTATIONAL AND QPERATIONAL OBSERVATIONS i
a '
% :
! The TRAILBLAZER fix algorithm involves a considerable amount of §
%Z computation, particularly in the estimation process. The first fix estimate j
- requires examination of every possible intersection in every set of LOBs. If l
Kl in the first estimaticn, all invalid intersections are removed from future con- ;
% . . . . . . . . i
P sideration, the amount of computation in subsequent estimations (in a multiple :
b fix case) is considerably reduced. In addition, once an estimate is optimized, ¢
L4,
li the size of the LOB database is reduced since a set of LOBs is used only once
in computing a final fix location. The fix estimate is then removed from
IR . . . . . .
JY further consideration. Consequently, the amount of computation in a multiple
: i
G fix case is reasonable. [
N g
ﬂg Since the entire fix calculation methodology is highly empirical,
N numerical parameters must be chosen with care. There are two key parameters:
N i
P (1) the allowable miss angle used in the estimation process (currently
. . . 1
I - 3 .igma), and (2) the width constant for the potential function (currently q
o 2 . csos . ‘
; :% (1/3 sigma)~/2). These parameters controi the sensitivity (resclution) of
3 the fix algorithm, and indirectly affect the errur ellipse size (both the RMS
F :g miss angle and mean range ar¢ potential-weighted). If a change to these par-

ameters is contemplated, the comments in the code recommend that their interre-

" latjonshi ~emain reasonably the same. For example, the parameters to be

o changed sho .d be multipliers of 3 sigma. For TRAILBLAZER, the current param-
O eters g* sasonable results according to the field test data (after removing
iﬁ obviously vad duta attributed to hardware malfunctions, interference, operator
” mistakes, etc.). These results indicace that the error ellipse computed is

;2 apout a 50 percent confidence ellipse. A considerable amount of testing and
2%
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field experience would be required in order to optimize the parameters, given 2-:7:
the indeterminate character of LOB error statistics for ground-based DF. It 0
| should be emphasized that this is a highly empirical process. &
- (¥
. In view of the capabilities of the TRAILBLAZER system for LOB set ::;.
;' separation at collection time using bin assignments and subsequent LOB
_‘; editing, the fix algorithm should be used in the single-fix cr manual mode for ?
j!. best results. HRowever, when no such separation has been made or is possible, )
:‘; or when the uperator does not have the time for post-collection LOB editing, ;:'.{
-* the fix algorithm may be used in the multifix or automatic mode with a 3
l reasounable expectation of comparable results. =,
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SECTION &4
OBSERVATIONS AND CONCLUSIONS

It appears that the assembly language source code that this analysis
was based on might not be the latest version. Most of the problems indicated
in Section 3 with bold-type underlining could all be due to an early version
of the software in transition. The fact the system is deployed and operating
tends to support the feeling that the analyzed software was not the current

version.
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APPENDIX A

ANNQTATED REFERENCE LIST

The references listed in this appendix fall into two categories:
(1) books on general mathematics, (2) books and articles on
direction finding techniques. The general mathematics books are
included to better acquaint users with the necessary mathematical
and technical background. They include Schaum's outline series
which provides good examples, some introductory undergraduate level

references, and more specialized and advanced text and references.

SCHAUM'S OUTLINE SERIES - SELECTED UNDERGRADUATE LEVEL OUTLINES

These outlines are valuable for obtaining an overview of selected
subjects quickly. Explanatorv fext is developed along with fully
solved examples in stand-alcae, easily referenced blocks. The most
current edition is not always referenced. The publisher is McGraw-
Hill, New York.

Ayres, Frank, Jr. Plaae and Spherical Trigonometry. 1954,

Ayres, Frank, Jr. First-Year College Mathematics. 1958.

Ayres, Frank, Jr. Matrices. 1962,

Ayres, Frank, Jr. Calculus. 1964,

Lipschutz, Seymore. Analytic Geoumetry. 1968.

Lipschutz, Seymore. Probability. 1968.

Rich, Barnett. Plane Geometry with Coordinate Geometry.
1963.
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Scheid, Frances. Numerical Analysis. 1968.

Spiegel, Murray R. Statistics. 1961.

Spiegel, Murray R. Advanced Calculus. 1963.

Spiegel, Murray R. Probability and Statistics. 1975.

INTRODUCTORY UNDERGRADUATE TEXTS

Acton, Forman S. Numerical Methods That Work. Harper and
Row, New York, 1970.

Dixon, Wilfrid J. and Massey, Frank Jr. Introduction to

Statistical Analysis. Second edition, McGraw-Hill, New York,
1957,

Hamming, Richard W. Introduction to Numerical Analysis.
McGraw-Hill, New York, 1971.

Hoel, Paul G. Elementary Statistics. Third edition, John
Wiley and Sons, New York, 1960.

Hohn, Franz E. Elementary Matrix Algebra. Second edition,
Macmillan, London, 1964.

Kells, Lyman M., Kern, Willis F., and Bland, James R. Plane

and Spherical Trigonometry. McGraw-Hill, New York, 1940.

Kreyszig, Erwin. Introductory Mathematical Statistics.

Wiley, New York, 1970.

Middlemiss, Ross R. Analytic Geometry. Second edition,

McGraw-Hili, New York, 1955.
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Pettofrezzo, Anthony J. Elements of Linear Algebra.

Prentice-Hall,Inc., New Jersey, 1970.

Steinberg, David I. Computational Matrix Algebra. McGraw-
Hill, New York, 1974.

SPECIALIZED REFERENCES

Ballard, Thomas B. and Hebbert, R. Scott. A Tracking
Algorithm Using Bearing Only. Naval Surface Weapons Center,
White Oak, Silver Spring, MD, October 1975.

Barfield,'R. H. Statistical Plotting Methods for Radio
Direction-Finding. J. IEEE, Vol. 94, Part IIIA, 1947.

Beale, E. M. L. Brooke Variance Classification System for DF

Bearings. Journal of Research of the National Bureau of
Standards D. Radio Propagatiom Vol. 65D, No. 3. May-June
1961.

Beale, E. M. L. Estimstion of Variances of Position Lires

From Fixes with Unknown Target Positions. Jourmal of

Research of the National Bureau of Standards D. Radio

ropagation Vol. 65D, No.3. May-June 1561.

Blachman, Nelson M. Position Determination from Radio

Bearings. IEEE Transactions on Aerospace and Electronic
Systems. May 1969.

Brown, Ronald Max. Emitter Location Using Bearing Measurement

from a Moving Platform. Naval Research Laboratory,

Washington, DC, June 1981,

Butterly, Peter J. Position Finding with Empirical Prior

Knowledge. IEEE Transactions on Aerospace and Electronic
Systems. Vol. AES-8, No. 2. March 1972.
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L Clark, B. L. A Comparative Evaluation of Several Bearings-

' Only Trackers. Naval Surface Weapons Center, Dahlgren, VA, o

1980, AD-BO514562. &

Y o
E Cooper, D. C. Statistical Analysis of Position-Fixing General bl
N Theory for Systems with Gaussian Errors. Proc. IEE, Vol.1ll9, ,

No.6. June 1972. gﬁ

\ Cooper, Leon and Steinberg, David. Introduction tc Methods E;
b
of Optimization. W. B. Saunders Company, Philadelphia,

London, Toronto. Eﬁ
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‘Daniels, H. E. The Thecry of Position Finding. The Journal Ej

4

of the Royal Stat. Soc., Series B, Vol. XIII, No.2. 1951.

pp.186. .
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g Demetry, James S. Estimation Algorithms tor Location of

" Stationary Radiation Sources by Bearing Measurements from .l

Moving Aircraft., Naval Postgraduate School, Monterey, CA,

April 1969. %\
!

Deutsch, R., Estimation Theory. FPrentice-Hall, New Jersey, -

d 1965. ®
! Standard book on location estimation, confidence ellipses, -
' and mathematical estimation arising especially in radar Qﬁ

problems. )
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N
$ Diaconis, Parsi and Efron, Bradley. Computer-Intensive

§ Methods in Statistics. Scientific American. May 1983. ;3

. uy
: Efron, Bradley. The Jackknife, the Bootstrap and Other o
- :'J"’
. Resamp.iing Plans. Society for Industrial and Applied v
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Felix, Robin. High Frequency Direction Finding: Errors, Fg
Algorithms, and Outboard. Naval Postgradute School, Monterey, ig
CA, October 1982. E%
3
Fletcher, R. and Powell, M. A Rapidly Convergent Descent {ﬂ

g

Method for Minimization. Computer Jourmnal, Vol. 6, 1963.
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pp. 163-168. S
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Foy, Wade H. Position-Location Solutions by Taylor-Series {%
!

Estimation. IEEE Transactions on Aerospace and Electronic

Systems Vol. AES-12, No.2. March 1976. ?ﬁ
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Gething, P. J. D. Correlation Effects on Direction-Finding

Probability Regions. Proc. IEE, Vol. 114, No. 2, Fehruary
1967.
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Gill, P.E. et al, Practical Optimizaticn. Stanford

University, Department of Operations Research, 1980.
A good practical guide to numerical optimizacion methods with

eRtwensive references.

Hodson, III, William T, FALCONFIX: A Multi-Model Approach to

Fix Computation. Department of Mathematical Sciences, United

States Air Force Academy, CO, June 1979.

Houston, R. S. Model Error and the Direction-Finder

Problem. IEEE Transactions on Aerospace and Electronic

Systems Vol. AES-16, No. 5. September 1980.
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Jannusch, Craig Michael Statistical Analysis of Three High

Frequency Direction Finding Algorithms with Bearing Selection

Based on Ionospheric Models. Naval Postgraduate School,
Monterey, CA, September 1981. AD-061906.

Jenkins, H. H. and Moss, R. W. An Error Reduction Technique

for Loop Direction. IEEE Transactions on Aerospace and

Electronic Systems. November 1969.

Jennings, A., Matrix Computation for Engineers and

Scientists. John Wiley and Sons, New York, 1977.

A solution-method criented reference book which is
comprehensive in scope. It contains brief program listings
in ALGOL and FORTRAN.

Jennrich, R. I. Asymptotic Properties of Non-Linear lLeast
quares Estimators. Annals of Math. Stat., Vol. 40. .

Sgquar
633-643. 1969.

Kolata, Gina. The Art of Learning from Experience. Science,
Vol. 225, p. 156~158. July 1984.

Mahapatra, Pravas R. Emitter Location Independent of

Svstematic Errors in Direction Finders. IEEE Transactions on

Aerospace and Electronic Systems. Vol.AES-16, No.é6.
November 1980.

Mardia, K. V., Kent, J. T., and Bibby, J. M. Multivariate
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Sydney, San Francisco. 1979.

Miller, Rupert G, The Jackknife--a Review. Biometrika
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A5 MILITARY SYSTEMS AVAILABLE DOCUMENTATION

e

Secret Document (JPL Log AA-001137) Intelligence-Electronic

[ gt

Warfare System Compendium (U), 30 September 1982, DOA-USAICS

is a reference for SIGINT systems.

ot

Secret Document (JPL Log AA-000254) ASAS SEWS/TCAC(D) ELINT
CORRELATION (FINAL) (U), dated 4 May 1981 is a reference for
ELINT systems.

Confidential document (JPL Log AA-000493) GUARDRAIL/QUICKLOOK
Operation (U), dated 6 June 1978, TC30-18. ﬁir

TRAILBLAZER (AN/TSQ-114) TM 32-5811-022-10-1, Technical a
Manual, Operators Manual. Listings - 4 volumes assembly b
language. 1
b
GUARDRAIL V (AN/TSQ-105,AN/USD-9) ESL-TM 928, Scftware
Technical Description, Volumes l1-16. Listings - 1 volume Eg
(FORTRAN).
5
QUICKLOOK II (AN/ALQ-133) Draft Manual - OPS VAN SOFTWARE.
Revision 3.20 (Spring, 1982) Changes Revision 3.21 (June iﬁ
1982) Revision 3.22 (September 1981). <A
QUICKLOOK 1I Operator Course, Student Handout, Descriptiou of i;
QUICKLOOK II System, File No. F452/HO1/AN/USM-393 Operating .
Programs, File No. F452/HO2. zg
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QUICKLOOK II Operator Course, Description of QUICKLOCOK II

System, File No. F452/HO1/AN/USM-393 Operating Programs, File
F452/H02.

Operator's Manual Receiving Set, Countermeasures, AN/ALQ-144.

Simulator Set, AN/USM-393. Test Set, Flight Line, AN/ALM-154,

Operator's Manual Receiving Set, Countermeasures, AN/ALQ-133,
Simulator Set, AN/USM-393 Test Set, Flight Liue, AN/ALM-154.

SAL Language Assembler Software Specification for the U420

Monitor-controller

Main~Line Applications Program, AN/USM-393. Operator Course,

F233-F8 (32 sets). Listings - 1 volume (comments only for

assembly language code)
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APPENDIX B
ERROR BUDGET

s o = o
XA

1.0 PURPOSE
The purpose of this appendix is to identify all of the various error "5

components, in the most general case, when determining lines of bearings.

These lines of bearing are used in subsequent fix estimations for emitters.

Lot

! 2.0 SCCPE

o

‘W.n, Aoy
PEAVL I L

-
r

o

The essential assumptions of this document are: the emitter is not

L I

moving at the time the line of bearing is measured; the sensor may be iu any

poesition, from earthbound to a moving satellite.

The type of errors considered may he classified into several cate-

i gories:
- (1) Sensor platform position and orientation errors. ",
- (2) Sensor attitude. %
3 )-‘
i (3) Antenna errors. t
" (4) Instrumentation errors. g
iy
(5) Time. Y.
W w
k"
Wl

The sensor platform postion and orientation errors may be referred

to as '"positional errors."

Pl )

? Errors due to propagation effects, site selection, varying aperture
»I- N . . 3

versus aspect effects, and operator errors are not considered in this document.
n Also, errors due to the choice of algorithms or numerical computations are not
N
N
W

considered.
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3.0 POSITIONAL ERRORS OF A PLATFORM

These error sources may be broadly classified into errors in the
frame of reference and errors in positio. measurement. The former include
errors which will be present regardless of a sensor platform's actual location
or measurement 'herecfi. These are largely the result of ervor or uncertainty
in establishing the frame of reference for exchange of position information.
Position measurement errors are those due to error or uncertainty in the
methods and equipment usea to determine platform location within the selected

frame of reference.

The geocentric coordinates and references are:

Latitude ] Phi
Longitude A Lambda
Altitude n

Orientaton of meridian plane (Direction of North)

These coordinates are best described by the diagram in Figure 1. The geo-
graphic latitude is measured positive from the equator toward the North Pole

in degrees. The geographic longitude is measured positive from the prime meri-
dian at Greeuwich toward the East in degrees. The altitude is measured from
the mean sea level (the gecid) in meters and is poritive in a direction away
trom the center of the earth. The physical sources of errors in these para-

meters will depend largely cn the source of the data used to determine them.

3.1 FRAME OF REFERENCE ERRCORS

Establishment of a frame of reference for exchange of position
information on the earth involves seven major processes, all of which may
introduce some error of uncertainty into any position reference within the

selected framework.
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3.1.1 Geodetic Errors

Two of the seven processes are the province of geodesy, and involve

measuring and representing the shape of the earth,

One process involves measurem=nt of the actual shape of the earth
independent of local variations in topography. this is typically most clogely
represented by mean sea level, i.e., sea level independent of variations due to
lunar tides, and local gravitational anomalies. The resulting gecmetric
figure, termed a geoid, becomes the basis for subsequent representations of the
earth's surface. This figure is subject to error and uncertainty due to the

measurement process and to changes in the actual shape of the earth over time,

The second process is the selection of a gecmetrical figure close to
the geoid in shape, but simpler from the standpoint of mathematical and geo-
metric manipulation, to be used as the basis of the mapping process in a given
part of the world. The figure is generally based on a very nearly spherical
ellipsoid which, because of its nearnmess to spherical siape, is often called a
spheroid. Differsut spheroids are in use for different parts of the world both
for historical reasons and because slightly differing ellipsoids best approx-
imate the geoid over different parts of the earth. Different spheroids are
typically defined by giving the radius at tue equator and the flattening. The
latter is defined as the difference between the radius at the equator and that
at the pole divided by the radius at the equator. Selection of a spheroid
introduces error as the selected figure is only an approximation to the geoid,
and may vary from the geoid irregularly over the portion of the earth being

mapped.
3.1.2 Geomagnetic Errors

Airburne platforms depend on a magnetic flux goniometer during
initialization of the inertial platform. Field soldiers and mobile units often
have to depend on magnetic compasses for determining bearings. Although this
is one of the oldest means of taking bearings, it can be very inaccurate. The

earth's magnetic field tends to align with the nearest magnetic pole. However,
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the magnetic poles are about three kilometers from the geographic poles.

Furthermore, the two poles, North and South, are not even symmetrically placed.
And to complicate this, there are local variations over all the earth's
surface. This angle that the compass makes with the grid lines of a military
map is called the "declination' of the compass. The magnetic lines of force
are not parallel to the earth's surface, except along the indefinite circle
called the magnetic equator. The angle the magnetic field makes with a

horizontal plane is called the dip angle or the magnetic inclination.

The declination at any one location does not remain the same year
after year and changes somewhat over long periods of time. Besides these
so-called secular changes, there are variations within the year and also small
changes of angle throughout the day. Large erratic variations occur during
"magnetic storms." These storms are often concurrent with the appearance of
sun-spots. Variations from storms are infrequent enough and the other varia-
tions are sufficiently slow that it is practical to publish maps of countries
and other large areas showing the magnetic declination. ©On these maps, points
of equal magnetic declination are connected by lines. Each wiggly line is
labeled with the amount and direction of the magnetic declination. These lines
are called isogonic lines. Tne isogonic line of zero magnetic declination is
indicated by a heavy line, and is called the agonic line. Maps of smaller area
indicate thie magnetic declination in their legend by an arrow pointing to the
magnetic north and labeled with the value of the magnetic declination in

degrees.

The National Space Technology Laboratory at the Naval Office in Bay
Saint Louis, Mississippi has a world mathematical model of the earth's magnetic
field. The model consists of an order 12 spherical harmonic series with time
varying coefficients to take care of secular changes. The model is considered
good for + 5 years. However, the model is incapable of describing anomalies
smaller than about 1,100 km, and has an inaccuracy of about 3,500 km. The
model is updated every five years from new satellite and aircraft survey data.
Local anomalies will normally deviate a few degrees of arc from the earth's
main field direction, but can deviate by tens of degrees in areas where the
mineral magnetite is abundant and in polar regions. For accurate orientation

using the earth's magnetic field, there is no good substitute for a local

survey.
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3.1.3 Cartographkic Errors

The remaining four processes introducing frame of reference errors

fall into the province of cartography, i.e., the recording, measurement, and

representation of geographic, topographic, and cultural features on the surface

of the earth.

The first of these processes involves selection of one or more
coordinate systems to be used to specify locations on the selected representa-
tion of a portion of the earth. In virtually all world reference systems, at
least one of the coordinate frames used will apply to the selected spheroid,
and the reference system used is in fact almost always the familiar geographic
(latitude-longitude) coordinate system. Errors arise in this process due to
errors in the measurements associated with selection of reference or registra-
tion points as bases of the coordinate system as well as in the measurement and
computation involved in extending the coordinate frame from the base points

through the area to be mapped.

The second process involves, in those cases where the tinal repre-
sentation will be planar, a projection of all or a portion of the selected
spheroid onto a plane according to some well defined set of mathematical and
geodetic conventions. This step will often be followed by another iteration
of the first step to select a reference system suitable for measurement and
computation in the Euclidean plane. Errors arise in this process due to the
distortion involved in the projection from the spheroid to the plane as well
as in any subsequent registration and extension of the associated planar

coordinate system.

The third process consists of the recording and measurement of
surface features within the selected coordinate system(s). The errors inherent
to this process include those associated with measurement of the features them-
selves, their relative locations, and their locations with respect to the

coordinate systems selected.
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The fourth process consists of the rendering of recorded features

and associated coordinate systems into one or more forms that can be inter-

preted by people with a modicum of training and experience. FErrors arige in
this process due to distortions and simplifications imposed by the scale and
resolution available in the final product, which ia turn are governed in part
by the current technology and in part by the limitations of the human percep-

tual system., A highway 10 meters in width, for example, if represented to

scale on a 1:250,000 map, would be 0.04 millimeters wide and all but invisible

to the naked eye.
3.2 POSITION MEASUREMENT ERRORS
3.2.1 Inertial Navigation

The four coordinates of position can be maintained by a suitably
designed inertial platform. There will be essentially four type of errors

with such systems:

(1) Errors in measurement and setting of initial position.

(2) Errors in platform measurement of inertial change.

(3) Errors in precision of computation of position from inertial
change

(4) Cumulative errors in position, i.e., drift.

The basic component of most modern inertial navigation systems is
the gyroscope. In addition to the familiar function of referencing direction
(gyro compass), gyruscopes may be designed to measure rotations, to seek the

local vertical, and to act as accelerometers.
3.2.2 Referenced Navigation

Referenced navigation systems are those that depend on beacons, or

repeaters of known position or velocity. These may be classified by the

geometry of the data processing:
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(1) Hyperbolic (Decca, lLoran, Omega, Satellite Aided Navigation.
(2) Circular (Sextant, Satellite Aided Navigation.
(3) Polar (TACAN).

The hyperbolic and the circular navigation systems are methods of
triangulation. However, the hyperbolic method deals exclusively with the sides
of the triangle, while the circular method deals with two sides and an angle.

The polar method gives both a range and azimuth from the reference station.

Decca is a low frequency (70-130 kHz) hyperbolic system that trian-
gulates by measuring the phase difference between signals from a master/slave
pair of reference stations. The master/slave separation is 60 to 120 n.m. The
useful range is about 240 n.m. over water. Loran A is medium frequency (2 MHz)
hyperbolic system that triangulates by measuring the time difference between
receipt of pulses from two stations. The range of Loran A is several hundred
miles over water, but much reduced over land. Loran C is a low frequency
(90-110 kHz) version of Loran A with considerably more range. OMEGA is a very
low frequency hyperbolic system that triangulates by comparing the phase of
signals from two beacons separated by a baseline of 5,000 to 6,000 miles. The

coverage is world wide and may be used by submersibles.

Satellite-aided navigation has the most diverse possibility for use
as a referenced system of navigation., The orbital 2lements and thus both the
position and velocity of the satellite are accurately known. By combining such
measurables as elevation angle, azimuth angle, ranges, difference in range,
range sum, or doppler shift, fixes may be obtained that fit any of the listed
categories in the first paragraph of this section. Methods that depend on
measurement of the elevation angle of one or more satellites determine small

circles on the earth's surface for fixes. Methods that determine distances

lead to hyperbolic conic lattices for fixing.

TACAN is a UHF radio navigation system which provides both distance
and pearing 1information of the aircraft relative to the selected ground beacon.
The antenna system is the key to measuring the aximuth. The antenna system has
a single, central element for transmission and reception. T.e parasitic

elements are mounted on two concentric cylinders which rotate at fifteen
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revolutions per second. The inner cylinder consists of a single parasitic
element which causes a single cardioid polar pattern rotating at 15 rps. The 24
outer cylinder has nine parasitic elements that superimpose nine lobs on the

cardioid pattern. This gives an amplitude modulated signal with two frequency e

modulations of 15 Hz and 135 Hz. The transponder further emits bearing refer- B
ence pulses as the peak of each lobe points East. When the lobe which coin- 5 E
cides with the peak of the cardioid points East, a special '"North' reference ﬁj
pulse code is transmitted. The airborne equipment measures the phase relation- )
ship of ths maximum signal amplitude relative to the North reference pulses in E?
order to determine the bearing of the aircraft relative to the beacon. The
accuracy of the azimuth is in the order of magnitude of two degrees. The ?E g
distance measuring part of TACAN equipment is like radar except that the return ~ B
signal comes from a beacon used to produce strong artificial echoes. The §1
beacon will respond to numerous simultaneous interrogations. To make this pos- s

: sible, the pulse repetition rate of the airborne transmitter is cause to jitter w

) in a random manner. The receiver is allowed to recognize only those pulses ﬁi

received that follow the same jitter pattern and ignore all other. The slant

-
. . . . .. =l
range is determined to roughly 0.25 nautical miles under most conditions. ]

3.2.3 Doppler Navigation

Airborne Doppler is a SHF (micro-wave) system of navigation using

L T

the terrain or water below as a reference. Depending on the particular doppler
gystem used, some or a2ll of the following data can be made available to the "

crew: v,

(1) Component velocities and distances run, along, across, and Y
perpendicular to the aircraft axes.

(2) Ground speed.

(3) Drift angle.

(4) Angle of attack. l

T e ¢ HE & v s - » st 1 B

[+ (5) Height above terrain.
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If True Air Speed, Pitch, and Heading Angles are available from
such sources as an inertial system, then the following secondary data may be

obtained.

(1) Wind speed and direction.
(2) Climb angle.
(3) Track angle.

The Doppler systems may have various configurations of antenna beams
directed at different angles toward the earth. A two beam system may be used
to measure ground speed and drift. A three beam system is basically sufficient
to extract all three velocity components, but a four beam symmetrical arrange-
ment is often used.

4.0 ATTITUDE ERRORS

4.1 ATTITUDE COORDINATES

The three attitude coordiunaces are:

Roll Angle a alpha
Pitch Angle 8 beta
Yaw Angle Y gamma

Figure 2 serves to define each of these angles. These are the
standard Euler angles as defined by a "right hand” rule. However, it should
be noted that the sign of these angles vary considerably throughout published
literature. See Korn and Korn, reference 2, section 14.10-6, for a discussion
of this coordinate system and the diverse choice of signs. In some aireborne
systems these positional coordinates are limited by preset stops which may

introduce non-linear errors.

1 < MATNEOY amMT A nr TRl AMMYIMITNAT AVM BACTTTALAT MANATIMTAIATT O
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With a cursory examination of these six coordinates, it is apparent

that errors in three of them will produce the larger errors. An error in yaw




angle alone will produce a divergence of the azimuth angle of bearing. This
azimuth error will always be quite close in magnitude, but opposite in sign, to
the Yaw error. Errors in longitude and latitude will produce an error in the
position of the line of bearing & a function of the azimuth angle, but this
does not effect the azimuth angle. If the azimuth angle is in the vicinity of
zero or 180 degrees, an error of longitude will be reflected directly, and of
nearly the same value, in the longitude of the fix estimations. At azimuth
angles of 90 and 270 degrees, the line of bearing and consequently the fixes
are unaffected by errors in longitude. The effects of errors in latitude are

analogous in their effect but displaced by 90 degrees.

It is not so obvious that an error in the three remaining coor-
dinates (altitude, roll, and pitch) should have any effect on the line of
bearing. Indeed an error in altitude alone should only change the slant range
and have no effect on the line of bearing. However, when coupled wih errors in
roll and pitch, there is a definite mathematical relation or coupling. The
significance of an error in altitude remains to be evaluated. Errors in roll
and pitch (which have less effect on the error of the fix estimate than yaw,
longitude, and latitude) directly cause errors in azimuth angle on the line of

bearing.

5.0 ANTENNA ERRORS

Orientation with respect to the platform.
Difference between the mechanical axis and RF axis.

Beam width.

These first two antenna errors are directly related to the platform
attitude coordinate errors. In fact the orientation of the antenna with
respect to the platform and the difference between the mechanical axis and the
RF axis are best described by Euler angles. If the axis defining these coor-

dinates are chosen originally in coincidence, first order approximations will

serve ta congiderably simplify the maze of trigonometric functions relati
these angles. These three Euler angles can be identified as pitch, roll, and
yaw. For small errors in these angles, the errors may be simply added to the
corresponding platform angles. It should be noted at this point that the RF

boresight error is a function of the radio frequency.
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Y Beam width is always a function of the anvenna geometry and fre-
B quency. A phased antenna system's beam width will vary considerably with
a change in aspect angle.
i
Eﬂ 6.0 INSTRUMENTATION ERRORS
g Bias (Systematic errors).
Noise (Random errors).
RS |
) Bias errors, for example, are systematic errors such as boresite
g{ errors, parallax ecrors in instrument readings, and bezel errors. Bias errors
- are usually minimized by calibraticn procedures.
9 Noise errors are due to random phenomenon such as receiver noise.
. This noise normally produces randcm errors in bearings by increasing the region
xﬁ of uncertainty when determining the minima of a signal or the change in sign
from the phase of a signal. There are many techniques of minimizing the
effects of noise, depending on the source and nature of the noise (see Refer-~

ence 5). In high frequency receivers, the receiver's 'front end" is a high
source of thermal noise, so the high gain required is usually obtained after
heterodyning to a lower frequency or after further detection at the '"rear end."
Commonly, the band pass of filtering is reduced to the minimum that will not

deteriorate the informatio- content. The effect of impulse noise, such as

E
%
g
%

noise emanating from electrical ignitions, can be minimized by amplitude

clipping just above the signal level.

7.0 ERROR TABULATION

The sensor positional error is equally important in fixing, mobile,
or airborne sensors. The attitude errors are most impcortant in airborne
sensors. The sensor geometric error refers to such errors as the difference
between the geometric and RF axis of a direction-finding antenna, or even an

optical tracker. Range is included with the geometric sensor errors for con-

venience only.

vy Y AR W gt o g BT ey Ny N L LT R A R R T R (g i o



The specifications and tolerances will always include the units.

The exact meaning of the specification and tolerance columns will depend on

the instrument involved.
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TABULATION OF ERROR BUDGET

SYSTEM

COMPONENT

A/N NUMBER

MODEL

CLASSIFICATION

SPECS

TOLER

1. Sensor Positionai Errors

a. Longitude

b. Latitude

c. Altitude

d. Position (linear discance)

2. Sensor Attitude Errors

a. Reference meridian (North)

b. Roil

C. Pitch L
d. Yaw

e. Rates (TBD)

3. Sensor Geometric Errors

a Azimuth

b. Elevation

C. Range

4, Instrument errors

a. Bias (systematic or secular errors)
b. Noise random errors

References:

NOTES:
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Gegcentric Positional Coordinates

Figure 1.
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Attitude of the P1

Figure 2.
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The Geoid and Latitude

Figure 3.
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TABULATION OF ERROR BUDGET

SYSTEM
COMPONENT
A/N NUMBER
MODEL
CLASSIFICATION SPECS TOLER
1. Sensor Positional Errors
a. Longitude
b. Latitude
Ce Altitude
d. Position (linear distance)
2. Sensor Attitude Errors
a. Reference meridian (North)
b. Roll
C. Pitch
d. Yaw
e. Rates (TED)
3. Sensor Geometric Errors
a. Azimuth
b. Elevation
c. Range
4, Instrument errors
a. Bias (systematic or secular errors)
b. Noise random errors

References:

NOTIES:
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~ ALGORITHMS IN STANDARD FORM
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PROGRAM TRAILBLAZER(INPUT,QUTPUT, TRAILIN, TRAILOUT);
IR0 0000 0 I JHHE I 30U I I NI I 26 630 3630 0 63 I 30963 J Kb 3 I3 T3S0 S d 33 333

(»

TG

This program/algorithm has been tailored specifically For.opgratxon
with the LOB data produced by a ground-based DF NET, consxstxng'of &
small fixed number of DF stations, whose locations remain invarxapt
during the data collection process. The distinctive feature of this
algorithm is its capacity to resolve reliably, multiple targets
while at the same time avoiding GHUSTS, i.e. false targets arising
from coincidental intersections of unrelated LOBS.

Original program written in "ROLM ASSEMBLEY LANGUAGE".
Translated into PASCAL by Nick Covella, JUNE 1984.

CONST
Shapefactor = 3;
Pie = 3. 14159;
Radian = 180;
Max = 101%; -
Min = Q. 6;
Eigma = 8;
TVPE
Stations = RECORD
Xcoord : REAL; (# X-Location of any station. )
-Ycoord : REAL; (* Y-Location of any statiocn. #)
Theta : REAL:; (% Angle inputted from the
user. =)
Alpha : REAL; (# Calculated angle from input
to TRUE NORTH *)
MissAngle : REAL; (% Difference between the Alpha angls
and the recalculated angle aftsr
an intersecticon has been found. =;
Semimajor : REAL; (%* in kilometers #)
Semiminor : REAL; (% in kilometers #)
Distance : REAL; (% approx. distance from the staionrs
to the object being "fixed"”. %)
Reflob : BOOLEAN; (# indicates that an LOB has
been attempted by the staticr.

Flag : BOOLEAN: (% indicates that an intersection
for this station has been
calculated. #)

Orgin : INTEGER: (# indicator for station

manipulation #)
END;
Data = RECORD

Xintercept : REAL;

Yintercept . REAL;

Support D=4 REAL;

SupportFlag : ARRAYL!. . 3] OF BOOLEAN;

SuplountFlag . INTEGER:
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v Flag : BOOLEAN;
at
END:
i Intlotype = ARRAYL1l.. 51 OF INTEGER: (#» Data structure that will

keep track of the number
v of LOB‘s for the station
[ being accessed. #)
L"‘

Lobtype = ARRAY{1.. 51 OF Stations;

23 VT = ARRAY[1..9,1..95] OF Data; (* Table for the intersectians
o of the lobs in each bin. )
x VAR
\.-'
= MissedAngle T REAL;

AStation . INTEGER:
B BinNumber . INTEGER;
- Index : INTEGER:

intlasubscript © INTEGER;
N IntPass : INTEGER;
E Nma x : INTEGER;

Nother . INTEGER:
.- Ns ame : INTEGER;
w  Col - INTEGER:
““  StaNumb © INTEGER;
- row . INTEGER:
T TrailOut . TEXT,

Trailln D TEXTS

Intla  Intlotype:
P Lob . Lobtuype:
= 1D : Stations;
© Table © TVTS

L:(********************************************************%%**%**%%**%*#*%*fé?4

PROCEDURE CLEAR(VAR Lobrec . Laobtype;
& VAR IntloavrTasy 0 Intlotypes

‘- VAR Tabletype : TVYT);
(46550 3 S0 JE I 39 S B2t 4E 30N 6 3 HE I HE I S I N b HIE I I I T W S T B R R R RS b
7 i®* This subraoutine clears all of the data structures and prepares them

&, for ei1ther the first pass or any other subsequent passes.
- ﬁ"
o VAR
] . INTEGER;
.. BinNumber : INTEGER;
o AStation © INTEGER;
.

Intlosubscript © INTEGER;

V. BEGIN
a
WRITELNCS Entering CLEAR");
> 1 .= Q;
“
i FOP BinNumber = 1 TOQ % DO (# initialize the variables of the bine of
r_ each station. *)
1 _
e BEGIMN D-5




Lobrec{BiniNumberl. Xcoord = 00. 000:
Lobrec(BinNumberl. Ycoord .= 00. 000:;
Lobrec(BinNumberl. Theta = 00. QQ0:;
Lobrec[BinNumberl. Alpha = 00. 000,
tobrec[BinNumberl. MissAngle := 00. 000;
LobrecBinNumberl. Semimajor := 00. 000;
Lobrec[BinNumberl. Semiminar := QQ. QCO;
Lobrec{BinNumber]. Distance := 00. Q00;
lLobrecIBinNumberl. Reflob := FALSE;
Lobrec(BinNumberl. Flag := FALSE,
LobrecCBinNMumberl. Orgin = 0;
END;
FOR BinMumber := 1 TO 5 DQ
BEGIN
I =1 + 1,
FOR AaStation := 1 TO S DO (% initialize the
BEGIN
TabletypelBinNumber,. AStationl. Xintercept
TabletypelBinNumber.AStationl. Yintercept
TahletypelBinNumher. AStationl. Support
TabletypelBinNumber,AStationl. SupCountFlag
Tabletypel{BinNumber,AStationl. SupportFlagllI]
TabletypelBinNumber,AStationl. Flag
END;
SND;

FOR Intlosubscript =

IntloarraylIintiosubscriptl = 0; (# initialized to
WRITELN( Leaving CLEAR');
END: (% PROCEDURE "CLEAR" %)

W nnamn

1 TO 5 DO (* intersection LOB array
-1

truth—tahle of

00. QQ0;
GG . 2CC;
00 . 0Q0;
Qi
FALSE:
FALSE:
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PROZTEDURE INELL IPSE(VAR Xefix REAL;
VAR Yefix REAL; r
VAR Answer BOOLEAN: t{

Table TVT )

{4t 35 A0 3090 35 35 4 3 5 303 3 3024 30 3 330 H 3 HN I R 3 HE A 3 I 3 e I I Wk I AP e W it 3 SR I S e e R S
(s S

This procedure will insure that a fix estimate doesn’t duplictate o
the last or any previous fix. INELLIPSE returns true in the boolean
variable Answer 1+ the #1x estimate 15 1N the ellipse determined Dy 2
the previous fixes. i
oy
VAR e
Valuel, ValueiSgr, Valvue2, Value2Sqr REAL;
Tempadd, Tempcos, Tempsin REAL, =
Sum D-6 REAL, w
T [ T d -




ﬁ. Semiminoraxis ;. REAL;
R Semima joraxis . REAL;
EBEGIN

WRITELNC’ Entering INELLIPSE ).

v.. (®* get x and y coordinates of the center of the ellipse %)
{(# get the cosine of the ellipse #)

Tempcos = COS((Yefix #* Pie) / Radian)i;
_ Tempsin = SIN((Xefix % Pie) / Radian);
> Tempadd = Tempcos + Tempsini :
Semima jaraxis = Tempcos + Tempsin; (# JUST FOR ARGUEMENT #*)
. Valuet = Tempadd / Semimajoraxis;
e ValuelSqr = Valuel % Valuel

T=mpcoes
Tamps:n

COS((Xefix = Pie) / Radian),
SIN({(Yefix # Pie) / Radian);:

([l

A Tampadd := Tempcos - Tempsin;
*  Semiminoraxis .= Tempcos + Tempsin; (# JUST FOR ARGUEMENT #;
Vaiue2 = Tempadd / Semiminoraxis;
:{ value2s8qr = Value2 #* Valuez;
& Sum = ValvuelSqr + Value2Sqr;
IF Sum > 2 THEN
o answer : = TRUE (% indicating that the estimate was probably different
g} from any cther estimate #)
ELSE
) Answer = (A&LSE, (% indicating that the estimate aslready sxists. =
E WRITELNC(' Leaving IMELLIPSE‘);

«TEND; (# PROCEDURE “INELLIPSE" #)

S (S AR MR A A SR AT T3S U T ST J I IS IR A K B AR AR B R S e
 PROCEDURE MSCAN(VAR Lobrec : Lobtype):

{ TR Lh SE 3T 3 9 IR 1t 55 3E 3 SEITE T AR T T T2 S I S FETE S 3 03 F I 6 T ST R T R R
)

This procedure searches all LOBS in the local catabase. 1if the

o LOES have been marked indicatina that they have been used for a
) particular fi1x then they will be unmarked by this procedure.

)
":i‘ T

BinNumber . INTEGER:;

W BEGIN
“ WRITELNC” Entering MSCAN’);
| FOP BinNumber = 1 TO S DO (% check each DINSET to see which have been
. marked. Unmark those that have been markag
N
b IF LobrecfBiniNumberl Flag = TRUE THEN
LobreclBinNumberl Flag : = FALSE;
%: WRITELNY Leaving MSCAN'J;

END: (¢ PROCEDUKRE "MSCAN'" #)

D=7
¢ bt f R g A b <Ok o B4 AR EOR T N T A DR S SE 3 R R 3 S IR S R R I e
FROCEDURE SCNEG Comu i  _INTEGER,
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Reflob
VAR Leobrec

INTEGER;
Labyype):
{2 45 36 S 3 B 2 0 S £ 6 I A 3 T I N A M I I T3 3 M RN T RN 33 R

(#
This procedure accumlates counts of marked LOBS for ench station in
the counter NOTHER and NSAME. "“SCNDB" is called by “FPOT" to per-
form missangle variance on a station basis.
#*)
VAR
SumVvariance : REAL:
SumPotencial ;. REAL:
Templ, Temp2. Temp3 . REAL.
Exp © REAL:
Fotential : REAL.
EinNumber ;. INTEGER;
Sigma, Shapefactor : INTEGER; (% constants given in the progeam *)
XY . INTEGER: (% Substitute variables for the parametaers
passed to this subroutine. =)
Scancntr . INTEGER: (# counter of marked LOBS =)
BEGIN
WRITELNC Entering SCNDB ‘);
X = Compcnt,
Y .= Reflob;
SumVariance = {O:
SumPotential = 0O;
NMother = O;
Nsame = 0O;
IF X = 1 THEN
Scancntr = Nother;
For BinNumber = 1 TO 5 DO
IF Lobrec(BinNumberl Reflob = FALSE THEN
BEGIN
LobreciBinNumber]l. Flag := FALSE;
Scancntr = Nsame.
Nother = 1;
END,
LobreciBinNumberl. Reflob : = TRUE;

WHILE LabreclBinNumberl Flag <> TRUE DO

IF X = 1 THEN
Scancntr = Scancntr + 1
IF ((Scancntr = 0) OR (X =
MissedAngle = Scancntr
If MissedAngle = O THEN
MissedAngle = -
1F MissedAngle > Pie THEN

BEGIN

1

oY)
X

THEN
(# LOG -~ reflob %),

(IMissedAngle);
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MissedAngle := (Q % Pie) - MissedAngle;

Sigma = 8;

Shapefactor := J3;

Templ = Sigma # Shapefactor:

Temp2 := MissedAngle / Templ:

Exp = ((SQR(Temp2)) / 2):

Temp3 = (((Exp ®» Exp)/2) + ((Exp * Exp # Exp)/6) + Exp + 1)
Potential := 1/Temp3;

SumPotential : = Sumpotential + Potential;

SumVariance : = SumVariance + ((SGR(MissedAngle) # Potential)};

END:
END;
IF Nother = 0 THEN
Scancntr := Nother
ELSE

Scancntr = Nsame;

WRITELNC" Leaving SCANDB’);
D; (# PROCEDURE "SCANDB" #)

Tk A0 IR I 32 825336 B IR I I I T I I I 369 W I I I 66 I I 36 363 3 6030 PR LIS RH L S RBH RS

OCEDURE XPREP! StIlIdent : Lobtype;
I : INTEGER:
Intx : REAL;
Inty : REAL;

VAR Computed : BOOLEAN):;
L T T g T T N T

This procedure computes the LOB angle of the Intersection and
returns the coordinates of the proper location in the variables
Intx and Inty.

“R
2i1stanceX . REAL:
ListanceyY REAL;
TotalDist : REAL;
ZIN
WRITELNC(" Entering XPREP’);
DistanceX '= Stldentl(l] Xcoord - Intx;
Distancey = Stldent(I] Ycoord - Inty,
TotalDist = SQRT((SGR(DistanceX)) + (SAGR(DistanceY)));
[F (TotalDist ~ Min) THEN
BEGIN
WRITELN:Tra110ut). D-9
WP ITELMN!T-3110ut, ‘The distance from Station #’,StldentCI] Orgin i. © is %:

WRITELN(TrA110ut, ‘close to obtain a proper intersection. ’);

I s Cm MR T
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\;
¥
13 i
i S
) WRITELN(Tra110ut);
Intx := Q0. COO; Y
* Inty : = 0O. COO;
Computed : = FALSE, Y
! END;
+ K
IF (TotalDist > Max) THEN RS
. BEGIN
WRITELN(TrailOut); o
N WRITELN{TrailDut, ‘The distance from Staticn #%',StIldentlIl Orginm:i- " 15 -
WRITELN(TraslOut, 'far to obtain a proper intersectian. ') -
N WRITELN(TrailOut); tb
" Inty = 00. 000; ~
H Inty = 0G0 000: _
. Computed : = FALSE; [y
RS i
;I‘, END;
- . wd
é WRITELMC / Leaving XPREP’); B
'jf END; (% PROCEDURE "XPREP" +#) "
o) o
:-:;\ ( ¥ 3% 3446 40 35 030 3 3¢ D30 4F 36463640 T390 30 000 36 30 4030 5F 26 33 3F I JE3b b T FEIEIE 30 T80 T 30 b £e 9 Fe e 3 SR H A R PR R A e B .
\x PROCEDURE XCUMP < I © INTEGER:
__‘_2 o : INTEGER: gl
Xdist : REAL;
v Ydist : REAL;
f Stldent : Lobtype: <y
o VAR Intx . REAL; S
. VAR Inty . REAL; -
"o VAR Computad : BOOLEAN);
h‘ { A A B 230 T T S T 300 B 6T I3 06 0 263060 2 IR I B I U R R R A AR At L
F;_‘ {%« Thig proncedure i3 called twice by "XSEC", once for each of the two £
ﬁ»" stations involved in the computation of their LOB intersection. If
the i1ntereection ig neyative then no intercection ic computed. Ry
-'._: r:l
‘ NDTE: The parameters of I and J contain the staion number of the %two i
i stations whose intersection is to be computed. .
i"- #* ) . ."?.
:-:: VAR
o L.
D Cx, Dy : REAL; (» Temporary variable for D1 and D2. ) S
_5“ Cosinel, Sinel : PEAL;
;"n" Cosined, Sined @ REAL; o
2, TempDist . REAL; o
! .
Jj €
A.J'V BEGIN
8 | |
ﬁ WRITELMC( Entering XCOMF ") =
)a
:; Dx = Xdist, -_:'
2 Dy = Ydist; ::,-
e 7
;": IF (StldentlIl Alpha = StldentiJ]l Alpha) THEM .
- Fa
i; BEGIN D-10 it




£

L)

" Intx := O0. 000;

o Inty = GO. QQO;
Computed : = FALSE;

WRITELN{(TrailOut);
WRITE(TrailOut, ‘Station #‘,S¢tIdentlI] Orgin:1l, ‘' and Station #7};
WRITE(TrailOut,Stldent(J]. Orgin:1, * have the same initial LOB ")
WRITELN(TrailOut),

ﬁ WRITELN(TrailOut, ‘trajectory. .No intersection possible. ‘),
- WRITELN(TrailOut)i
L END
ELSE
r
s BEGIN
~ Cosinel CO0S{(i{StldentlIl. Theta) * Pie) / Radianl;

i u051neJ COS(({StidentlJ]l. Theta) * Pie) / Radiany,
- Sinel := SIN(((Stlident[Il Theta) # Pie) / Radiani:
SineJ = SIN{((StIdentlJ]l. Theta) * Pie) / Radianj;
Lx Xdist := (( Dx * CosineJ ) — ( Dy # SineJ ));
ae Xdist = Xdist/SIN(((StldentlJ]. Theta - StldentlI]. Theta) * Pie; / wadis=r
Ydist := (( Dx % Cosinel ) - ( Dy * Sinel ));
R Ydist = Ydist/SIM(((StldentlJ]. Theta — Stldent(Il. Theta) % Pie) / Radis
4 fomputed c= True;
END;

—y

"\

IF (Computed = TRUE) THEN

h
3’ BEGIN
L

Intx

StIdentlIl Xconrd + (Xdist # SIM({((StIdentlll. Theta’
#* Pie) / Radian)i);

Inty := StlIdentlI] Ycoovrd + (Xdist % COS((((StldentlIl. Theta)
# Pie) / Radian))}i

Computed ;= TRUE;
:;; END;
L IF ((ABS((Stident{ 11 Alpha) - (5tIdentCJ]. Alpha)) <= 0.6 AND
(it (Computed = TRUE)) THEN
) BEGIN
b
ta WRITELN(TrailOut),

WRITE(Tra1l0ut, ‘The difference between the angles of Station #°
o WRITE(TrailOut,Stident[I]. Orgin:1, * and Station #’',StldentfJ]. Drgln 13
o NRITELN(TrallOut;.

WRITELMN(TrailOu%, 'is too small to ob%tain a proper intersection. ‘).
) NRITELN(TraxlDut.’Statxon #/,StldentlIl Orgin:1l,’ and Station #’', Stlident’
t; WRITELN(TrailDut., ‘are not participating in the test data’),
s WRITELN(TrailOut);

Intx := 00 Q00
’ Inty - = 00. COO;
i Camputed : = FALSE.
il

ERD:

fn 1)]1
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BEGIN

XPREP(StIdent, Stldentl{I] Orgin, Intx, Inty, Computed);
XPREP(Stldent, StIdentlJ]. Orgin, Intx, Inty, Computed);

END; -
‘-L-
WRITELNC( ' Leaving XCOMP ‘)i he
END:  (# PROCEDURE XCOMFP ) e ]
g
o,
(S S0 3 SRR R N R T I R SR H R I R R I R REH SRR R AR pF T 3
FROCECURE ILOBS(VAR AllStat Lobtype; (% LUB‘s back to remaining statizns g;
which have inputted data i1nts *
the database. =)
Stident Laobtype; !?
Intx REAL, (#* possibly a VAR #) o
Inty REAL: (% possibly a VAR #)
StaNumb INTEGER: o
VAR Table TVT) b

&

%

)

N
[ Y v ¥

——

=1

(WA 3 T2 36 SEH A6 T ST 359 T IE T TE0 S I 0TI 3 35363 HOT I S P 36054 JHo AT 36 36 S TR S 3t e
(# This procedure completes the intersection file called "INTLOM™. ]
Reported LOBS are flagged and stored in “INTLO" as indexed by ftne =

repective station numbers. b

<)

AngleTheta REAL; (# Angle formed by the fixed point back to eah .
station. #) o
DistX REAL; (# distance between the fixed x—-coord and the b
x-coord of the stations’ popsition. #)
Disty REAL, (# distance between the fixed y~coord and the ?é
y—coord of the stations’ position. *#) =
Temp4d REAL.;
Tempd REAL; o
I, J» K, N INTEGER; {
A, B INTEGER; -~
SupportCount INTEGER;
NewData Lobtype, H
BEGIN
WRITELN( " Entering ILOBS’); L
N o= 1, -
DistX = 00.000; jw
DistY := Q0. 000; o
K := StaNumb,
b
FOR J = 1 TO StaNumb DO &
IF ((StldentlJ]. Reflob = TRUE) AND (StldentlJ] Flag = TRUE)) THEN W
BEGIN »
MewDatalNl. Orgin .= StIde.tl{Jl Orgir; B
N =N + 1 b=12 'r;




>
x

!
R

i

e |

NewDatalK]l Orgin =
K = K = 1;

END;

N
K

1
StaNumb;

WRITELN({TrailQut),
WRITELN(Traillut);
WRITELN(Traillut).

WRITELN(TrailDut, 'The two stations

WRITELN(Traillut,
WRITELN(Traillut, ’
WRITELN(Traillut, *
WRITELN(TrailQut),
WRITELN(Trailaut,

WRITELN(TrailOut, ‘LUB"s to:

NP ERYTAIITTF ' T AT ' FT AT T T T IIT I T IT T HW W LSTETERW Y .

WMERBFFRUICNLAFITF "R Fty\FV"FIs "N ¥ "W "NNYF "W

StlIdentlJl. Ovrgini

participating in the intersectiorn ",

‘calculations are: iy

Station #’, NewDataINI. Orgin: 1),
Station #‘,MewDatalN + 11 . Crgin: 1),

‘The feilowing information determines the back ‘),

)i

- R ETETE T

A

A .= NewDatalN1. Orgin;
B ;= NewDatalM + 11 0Orgin;
A .= NewbDatalAl . Orgini
B = NewDatalB1l Orgin;
CASE StaNumb OF
2 : WRITELN(TrailOut,’ No other staticn’)i
3 : WRITELN(TraillOut, ’ Station #’, NewDatalKl Orgin: 1)
4 : BEGIN
WRITELN(TrailOut, * Station #’,NewDatalKl QOrgin: 1
WRITELN{(TrailOut, ’ Station #‘,NewDatalKk — 13.CGrgin
END
S : BEGIN
WRITELM(TrailOut, * Station #’,NewDatalKI. Orgain: 1.
WRITELN(TrailOut, ’ Station #’,NewbDatalK — 11 Orginr
WRITELN(TrailOut, ’ Station #’,NewDatalKk = 23. CGrgin
END;
ENL;
WRITELN(Trarl0ut),
WRITELN(Trai1l0ut, "——— -~ e e e e e e e e ),
WRITELN(TTAil0Ut, © e e o e o e e e e e e e e “y;
WRITELM: Tra1lilut, '—=———r—————— - Beginning Of Inputted Data————mwc—————e=");
WRITE(Tray)1l0ut, '~—~—=— e For Intersecting Station"s ‘,NewDatalNJ] Orgin:1,
WRITE(Trail0ut, NewDatalN + 11 Orgin: 1, "————————— ‘)i

WRITELN(Trailut), D~-13




WRITELN(TrailOut, * - - e == ),
WRITELN(TrailDut, ' ==—=- e e e STR v
WRITELN(TrailQut);
WRITELN(TrailDut); D
VRITE(TrailOut, "Intersecting coordinates faor Station # ', NewDatalNl. Orgin. 1 m
WRITE(TrailOut, * and Station #‘,NewDatalN + 11 .0Orgin:il.,  1s:);
WRITELN{TrailOut); B
WRITELN(TrailOut): o
" WRITELN(TrailOut, (L, Intx:6:3) Y A Inty: &3 )Y L.
! WR ITELN(TrailOut);
t SupportCount .= O; 0o
K FOR J := 1 TO StaNumb DO :
U IF {(StIdentlJl. Reflab = TRUE) AND (StlidentlJl.Flag = FALSE) ) THEN &
- .
| BEGIN
g AllStat{Jl Flag := StldentfJl.Flag; g
N WRITELN(TrailOut);
N WRITELN(TrailOut, ‘X—caoordinate ‘,Stldent{Jl. Xcoard:&6:3 7 of Statiaon # «
. StIdentCJl. Orgin:1); ‘s
; WRITELM(TrailOut, ‘loaded into the system. ‘); -

WRITELN(Traillut); .

AllStatiJl. Xcoard := StlderntlJl. Xcoord; gg

WRITELN(TrailOut, ‘Y-roordinate ‘,StldentlJl. Ycoord: &:3, 7 of Stazicn = K
StIdent[J]. Orgin:1); -

WRITELN{Trzi10ut, ‘loaded into the system. ’}, £
WRITELN(TrailOut}; |
AllStatlJl. Ycoord = StldentlJ]l. Ycoord;

DistX := (Intx — AllStatlJl. Xcoord): (3 could be ABS *)

DistY = (Inty — AlLlStatlJl. Ycoord);i (% could be ABS =)

LR WP

A

IF DistY = 00. 000 THEN

BEGIN L%
WRITELN(TrailOut); o
WRITELN(TrailOut, ’ This station can not exist at the location’:!: §
WRITELN(TrailOut, * af ( *,DistX:6:3, » /s, DistY:6:3) ') ") b
WRITELN(Tra1lOut);
s
) END ¥5
5 ELSE Ty
Y
W
BEGIN "
IF ((DistY < Q0. 000) AND (DistX < 00.000)) THEN A
Y

BEGIN f
AngleTheta . = ARCTAN{DistX/Dist¥Y) » 180/Pie, o
AngleTheta : = AngleTheta + 180, 000; [
IF AngleTheta < 00 000 THEN ¢
AngleTheta = 360. Q00 + AngleTheta; [
L

END

Lol
ELSE b-14 ~
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al WRITELM(Trazl0ut ), D--].5 :

IF ((DistY < 00 000) AND (DistX > 00.000)) THEN

BEGIN
DistY := 00. Q000 — DistY:
AngleTheta := ARCTAN(DistX/DistyY) # 180/Pie
END
ELSE
BEGIN

AngleTheta := ARCTAN(DistX/DistyY) % 180/Fie:
END;

WRITELN(TrailOuti;
WRITELN(TrailOut, ‘The exact computed LOB angle is = ", AngleThesa. -
WRITEILN(TrailOut):
Temp4 .= ABS(StlIdent(J]l. Theta — AngleTheta);
Stldentl[J]l MissAngle = Temp4d;
AllStatlJl. MissAngle = Stldent{Jl. MissAngle;
IF (Temp4 >= 360.0) THEN

Tempsd = Tempd - 360. O
IF (Temp4 <= (3 #* Sigma)) THEN

BEGIN

Tempd .= Tempd * Temp4:

TablelA, B]. Support := TempS + Table[A,Bl Support;
TablelB. Al. Support := TempS + TablelB.A). Support;
Table(A, Bl SupportFlagiStidentlJl Orginl := TRUE;
Tablel(B, Al SupportFlagliStidentlJl.Orainl = TRUE,
SupportCount := SupportCount + 1,
TablelA, Bl SupCountFlag := SupportCount;

END

ELSE

BEGIN

TablelA, Bl SupportFlaglStldentlJ]. Orginl := FALSE;

TablelB, Al SupportFlaglStlidentfJ1. Orginl:= FALSE;
WRITE(TrailOut, ‘Station #',StldentlJ]) Orgin: 1, ""s exact LGB ),
WRITE(TrailOut, * is greater than 3 sigma. ')
WRITELN(TTaillut);

END;

WRITELN(TrailOut)i

WRITELN(TrailQut, '‘Di fference between the back LOB angle and the’ .
WRITE(Trailout, “actual angle for Station #', StldentiJ1 Orgin: 13,
WRITE(TrailDut, © = ', Tempd 6&:3, . ‘)i

WRITELN(Tra:1l0ut);
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END;
END

ELSE
IF ((StIldentCfJl.Reflob = TRUE) AND (StldentlJl. Flag = TRUE)) THEN

BEGIN
AllStat(J]. Xcoord := Stldent[J]. Xcoord; .
AllStatlJ]. Ycoord = StIdent(J]. Ycoord;
AllStatlJ]. Alpha = StIdentlJ]. Alpha;
AllStatlJ]l. Theta = StldentlJ]. Theta;
AllStatlJ]. Reflob = StIdent{J]. Reflob:
AllStati{J]l. Flag := StIdent{J]. Flag;
AllStatlJl. MissAngle : = StIdent[JI. MissAngle:;
AllStatfJl. Orgin 1= Stldent(Jl. Orgin;
END
ELSE ~
BEGIN
AllStatlJ]. Xcoord = 00. 000
AllStatCJ]. Ycoord .= 00. 000;
AllStatlJ]. Alpha = 00. 000;
AllStatfJl. Theta := 00. 000
AllStatlJl. Reflab = FALSE;
AllStatlJl. Flag : = FALSE;
AllStatlJl. MissAngle : = 00. 000;
AllStatfJl. Orgin = StIdentlJl. Orgin;
END;
WRITELN(TrailOut, ——————1
WRITELN(TrailGut, ’ End Df Inputted Data - -y
WRITE(TrailOQut, '———m————— Far Intersecting Station”s ’,NewDatalNl Orgin:i, -
WRITE(TrailOut, NewDatatN + 13. 0Orgin: 1, '—=—=c—===’);
WRITELN(TrailOut);
NRITELN(TT‘SIIOUt' ‘ - - -
WRITELN(TrailOut);
WRITELN(TrailQut):
WRITELN(TrailQut);
WRITELN(TrailQut);
WRITELN(TrailOut);
WRITELN(TrailQut):
WRITELNC Leaving ILOBS’);
Temp3 .= 00. 000;

END; (# PRCCEDURE "ILOBS" #)

( 36 35 35 30 6 3 U I I I 3 356 36 3536 I 3 S I 36 3 I I W W eI 263 2 F I 6 I I3 SE I S B BB S

PROCZDURE XSEC( Stldent . Lobtype;
StaNumb . INTEGER;
I : INTEGER:
J . INTEGER;
VAR Intx - REAL:
VAR Inty . REAL; D-16

VAR Computed : BOOLEAN):
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(w

This procedure uses the two LOBS to determine if there is an
intersecton using the criteria for a valid fix estimate.
intersecting coordinates are INTX and INTY. " XSEC" establishes a
series of LOBS called INTLO from all stations to the intersection

| point.

| VAR

|

‘ X Y REAL; (# Dummy variables for Intx and Inty #)
Xdist REAL; (% Distance of X1 - X2 %)
Ydist REAL; (% Distance of Y1 - Y2 %)

LR C

Listl, ListZ2

Intlotype;: (% used for computing intercept coards. =

AllStat Lobtype; (# data structure that will contain all of
the LOB’s that return to station that
did not attempt any LOB’s. =)
| BEGIN ,
WR ITELN(C Entering XSEC’);
X .= Inty;
Y = Inty;

«Te TN B T YOV ey

LA G R O

X MW oy r f T, X

e T BV e =ty -

Xdist := Q0. 000;
Ydist := Q0. 000;
Intx := 00.000;
Inty := 00.000;

Xdist .= (S5tldent{I]. Xcoord — Stldentl[J]. Xcoord); (% could be ABS #:
Ydist = (StldentLIl. Ycoord — StldentlJl Ycoord); (% could be ABS )
XCOMP(1,J, Xdist,Ydist, Stldent, Intx, Inty, Computed);

IF (Computed = FALSE) THEN
BEGIN

WRITELN(TrailOut);

WRITELN(TrailOut, ' No intersection found from this dat~ using’’;
WRITE(TrailOut, '’ Station #‘,StIdentlI).Orgin: 1, and ‘);
WRITE(TrailOut, ' Station #‘,StIdentlJ]l.0Orgin:1);
WRITELN(TrailOut);

WRITELN(TrailOut);
END;
§ WRITELNC'’ Leaving XSEC’);

. END.; (®* PROCEDURE "XSEC" #)

M S ST 36 S ST 3 BRI TN I I T I3 NI I I SIS A B IR S L )
PROCEDURE ZEXI(VAR Table : TVT;
1 Lob Lobtype); pD-17
ORI S R A T I L SIS A AR 3 2 I 3 SR IE FETEE T I8 A Tt 30060 36 3 HE A 353909 T 22036 35 90 26 A e B
(# This procedure checks the validity of the intersections. If it fails
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the test for validity ¢ i.e. > 0.6 ) then the corresponding Yalue %n
the Truth table will be marked indicating that the intersection failed

the validity test.
*)

VAR

BinNumber : INTEGER:
AStatiaon : INTEGCER:

BEGIN
WRITELNC('’ Entering ZEXI’):

FOR BinNumber := 1 TO 5 DO
FOR AStation := 1 TO S5 DO
IF TablalBinNumber., AStation].Flag = TRUE THEN
IF (ABS(LgbCBinNumberl. Xcoord -~ LobCLBinNumberl. Ycoord)) 2> 0. & THEN
TableCBinNumber, AStationl. Flag : = FALSE;

WRITELN(’ Leaving ZEXI’);

-

END; (* PROCEDURE "ZEXI" #*)

{ 39030 36 3535 36 3635 36 30 W3 T 3 263006 36 FE 6 I 360 36 I 3 IEIE I JE I F I I I 36 16 I 66 I 36 I W 6 I I JEIE I I B 63 I B3 R 2 BB

PROCEDURE RECONVERT( lLobrec : Lobtype;
VAR Starec : Lobtype):
( I3 S0 3023090 I 3E 36 3826 38 I 36306 6 SE I S I 6 I I 6 I I S0 I I 6 I I I I I IE I A 63 I 36 I LB
(# This subroutine takes the data stored in "Lobrec"”and places it in the
original order in the data structure called "Starec".

*)
VAR
J : INTEGER:;
lLocation : INTEGER;
BEGIN
WRITELNC’ Entering RECONVERT');

FOR Location : =1 TO 5 DO

BEGIN
J = LobrecllLocationl]. Orgin;
StareclJ]. Xcoord .= Lobrecllocationl]. Xcoord;
StareclJ]. Ycoord := LobrecClLocationl. Ycoord;
StareclJ] Theta := LobrecllLocationl. Theta;
StareclJ]. Alpha := LobrecllLocationl. Alpha;
StareclJ]l. Reflob := Lobrecllocationl. Refil.ob;
Starecl{J].Flag := Lobrecllocationl Flag;
END;
WRITELN! ' Leaving RECONVERT’);
END; (# PROCEDURE "RECONVERT" #)
D-18
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PROCEDURE CONVERT!( Starec . Lobtype:

— 7 e




N

»

VAR Lobrec : Lobtype);

o [ R T B 3 B 3 3R 6 B 3 S 0T 2 0 3 M e 3 IR 2 AR IS S IS0 SE A A AR R L)
(# This subroutine takes the data stored in "Starec" and places 1t in a

o sequenced order starting in the first and subsequent cells of the data

i structure "Lobtype™.

C®) 't:
vy !
=3 VAR &

Jr K . INTEGER; Ei

F Location : INTEGER; %
S x

BEGIN 3
) P
~7  WRITELN(” Entering CONVERT ) g;
- ¢

Oi
&i

\
f:‘\ N
LS K

-

z
s} |

FOR Location := 1 TO S DO

-
‘
)
T
Zxixts,

2640

IF Starecllocatiaonl. Reflob = TRUE THEN &

BEGIN !
N A
- J = J + 1; (% index for Labrec *) o
LubrecfJdl. Xcoovd = SDlareciiocationl. Rcoand; -

N LobreclJ]. Ycoord := StarecllLocationl. Ycoord: o
) LobreclJl Theta := StarecfLocationl. Theta; ]
Lobrecl{Jl Alpha = StarecllLocationl. Alpha; e

o Lobrecl{Jl. Reflab := StareclLocationl. Reflob; g}
N LobrecCJl. Flag = Starecllocationl.Fiag; e
- LobrecfJl.Orgin = Location; &
l END N
N o
ELSE j:

é_:: '\:-}
BEGIN 3
] %3
- K := K~ 1; (# index for Lobrec #) ;_.!
o Lobreclk] Xcoord = StarecllLocationl. Xcoord: [
v LobrecfLK] Ycoord := StarecllLocation). Ycoord; E}-:
LobrecCKl Theta = StareclLocationl. Theta; '

o LobrecfK] Alphsa = Starecll.ocationl. Alpha; &#
-;-: Lobrec{K]l. Reflob = StareclCLocationl] Reflab; ‘il;
LobrecCKl Flag = Starecllocationl. Flag: by

- LobreclKl QOrgin = Location; >3
s .:-"
~ END;

WRITELNC(" Leaving CONVERT )

s

END, (# PROCEDURE "CONVERT" *)
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> PROCEDURE GAXI(YAR Table o TVTS
VAR Computed . BOOLEAN:
E Dspxi . INTEGER;
Starec . Lobtype; D-13




(# This procedur

* )
VAR

I. J
BinNumber
AStation
NextCne
MaxSupport
TempStatiaon
LaopCntr
Locationl
Locationg
Locationd
Location4g
X1

Yi

intx

Inty
MinExactlob
Lobrec
AllStations

2 : LoopCntr
3 : LoopCntr
4 ;. LoopCntr
S : LoopCntr
END;
CONVERT(Starec

BEGIN

BEGIN

ASta
Temp

valid intersections

IF TempStation

(348 5 #6390 36 30 46 H 0 B30 30 S I 309036 I 3 3 F0 e SE IR T I 26 A 3 T3 3 I 2 1k I b b A S I A0 48 3 36 3 3 IE 4 SR8 A 3R 3 3 S e 2 T

e extracts the data from the database for use in
computing the intersection af the LOBG’
station. Parameter "Table" will contain truth-value assignments for
in the Binsets of each Station.

INTEGER,
INTEGER;
INTEGER;
INTEGER;
INTEGER;
INTEGER,;
INTEGER:
INTEGER;
INTEGER;
INTESER;
INTEGER:
REAL ;

REAL;

REAL;

REAL;

REAL;

LLobiype;
Lobtype:

Entering GAXI’);

i

AStation;

H

BEGIN
WRITELN('
AStation = 2
TempStation : =
BinNumber := 1;
Intx .= 00 0Q00;
Inty : = 00. 000,

CASE StaNumb OF

1;
3i
b,
10;

s Lobrec);

WHILE Dspxi <= LoopCntr DO

tion =
Stat1oﬁ

from the BINSETS for

$1%

s .,
1, 4

(% index

for the data structure LOBREC #)

Leﬂp; track of the back LOB’s to the
intercsection has not
been calculated.

StaNumb + 1 THEN

AStation + 1,
AStation;
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lLobreclBinNumber - 11 Flag

END;

= FALSE;

IF ({Lobrec{BinNumberl. Reflob = TRUE) AND

(Lobrec{TempStationl. Reflab = TRUE)) THEN

BEGIN

XSEC{(Laobrec, StaNumb: BinNumber, TempStation, Intx: Inty,. Computed);

END;

Location3 LobreclBinNumber 1.

l.ocatianéd

o

IF Computed = FALSE THEN
BEGIN

TableiLocation3d,Locationdl.
TablelLocationd, Location31].

END
ELSE
BEGIN

Tablellocaticn3,Locationd].
Tabliellocation3d,Locationdl.
TablelLocatiand, Lacation3l.
TablellLocatiunéd,Location3].
TablelClocation3,Locationdl].
Tablellocationd. Location3].

Orgin;

LobreclTempStationl. Ovrgin;

Flag
Flag

0o

Yintercept
Yintercept
Xintercept
Yintercept
Flag : = TRUE;
Flag : = TRUE;

4 H

U

LehrecUBinNumberl. Flag : = TRUE:
LobreclTempStationl Flag := TRUE;

ILOBS(AllStations, Lobrec: Intx, Inty, StaNumb, Table);

FOR I := 1 TO StaNumb DO

IF AllStations[ 1] Flag =
BEGIN
<J := Lobrec(CIl Orgin;
Starec({J] MissAngle
END;
END;
Dspxi := Dwpxi + 1;

TempStation := TempStation + 1,

LobreclTempStation - 11 Flag :=

END;

RECONVERT(Lobrec, Starec):

FALSE THEN

FALSE,

D-21

WRITELNMN(TrarlOut);

FALSE:
FALSE;

Intx;
Inty;
Intx;
Inty:;

1= AllStations[I) MissAngle,
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WRITELN(TrailOut, 'This is the table that shows the relation of data’l,
WRITELN(TrailOut, ‘between any of the stations. ‘)i

WRITELN(TrailQut):

WRITE(TrailOut, '~- — - — e o e o e _— ce———
WRITE(TrailOut, ’ —mmm———);

WRITELN(TrailQut):

WRITE(TrailOut,: ‘Intersecting Stations Xintercept Yintet
WRITE(TrailOut. ’ Support’);

WRITELN(TrailQut);

WRITE(TrailOut, == — - ——————— | eec———-

WRITEC TrailOut, ’ ———————) ;
WRITELN(TrailOut);

MinExactLod := 10000000000. C00;
NextOne := S;

MaxSupport = O;

FOR BinNumber := 1 TO S DO
FOR TempStation := 1 TO 5 DC

BEGIN
WRITE(TrailOut, ‘Station #’, BinNumber:1, ' Station #’, TempStation: iJ;
WRITE(TrailOut, oF
WRITE(TrailOut, TablelBinNumber, TempStationl. Xintercept: 6: 3):
WRITE(TrailOut, ’ oF
WRITE(TrailOut, Tablel[BinNumber, TempStationl. Yintercept: 6. 3);
WRITE(TrailOut, ’ ‘»TablelBinNumber, TempStationl. SupCountFla
WRITELN(TrailOut);

IF (((TableCBinNumber, TempStation] SupCountFlag < NextOne) AND
(TableCBinNumber, TempStation]. SupCountFlag > MaxSupport)) AND
(TableLBinNumber, TempStationl. Flag = TRUE)) THEN

BEGIN
MaxSupport : = TablefLBinNumber, TempStationl SupCountFlag;
Locationl := BinNumber;
Location2 := TempStation;

END;

END:;

FOR'I := 1 TO 5 DO

BEGIN
WRITELN(TrailQut);
WRITELN(TrailOut, ’ — ‘)i
WRITELN!TrailQut, ‘Station #/,1:1,’ data:’);
WRITELN(Trail0Out, ’ - ‘)i
WRITELN(TraitlOut)i

WRITELN(TrailOut, ‘X-coord = /,Starec{I]. Xcoord. 6:3);
WRITELN(TrailOut, ‘'Y-coord = ‘', Starec(I]. Ycoord: 6. 3):
WRITELN(TrailOut, ‘Theta s /,Starec(l). Thetu:b: 3);
WRITELN(TrailQut, ‘Alpha = ‘,StareclI] Alpha:6:3);
WRITELN(TrailOut, ‘Refloh = /,StarecCl] Reflob);
WRITELN(TrailOut, 'Flag D-22 = /,Starec(l]. Flag):
WRITELN(Trat10ut, 'Semimajor = ’/,Starecll), Semimajor:s: 3),
WRITELN(Tra110ut, ‘Semiminor = /,Starecll]. Semiminor:6: 3);

wy

fr



" WRITELN(Traillut, ‘Distance = /,StareclI]. Distance:&:3);
N WRITELN(Tra3ilOut: ‘Orgin = ‘,Starecll]. Orgin:27;
WRITELN(TrailOut):

‘ END;

WRITELN(TrailQOut, ‘From the data submitted by each station and the data ")

I WRITELN(TrailOut, ‘extracted from various calculations the best “FIX")

WRITELN(TrailOut, ‘location of the object attempting to transmit is at. )i

WRITELN(TrasilOut);

ﬂ WRITE(TrailOut, ’ (‘,TablelLocationl,Location2l. Xintercept: &:3, v ",

2. WRITE(TrailOut, TablelLocationl,location2]. Yintercept:&:3, ') ")
WRITELN(TrailOut);

[~ WRITELN(TrailOut):

o WRITELN(TrailOut)i

- WRITELN(Traililut),
WRITEI.N(Tra110ut);

o

*.  WRITELNC(’ Leaving GAXI‘);
(- END, (% PROCEDURE “GAXL" #)

‘:‘h\
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. PROCEDURE SUXI(VAR Dspxi : INTEGER);
(A T e A A SR T 1 e 3 M IR W T SR I 02 b O 2 M3 I AR S S R

~- {4 Thie procedura cete vp the diplacement variahle ( parameter Dspxi )
and sets up the ability to extract data from the database througn
i use Gf the displacement variable.
%

.~ BEGIN

S R ITELNC Entering SUXI');

ﬂ Cspxi = 1; (# ~1 in actual program *)
" WRITELNC(" Leaving SUXI');

~_END; (% PROCEDURE "SUXI" #)

{3 & 3 0 3 b3 3 3 36 K W 04 Sa b 35 3T 3 Sk N 3 3E 30 36 I 03 I 3 33 50 36 I % I I I A A3 3 A SH IR e R R B X R AP,

¥ PROCEDURE LMARK(VAR Table : TVT;
Lobrec : Lobtype 3

(40 46 45 345 36 3 363 50 30 3 36 I3t 36 3 W 6 I3 I 6 H3E I b HIE 3 T e W3k e S R e M R G et et bR

*~ (% Thl1s procedure marks LOBS acceptable for use in fix estimation Maried

- LOBS for optimixed fix estimaticn are used by "FPEAK" to obtain a best faizx.
*)

£?VAR

' BinNymber : INTEGER;

‘::j 1 : INTEGER;
BEGIN

WRITELN( ’ Entering LMARK');

N I =1

.L' FOR BinNumber .= 1 TQ S DO D-23
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IF ((Lobrec[BinNumber]. Xcoord = LobreclBinNumber + 1]. Xcoord) AND LN
LobreclBinNumber]. Ycoord = LobrecCBinNumber + 11.Ycoord)}) THEN o
TablelAStation, BinNumberl. Flag : = TRUE;

I =1+ 1;

| 31
WRITELN(’ Leaving LMARK'): ég
END; (# PROCEDURE "LMARK" *) g?
i
W 2 3 33 4S9 36 2 JE 0 3 363 36 53 36 3 W0 $EHIE 4R 3008 620 35 03 T 9 E T 30 3 2 S22 S IR AT AR AR
PROCEDURE FIRSTPASS(Lobrec : Lobtype; a
StaNumb : INTEGER:; g!
Table T TV
Intlo : Intlotyped; .
R e R R e e e e R
(# This sub -doges whatever. ;
¥#) Eg
VAR '
Dspxi . INTEGER; | ' Eg
Computed : BOOLEAN;
K
BEGIN K
WRITELNC” Entering FIRSTPASS'); ii
Computed := FALSE,
SUX1(Dspxi); -
GAXI(Table, Computed,Dspxi, Loebrec, StaMumb)i [~
1

WRITELNC' Leaving FIRSTPASS’),

)

END; (% PROCEDURE "FIRETPASS" #)

«al

.
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PROCEDURE LOADDATA(VAR Lobrec

: Lobtype; ?E
VAR StaNumb : INTEGER); i

(# This procedure prompts the user for input to the TRAILBLAZER program.
*) -
_i'&

VAR

rL%
Tempé . INTEGER; 19y
d

StationCntr : INTEGER; i

BEGIN

¥ e
LSRG

L]
WRITELN( ¢ Enterina LOADDATA’);

K

REPEAT

WRITELN(TrailOut);

WRITELN(TrailOut, * How many stations will be reporting LGBYs ')
WRITELN(TrailQut, ’ on the transmitting obgject. ‘);

READ(Trailin, StaNumb);

WRITELN(TrailOut, StaNumb ) D-24
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 Tempéd := StaNumbdi
IF ((Tempd <= Q) OR (Temps D= §&)) THEN

BEGIN
WRITELN(TrailQut);
WRITELN( ‘This value ’‘,StaNumb:2, ' is invalid’);
WRITELN(‘Try again with a value from § to 3. %),
WRITELN(TrailOut);
END;
UNTIL ((Tempé& > O) AND (Tempbd < &));
REPEAT
BEGIN
Tempﬁ = Tempbd - 1;
REPEAT
REPEAT
WRITELN(TrailOut);
WRITELN(TrailOut: ‘Input the Station that is "FIXING". ’);
READ{(Trailln, StationCntr);
WRITELN{(TrailGut,StationCntr);
IF ((StationCntr <= 0) OR (StationCntr >= &)) THEN
BEGIN

WRITELN(TrailOut);
WRITELN(TrailOut, ‘This value ‘,StationCntr:2, ' is invalid’);

WRITELN(TrailOut, ‘Try again with value from 1 to 5. ’);
WRITELN(TrailOut);

END;
UNTIL ({(StationCntr > O) AND (StationCntr < &));
IF Lobrec(StationCntrl. Reflob = TRUE THEN
BEGIN

WRITELN(TrailOut);
WRITELN(TrailOut, ’ Station #‘,StationCntr:1. ’ has already been’);

WRITELN(TrailOut, ' processed. Try again with a new station. ’);
WRITELN(TrailOut);

END:
UNTIL Lobrec{StationCntrl. Raflob = FALSE:;

WRITELN(TrailOut);

WRITELN(TrailQOut, ‘Input the x—coordinate of Station #’,StationCntr: 1);
READ(TraillIn, Lobrec{StationCntrl. Xcoord);
WRITELN(TrailOut,LobreclStationCntrl. Xcoord: &: 3);

WHITELN(TrailOut); D-25

WRITELN(TrailOut, ‘Input the y—coordinate of Station #’,StationCntr: 1);

- Al e w w me.=
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 |ors

READ(Trailln, LobreclStatiaonCntrl. Ycoord);

>
WRITELN(TrailOut,LobreclStationCntr]. Ycoard: &: 3); f!
WRITELN(TrailOut); '
WRITELN{TrailQut, "Input the angle, in rtelation to true North, formed’),
WRITELN(TrailOut, 'by Station #’,StationCntr:1, 4 and the possible )i L

WRITELN(TvrailOut, “location ( FIX ) of the transmitting object’);
READ(Trailln, Lobrec(StationCntrl Theta);
WRITELN(TrailOut,Lobrec[StationCntrl. Theta: é&:3);

=
T

e

WRITELN(TrailOut); . =
IF t.obrecfStationCntrl. Theta > 180. 00 THEN

Lobrec[StationCntr]. Theta := Lobrec[StationCntrl. Theta — 360. 0C; g
LobreciStationCntrl. Alpha := 90 -~ LobreclStationCntrl. Theta; I
Lobrec(Stationecntrl.Reflob := TRUE:; .
WRITELN(Traildut); o
END; i
<y

UNTIL (Temp& = Q)

e
2.

&
<

WRITELNC(' Leaving LOADDATA’)i

END; (% PROCEDURE "LOADDATA" %)

[zt
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PROCEDURE ESTMP(Lobrec : Lobtype; ot
IntPass : INTEGER; W
Index : IMTEGER;
Intlo intlotype; b
Table TVYT); &
(B BB 3630330 SE IR 3 F 6T SE I IE TH IR 3E 362 36 48900 I 3 H 60 S0 20U A6 6T A ST 3 B A2 R A
(% -
This procedure is called by "HPFIX" to obtain a best fix k’
estimate. A single fix or one of mutilple fixes in either =t

the normal mode or the degraded mode may be requested.
"ESTMP" calls the following procedures and/or functions

=
SUBS COMMENTS
T T 8
R
1) GAXI : Extracts two Lines of Berings (LOBS) faor
computing intersection. -
2) INELL : To determine and ensure that a fix estimate ey
doesn’t duplicate the last or any previous fix. <
3) LMARK . Marks LOBS acceptable for use in fix estimation.
4) MSCAN @ Clears marks from database. o
5) SCNDB : Accumulates counts of marked LOBS for each station. e
&) SUXI : Seta up the ability to extract data from each station
7) XSEC : Uses two LOBS to determine if there is an intersection -
using the criteria for & valid fix estimate.
8) ZEXI : Clears appropiate indicators when an intersection &
fails validity.
#) b
VAR o
Dx., Dy © REALi D-26 b
Xetix . REAL;: (# x coordinate of estimate #*) .
Yefix . REAL.; (# y coordinate of astimate #) P
TempXefix . REAL; (# temporary wvariable faor Xefix #) o

s TeﬂﬁviFii . REAL.; ( % temﬁorara variable for Yefix #)




Fo
l‘ar

HEy

. Y1 REAL; (# input coordinates of the stations.
Intx, Inty REAL.;
Bin INTEGER;
BinNumber INTEGER;
Ns ame INTEGER;
Nother INTEGER;
Nmax INTEGER;
Dspxi INTEGER:
Lobcounter INTEGER;
Newcounter INTEGER:
Cntfunction INTEGER;
StahNumb INTEGER;
StatianCntr INTEGER;
Mcde BOOLEAN; {* normal or degraded %)
Result BOOLEAN:
Computed BOOLEAN;
Ansuwer BOOLEAN;
Respaonse CHAR:
DbRecord Lobtype;
BEGIN
WRITELN( Entering ESTMP ' );
Dx = Q0. 00C;
Dy = 00. 00C;
Xefizx = 00. 000
Yefix = Q0. 00Q;
Nsame = Q;
Nother := 0O,
Nma x = 0; (# maximum LOB counter ~#)

LOADDATA(Lobrec, StaNumb);
FIRSTPASS(Lobrec, StaNumb, Table: Intlo);
IF IntPass > 1 THEN
BEGIN

IMELLIPSE(Xefix, Yefix, Answer, Table);

TempXefix = Xefix;

TempYefix := Yefiux;

IF Answer = TRUE THEN

BEGIN

ZEXI(Tahle,Lobrec);
CLEAR(Lobrec, Intla,Table);

END
ELSE

LMARK(Table. Lobrec);
WHILE Index > -1 Da

BEGIN D-27
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IF LobrecCBinl.Flag = TRUE THEN g
BEGIN
Cntfunction : = 0O; g
SCNDB(Cntfunction, Index,Lobrec);
END W
N
ELSE
i
b Lobcounter = Lobcounter + 1; m
; Index := Index - 1: &
G END; N
: IF Nother = O THEN ?9
§ o
b BEGIN
o
: IF Mode = TRUE THEN |
E IF Nsame >= & THEN
’ BEGIN )
4 e
b Newcounter := hisame + Nothev;
IF Nmax >= Newcounter THEN ﬁ
BEGIN
Nmax = Newcounter; ;;
Xefix := Intx;
Yefix := Inty;
Nsame : = Q; :}‘;
Nother := Q; s
Newcounter := 0O;
N
END af
ELSE
: o
h =
2 BEGIN P
= ZEXI(Table, Lobrec); .
» CLEAR(Lobrec,Intlo, Tablae); ..
A 1Y ]
Nsame . = Qi
- Nother : = 0O; -
L Nmax : = 0; ¥
[~ MSCAN(Lobrec); u’
~ END:

EnD;

EMD

ELSE

BEGIN




Newcounter := Nsame + Nother:
IF Nmax 2= Newcounter THEN

- ==

BEGIN ¢

Nmax = MNewcounter: %

.= Xefix = Intx; :é
%’;\ Yefix := Inty; 0\3
< Nsame := 0O; =y
Nother = O; by

g END;
END i

END;

t:r'r‘r'}

-
' WRITELNC(- Leaving ESTMP’);
(- ENDi (% PROCEDURE "ESTMP" #)

T AP M 3 2363635 A I 36 2T e T 36 I K I I JE LI I IEIE I B M H A WA TR B R SR R

T T g e R X X X P
(3396 30 T 4036 34 304 35 30 4 30 W3 HE3FIE 2 302636 M IS A6 AR W I3 I IEIE T A KA I R I SR R R S
(# MAIN PROGRAM *)

3
H BEGIN

— REWRITE(TrailQut);

<~ RESET(Trailln);

¢ WRITELN(TrailOut):
WRITELN(TrailOut);

r\
edainl
.
¥

' WRITELN(Trai1l0Qut, - - ———"')i
] WRITELN(TrailOut, '#### BEGINNING PROGRAM TRAILBLAZER *¥##‘);
WRITELN TrailOut, - )i

WRITELN(TrailQut);
‘;;:_, WRITELN(TrailOut);

Index = QO;
55 IntPass := 1; (# First pass through the system #*)
(N4
CLEAR(Lob, Intlo,Table),
"
Z; ESTMP(Lob, IntPass, Index, Intlo, Table);
o WRITELN(TrailOut);
Y WRITELN(TrailOut);
ALY WRITELN(TrailOut, '————————— - DI
WRITELN(TrailQut, “##4#% PRUOGRAM TRAILBLAZER COMPLETED #%¥ ),
» WRITELN(Traiilut, * - - ———m=sommmmm e )

iﬁ WRITELN(TrailOut);
WRITELN(TrailOut);

§§ END. (# MAIN PROGRAM "TRAILBLAZER" #)

)
;
y
el
N
;1
'
A
a
v
1.3
f
r
"
~
E
i
X
v
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##ait BEGINNING PROGRAM TRAILBLAZER #it%#

How many stations will be reporting
on thne transmitting object.
4

Input the Station that is "FIXING".
1

Input the x—-coordinate of Station #1
10. 000

Input the y-coordirate of Station #1
18. 000

Input the angle, in relation to true

by Station #1 and the passible
location ( FIX ) of the transmitting
S50. 000

Input the Station that is "FIXING",
2

Input tha x-coordinate of Station #2
20. 000

Input the y—coordinate of Station #2
S 000

Input the angle, in relation to true
by Station #2 and the possible
location ( FIX ) of the transmitting
33. 000

Input the Station that is "FIXING".
3

Input the x—coordinate of Station #3
&0. 000

Input the y-coordinate of Station #3
25 0060

Input the angle, in relation to true
by Station #3 and the possible
locatian ( FIX ) of the transmitting
-5, 000

LOB"s

Nor th, +formed

object

Nor th:, formed

obyect

North, formed

object

D-30

Input the Station that is “"FIXING".

el
.
-

e




Input the x—coordinate of Station #4
§ 90. 000

Input the y—coardinate of Station #4
5 2%. 000

M
"Input the angle, in relation to true Morth, farmed
by Station #4 and the possible

location ( FIX ) of the transmitting abject

a12. 000

EThe two stations participating in the intersection
® calculations are:

Station #1
- Station %2

The following information determines the back
}'LDB"S to:

! Station #3

' Station #4

A5

- - -

- —~Beginning Of Inputted Data- ~
[} = e e ~For Intersecting Station"s 1 And 2«——=—=——-

— e ——

Intersecting coordinates for Station #1 and Station #2 is:

- (50. 525, 3J2. 00%

gx—coordinate &60. 000 of Station #3
i loaded into the system.

Y-coardinate 29.G00 of Station #3
:%1oaded into the system.

)-_“\

i The exact computed LOB angle is = —-19.3G4
' !
¢

oo A deb o
- A RT) vl w

Difference between Lie Dack LOC ang

M actual angle for Station #3 = 14 334,

i A—coordinate 0. 000 of Station #4
?jloaded intao the system.

j-Y—com‘dinate 25. 000 of Station #4
loaded in%to the system.
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The exact computed LOB angle is = -33. 624

Difference between the back LOB angle and the
actual angle for Station R4 = 7 624

—_— — — - —

- - End Of Inputted Data -
For Intersecting Station's 1 And 2————r——

The two stations participating in the intersection
calculations are: i

Station #1

Station #3

The following information determines the back
.0B"s tao: )

Station #2

Station #4

— — - —

- ——BDeginning Of Inputted Data -
———————— ~fFar Intersecting Station"s 1 And 3—-~——————=

— . - -— — -

Interceating coordinates for Station #1 and Station 83 ig;

(57.131, 57.564)

X~coordinate 20. GO0 of Station #2
loaded into the sysitem

Y~coordinate 5 000 of Statiaon #2
loaded into the system.

The exact computed LOB angle is = 33 2%2

Difference between the back LOB angle and the
actual angle for Station #2 = 2. 252.

A~coordinate 90. 000 of Station #4
loaded into the system.

Y~coordinate 25.C00 of Station #4 D-32




The exact computed LOB angle is = —45 249

Difference between the back LOB angle and the
raactual angle foar Station #4 = 2. 731.

—_ —_ — - -

- -e=—==End Of Inputted Data- -

gi*m—-———-——For Intersecting Station"s 1 And J———m=r——-
\"
i

-
EThe two stations participating in the intersection
calculations are:

Station #1

Station #4

e e
T,
(S

¢

—

T . llowing information detevminegs the back
4 LOB"s to:
Station #2
Station #3
W I - -
y
e e e e Beginning Of Inputted Data - -
g ————————— Fo» Intersecting Station"s | And 4——-———=
¥
[
N
Intersecting coordinates for Station #1 and Station #4 is:
o (55. 434, 56 124)
{'5: . 4354, .

4 X-coordinate 20.000 of Station #2
¥ loaded into the system.

o~ Y-coordinate 5.000 of Station #2
&;loaded into the system.

'S The exact computed LOB angle is = 34 726

v Difference between the back LOB angle and the

-

&? actual angle for Station #2 = 1,726,

E X-coordinate &0 000 of Station #3
" loaded into the system. D-33
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Y-coordinate 25 000 of Station #3
loaded into the system.

The exact computed LOB angle is = -8, 346

Difference between the back LCOB angle and the
actual angle for Station #3 = 3. 346.

- End Of Inputted Data - -
———————— -For Intersecting Station"s 1 And 4—=-——-

The two stations participating in the intersection
calculations are:

Station #2

Statian #3

The following information determines the back
LOB"s to:

Station #1

Station #4

- - — ——— t— - —

—————————-—w=-Baginning Of Inputted Data -
—=—w=—=—ew—Fgor Intersecting Station"s 2 And 3—=———————-

——— s gt S M S o S - - o » -

Intersecting coeordinates for Station #2 and Station #3 is:

(56.793, 61.6546)

X—coordinate 10.000 of Station #1i
loaded into the system.

Y—-cooerdinate 18.000 of Station #{
loaded 1nto the system.

The exact computed LOB angle is = 44, 98646

Difference between the back LOB angle and the
actual angle for Station #1 = 3. 014,

D-34

X—coardinate 90.000 of Station #4
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Eiloaded inte the system

_¥Y-coordinate 25 000 of Station #4
loaded 1nto the system.

nghe exact computed LOB angle is = -42. 174

N

Difference between the back LOB angle and the
g!actual angle for Station #4 = 9, 826.

-— - ——— -— —— - - ———— ——

[ ~—==—=--—=-=——End Of Inputted Data~—-—~———- -
B For Intersecting Station"s 2 And 3~——=r———-
%
N
KX

The twe ctatieone participating in the intersection
,fcalculatiOhs are:
Station #2
Station #4

{~The following information determines the back
LI.0B"s to-
o e s to:

Station #1
g Station #3
O it Beginning Of Inputted Data -
N m——————— For Intersecting Station"s 2 And 4~——r-—--
?5; —————————— — - ———— — — —-— -
ok
.Intersecting coordinates for Station #2 and Stationrn #4 is:
w (54.024, 57.393)
A

Sf:'ix-coordinate 10. 000 of Station #1
loaded into the system.

%Y--co'ardinate 18. 000 of Station #1
loaded into the system.

bz _

ot The exact camputed LOB angle is = 4g.178

H;DLFFerence between the back LOB angle and the
¥ actual angle for Station #1 = 1.822 p-35
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X=coordinate &0C.00C of Station #3
loaded into the system

Y=-coordinate 29.000 of Station #3
loaded into the system.

The exact computed LOB angle is = =10, 492

Difference between the back LOB angle and the
actual angle for Station #3 = B, 432,

End Of Inputted Data -
-———==——=-=For Intersecting Station"s 2 And 4-————=m—--

The two stations participating in the intersection
talculations are:

Station #3

Station #4

The following information determines the back
LOB"s to:

Station #1

Station #2

--Beginning Of Inputted Data
———————e—=For Intersecting Station"s 3 And 4-————mew-

Intersecting coordinates for Station #3 and Station #4 ig:

(37.433, 94. 322)

X=coordinate 10,000 of Station #1
loaded intao the system.

Y-coordinate 18 000 of Station #1
loaded into the system.

The exact computed LOB angle is = 352 338

D~36
Difference between the back LOD angle and the

-



N

-

»

actual angle for Station ¥l =

X=coordinate
loaded into the system
Y-coordinate
loaded inta the system.

The exact computed LOB angle is =

2. 938,

20. 000 of Station #2

8. 000 ot Station #2

4, 198.

37.198

5 Difference between the back LOB angle and the
actual angle for Station #2 =

End Of Inputted Data

~———e—————=For Intersecting Station"s 3 And 4————w——e-

This is the table that shows the relation of data
between any of the stations.

Intersecting Stations

Station
Station
Station
Station
Station
Station
Station
Station

. Station

-

Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station

. Station
" Station

hd -

Station
Station

Station
r_**-A‘tuos.n..a .‘-A_A. -

»1
*1
#1
#1
#1
#»2
2
2
#2
#2
#3
#3
#3
#3
#3
#4
#4
#4
#4
#4
#9
#3
#3
#3
#5

#

Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station
Station

#1
*2
#3
#4
#5
*1
#2
#3
#4
#5
#1
#2
#3
#4
#S
*1
#2
#3
#4
#3
#1
#e
#3
#4
#5

Xintercept

0.
S0.
37.
-§8.
0.
30.
0.
Sé.
54.
0.
S7.
S56.

37.

000
925
131
434
000
3235
000
793
024
000
151
793

. 000

435

. 000
. 434
. 024

435
000
000
000
000
000
000
000

Yintercept

Support
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X-coord
¥Y-coord
Theta
Alpha
Reflobd
Flag
Semimajor
Semiminor
Distance
Orgin

# 800 uhnnny

10. 000
18. Q00
50. Q00
40. 000
TRUE

FALSE
Q. 000

Station #2 data:

X-coord
Y-coord
Theta
Alpha
Reflob
Flag
Semimajor
Semiminor
Distance
orgin

LT O S O O

20. 000

33. 000
57. Q00
TRUE

FALSE
0. 000
0. 600

Station ;3 data:

X—=coord
¥Y—~coord
Theta
Alpha
Reflob
Flag
Semimajor
Semiminor
Distance
Orgin

o wnnn

——— ——

&0. 000
25. 000
=5. 000
2%. 80C
TRUE
TRUE
0. 000
G. 00GC
0. Q00

Station #4 data:

—— v ——— o — o ———

Alpha
Reflob
Flag
Semimajor
Semiminor
Distance
Orgin

I I I (I

e,
LI

(X N

o




X—coord = 0.000
qu—cunrd = 0.000
. Theta = 0.000
" Alpha = 0 000

Reflob = FALSE
firiag = FALSE
£ Semimajor = 0.000

Semiminor = 0.000
v Distance = 0 000
E:,'g argin = 0

From the data submitted by each station and the data
wwextracted from various calculations the best “FIX"
*> location of the object attempting to transmit is at:

Ef (50. 525, 52.00%)
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APPENDIX E
DATA BASE ENTRIES FOR TRAILBLAZER
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PART I
TRAILBLAZER

TABLE OF CONTENTS

Trailblazer Overview

Utilizes Analysis

Attribute Report

for HPFIXM

Index and Dictiomnary Descriptions ... .... ... ... ... ... . ....
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TRAILBLAZER

0
=X
i
1. TRAILBLAZER Cverview e
! TRAILBLAZER FROCESS a v
CESCRIPTION: k;
TRAILBLAZER is a manned, ground—based directiaon finding system. 7
The system functions by intercepting targets at the master .
cantrol station (MCS) and providing at least two DF bearings ]
from some combination of MCS and remote slave station (RSS: &3

subsystams. Successful deployment of the system rvaquires
a line—-nf=-zight (LOS) to the target area and to the other U
zubsystams. e
A
SYNONYM: AN/TS5G-114 A

Z Utilizes Analysis for HAPFIXM

o
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TRAILDBLAZER
3
! Utilizes Structure
i COUNT LEVEL NAME
1 1.0 TB_Hpfixm
. 2 1.1 TB_Datset
T 3 1.2 TB_Disf
e 4 1.3 TB_Estat
5 1.4 TB_Hp fix
g 6 1.4.1 TB_Autcl
J 7 1.4 2 TB _Dbcpy
8 1.4.21 TB_Memr
: ? 1.4.3 TBE _Estat
Eﬁ 1o 1.4 TR _Estmp
g 11 1.4 .4 TB_Suxi
12 1 4.4 2 TB_Gaxi
@ 13 1.4, 3 TB_¥sec
x 14 1.4.4 31 TB_ilobs
15 1.4.5.3.1.1 TB_Atan2
i 16 1.4.4. 3.2 TB_Lfin
%) 17 1.4.4. 3.3 TB_Xcomp
15 1.4.4 .2 4 TB_Xprep )
, 19 1.4 4. 5. 4.1 TB_Cos W
w2 20 1.4.4 3.4 2 TB Sin :
N 21 1.4 4 a TE_Inell 3}
! 22 t1.4.4 % TB_iLmark a
L 22 1.4.4. 5.1 TB_Sclmk he
i 24 1.4.4. 6 TB_Scndb
=2 1.4.94 4.1 TB_Ipot
' o o6 1.4.4.7 TB_Zexi
[1 27 1.4.4.8 TB_Mscan
* 28 1.4.% TB_Final
_ 29 1.4.9. 1 TB_Atan2 b
‘ 30 1.4.5.2 TB_Cos !
21 1.4.5. 3 TB_Flobs
32 1.4 5 3.1 TB_Atan2 %
. 33 1.4.5 3.2 TB_Lfin »
{0 R 34 1.4.5 4 TB_Fpot “
‘" 35 1.4.5 4.1 TB_Scndb B
. 36 1.4.5 4.1 1 TB_lIpot a
E; 7 1.4.95 42 TB_Sqrt q
3 - 56 1.4.5.5 TB_Feqrt E
39 1.4.% 4 TB_Sin g
1R 40 1. 4.5.7 TB_Scndh L
n 41 1.4.5 7.1 TB_Ipot
: 42 1.4.5. 3 TB_Sqrt
N 43 1. 4.4 TB_Fpeak
- 44 1. 4.6.1 TB_Flaobs
. W 45 1.4.4. 1.1 TB_Atan2
. 46 1.4.4.1.2 TB_Lfin
. 47 1. 4.6 2 Th_Fmnew
- 48 1.4. 6 2.1 TB_Fmsam
; 49 1.4, 4 3 TB_Fmsam

L AL S S P S e T MR T



TRAILBLAZER @
COUNT LEVEL NAME ﬁ
SO 1.4. 4.4 TB_Fmset 0
591 1.4.46.5 TB_Lmark
52 1.4.6.5.1 TB_Sclmk j
53 1.4.6. 4 TB_Mkact N
54 1.4.6.7 TB_Fpot Gy
. 55 1.4.6.7.1 TE_Scndb NN
56 1.4.6.7.1.1 TB_Ipot (
S7 1.4.6.7.2 TB_Sqrt o |
! S8 1.4.6.8 TB_Inell .
59 1.4 6.9 TB_Zexit
X &0 1. 4.6 10. TB_Mscan .
r 51 1.4.46. 11 TB _Zexi %
! =2 1.4.7 TB_Groom
&3 1.4.3 TB_Stcpy
, &4 1.4 3 TB_Mkusd %
) 6% 1.4.10. TB_Mclr
s6 1.4 11, TB_Svell
N 67 1.4.12. TB_Odcpy )
: &8 1.4.12. 1 TB_Mabin G.
n 69 1. 4.12.2 TB_Mscan
§ 70 1.4.12.3 TB_Whbin .
P 71 1.4.13.3.1 TB_L fin i
" T2 1.4.12 4 TE_Xy211 iy
) 72 1.5 TB_Lamp ' X
* 74 1.6 TB_Pchk I, ®
75 1.7 TE_Staore
L r-\:,
[ ;
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TRAILBLAZER

Uti1lizes Matrix

Explanation of tha Utilizes Matrix:

g‘ The 7Tows are input PROCESS names, and the columns are
" PROCESSES UTILIZED be (or a SUBPART of) the vows.

% (i, )i wvalue meaning

1 S et - - - —-———

o Column ) is UTILIZED by Row i
S Column J is a PART of Row 1i
5] Column 4 is both UTILIZED by, and a PART of So

E ALy

s )

b
p

19 TB_Mkusd ————————m— e e
14 TB_Stcpy ————-——————==——m——m——
13 TB_Groom —————-————w——e——————— S

(<=

12 TB Fpeak - -

11 TB_Final —-—- - ———————

- oo
Q{ 10 TB_Estmp —=——~—m—————m————m—— 5 C

9 TB_Dbcpy —=—————-mm——me— e

8 TB_Autgl ———m—mmmm e e :
~ 7 TB _Store ——————— e e A ; ‘
& & TB_PChK ——m——m—mmm e e e e N T R B SRR

- S TH_Lamp =~ ———————— . 7
" 4 TB_Hpfix ==————————mm——m—m———em /) - 5y
s 3 TE_Estat ————=————~ me————— b b I ot
2 TB _Disf ————m—————— - /v T A Pl Eg

ﬂ 1 TB_Datset =—m——mmm—mmemmcmmee—me /80 0001 LY ;

: S R T A A :
___________ IR RN
;‘“ 1 TB_Ha-F] iM ———— e —————— HEEEV RGN R U W R PR : i ::?;
he 2 TB_Hpfix —————— e e : U ! U U U ouou g 0
3 TB_Dbecpy ——————mrmm e : : : ; N
4 TB_Estmp ———————m— o s | ; :

@ 5 TB_Xs580 ————————rmmmmmmmmmme ! i X
wy m————— e e e e e g k]
il
& TB_llobg ~——memem—— e —————— ! ' ! by
83 7 TB_Xprep —mmmmmemm— e o e H ! N

8 TE_Lmark —————~—————m—m————— e i :
7 TB_Scndb ———=~~ R e — e — e ! i

10 TB_Final ————————m——m— mmmm e :

1
L
i
:

L ey A e e i A% St ot S St e S TAnty A S U b Aty et S S . L W e e R o o e — o e - -+

ot

gl
-

m—l

%4 Matrix emnpty for Rows 11 thru 14 and Columns 1 thry 15
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@
TRAILBLAZER i
Utilizes Matrix g
L
30 TB_Xcomp ————————m—ssme e / )
29 TR _Lfin —-= ————= 7
28 TB_Ilobs —wwwe——w——rm e /o >
27 TB Mscan ————=—————seme——— /oot 2
26 TB_Zexi - ek PN S S A (gt
2% TB_Sendb --——= e YA ' =
24 TB_Lmark —-—————-—————————— e /0 A 0
23 TB_Inell —e————mmmmmmmmmmc e /) A
22 TB Xsag == == mmmeeem e — VAR o ' f
21 TB_Gaxi =——=——m=e - e —— A T Yoo . E-Q
Z0O TB_Suxl ~—rrm e e / A -
17 TE_Mempr —————————————————— -— /i A - E_:
18 TR _(depy ————————=- - -7/ 4 A b
17 TB_Svell ———————me e VAR I N
16 TB_Meir —————- VA A LI S S A I _‘i
L T R L o -
—— - ———— + ——— e e e
1 TB_Hpfixm ————~n - — ! ' ; "
2 TB_Hpfix —=-r——r——m—m—m e 1 4 U U ; ; b
3 TE_Dbepy ~—m—vmemmm e e e U o LY
4 TR_Estmp —~=———m e e e e ur yuouu i U
5 TB_Xsec ——————=——=— ————————— e { H ! oL ;-'.}
. - el - a
& TB_Ilobg ~————- - - —_—— ! !
7 TB_Xprep —————— e ! : : o
8 TB_Lmark -—————re—————— H i : : -
? TB_Scndbh —-————————————————— ! : ! : b
10 TB_Final -—————- - - - : Ut ; )
——————————————————————— Fm—— + ——————————— e ?‘
[+, v
&
o
Lo
[
=
.
Yo
fix
»’..\
R




2.

TRAILBLAZER

()

Utilizes MavrTizx

-

s 11112 22222 2a&2&35
b &7890 12345 o785%G0G
W —+ - e R e
11 TB_Flobs ————————m—mm——————— - H : '
g 12 TB_Fpot =———=————————————— o : : Ut :
- 3 TB_Fpeak ———=———m———mmmmm— e : : vy v uwu :
14 TB_Fonew —-—————-— - : i i !
N 15 TB_Odcpy ===—————m— e e e : : b
> e ———————— o e e =t
= 1o TB_WhDin ———mem e o e : !
——————————————————————————————————— i e e e e e e

re
IS

L

40 TB_Sqrt ———— s

3?2 TB_Fsqrt ————————roemme—— '

38 TB_Fpot e/

37 TB_Flobs -~ - e Ao
3& TB_lpot ——=-— ————mme———— ;o

&5

L

o

o 25 TB_SclmMk —=————m—m——— e mmm e Fo
34 TE_Sin ——-——-— -~ —————
L 33 TB_Cosg —— =~ e A
32 TB_Atan2 -- ———— ~ /bt
31 TB_Xprep =—————-——=e————=——=——= / | [ 1 1 1 % 1 0
. A A
‘k-'.

e e e e e e et e i e e e e e 0 R e S g = o > S e o e . e e sbe

~
3

rf

. -
TR

TB_Hp fixm ———— ~ —————
TB_Hpfix ———- - ——————
T3 _Dbecpy ———-— - e i

e o ma w ee e aa

TB_Estmp ————————————— :
TE_Xseg —=—=—wm———e—me————m—— HERV)
C}‘ o —— +
o & TB_Ilobs ——m—wmm—————— e Y :
' 7 TB _Xprep ~————————m—r——m e ———— i uu !
8 TR_Lmark ————-——— e e : u: :
e 9 TB_Scndh ——mm=m——mmm e ! U :
% 10 TB_Final ——=——smme e e VR VR U R N T S
f———————— A ——— +
- 11 TB Flobs =——m e | U : :
re 2 TB_Fpot —~——=————m e : 3¥
h 13 T3 Fpeak -——————— - ! ! U ou !
- 14 TB_Fmnew -—--- - -—— 1 ' '
I 15 TB_Odcpy ————————————————————— ! ! '
~ e e
16 TB_Whbin —————-—— —————— ; !
- mmm e e e e ——— - ——tm————————— +
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3 Attribute Report

REPORT SPECIFICATIONM:

1 tree—level HM='TREE LEVEL’
2 mathematical-field H='MATHEMATICAL FIELD’

H NGO

TR _Fmsam
TB_Fmset
TB Fpeax
T3 _Fpot
TB_Gaxi
TB_Groom
TR _Hpfix
TE_Hpfixm
TEB_TIlobs
To_Inell
TE _Ipot
TE_Mabin
TE Mkact
TH_Mscan
TR_Ddcpy
TH_Sclmk
T3 _Scndb
T3 Ein
T3 Stcpy
TB_Suxi
TR _Svell
T2_Whbin
TR _Xcomp
TB_Xprep
TB_Asec
TE_Zexi

v
3
~

Y

a3

-
1

EM-PARAMETERS

ILBLAZER

CO_=14

TREE LEVEL

leaf
leatf
middle
middle
middle
middle
middle
leaf
leat
middle
middle
leaf
lea+¢
root
root
middle
laasf
lea#f
leaf
leat
leaf
middle
leaf
middle
leatf
leat
leaf¥f
lea¥f
middle
leaf
middle
middle
leaf

E-11

CoL=2%5

MATHEMATICAL FIELLD

trigonometry
trigonometry
data_base_handiing
logical

multivariate sTatl3Tilor

logical
optimizaticn
optimization
optimization
gptimizations
optimization
data_base_handling

data_base_manipulation

logical
logical
N/ A

optimization
data_base_handiing

data_base_maninulation

data_base_hand iing
N/ &
data_base_handling
optimization
trigonametry
data_base_handling

data_base_manipulatiacn

data_base_handling
logical
trigonometry

N/A

trigonometry
data_base_handling

:
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TB_HKPFIX. MOD
TB_FIXD

TB_. ENGYJ
TB_. DEQU
TB_. PTY
TB_. QUIT
TB_DATSET
TB_DISF
TB_ESTAT
TB_HPFIX
TB_LAMP
TH_PCHK
TB_STORE

TB_HPFIX

TB_ESTAT
TB_. FORK
TR_AUTCL
TB_DBCPY
TB_ESTMP
TB_FINAL
TD_FPEAK
TD_GROOM
TB_MCLR

TB_ODCPY
TB_STCPY
TB_SVELL
TB_XYaLL

TB_DBCPRY

TB_. ENQU
TB_. DEGU
TB_MEMR

TB_ESTHMP

TGE_. ENGU
TB_. DEQU

TB_F INAL

TB_. ENQU
TB_. DEGU
TB_ATAN2
TE_COS
TB_SIN
TB_SGRT

TB_FPEAK

TB_. ENQU
TB_. DEGU

TB_GROOM
TB_ODCPY

TB_XvYalL
TH_MEMR

TE_STCPY

TB_. ENQU

TRAILBLAZER

Index and Dictionary Descriptians
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TB_. DEQU
TB_SVELL

1 TB_HPF1X. MOD

i

a

L
LN

o gtn

{

e

04

[, T
L

~

DESCRIPTION:

PROCESS

HPFIX is the main module for processing a fix command
received from either operator. It computes,
saves T1ix data as tequired by the fix

displays,
commands.

— e T S S P 0% o SN YT T

of proce

TO_FIXD
DESCRIPTIOH
rIXD 15 Jumped to by COMRET to complete the task
the FIX command.
2 TB_ ENGQU

DESCRIPTION:
Entry point for . EMGU system call

TE_ DEGQU

CESCRIPTION:
Entry point for . DEQU system call.

TB_. PTY

DESCRIPTION:
Entry for .PTY 1nstruction call.

TRB_ QUIT

LDESCRIPTICH:
Entry pcint for . QUIT instruction.

TB_DATSET

DESCRIPTIOM:

PRAOCESS

FPROCESSE

PROCESS

PROCESS

DATSET 1z called by Fi%¥D when a €1ix

has been successfully

computed. It generates a formaitted table of fir

information
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TRAILBLAZER

called the DATSET generated fix table.
TB_DISF PROCESS

DESCRIPTICN:

DISF is called by FIXD to display each successfully calculated fix
and by DISP when processing a DISPLAY command. or during display

change processing to re-display fix infaormation

TB_ESTAT PROCESS
DESCRIPTION

Tha furnrti:aon of this module/proc is Lo queue errorT status
mazsages for display an the AN/UYQ-10 and to assure Lnab Sho
messages are displayed for three seconds. Any module may cail
ESTAT whenever display of an error/status message is requirad
TO_HPFIX PROCESE

DESCRIPTION:

HPFIX is c3lled bu FIXD to compute a fix and to provide &il
infaormation 1n a FIX DATA TABLE containing:

the fix point latitude

the fix point longitude

the fix ellipse orientation angle major axis Ttelative to MNIRTH

the length in km of the fix errvor ellipse semi—-ma jor axis
the length in km of the fix error ellipse semi-minor axils
the display unit number

the LOB display header

the LOB’'s invoelved in the firx computation.

TB_LAMP PROCESS

DESCRIPTICN:
LAMP is called %o program panel button lights. It combinas

panel unit number and the desired function into a command word.

and sends the command to the selected panel

TE_PCHK PROCESS
DESCRIPTION:

This Touitlne simply ciretka Lu sew 1Ff Lie paye curreiibly on
display has funciion which depend on the page, e.g. to ses
the current page number is one which permits text editing

TB_STORE PROCESS

E-14
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TRAILBLAZER

DESCRIPTICHN:

STORE is called by COMRET as a vresult of a STORE command and by
FIXD far sach fix in a multi~fix request, STORE saves the latesc
sat of fi1x data in FIXO

TB_. FORK PROCESS

DESCRIPTION:
Entry point for .FORK system call.

~f
jecsd
T
Z
—
3
-
U
u
o~
ifl
i)
iha

DESCRIFTILOMN

AUTCL 15 callad by HPFIX before computing the first multi-+#f1x,
and by CLEAR Eto process the fix portions of the PURGE and LCONE
commands or in Tesponse to the ELIM command where na specific

fixes were specified.

TB_DBCPY PRICESZ=

DESCRIPTIGN:

DBCPY i5 called by HPFIX to obtain a local copy of that part of
the LOB database which 1s displayed and not removed. The giaba:l
database referted to is DATAQ/DATAIL.

TB_ESTHMP PROCESS

DESCRIPTION:

ESTMP i5 called by HPFIX to obtain a test +fix estimate for
either a single fix or one of multiple fixes in either the
normal or degraded mode.

TB_FINAL PROCEES

DESCRIPTION;
FINAL i3 called by HPFIX, after anm optimized fix point has been
determined., tou talculate tha parameters of the error wllipses.

TB_FPEAK PROCESS
DESCRIPTION
FPEAK i1s called by HPFIX to optimize the fix estimate

E-15
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| &
obtained from ESTMP. a&
o
-
20 TB_GROOM PROCESS
&
DESCRIPTION: -
GROOM is called by HPFIX to initialize the local database for P
fix computations or to tTe~initialize it if the fix mode has been
degraded to reconsider regjected intersections. %
1Y
L9
=i TB_MCLR PROCESS i;

DESCRIFPTIDN:

MCI.R is & globally available utility used to update the hzacer
text and draw the page border divider and/or graphics for 3 pag: oo
on the apprapriate AN/UYG-10 display unit.

N,

L
!

~—

Z< TB_QDCPRY PROCESE

s

DESCRIPTION:
CDCPY ic ca2lled by HPFIX, after cuccessful computation of & F1rx,
to stare agll fix related data in a file.

23 TR_STCPRY PROCESE

DESCR IPTION:
STCPY is called by HPFIX to store a lacal copy of statian

J
e Fr R E R A e e

locations and screen geometry for use in fix computations.
24 TB_SVELL PROCESS
m
DESCR IPTIGN: g
SVELL is called by HPFIX to save fix and related ellipse e
parameters. )
! 29 TB_XYZLL PROCESS 51
L y
7 DESCRIPTION: =
{; XyY2Lll is called by HPFIX following completion of a successful B
o fix. It takes X,V screen coordinates and peTforms & Eranszlsation ?‘
'ig‘ and rotation to get X,¥Y coordinates relative tao North being [—
s directly vertical. An 1nverse Gnomonic progection 1s the dane
5 to get the latitude and longitude of the point. '
5 s
.-‘_' '\.'
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TRAILBLAZER

TB_MEMR PROCESE

DESCRIPTIGN:
MEMR services memory requests.

SYNONYM: TB_. MEMR

TB_ATANZ PROCESS

CESCRIPTION:

ATANZ 15 a globally aveilable utility which determines tha
floating point radian angle whose tangent 1s X/Y. X oand s
are double precision arguments supplied to the function

TEB_COS PROCESE=

DESCRIPTIGN:
COS is a giobally avaiiable uwtility which. passed an angi= 1n
floating point radians, calcuiates its cosine.

TB_SIN PROCEGE

DESCRIFTION:
SIN is a globally available u*tility which, given an angle in
floating point radians, calculates its sine.

TB_SaQRT PROCESS
DESCRIPTIGN:

SQRT 1s a globally available utility used to appraximate tne
square tookt of an input argument,

A
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APPENDIX F
USAMS ALGORITHM ANALYSIS SERIES

Analysis of Geographic Transformation Algorithms
JPL D-181

DTIC #ADA 129182

Dated: July 9, 1985

Correlation Algorithm Report
JPL D-182 UAA-003
DTIC #ADA 129181

Dateci: September 15, 1982

Applications of Correlation Techniques for Battlefield
Identification I

JPL D-179 UAA-006
Dated: June 1984

Cross-Correlation: Statistics, Templating, and Doctrine
JPL D-184

DTIC #ADA 155624

Dated: February 29, 1984

Intelligence Algorithm Methodology 1
JPL D-183 UAA-004

DTIC #ADB 078293

Dated: August 15, 1983

Intelligence Algorithms in Target Analysis and Planning
(TAP)

JPL D-178 UAA-0Q07
DTIC #ADB 092402L
Dated: November 30, 1984
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10.

11.

12.

13.

Intelligence Algorithm Methodology II: An
Intelligence/Electronic Warfare (IEW) Tactical Sensors Model

JPL D-185 UAA-008
Dated: 1985

Intelligence/Electronic Warfare (IEW) Direction-Finding
and Fix Estimation Analysis Report

Volume 1, Overview
JPL-180, Vol. 1 UAA-001

Intelligence/Electronic Warfare (IEW) Direction-Finding
and Fix Estimation Analysis Report

Volume 3, GUARDRAIL
JPL-13), Vol. 3 UAA-Q01
Dated: December 1985

A Non-Standard Probabilistic Position-Fixing Model
JPL D-186 UAA-009
Dated: June 1985

A Collection of Area of Interest (AOI) Algorithms
JPL D-171 UAA-QL1
Dated: July 1985

Power of Statistical Tests Used in Correlation Techniques
for Battlefield Identification

JPL D-2793 UAA-Q16

Formerly Technical Memorandum No. 5

Dated: August 1985

Testing and Combination of Confidence Ellipses: A Geometric
Analysis

JPL D-2782 UAA-Q13
Formerly Technical Memorandum No. 2
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14,

15.

16.

17.

18.

19,

20.

Wild Bearings Analysis

JPL D-2783 UAA-014
Formerly Technical Memorandum No. 3
Dated: July 10, 1985

Collection and Analysis of Specific ELINT Signal Parameters

JPL D-2781 UAA-012
Formerly Technical Memorandum No. 1
Dated: June 23, 1985

IEW Sensor Error Budget for DF Fix Estimations

Technical Memorandum No. 4
Dated: August l4, 1985

Confidence Ellipse Research Software

JPL D-2786 UaA-015
Technical Memorandum No. ©

Dated: August 8§, 1985

The Power of Statistical Tests - Software

JBL D-2788 UAA-017
Technical Memorandum No. 7
Dated: December 2, 1985

Collection and Analysis of Specific Elint

Signal Parameters: Final Report
JPL D-2787 UAA-016
Technical Memorandum No. 8

Dated: December 9, 1985

Intelligenca/Electronic Warfare (IEW) Direction-Finding

and Fix Estimation Analysis Report
' _ T _ o MM ATY Y AT
VULULC 44 AL LLDLNLLIN

JPL D-180, Vol. 2  UAA-QQ1
Dated: December 20, 1985
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