
~
“ AD AD62 995 ARMY ELECTRONICS RESEARCH AND DEVELOP’~ENT COMMAND WS——ETC FF6 17/1

...Ir• A C C WT 7 f l  
~~~

A

::! AU, ; 

T INI3UES IN AN IDEALXZED PHYSI——ETC (U)

_ U _W~ UUIUUU

~~~~~~~~~~~~~~ 
_

END
FP L~ t 0

:3 — .79
DOC 

p A



- _____ ______

ASL-TR-0018 Reports Control Symbol
OSD - 1366

BEHAVIOR OF FOUR SOUND RANGING
TECHNIQUES IN AN IDEALIZED

PHYSICAL ENVIRONMENT
©

SEPTEMBER 1978

By

W.B.MILLER
C...) B.F. ENGEBOS

_ D D C
C~3 1Fflfl flr~

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

Approved for public release; distribution unlimited

79 01 U~ U31

‘J, US Army Electronics Research and Development Command

Atmospheric Scie nc•s Laborat ory
White Sands Missile Range, NM 88002 



N O T I C E S

Disclaimers

The flndinp in this report are not to be construed as an
official Department of the Army position , unless so desig-
nated by other authorized documents.

The citation of trade names and names of manufacturers In
this report in not to be construed as official Government
indorseinent or approval of commercial products or service,
referenced hirela.

Oisposftl.n

Destroy this report when it Is no longer needed. Do not
return 1$ to the originator.



___________________________________  - -~~ --—-.~~~~~~~~~~~~~~~~~ -,--- . ---,-— ~~~~~~~~~~~~~~ —~~~~ -- --- —- —U ’

SECURITY CLASSIFICATION or THIS PAGE (IThin Dat. Inf.r.4) 
__________________________________

DcDn~~r r~nri a~AeLI rA1Ir tb. I  D A V ~E READ INSTRUCTIONS
I~~~~F ‘.JT~ I ~~~~~UM~~l’I I ~~ I I~~I’~ F ~~h11 BEFORE COMPLET ING FORM

1 REPORT NUMBER 2. 30VT ACCESSION NO 3. RECiPIENT’S CATALOG NUMBER

ASL—TR- 0018 ____________________________
4. TITLE~~~1t~~bWl*i -. ______ 

5. TYPE or REPORT S PERIOD COV ERED
- _

BEHAVIOR OF EDUR SOUND RANGING TZCHNIQUE5 /
AN IDEALI’!~D P~~~SICA~~~ENVIRO~~fENT, / / R&D Technical Report

.$fr ~~~~- S. PERFORMING ORG. REPORT NUMBER

7. AUT S. CONTRACT OR GRANT NUMBER(.)

~ 
‘
SW .  B.~~Mi1ler

B. F. En8ebos~~_~~, ____________________________
k FERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT , TASK

AREA S WOR IT NUMBERS
Atmospheric Sciences Laboratory ___________

White Sands Missile Range, New Mexico 88902 DA Task No. 
±~~~~~

B
~2~

)’ll

II CONTROLLIN G OFFICE NAME AND ADDRESS Rf~PQWT D4T E

US Army Electronics Research (
~ 

~~Septe~bet 1q78 L (1Z~ ~_L
and Development Conunand WUMBER OF PAGES

Adeiphi, MD 20783 67
Ii. MONITOMING AGENCY NAME S ADORESS(U dSII.t.nt from CcntroUSn Off lc .)  15. SeCURITY CLASS. (of thi. ropo$)

UNCLASSIFIED
1$.. DECLASSIFICATION / DOWNGRADING

SCHE DULE

~~~. DISTWIW U fl ON STATEMENT (of tAt . R.p ott)

Approved for public release; distribution unlimited,,

17. DISTRI BUTION STATEMENT (of U,. ab.tract onl.r.d In Block 20, U dUl.r.nS froc, R.pmf) 
-

IS. SUPPLEMENTARY NOTES

TAD t t?fr~/4~ L-TfL-IO~-~
IS. KEY WORDS (Contfno. or, r...r.. .Id. it n.c. ..m~ ond Id.ntIj ~ b~ block m b.r)

Sound ranging
Algorithms
Acoustics
Met data

20. STRACT (CantIflu. on r.v~~.. .Sd. St n.c.ooa~’ a~d j*ntI~ ’ b7 block ,omib.t)

Four contemporary sound ranging techniques are examined in an environ-
men t chosen to insure optimal performance characteristics for each. A
data base is employed which is free of external contamination so that
effects of truncation of arrival times and variations among algorithms
are the sole contributors to observed differences in behavior. Note-
worthy is the interplay which emerges between truncation effects and
system response to meteorological errors. In addition, a direct com-
parison of techniques is given in context.

DO , 
~~~~~~ 

1473 EDITION OF I NOV 55 IS OBSOLETE

SECURITY ~CLASS IFICAT ION OF THIS PAG E (IOi.n Dof. Enls,.d~

- 

‘/~LLO ~~~

- - - - - - - . -- —- -
.
~~~~~~

-
~~~~~~

—
~

--—
~~~~~~~~~~~~~~~~~~~ ~~~ ‘-

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



—_________ 
__________

- SECURITY CLASSIFICATION OF THIS PAGE(W?. on Dot. Ent.r*d)

I

L - 

~ .1 ~~~~~~~~~~~~~~~~~~~~~~~~



-~ ___________________

CONTENTS

INTRODUCTION 2

SCENARIO AND DATA BASE GENERATION 4

EXACT METEOROLOG ICAL INFORMATION 7

EFFECTS OF ARRIVAL TIME TRUNCATION IN THE PRESENCE OF
UNIT ERRORS IN TEMPERATURE 8

WIND ERRORS PERPENDICULAR TO ARRAY BASELINE 8

WIND ERRORS PARALLEL TO ARRAY BASELINE 
, 

9

A 5—METER/SECOND ERROR IN SOUTH AND WEST WINDS , AND A
5—DEGREE KELVIN ERROR IN TEMPERATURE 10

CONCLUDING REMARKS 11

REFERENCES 12

FIGURES 13

TABLES 56

5Th SIlls 3idllsi )~~~
SIC ~~lf IICSIu 0
P~ANNOPlCU C 

ly .—...— ...—... 

Il*IIIIUTIO*/AVA LAELITY ISSU

lIst. IL’A!&. 51,15 PUIM

~~~~~ 
O 2 O ~

1

______________________



- 
-.. - 

- .— - - --

INTRODUCTION

Within the artillery community, a renewed interest has been evidenced in
the use of sound ranging as a passive mechanism for the location of hos-
tile artillery and related functions [1,2], Apparently , however, the sub-
ject is not without controversy, and no unified in depth treatment is
evident, This lack of unity perhaps explains the existence of a consid—
erable volume of literature containing a wide range of observation, inter-
pretation, and opinion0 Of special interest is a work of Hercz which has
considerable scope and objectivity [3]; and historically, the works of
Conant [4] make worthwhile reading ..

To more effectively study the various problems peculiar to sound ranging,
an effort was made in 1976 to construct a mathematical framework in which
the sound ranging problem would be given a rigorous definition [5L An
offshoot of this study was a methodology whereby a hierarchy of sound
ranging algorithms could be constructed based on physical assumptions
concerning operating environment and on funct ional  requirements of the
algorithms themselves. Six such algorithms have been constructed and
validated. Several properties of two members of this group are docu—
mented [6]..

Of the above—mentioned six algorithms, one based on the simplest reason-
able physical assumptions and with minimal functional requirements most
nearly corresponded to a number of contemporary sound ranging techniques ..
This algorithm has been designated as Acoustic Location Program 1 (ALP—l),

In the study [6], certain behavior characteristics of ALP—i were noted
when the procedure was subjected to truncation of arrival times.. Of
in terest also was the interplay exhibited between trucation levels and
response to meteorological errors.. It was natural then to ask whether
the e f f e c t s  observed arose from peculiarities of ALP—I or were traits
held with other sound ranging schemes sharing common physical assump-
tions, To clarif y this p roblem , th ree contemporary sound ranging tech-
ni que s were examined on a side—by—side basis with ALP—l . It was recog-
nized that perhaps straight analysis of the various techniques would
yield the desired answers, but the course of action taken was considered
more visible and expedient.

The first procedure chosen is derivable from information available in
FM 6—122 [7] and utilizes a geometric approach in solving the sound rang—
ing problem.. This procedure corresponds to the standard field procedure
which usually assumes the use of a six—microphone linear array .. Use of
the procedure produces n set of ten estimates of sound source location
from which a single estimate is chosen. The ten points constitute a
“polygon of errors,” and when a median or mean technique is employed to
derive the single source location estimate, the technique is called
USRAN 1. For the crrntrolled environment of this experiment, a median
or mean technique may be employed without a significant difference in
behavior.. Under field conditions, departures from normal behavior in

2
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estimates of arrival times give the median technique a distinct advan—
tage in accurate target location.

USRJIN 1 is a flexible program which will utilize up to six acoustic
microphones with a minimum of three required. Inherent in the structure
of this procedure is a graphical display availability which can prove
useful for “on the spot” editing of arrival t imes . The error charac-
teristics of ALP—i and USRAN 1 are different, and the nature of the
difference suggests that the two are mutually complementary.

Also, USRAN 1 and ALP—i both allow for differing baseline geometries and
may easily deal with loss or gain of function among the six acoustic
microphones. USR.AN 1 is a self—starting procedure, while ALP—i requires
an initial source estimate. ALP—i appears to exhibit an accuracy
potential which would suggest use of this algorithm as a “vernier” for
a scheme such as USR.AN 1.

In the same vein, a least squares refinement of estimates is possible,
and a representative member of this class progranued by Lee [8] was
readily available to the authors. in this presentation, that scheme
will be called the Lee least squares algorithm. Like ALP—i, this com-
putational process requires an initial estimate of source location.
The results show that if initial source point estimates are sufficiently
close to the true source point, the least squares algorithm and ALP—i
very nearly coincide. A little reflection will show that this must be
the case. However, ALP—i is considerably less sensitive to errors in
source point location, while the least squares algorithm can at times
tolerate larger errors in arrival times given good initial source point
locations. This follows from the nature of the algorithms.

A final computational procedure was chosen reminiscent of that employed
in USEAN 1, but with array flexibility sacrificed to obtain increased
accuracy; i.e., this technique required a fixed and unalterable number
of functional acoustic microphones. A technique of this nature desig-
nated as USR.AN 3 utilizes six microphones (9]. A lesser number to the
limit of three may be employed to construct an algorithm of this type,
but as the number approaches three, the techniques merge into USRAN 1.

For the four sound ranging procedures mentioned previously, a physical
environment exists in which all must exhibit optimal performance. In
this environment, a meaningful side—by—side comparison of techniques is
possible.

This environment may be characterized as follows: a flat featureless
plane of uniform temperature and over which a wind of constant velocity
is blowing. In such an environment, if spherical propagation of sound
waves is assumed together with well—defined leading edges for all wave
fronts, arrival times of such a front at any point on the plane may be
calculated with great accuracy. It is then possible to examine effects
of truncations in timing and system responses to meteorological errors
individually, or in concert. Once the basic behavior traits of the

3
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various systems are understood in this environment, effec ts of more
complex environments may mqre readily be interpreted.

It is realized that a well—defined leading edge for wave fronts, and in
fact the entire physical model, is an abstraction and that any real
physical situation will be expected to depart from this simple model.
However, presently, such considerations could obscure points fundamental
to an understanding of system error behavior. It might be noted that
any concept of “effective” meteorological results is the approximation
of a real physical environment by one of exactly the simple form given
above. In this light it would appear that there is justification for
system comparison under the stated assumptions. For the purposes at
hand, attention will be focused on truncation effects, system response
to meteorological errors , and interaction of the two. Ranges are con-
sidered up to 30 kilometers, and flanking angles from 0 to 75 degrees.
Flanking angle here is defined to be the angle measured clockwise from
the perpendicular bisector of the array to the target.

As a mathematical convenience, the plane in the scenario previously
mentioned will be made to coincide with the plane Z = 0 of a rectangular
Cartesian system and maximum use will be made of symmetry to reduce data
volume. Nonetheless, the amount of data necessary to complete this
analysis is considerable. All data are available for interested readers,
but only data selected on significant results will be included here.
Results presented in most graphs or figures will be typical, or will be
related to other results not presented by a predictable line of cause
and effect. As will be seen, the behavior traits indicated and the
comparison presented provide an understanding of the basic properties
of the algorithms considered and will be used as a stepping stone to
the study of more realistic physical models.

SCENARIO AND DATA BASE GENERATION

The physical environment to be described will be fundamental in the
study to follow. It may be visualized as a flat featureless plane of
uniform temperature continually swept by a wind of constant velocity.
For mathematical convenience, a rectangular Cartesian coordinate system
(X, ?, Z) will be assumed , with the above plane corresponding to the
plane Z = 0.

Suppose that at time to, a blast occurs at the point (X0, Y0, Z0). The

assumption will be that a spherical wave front will propagate outward
in such a fashion that if (X, Y, Z) obeys the relationship:

W(x , y, z, t) = [(x — x0) — u(t — + [(y — y0) — v( t — t ) ] 2

+ [(z — z0) — q(t — t0) ] 2 
— c2k(t — t0)

2 — 0, (1)

then (x, y, a) will lie on the wave front at time t. Here, the vector
(u, v, q) E V represents the wind and k the temperature in degrees Kelvin,
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both from the original physical environment . The letter c is a const ant
whose value in this report will be taken as 20.06 consistent with the
MKS system of units and the assumed physical modeling assumptions.

From the assumptions inherent in (1) , the equation must satisf y the
relationship

—‘ —. 2 2 + 9’ + + -* +
— ~~(v x) + [c k — (v’v)] (x x) — (v.x)

o 2 —‘ —i

[c k — (v.v)]

where [(x — x0) ,  (y — y0) ,  (z — z0)1 ~~~~~~~~~

Note that the mode of construction of each of the computational proce-
dures to be examined assures that optimal performance may be expected
when expression t is used in context to provide requisite arrival times
for  the estimation of (x0, y0, z0).

It is intrinsic to (1) that in time an expanding wave front must possess
a well—defined leading edge. This effectively bypasses one critical
issue in the sound ranging problem , that of break point identification.
This problem exists distinct from algorithm performance except as it
affects the choice of a vector of arrival times. The reaction of a
given algorithm to such errors is insensitive to the causes involved
except when those causes possess a reasonable determinative structure.
For such a case, advantage may be taken of such structure and a suitable
algorithm fabricated. Among the procedures considered at this time,
none possess this form of structure, but algorithms which may prove to
be of merit exist on the horizon, and these algorithms utilize the idea
of degradation of timing accuracy with range and other characteristics.

The problem of arrival time accuracy is complex and has points of
ambiguity, at least at the current state of the art. Several factors
influence the behavior of the problem, and a comprehensive random model
is quite involved, although useful information may be gleaned from
randomization of expression (Z). For these reasons, at present,
algorithm behavior is examined apart from considerations of the nature
of arrival time errors. If such were included at this point , behavior
traits might be introduced which would obscure points of interest which
would otherwise be clear. The problem of arrival time accuracy and its
error structure is currently being addressed.

For a preliminary examination of the chosen algorithms, a configuration
of 66 systematically located sound sources was found to afford an ade-
quate picture of behavior characteristics of interest. Source points
were located at 5 to 30 kilometers at 5—kilometer intervals and along
flanking angles of 0 through 75 degrees at 15—degree increments (figure
1).

Symmetry could be used in the placement of acoustic microphones to
derive information equivalent to that supplied by the above configura—
tion, but with only 36 source points. This method considerably5
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diminishes the volume of data  to be treated and a f f o rds an adequ ate pic-
ture of the characteristics of interest in this study. A denser grid of
source points could be used to spotlight frequency effects of truncation
of arrival times but would not especially increase information in current
context. In addition, all computational procedures exhibit continuity
except for specified juxtapositions of source points and microphone
locations; and after a point, behavior with respect to truncations , or
general variation at a sufficiently small variance , must be smooth.

In the generation of timing data, a set of microphone positions (x1, y1) ,
• “,(x6, y6) was defined by

x. = 7000 — 2000j
j = 1, 2 , 6

Yj 
= —1000

where (x
3
, y~) is given in meters.

For a source point as described previously, definition of the wind
vector (u, v, q) and the temperature k, will produce a vector of six
arrival times. For present purposes, a wind vector of (0, 0, 0) and a
temperature of 295°K were employed. Other values of wind and tempera—
ture were employed without altering basic results, and so were omitted .

Arrival times for all source points were calculated at the full accu-
racy of the HP 9830—A. Four increasingly degraded cases of timing
accuracy were considered : full accuracy for initial verification which
is not included , then 0.1—, 1—, and 10—millisecond truncation levels.
The 100—millisecond truncation level was also examined but produced
such erratic behavior in all algorithms that it was not included.

When the version of USRAN 1 is considered , the Lee least squares tech-
nique and the algorithm ALP—i all may account for a loss of as many as
three microphones without loss of function. Behavior of truncation
effects together with microphone loss and errors in meteorological
parameters is being addressed separately and introduces a number of
interesting insights. This study should be available in the near
future.

After  figure 1, which indicates the relative positions of microphones
and source points employed in this study, all figures will have a
similar construction. Each will consist of four subfigures. The top
two plots always indicate comparative miss—distances for the indicated
versions of USR.AN 1, USRAN 3, and the algorithm ALP—l, and for trunca-
tion levels of 0.1 and 1.0 milliseconds as specified. The bottom left
plot always presents a similar format , but for a timing level of 10
milliseconds.

The bottom right plot is a special case, and presents maximum and
minimum miss—distances at the 1.0—millisecond level for the Lee least6
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squares technique . The deviations were derived from the fact that four
initial estimates for sound source location were routinely made. These
estimates were at 12:00, 3:00, 6:00, and 9:00 o’clock and at a distance
20 percent of range of the midpoint of the microphone array to the tar-
get from actual target. In the Lee technique, an appreciable amount of
variation was found among responses to these estimates. In ALP—i, almost
no variation was observed ; hence no special plot was required.

Note that the vertical scales used in a given figure change. This change
is dictated by the behavior of the algorithms and Is necessary if mean-
ingful resolution is to be maintained.

EXACT METEOROLOGICAL INFORMATION

In this and the succeeding sections, the effects of timing information
degraded by truncation are examined. In all situations presented , each
algorithm is provided with the exact meteorological data as the data
exist in the previously described physical environment.

In the examination of figures 2 through 7, which represent increasing
flanking angles of 0 through 75 degrees , the most striking feature
shared by all algorithms is the abrupt increase in erratic behavior
when the 10—millisecond truncation level is reached. Also , observation
shows that the degree of erratic behavior experienced by all procedures
tend s to increase with distance. Limited analysis in addition to that
presented tends to indicate that truncation ef fec ts  in this context
would produce a stochastic process with an increasing trend as distance
increases , and with a similarly increasing variance. One might also
note that the Lee least squares algorithm presents considerable devia-
tions between maximum and minimum values as source point estimates vary.
Minimal miss—distances in this case lie near those of ALP—i, while maxi-
mum excursions appear quite large. This difference would indicate that
the Lee least squares probably would have little “stand alone” capabil-
ity and would require a good initial estimate to function.

Figures 2 and 3 show that at the 10—millisecond truncation level,
USRAN 1, USRAN 3, and ALP—i may exhibit quite different  performance
characteristics, but when figures 2 through 7 are examined together ,
algorithm behavior due to truncation effects shows a general behavior
agreement.

Error increase with increasing flanking angle is evident through changes
in scale; also lack of consistency in behavior at the various levels can
be noted . All algorithms degrade in performance as flanking angle in-
creases. It might be deduced that millisecond timing would be a worth—
while goal , with considerable returns in stability and accuracy over a
wider area.
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EFFECTS OF ARRIVAL TIME TRUNCATION IN THE
PRESENCE OF UNI T ERRORS IN TEMPERATURE

This section concerns the e f fec t s  on miss—distance of the earlier de-
fined levels of truncation, but in the presence of unit variations
(degrees Kelvin) in temperature. The plots show that effects of trunca-
tion at the 0.1—millisecond level indicate a definite and very nearly
linear trend of increase of miss—distance with range. Though not in-
cluded , ALP—l has been shown to produce a more and more linear trace as
timing accuracy increases.

Figures 8 through 19 are arranged in such a manner that side—by—side com-
parisons may be made between positive and negative unit effects in temper-
ature at all flanking angles, In the case of 0.1—millisecond timing, no
great difference is exhibited in unit effects between algorithms , but
ALP—l exhibits a reflexive mode when positive and negative errors are
encountered , The figures show that as timing errors decrease , so does
the amplitude of the variations in effect of ALP—i; and at sufficient
timing errors, these effects disappear altogether. The miss—distance
at maximum accuracy is almost exactly the average of miss—distances of
ALP—i for positive and negative temperature fluctuations,

A 0—degree flanking angle and a 1.0—millisecond truncation of arrival
times still retain an indication of linearity of miss—distance with hori-
zontal range, but this tendency is not so pronounced as that observed
for more accurate arrival times. For a truncation at 10 milliseconds ,
all evidence of linearity is lost except by use of statistical methodol-
ogy. At higher flanking angles, similar results are encountered , but
with increases in magnitude of miss—distances. In all cases, the trun-
cation at 10 milliseconds produces a sudden increase in erratic behavior
and loss of linearity of unit effects. Notice that at the 10—millisecond
truncation of arrival times, the algorithms other than ALP—l show a
tendency to be reflective.

The Lee least squares algorithm exhibits a distinct separate behavior
for  varying initial estimates, with the most favorable values being
near those of ALP—i (top right plot of figure 13), with a good agreement
of values occurring at 30 degrees. An increasing value of scale on the
plots shows that all procedures exhibited greater errors as flanking
angle increased.

Considerably more interpretive analysis is possible, but consistent with
the purposes of this investigation, these must remain for consideration
at some future time. At present, an examination of errors introduced
by a combination of truncation of arrival times and unit errors in wind
will be considered .

WIND ERRORS PERPENDICULAR TO ARRAY BASELINE

For the wind conditions utilized , little effect occurred due to unit er-
rors in wind blowing perpendicular to the array baseline. This may be

8
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observed by comparing f i gures 2 through 7 with those of 20 through 25.
This holds t rue at a truncation level of 0,1 millisecond for all algo-
rithms to a greater or lesser extent, with ALP—i yielding near zero miss—
distances from flanking angles of 0 to 60 degrees. At 75 degrees , ALP—l
remains near zero , but both USRAN 1 and USRAN 3 exhibit a strong increas-
ing trend with distance.

Increases in miss—distance with increasing flank angle and target distance
are evident, as in previous sections, with sudden increases in erratic
behavior at the 10—millisecond truncation level readily observed . The
Lee least squares algorithm closely parallels ALP—i in behavior of its
minimum miss values.

The question arises as to whether the apparent independence of results
to perpendicular winds is in fact true or reflects a second—order effect .
Toward this end, data were generated including a perpendicular wind of
50 knots. The ALP—i algorithm was then utilized to find a source point
at 10 kilometers range and 0 degrees flanking angle. Millisecond trun-
cation produced a miss—distance of 3 meters, well within system roundoff
error.

Additional information may be derived from the more advanced algorithms,
and strong evidence of independence exists In this area. It might be
observed that if an array is not linear, the observed behavior of per-
pendicular wind ceases to hold. A more formal presentation on the
problem of independence may be presented at a later date. Presently,
the differences in algorithmic behavior seen here are believed to be
due to the techniq~ie USRAN 1 and USR.AN 3 use for wind correction.

WIND ERRORS PARALLEL TO ARRAY BASELINE

Observation of figures 26 through 37 indicates that unit wind errors
parallel to the array baseline exhibit a near perfect linear dependence
of miss—distance on range when subject to truncation levels at 1.0 milli—
seconds or better at flanking angles from 0 to 30 degrees. At higher
flanking angles, slight deviations from linearity are experienced.

A reasonable consistency is evidenced between algorithms, with ALP—i
exhibiting a reflective behavior at smaller truncation levels. As
flanking angles lucre....:, accuracy deteriorates and this deterioration
holds also for increasing distance but to a lesser extent. As usual, a
considerable increase in erratic behavior of miss—distances occurs at a
truncation level of 10 milliseconds, and consistency of algorithms
lessens consIderably. Again as usual, the minimum miss values of the
Lee least squares lie close to those of ALP—i.

As a whole, the various algorithms behave a bit more stably with regard
to winds parallel to array baseline than those experienced with tempera—
ture.
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A 5—METER/SECOND ERROR IN SOUTH AND
WEST WIND S, AND A 5—DEGREE KELVIN ERROR IN TEMPERATURE

In this section meteorological errors of 5°C and 5 meters/second in both
wind components are considered. These errors are used to demonstrate
the linearity of unit effects due to errors in met parameters. An addi-
tional reason for utilization of errors of this magnitude is a demonstra-
tion of the relative independence of errors in meteorological variable8
when arrival time accuracy is adequate for corrective modes. These
errors are not to be construed as representative of field type meteoro-
logical errors which would hopefully be smaller in magnItude.

Figure 38 indicates a linearity which appears to be strongest at a range
in excess of 10 kilometers. Truncations of arrival time at the 0.1— and
1—millisecond level produce similar results. On the whole ,, linearity
is preserved quite well at a 10—millisecond truncation, considering pre—
vious results. In this case, one would suspect a cancelling effect to
be in operation, that is, a favorable interaction of meteorological con-
ditions.

Figure 39 describes the behavior of the various algorithms for a 15—
degree flanking angle. All techniques preserve linearity through 1.0—
millisecond truncation of arrival times but deteriorate seriously at a
10—millisecond truncation.

Figure 40 begins to exhibit a divergence of unit effects between ALP—i
and USRAN 1 and USRAN 3. Observe that linearity of unit effects per-
sists for all the algorithms through millisecond truncation of arrival
times, but degrades at the 10—millisecond truncation, the typical
behavior pattern. The behavior continues in much the same fashion
through figure 43. The differences in techniques are not startling.
However , at the higher flanking angles, note that these differences
tend to be obscured to the casual glance by increasing vertical scale.

Overwhelming the variations in miss—distance for the different algo-
rithms are effects due to the variations in timing truncation. This,
the authors feel, is a most important consideration.

Whatever the reasons, a logical first step in developing enhanced sound
ranging capabilities appears to be through some means of enhancing arrival
time accuracy toward the nearest millisecond and preserving linearity of
unit effects with distance. Then more powerful algorithms now available
can be utilized. Without such timing enhancement, one logical system for
obtaining maximum accuracy over an extended area appears to be a composite
algorithm encompassing the best features of several algorithms. A number
of such configurations are currently being studied to determine stability
and field worthiness, with at least one showing promise.

As a final point, it should be stressed that the interplay between
timing and required accuracy of meteorological data in no way implies

10
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that meteorological information is not essential to accurate sound
ranging. In fact, field accuracies in the foreseeable future would
tend to indicate that a high degree of importance must be placed on
accurate meteor ology ,

The behavior of the advanced algorithms ALP—2 and ALP—2T as demonstrated
in tables 1 through 3 shows striking reductions. For the lar ger f lanking
angles (greater than 45 degrees), ALP—2T gives good results for all timing
accuracies. This feature may possibly be exploited into a composite type
algorithm to effectively extend the zone of coverage by sound ranging.
Note also that by putting bounds on the timing, of the blast , in algo-
rithms ALP—2 and ALP—2T the instability as observed in tables 2 and 3 can
be prevented . This analysis will be forthcoming.

CONCLUDING REMARKS

In the performance of this comparison , one fact seems to predominate .
For all ranges and flanking angles considered, accuracy deteriorates
drastically when arrival times are truncated at the nearest 10 milli-
seconds. This phenomenon occura for all techniques considered to a
greater or lesser extent. In addition, linearity in distance of unit
effects for wind and temperature, which are evident at 0.1— and often
at 1.0—millisecond truncations of arrival times, are, in the majority,
totally lost when accuracy is reduced to a 10—millisecond truncation.
Therefore, it may be concluded that timing accuracy approaching a milli-
second is needed.

Due to the problem of extreme stratification of sampling, a direct
statistical comparison is difficult and adds nothing to the results
of this study. In all cases, one might consider that no statistics are
involved, but rather a tabulation of results from numerical algorithms.

Note that when wind or temperature deviations are introduced for an
individual case, smaller or larger values of miss—distances do not
guarantee how a given technique performs in general. For example, if
zero miss—distance is observed at 20 kilometers without adjustment for
meteorological conditions, then certainly the technique could not be
called good , but lucky.

A general statistically unsupported statement is that USRM4 3 appears
to offer improvement over USRAN 1, and ALP—i compares favorably with
USRAN 3. Also, if initial guesses are of sufficient accuracy, the Lee
algorithm and ALP—i exhibited similar behavior characteristics.
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Source locations utilized in the evaluation of USRAN 1, USRAN 3, ALP—i,
and the Lee least squares algorithm. Source positions are designated
by asterisks, microphones by (M).
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Figure 1, Source and microphone locations .
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CONSIDERED AS IND I CATED BELON.R TEMPERATURE ERROR OF +1. 0
DEGREES KELVIN IS ASSUMED .

FII3IJRE ILl

MISS DISTANCES FOR SELECTED RANGES AND FOR AN HISS DISTANCES FOR SELECTED RANGES AND FOR AN
ARRIVAL TIME ‘TRUNCAT ION OF 1.1 MILLISECONDS . ARRIVAL TIME ‘TRUNCATION OF l .A MILLISECONDS.
(ISARN I IS INDIC A TED BY A SOLID LINE.U5RRId ] AND USRAWI IS IND ICATED BY A SOLID LINE .USRAN2 AND
ALP— I BY THE SYMBOLS (I) 11Mb (VI RESPECTIVELY . ALP-I BY THE SYMBOL5 (1 ,1 AND CV) RESPECTIVELY.
HORIZONTAL SCALE EXPRES5ED IN KILOMETERS , HORIZONTAL SCALE EXPRESSED III KILOMETERS,
YERT ICAL SCALE Ill METEBS . VERTIC A L SCALE IN METERS.

2MB 2DM

211 710

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

• MISS DISTANC ED FUR SELECTED RANGES AND FOR AN MAXIMUM AND MINIMUM VARIATIONS DV’ ‘THE LEE
ARRIVAL TIME TRUNCAT ION OF II NILLISECWID5. ALGORITHM RHEW INITIAL VALUES 205 OF RANGEIJSIRWI IS iNDICATED BY A SOLID LINE.USRRN] AND RE IL ZED AR R IV L I 5 £ CRIED ATALP—I I! THE 5’!M8OLS ca~ AND If) RESPECTIVELY. THE NEAREST I I MILLISECONDS ICRIZOIITALHOW I 2O

~~
AL
~~

C
~

LC EXP
fl

RC
(~
S IN KILOMETERS, SCALE EXPRESSED IN KILOMETERS1VERTICAL IN METERS.

(SRI

211 121W

141

71 ‘51
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MISS DISTANCE VERSU5 RANGE (METERS ) FOR SOURCE POINTS LOCRTED
AT A ‘1~ DEGREE FLANK I NG ANGLE.SELECTED TRUNCAT I ON PO I NTS ARE
CONSI DERED RS INDICATED BELOW.R TEMPERATURE ERROR OF — 1 .0
DEGREES KELVIN IS ASSUMED .

FIGURE I~

MISS DIST ANCES I’ll SELECTED PlINKS MS FOR IN MISS DI STAN CES FBI SELECTED lIMIER MS FUN IN
~~~IVIL TINE ‘TIIMCAT IOI OF I I  MILLI SECONDS. ANR I VIN. TINE TIISCI?lDI D~ .0 N$LL IS(URII5.
L51INI IS INDICATE) IV I BOLl) LINE.1 3 ( l I 1  IS INDICATED IV N 51.15 LINE.I~~~ I3 MS
ALP— I I? THE BYNIIM.S (a) AND (+3 IWCCTIVELV. ALP— I I? TIlE BY AIJ (0) MS 1+) I~~~CCYIVELY.IlSUIZUNTIL SCALE EXPIERAC) IV KILOMETERS, I51IZRIVIL 5~~~.C EXPIEDID IN KILOMETERS,
VERTICPL SCALE IN NCT~~~. VERTICAL S~~X IN NET~~~.

( T T

’TT

K5TTT 1

MISS DISTANCES (YIP 51.ECTED IlINES Alt (‘DI IN MUIMIII St NINIIIMI VIIIIITIDNS OF THE LEE
IVIL TIME T1KSCIITIDN Br II MILLISE(XINDS. ALBOIITIS SlED INITIAL VALUER 2111 IV ANNIE

1 N 1  IS INDICATED It I 51.15 LINE.I~~~~2 IND ARC UTILIZKS.IIIIVIM . TINES MC TIUNCA’TED IT
11)—I It THE IYNIOLS III 51 1+3 CIIVELY . TilE NEDIEST 1.1 IILLISCCASL IIIIIZONTS.
IIIR I ZONTM L SCALE flIPIESSE) IN Cl ER5i SCALE ERPIERSED IN EILIPEV~~~~VEATICA. IN METERS.
VERTICAL . SCALE IN METERS.

_  

2 7

_ _ _ _ _ _ _ _ _  _ _  
_ _ _
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P1155 DISTANCE VERSUS RANGE (METERS) FOR SOURCE PO INTS LOCATED
AT A GO DEGREE FLANK I NG RNGLE .5ELECTED TRUNCAT ION POINTS ARE
CONSIDERED AS IND ICATED OELOW .R TEMPERATURE ERROR OF +1.0
DEGREES KELVIN IS A55UIIED.

FIGURE lb

MISS DISTANCES (‘DI SELECTED RAllIER MS FOR AN NIBS DIETMNCCS (‘UI SELECTED 51lGCS Alt FOR IN
IANIVN. TINE TRUNCATION OF 1.1 MILLISECONDS. IARIVII. TINE TIUNCATIOM DV’ I I  MILLISEC ONDS.
I~~~~ I IS INDICATED It I BOLl) LINC.IOMARI] Ill) ~~~~~I IS INDICATED It I MALI) LIRE.U~~~~ Alt
ALP— I It THE SY NIW_S IS) lUll If) RESPECTIVELY . ALP-I MY THE SYMBOES (a) MI (+3 RESPECTIVELY.
HORIZONTAL SCALE EXPRESSED IN KILOMETERS, HORIZONTAL SCALE EXPRESSED IN KILDNETEPSI
VERTICAL SCALE IN METER S. VERTICAL SCALE IN METERS.

321 321

2’S 2’S

IAN IAN

AN AN

c II it 21 25 31 ~ 
Ii ‘~ a 2t 3M

MISS DISTANCES FUR SEL!CT E) MANGE Alt FDA IN MAXIMUM lIlt MINIMUM VOM IATIOIIS OF THE LEE
51151. TINE TIISCATIUN OF II MILLISECONDS. RIJORITIII *101 INITIAL VALUES 2111 DV MANGE
I~~~~ I IS INDICATED It A 51.1) LINE.UARSI2 lUll MC UTILIZED.RIRIVMI. TIMES ARE TRUNCATED IT
ALP—I IT TIC STIIIOLS IS) liMb (+3 RESPECTIVELY. TIC NEAREST 1.1 MILLISECDNDS.I5112011TAL
I51I ZONTIII. SCALE EXPRESSED IN KILOMETERS, SCALE EXPRESSED IN KI LOMETE R S V ERTIC AL I~ ,.AC’TERS.
VER TICAL SCALE IN METERS.

321

2’S 151

IAN I~~~

AN 51

c II IC 21 RE 21 RE 3M

2 8



MISS DISTANCE VERSUS RANGE (NETER5) FOR SOURCE PO INT5 LOCATED
AT H GO DEGREE FLANK I NG RNGLE .SELECTED TRUNCAT ION PO INT5 ARE
CONSIDERED AS IND I CATED BELOW.A TEMPERATURE ERROR OF -1.0
DEGREES KELVIN IS ASSUMED .

FIGURE Ii

A lAN DI STAN CES FIR W.KCTD 5110 lull VIII IN lIAR ILITANCES (‘DI W.CCVG IIER VII IN
IVII TINE TALINOITIUN V 1.1 MILLJ1E~~SI. 51*51. TINE IMIICA?I1W F II NlLLl&CAlllI .

51ANI II INDICATED It I 51*) Ll .l~~ J3 51 I N I  IS INDICATED IT I ~~ Il LIIC.1 13
ALP—I IT THE P1IN U (SI AND II) l~~~CCT l?ELt . ALP—I IV TIC PVMSLJ (.1 51 (+1 R~~~~CtIVELY .

~~~TICAL SffiLt iN NETEM5 
IN KILOMCVERS, 

~~~~~~~~~~~~~~~~~~~~~~ 
IN KILOMCT~~ i

51 51

51 51

-~~~~~ _
MIS S DISTANCES VAR SELECTED MISER Alt FOR IN MAXIMU M Alt MININIM VAIIATIMS DV’ TilE LEE
MAR ItAl TINE TIIIICATION IF II MILLISECONDS. ILIONITIII *101 INITIAl . VALUES 211 DV’ ANNE
ISIANI IS INDICATED $1 A 51.1) LINC.I~~~ I3 MD ARE UTILIZED.IIIIVAL TINES MC TIIALCATED IT
ALP-I II TIC SV LI IS) MID 111 I(SPCCIIVCU . TIC NERIEST 1.1 MILLISEaIIII S.ICIIZONY*.
10151lTIL S~~ X C~~US0 IN KILOMETERS SCALE EXPRESSED IN ElLONEVEAN~flRTlCM. £7015.
VERTICAL S~~~E II ICT~~~.
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MISS DISTANCE VERSUS RANGE (METERS ) FOR SOURCE PPINT5 LOCATED
AT B 7~ DEGREE FLANK I NG RNGLE.5ELECTED TRUNCAT ION POINTS ARE
CONSIDERED AS INDICATED BELOW .R TEMPERATURE ERROR OF +1.0
DEGREES KELVIN IS ASSUMED .

FIGURE lB

MISS DISTANCES FUN SELECTED 5115(5 lUll (‘OR Hl55 DISTA NCES FOR SELECTED RANGES AND FOR AN
MIIVAL TINE TIIMERTIAlI DI’ I I  MILLISECIIIDI. ARR IVAL T I ME TRUNCATION Cr I .R MILLISE COND S.
(ANAN I IS INDICATED IV A 51.1* LINC.I51lu13 lull UMANI IS INDICRTE* MY A SOLID LIM (.USRRII3 AIIM
IMP— I I? TiC 11155.5 h I  MI 1+1 ICAPECTIVELY. ALP- I BY THE STHSULS 101 RN) 14)  PESPCCT IV EIY .
IOI~~~ TML S~~ .E (ANUSES IN EILONCTU5~ HOR IZONTAL SCALE EXPRESSED IN KILOMETERS,
VERTICAL SCALE IN METERS. V ERTICAL SCALE IN METERS.

2011

3I 2110

4 MISS DISTANCES FUR SELECTED RANGES AND FOR AN MAXIMUM RH) MINIMUM VAR IAT IONS DV THE LEE
ARRIVAL ~TI$( ThMCETIO$ UT II MIU.ISECOJIDS. ALEORIIINI U14EN IN IT IAL VALUES 212 OF RANGE
1~~ANI IS INDICATED BY A SOLID LINE .11SP0113 All) ARC IFTILIZED.ARRIVRI. TIMES MC 1RIMCR~TCI WV
ALP— I It THE SYMIOLO (SI lIlt (+3 RESPECTIVELY . THE NEAREST 1.1 MILLISECII*5.ICRIZORIML

_ _ _ _ _ _ _ _ _ __ _  
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MISS DISTANCE VERSUS RANGE (METERS) FOR SOURCE PO INTS LOCRTED
AT A 7S DEGREE FLANK INE RNGLE.5ELECTED TRUNCAT ION PO INTS ARE
CONSIDERED RS IND I CATED OELDW.R TEMPERATURE ERROR OF -1.0
DEGREES KELVIN IS ASSUMED.

FIGURE 19

MISS DISTANCES III SELECTED 511 (1 lIt FOR MISS DISTANCES 11I SELECTED RANNE lull rUN IN
MII VAL TIME TIIIMCWIIAN D V I I  MILI.IICCDIIDI. ANIIVAL TINE TIMMCETION 0, 1.1 MILLIIECINDS.
I A N I  IS INDICATED IV A 51.11 LINE.1 0 MN) I A N I  IS INDICATES IV A MCII LIN(.1 fl AND
ALP— I IT TIC P~~~ J (SI MI 1+) M~~~CCT IV CLV . NP—I IV TIlE PAINS 101 51 1+) I~~~CCT IULV .IINIZON TAL SCM.E EXPRESSES IN KILmICfmS, IINIZDIITRL SON.E EXPRESSED IN ClL5ICT~~~,VERTICAL SCALE II METMI. VERTICAL BONE II METERS.

255 2115

?IAN

2 5 3 1  _

MISS IISTANCU VOl SELECTED MINES MI FOR MI ISX IIILII MS MINIMUM VMIAIIMS Of TIlE LE E
IVAL TINE IMMCATIMI Of II MILLISECONDS. ILMARITIII 11101 INITIAL VALUES 2111 Or INliC

IINANI IS INDICATED It A BOLII LIN(.I~~~ 0 MIII MC UTILIZED.AIRIYN. TIMES MC TIMMCETES RI
IMP— I It TIC 11155.5 15) MI (+1 I~~~CCTIVELY . TIC NEAREST II NILLIS(CONDS.IINI~~~TR.
IGI~~~TIL SONX C~~ E1S0 IN CI (TEAL SCALE EXPRES5O IN EIIJNET~~~iVEITICN. IN METERS.
VER T ICAL SCALE II METERS.

L

2115

II 
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25 31 
_________ ~,.‘1 it a 25 31
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MISS DISTRNCE VERSUS RANGE (METERS ) FOR SOURCE PO I NTS LOCATED
AT A 0 DEGREE FLANK ING RNELE .5ELECTED TRUNCAT ION PO INTS ARE
CONS IDERED AS IND ICATED BELOW . IN ADDI TIDNi AN ERROR OF’ ONE METER
PER SECOND IS ASSUMED IN THE SOUTH W IND COMPONENT .

FIGIJRE 20

MISS DISTANCES FOR SELECTED RANGES AND TO O RN 11155 DISTA N CES FUR SELECTED RANGES AND FOR RN
AR RIVA L TIME TRUNCATION or i.i MILLISECONDS. ARR IVAL TIME TRUNCAT ION OF 1.1 MILLISECONDS.
USRIII I IS INDICAT ED IV A SOL ID LINE.IJSRAN3 AND USRRW I IS INDICATED It A SOLID LIHE.USRAV] AND
ALP— I IT THE 5YIIIDLS (S I  RHO (+1 RESPECTIVELY. ALP—I BY THE SYMIUL5 (SI AND (+3 RESPECTIVELY.
)51IZONTNL SCALE EXPRESSED IN KILOHETERS~ HOR I ZONTAL SCALE EXPRESSED IN KILOME1TR5,
VERTICAL SCALE IN METERS. VERTI CAL SCA LE IN METERS.

DI 01

60 60

~II

20 20

II
_~~~~~~~~~~~~~~~~~~~~~~~ B 

_ _ _ __ _ _ __ _ _ __ _ _ _

11155 DI5’IAIICE5 FOR 5ELECTED RANGES AND FOR AN MAX IMUM All) MINIMUM VARIATIONS OF THE LEE
511 VAt TIME TRUNCATI ON OF’ II MILLIS ECONDS. AL GO RITHM IIHE1I INITIAL VALUES 211 OF’ RANGE
*15511 15 INDICAT ED IT I SOLID LINE.USRRN3 AND ARE UT ILIZ ED . RRR IVA L TIM ES ARE TRUNCATED AT
ALP—I IT THE SYMIOLS 15) Alt 1+) RESPECTIVELY. THE NEAREST 1.1 MILLISECDNDS.HORIZIINTAL /
l~~ I 2ONTRL SCALE EXPRESSED III KILOMETERS, SCALE EXPRESSED IN KILUMET EOSIV ERT ICAL LI METERS .
VERTICAl. SCA LE III METERS.
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SI Ni

‘5 ‘5

71 21
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P1155 DISTANCE VERSUS RANGE (METERS ) FOR SOURCE POINTS LOCATED
AT A I~ DEGREE FLANK ING RNGLE.SELECTE D TRUNCAT I ON POINT S ARE
CDN5I DERED AS IND I CATED BELOW . IN ADD ITION i RN ERROR OF ONE METER
PER SECOND IS ASSUMED IN THE SOUTH WIND COMPONENT .

FIGURE 21

NI SS DISTANCES III SELECTED RAllIES MI FOR AN MISS DISTANCES FOR SELECTED 511NE lull FOR MI
ANRIVAL TIRE TNAICATIUN I!’ I I  MILL ISECSSS. IVML TINE INSCETIIS Of I I MILLI SE
*5511 IS INDICATES It M SOLID LINE.1 fl MI I~~~~ I IA INDICATES IV I 51.11 LINE. MD
NP— I It TIC SVIUNS (5) MS (+1 R~~~~CT lVtLT. ALP— I It TIC St~~~ .S ES) 51 (4) ~~~~ CTIVa’l.MSIZRNTN. ACN E EXruCbsES IN KILOMETERS, 151 I~~~ TN. SCSI EDi•~~~~, IN KILi iu~,VUTI~~~ SCSI IN METERS. VERTICAL SCALE IN NTERE.

— AN

15 15

IS 15

11 31

MISS DISTANCES F’OI’ SELECTED ARNEES AND FOR AN MAX IMUM AN) MINIMUM VANIATIIIN OF’ THE LEE
ARR I VAL T I ME TRIIW (rIIION or IA MILLISECONDS. N.~~~ITAI 111tH INITIA L VALUES TSR 01’ ~~~~USORN I IS IW )ICRT ED BY A SOLID LINE.USRRNI All) ORE CITILIZL’l.ORRIVMI. TIMES MC TIIINCATED MT
RIP—I BY TIl L SYMBOLS (0) AND (+3 RESPECTIVEL Y . TIlE N~~~EST I I  NILLISECON)S.I51IZOMT*.
ICRI ZONTAL SCA LE EXPRESSED IN KILOMETERS , SCALE EXPRESSED IN EILONCT~~~ V ERTICAL IN METERS.
V EW TI CAI. SCALE IN METERS.

-
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P1155 DISTANCE VERSUS RANGE (METERS) FOR SOURCE PO I NTS LOCATED
AT H 30 DEGREE FLANK I NG AN5LE .SELECTED TRUNCAT I ON PO I NTS ARE
CONS I DERED AS IND I CATED BELEJW.IN A DDIT IDNi AN ERROR OF ONE METER
PER SECOND !5 ASSUMED IN THE SOUTH WIND COMPONENT .

FIGURE 22

MISS DISTANCES FOR SELECTED RANGES AND FOR AN MISS DISTANCES FUR SELECTED RANGES AND FOR All
ARRIV A L TIME TR UNCATION or II MILLIS ECONDS. ARRIVAL TIME TRUNCA TION OF’ I I  MILLISEC ONDS.
USRAIII IS INDICATED BY A SOLID LIWE. USRRN7 AND *155111 IS INDICATED BY A SOLID LINE.USRAN3 AND
ALP— I BY THE SYMBOLS (5)  AND (+ 3 RESPECTIVELY . ALP— I IV THE SYMBOLS (5) All) (+1 RESPECTIVELY .
HORIZONTAL SCALE EXPRESSED IN KILOMETERS1 HOR IZONTAL SCALE EXPRESSED IN KILOMETERSi
VERT ICAL SCALE IN ME TER S. V ERTICAL SCALE IN METERS.

III III

15 75

SI SI

75 PS

_ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~

MISS DIST ANCES FUR SELECTED RANGES AND FOR RN MAXIMUM AND MINI MUM VARIATIONS OF THE LEE
ARRIVAL TIME TRUNCATION Of’ II MILLISECONDS. ALGORITHM IrnEN INITIAL VALUES 711 OF’ RANGE
*15511 IS INDICATED IV A SOLID LINE.USOAH~3 AND ARE UTILIZET..RRRIVRL TIMES ARE TRUNCA TED AT
ALP— I IT THE SYMBOLS ( 5 )  MD (+1 RESPECTIVELY. THE NEAREST 1.1 MILLIS ECUNDS.HORIZOWTII*.
HORIZONTAL SCALE EXPRESSED IN KILOMETERS, SCAL E EXPRESSED IN KILOIIETERS,V ERTICR L IN METERS.
VERTICAL SCAL E IN METERS.

III Di

11 SI

61 Ml

25 TI

~. It 25 31
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MISS DISTANCE VERSUS RANGE ( METERS ) FUR SOURCE PO INTS LOCATED
AT H MS DECREE FLRNK INS RN~LE .5ELECTED TRUNCAT I ON PO I NTS ARE
CONS IDERED AS IND ICATED BELOW . IN RDDIT IDN, RN ERROR OF ONE METER
PER SECOND IS ASSUMED IN THE SOUTH WIND COMPONENT .

FIGURE 23

MISS DISTAN CES FOR SELECTED RANGES AND FOR AN MISS DISTANCES FUR SELECTED RAN~~~ AND FUR All
ARRIVAL TIME TRUNC A T I ON o r 1.1 MILLISECO NDS. ARR IVAL TINE TRIIICA T I III or .s MILLISECONDS.
INRAIII IS INDICATED BY A SOLID LINE.USRRIEI AND USMAW I IS IND ICATED IV A SOLID LINE.UBSAND ml)
ALP—I ST ‘THE SYMBOLS (5)  RHO (4 ) RESPECTIVELY. ALP— I It THE 5YMROLS (a) IllS (4) RESPECTIVELY.
HORIZONTAL SCALE EXPRESSED IN KILOMETERS, ~~~IZIJHTAL SCALE EXPRESSED IN KtI.DNDERL
VERT ICAL SCALE III METERS. V ERTICAL SCALE IN METCI5.

ISP 161

121 171

60 61

Ml MI

~ 
4~~~~~~~~~~ U— it’ 1ø 
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NIBS DISTANCES FOR SELECTED 51555 AND FUR AN IIAX I MIIM AND MINIMUM VA RIA T (DIG 01’ TIlE LEE
MAltS. ‘T IRE ‘TMIFCTIT IDN OF’ II MILLISE CONDS. ALSORITI* 1111(11 INITIAL VALUES 711 Dl’ IRhINE
IMANI IS IND ICATED IT A SOLID LINE.UY1RNT AND ARE CiT ILIZED.I51IVIIL. TIMES ARE TMAKRTD AT
NP—I IT THE S’flSOLS (0) IllS (4) RESPECIIVEI.T . THE NEANE5T 1.1 MILLISECDNDS.ISRIZONTAL
IIPIWNTAL SCALE EXPRESSED Ill KILOMETERS, SCALE EXPRESSED IN KILOIIETCRS,VERTICN. IN METERS.
VEITICS. SCALE IN METERS.

IS II I

ITS ITS
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MISS DISTANCE VERSUS RANGE (METERS) FOR SOURCE PO I NTS LDCHTED
AT A 60 DEGREE FLANK I NG RNSLE .SELECTED TRUNCATION PO I NTS ARE
CDN5IDERED AS IND I CATED BELIJW .IN RDDITIDN,AN ERROR OF ONE METER
PER SECOND IS ASSUMED IN THE SOUTH WIND COMPONENT .

FIGURE 2’l

M I S S  S I STANC E S FOR SEL ECTED RAN GES AND ~OR AN 11155 DISTANCES FUR SELECTED RANGES AND FOR All
A RRIVAL T I ME TRUNCATION OF 0.) MILLISECONDS. ARRIVAL TIME TRUNCATION OF 1.1 MILLISECONDS.
USRAN I IS IN D I CATED BY A SOLID LIN E.USRAWi AND USRAN I IS INDICATED It A SOLID LINE.USRAN] AND
ALP— I BY THE 5YMBOLS (0) AND (+7 RESPECTIVELY. ALP— I PT THE SYMBOLS (a) AND (4 )  RESPECTIVELY .
HORIZONTAL SCALE EXPRESSE D IN KILOME TERS , HORIZONTAL SCALE EXPRESSED III KILOMETER S ,
VERTICAL SCALE IN METERS. VERTICAL SCALE IN METERS.

2MB 2MM

160 160

ITO 120

~
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_ __-e
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~

” T c  ~~_~~ 0

MISS DISTANCES FOR SELECTED RANGES AND FUR RN MAXIMUM MMD MINIMUM VARIATIONS OF’ THE LEE
ARRIVAL TINE TRUNCAT ION or II MILLISECONDS. ALGORITHM WHEW I N I T I A L  VALUES 251 OF’ RANGE
USIRN I IS INDICATED IV A SOLID LINE.USRRM7 MIlD ARE UT I L I Z E D .R R R I V R L  T I M E S ARE TRUNC ATE D AT
ALP— I BY THE BYMIOLS (a) IllS (4) RESPECTIVELY. THE NEAREST 1.1 MILLISECUWDS .HDRIZONTRI .
HOR IZONTAL SCALE EXPRES5ED Ill KILOMETERS, SCALE EXPRESSED IN KILDMETEAS, V ERT ICAL IN METERS.
VERT ICAL SCALE IN METERS.

TM! 2MB

III 101

121 121
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MISS i>ISTANCE VERSUS RANGE (METERS) FUR SOURCE POINTS LOCATED
AT A 75 DEGREE FLANK I NG RNGLE.5ELECTED TRUNCAT I ON PO I NTS ARE
CONS I DEREP’ AS IND I CATED BELOW . IN H CDI T Ifl~! 9~ ERROR OF ONE METER
PER SECOND IS ASSUMED IN THE ~~ iTh’ ~‘~iND CDP~r’ONENT .

FIGURE 25

14155 DISTANCES FOR SELECTED RANGES AND Ff1 AN 11155 D I5 ’TN~ICES m a  SELECTED RANGES AND FOR AN
ARRIVAL TINE TRUNCATION Of’ 1.1 MILLISECO NDS . ARS IVAL TIM ,: TRUNCATION OF’ 1.1 MILLISE COND S.
*15511 IS INDICATED IT A SOLID LINE.CISRRN2 ~~~ USRAN I IS INDICATED IT A SOLID LINE .USRAN T AND
ALP— I BY THE SYMBOLS (a) AND (4 ) RESPECIIYCLY. ALP— I IT THE SYMB OLS (~~) MD (4 )  RE5I~ ’ CT IVEL T .
HOMIZth(TRL SCALE EXPRESSED IN KILOMETERS . HDR I 2CN’TAL SCRL L EXPRESSED IN EILDMET ER~.VERT I CAL SCALE IN METERS. VERT I CAL SCALE IN METERS.

I ~~~~ iI’-~~~ S I  ~ .

MISS DISTANCES FUR SELECTED RANGES AND FOR All MAXIMUM AND MINIMUM VA RIATIONS OF’ THE LEE
ARRIVAL TIME TRUNCATION OF’ II MILLISECONDS. ALGOR ITHM WHEW INITIAL VALUES 211 OF’ RANGE
USRAN I IS INDICATED BY A SOLID LINE.USRAN~ AND ARE LFT ILI ZED .RRRIV RL TIMES ARE TRUNCATED AT
ALP— I BY ‘THE SYMBOLS (a) AND (4) RESPECT IVELY. THE NEAREST 1.1 IFILLISECDNDS.HUIIZONTAL
HOR IZONTAL SCALE EXPRESSED 1W KILOMET ERS , SCALE EXPRESSED IN KIIUNETERS,V ERTICTIL IN METERS .
VERT ICAL SCALE IN METERS.
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MISS DISTANCE VERSUS RANGE (METERS) FUR SOURCE POINTS LOCATED
AT A 0 DEGREE FLANK I NG RNGLE.5ELECTED TRUNCATION PO I NTS ARE
CONS I DERED AS IND I CATED 5ELOW .IN RDDITIDN,RN ERROR OF ONE METER
PER SECOND IS ASSUMED IN THE WEST WIND COMPONENT .

F I G U R E  26

14 155 DI STANCES FOR SELECTED RANGES FAIR FUR AN IlI~ S DIST A NCES FOR SELEC TED RAWOES ANTI FOR AN
ARRIVAL TIM E TRUN CATION Of’ I I  MILLISECONDS. ARRIVAL TIME TRUNCAT ION OF 1.0 MILLISECONDS.
LlSRAW l IS IND ICATED IV B SOLID Ll$E.U~~JRfl All) LISRAII I IS IND I CA TED BY A SOLID LIWE.U5fiRII~ ANTI
ALP—I It THE SYMBOLS Ci) AND (+1 RCWECTIVEU . ALP— I Pt THE SYMBOLS (I) AND If ) RESPECTIVELY .
HOR I ZONTAL SCALE EXPRESSED IN KILOMETERS, IIQRI2OWTAL SCALE EXPRESSED IN KILOMETERS ,
V ERTICAL SCALE (N METERS. VERT ICAL SCALE IN METERS.

IS lOB

!~~~~~~~~~~~~
‘

~~~~~~~~~~~~~~~~~~~~~~
‘ c I 0 IE 2B~~~~~~~~~~~ TB

MISS DISTAN CES FUR SELECTED RANGES ANTI FDA TIM MAXI MUM AND MINIMUM VARI A TIONS OF THE LEE
ARRIVAL TIME TRUNCATION OF’ lB MILLISECONDS. ALGORITHM IIHEN INITIAL VALUES 21A OF RANGE
USRAW I IS INDICATED BY A SOLID LINE.U~~AIl~ 1111* ARE U’TILI ZED.A RRIVAL TINES lIRE TRUNCATED AT
ALP—I IV THE SYMIOLS (aJ AND (4) RESPECTIVELY. THE NEAREST 1.1 IIILL I SECDNDS.ICR I ZONTAL
MIIMIZONITAL SCALE EXPRESSED IN KILOMETERS. SCALE EXPRESSED III EILUIICTERS,VERTICA%. IN METERS.
VERT ICAL SCALE (N METERS.
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MISS DISTANCE VERSUS RANGE (METERS ) FOR SOURCE POINTS LDC~TEDAT A 0 DEGREE FLANK I NG RNGLE .SELECTED TRUNCATION PO I NTS ARE
CONSIDERED AS IND I CATED BELDW .IN RDDITION ,RN ERROR OF’ ONE METER
PER SECOND IS ASSUMED IN THE EAST WIN D COMPONENT .

FIGURE 27

MISS DISTA NC ES FUR SELECTED RANGES AND FOR RN MISS DISTANCES FUR SELECTED RANGES AND FUR AN
AR RIV AL T IME TRUNCAT ION Of’ 1.1 MILLIS ECONDS. ARR IVAL TINE TRUNCATIO N OF’ 1.1 MILLISECONDS.
LISRAN I IS INDICATED BY A SOLID LINE.USRR*IT AND USRAW I IS IND ICAT ED IV A ALIL.ID LI*IE.USRAIIT AND
ALP— I BY THE SYMBOLS (a) AND (4 ) RESPECTIVELY. ALP— I I? THE SYMBOLS tI AND (I) RESPECTIVELY .
IWAITONTAL SCAL E EXPRESSED II I KILOMETERS. HOR IZONTAL SCALE EXPRESSED III KILOMETERS,
VERT ICAL SCALE IN MET ERS. V ERTIC A L SCALE IN METERS .

~i7 
_

flItS DIS1RNCE~ FOR SELECTED RANGES AND FOR RN MAX IMUM AND MINI MUM VAR IA TI ON S OF’ THE LEE
~RRIV RL TINE TRUNCA TION CF IA MILLISEC O NDS . ALRUBITIAI WHEW INITIAL VALUES 211 OF’ RANGE
USRANI IS IND I CATED BY A SOLID LINE.U5RAW ~ AND RAE UTILIZED .ARRIVAF. TIMES RAE TRUNCATED AT
ALP- I BY THE SYMBOLS (4) AND (4 )  RESPECTIVELY. THE NEAREST I.! N (LLISECOWDS.IWRITUNFTAL
HORIZONTAL SCA LE EXPRESSED IN KILOMETERS, SCALE EXPRESSED IN KILCINET ERS.VERTICRL IN ET ERS .
VERTIC A L SCALE IN METERS.
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11155 DISTANCE VERSUS RANGE (METERS) FOR SOURCE PO I NTS LOCATED
AT A I~ DEGREE FLANK I NG ANGLE .SELECTED TRUNCAT I ON PO I NTS ARE
CONS IDERED AS IND ICATED BELOW . IN ADD ITION ,AN ERROR OF ONE METER
PER SECOND IS ASSUMED IN THE WEST WIND COMPONENT .

FIGURE 28

MISS DISTANCES FOR SELECTED RANGES All) FOR AN NIAN DISTANCES FR! SELECTED IRISES All) F’R! AN
ARRIVAL TIME TRUNCATION OF’ 1. 1 MILLISECO NDS. ARRIVAL TINE TRUNCATION or (.1 MILL ISECONDS.
USRANI IS IND ICATED IV A SOLID LIIIE.U~~~ WJ RIB IIRIFAII IS INDICATED IV II SOLID LINE.I~~~M2 FAS
ALP— I BY THE SYMBOLS (a ) AND + RESPECTIV ELY. ALP—I It TNE SYMBOLS (aj All) Cf. ) RESPECTIVELY.
(CRIZONTAL SCALE EXPRESSED IN KILO M ETERS, IC RI ZOIIT AL SCALE EXPRESSED IN KILOMETERS.
VERT I CAL 5CRLE IN METERS. V ERTICAL SCALE IN METERS.
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t I L E  21 ~c 21 5 21 2!

MISS DISTANCES F’UR SELECTED RANGES AND FOR All MAX IMUM ANTI M INIMUM VARIATIONS OF TI4E LEE
AR RIV AL TIME TRIIICPTICIN OF II MILLISECONDS. AL6!R(TIII WHEN INITIAL VALUES 21$ OF RANGE
USRAII I IS INDICAT ED It A SOLID LINE.UCRW~ AND ARE UTILIZCD .ARRIVAL TINES ARE TRUNCATED AT
ALP— I It INE SYMBOLS SiX All) U) R~~~ECTIVELY . ‘THE NERMEST 1.1 NILLISECDMDS.ICUI2ONETAI.
HOR IZONTAL SCALE EXPRESSED iN KILOflTER5. SCALE EXPRESSED IN KIL0uE1~~~.,EaTIaM. IN METERS.
VE RT ICAL SCALE IN METERS .

K II 1K 21 25 71
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P1155 DISTANCE VERSUS RANGE (METERS ) FOR SOURCE PO INTS LOCATED
RT P I~ DEGREE FLRNK I NI3 RNELE .SELECTED TRLJNCRT ION POINTS RRE
CONS IDERED AS IND ICATED BELOW . IN RDDITIDNi RN ERROR OF’ ONE METER
PER SECOND IS ASSUMED IN THE EAST WIND COMPONENT .

FIGURE 29

MISS DI STANCES FOR SELECTED RANGES AND TOM AN MISS D1STANCES FUR SELECTED RANGES AND FOR AN
AR RIVAL ‘TIME TRUNCAT ION OF’ 1.1 MILLI SECONDS. ARR IV A L TIME TRUNCAT ION OF 1 .1 MILLISE CONDS.
13515 1 IS INDICATED IV A SOLI D LINE.USRAN2 pJl) USRIIIII IS INDICATED It A SOLID LINE.USRMN) AND
ALP— I It THE SYMBOLS (a) All) (4) RESPECTIVELY. ALP-I IV THE SYMBOLS (a) AND (+1 RESPECT IV ELY .
HOR IZON TA L SCAL E EtPR~~~CD IN KILOMETERS, ICRIZONYRL SCALE EXPRESSED IN KILOMETERS,
VERTICAL SCALE Ill METERS. VERTICAL SCALE SN MET ERS.

~~~~~~~ I L 5 2 1 2 E 3I 5~~~~~~~~~~~~~IE U 25~~~~~~~

11155 DISTANCES IBM SEIXCTED RANGES AND FOR AN MAXIMUM AND MINIMUM VARIAT I ONS OF THE LEE
ARRIVAL TINE TRIMICATIIII OR. II MILLISECONDS. ALSORITHN WHEN INITIAL VALUES 211 or RANGE
135151 IS INDICATED It A SOLID LINC.IiSRfIM) IMl~ RAE UTILIZED.ARRIYAL TIllED ARE TRUNCATED AT
ALP—I It THE SYTSILS Li) AND (43 RESRECTIVELY. THE NEAREST 1.1 NILL ISECPIIDS.HOAIZONTRL
II35IZOMTML 5~~ .E EXPRESSED III MILIRIETEIS, SCALE EXPRESSED Ill KILOMETERS,VERT ICAL IN $(TCR5.
VERTICAL SCALE IN METERS.
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11155 DI5TRNCE VERSUS RANGE (METERS ) FOR 5OURCE PO INTS LDCRTED
AT P 30 DEGREE FLANK I NG RNGLE .SELECTED TRUNCAT ION POINTS ARE
CONS IDERED AS IND ICATED BELOW . IN RDDITIUNi RN ERROR Of’ ONE METER
PER SECOND IS RS5UPIED IN THE WEST WIND COMPONENT .

FIGURE 30

NIRA DISTANCES FUR SELECTED RANGES RHO TUB S MISS DISTANCES FOR SELECTED RANGES RHO FOR RN
ARRIVAL ‘TIME TRUNCATION OR. 1. 1 NILLIEECO S. ARRIVAL TIME TRUNCATION OF’ 1.1 MILL ISECONDS.
135151 IS INDICATE) I! A SOLID LINC.ICRAN2 RHO 13515 1 IS INDICATED It A SOLID LINC.USIRIIS USIA
NJ— I IV THE SYMBOLS sal Ill) LII I~~~ECTIYELY . ALP—I It ‘THE SYMBOLS ta , AND UI RESPECTIVELY.

IN KILOMETERS. ICPI2ONIIA. SCALE EXPRESSED IN AILUIETERS.
VERTICAL 5~~~E IN NETEIS. VERT ICA L SCALE IN METERS.

11155 DIST AN CES FUR SELECTED RANGES ANTI FOR RN MAXIMU M AND MINIMUM VAR IAT IONS OF THE LEE
ARRIVAL TIME IRIRIOITIOII DI’ II MILLISECONDS. ALGORITHM lINEN I N I T I A L  VALUES 211 DI’ RANGE
USRRNI 15 IND ICATED BY A SOLID LINE.USRRN2 AND ARE LI T IL IZED .RRRIVA L TIMES ARE TRUNCATED AT
ALP— I It THE SYMBOLS (il USIA (+1 RESPECTIVELY. ThE NEAREST I.! MILLI5ECOND5.HOR I ZDNTRL
HORIZONTAL SCALE EXPRESSED IN KILOMETERS. SCALE EXPRESSED IN KIUI*ETERS,VER’TICRL II METERS .
VERTICAL SCALE IN METERS .
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11155 DISTANCE VERSUS RANGE (METERS ) FOR SOURCE PO INTS LOCATED
AT R 30 DEGREE FLRNK ING RNGLE .SELECTED TRUNCAT ION PO INTS ARE
CONS IDERED AS IND ICATED BELOW . IN RDDITIDN, RN ERROR OF’ ONE METER
PER SECOND IS ASSUMED IN THE EAST WIND COIIPONENT .

FIGURE 31

MISS DISTANCES FOR SELECTED 15GE5 RHO RUM 5 14155 DISTANCES Till SELECTED RANGES 1*0 FUR 1*
15IVAL TIME YMUIICATIOSI 01’ I I  MILLISECONDS. ARRIVAL TIME TWIMICAY flIN OF’ 1.1 MILLISECONDS.
I~~~ MI IS INDICATES IV I SOLID LINE.I~~~N] IBID 135151 IS INDICATED It A SOLID LINC .USRAN3 MMD
ALP—i IV THE SYMBOLS La) All) 54) IESPSCTIVELY. ALP’- l BY THE SYIIIOI.5 (a~ 1*~ (4 ) RESPECTIVELY.
ICRIZOIIIRL SCALE ESPRESSO IN KILOMETERS. ICRIZUIRTAL SCALE EXPRES SER IN KILOMETERS.
V ERTICAL SCALE IN $EV~~~. VERTICAL SCALE III METERS.

16! IAN

IT!

SR

K II IS 21 25 21 K II IS VI 25 21

11155 DISTANCES FOR SELECTED RAllIES fill ) FBI 5 MXIIIIMI All) MINIMUM VARIAT IONS OF’ THE LEE
15IVAL T IME TRUNCATION 01’ II MILLISECONDS. IL15ITIII MISER INITIAL VALUES 211 OF RANGE
1515 1 IS INDICATED IV H SILl) LINE.I5IANS ~~ IBIS IJTILIZED.IWRIVRI. TINES ARC TRUNCATED lIT
NP— I It THE SY1I$OLS CI) Ill) 5$) RCSPECTIVELY. THE M~~~EST I i  ISILL ISECONDS.ICRIZOIITAL
I~~ IZBITN. 5~ LE EXPRESSED IN N ILIRIETEP54 SCALE ESPRESSO IN K IU)$ETEWS, YEll I CAL IN METERS .
VER TI CAl. SCALE Is PETEIS.
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11155 DISTANCE VERSUS RANGE (METERS ) FOR SOURCE PO INTS LOCATED
AT A LI& DEGREE FLANK ING ANGLE .SELECTED TRUNCAT ION PO INTS ARE
CONS I DERED AS IND I CATED BELOW . IN ADDITIONi AN ERROR OF ONE METER
PER SECOND IS ASSUMED IN THE EAST WIND COMPONENT .

FIGURE 32

M155 DISTANCES F’OR 5CLECT ED RA NGES AND FOR AN HISS DISTAN CES rPM SELECTED RANGES AND FOR ASS
A RRIVAL TINE TRUNCATION OF 0. 1 MILLISECONDS. ARRIVAL TIME TRUNCATION 01’ 1.! MILLISECONDS.
13551411 IS INDICATED IT A SOLID LINE.USRAN3 IBID 135151 IS INDICATED IV A SOLID LINE.USRAN] IBID
ALP— I BY THE SYMBOLS (a) AND (4) RESPECTIVELY . ALP— I BY THE SYMBOLS (a) AND 5+) RESPECTIVELY.
HOR IZO NTAL SCALE EXPRESSED IN KILOMETERS, HORIZONTAL SCALE EXPRESSED IN KILOMETERS,
VERT ICAL SCALE IN METERS . VERT ICA L SCALE IN METERS.

‘III ‘IRS

_  
r~ 2TTTi

11155 DISTANCES 10R SELECTED BUSIGES ASIA FUR AN MXIHUM IBID MINIMUM VRRIAT ION5 OF’ THE LEE
ARRIVAL TIME TIIIIIOITIUSI OR’ II MILL ISECONDS. ALSORITHI 114KM INITIAL VALUES VII OF RANGE
135151 IS INDICATES It A SOLID LINE.IISRRIIfl IBID ARE UTILIZED .RRRIYA L TINES ARE TRUNCATED AT
NP— I It THE STAINS Sal IBID (4) RESPECTIVELY. THE NEAREST I.! MILLI5CCDNOS.HORIZOVAL
ICRIZOIIIN S~~X EXPRESSED IN KILOMETERS, SCALE EXPRESSED IN EILDIIETERS, V ERT ICRL IN EMS.
VERTICAL SCALE IN MEYERS.



MISS DISTANCE VERSUS RANGE (METERS ) FOR SOURCE PO INTS L~CRTED
AT A %4~ DEGREE FLANK ING RNGLE.5ELECTED TRUNCAT ION PO INTS ARE
CONS IDERED AS IND ICATED BELOI4.IN RDDI1ION, RN ERROR OF’ ONE METER
PER SECOND IS ASSUMED IN THE WEST WI ND COMPONENT .

FIGURE 3]

MISS DISTANCES FUR SELECTED BASSES AND FOR HI MISS DISTA N CES rUM SELECTED RANGES AND VOl AN
ARRIVAL TINE TRUNCATION OR’ 0 .1 MILL ISECONDS. ARRIVAL TIME TRUNCAT ION 01’ 1.1 MILLISECONDS.
USIBBIl IS IND I CATED BY A SOLID LINE.USRRN2 All) USHANI IS IND I CATED MY A SOLID LINE.iISRANJ AND
ALP— I IV THE SYMBOLS Il AND (+1 RESPECTIVELY. ALP—I IV THE SYMBOLS ca l AND 4 RESPECTIVELY.
HORIZONTAL SCALE EXPRESSED (N KILOMETERS, HORIZONTAL SCALE EXPRESSED IN KILOMETERS.
VERT ICAL SCALE (N METERS. VElTI CAT. SCALE 15 METERS.

‘111

26! 211

r~~< c a 2T T  ~‘TTT~M ISS DISTANCES FOR SELECTED RANGES AND FOR AN IIIIXIMUM ASIA MINIMUM VAR IATIONS OF THE LEE
A RRIVAL TINE TIIJWCA T lOll OF II MILLISECONDS. ALGORIThM 1114CM INITIAL VALUES 211 Di’ RANGE
U5RAW L I S IND I CATED IV A SOLID LINE U5RAW3 All) ARE U’IILIZED.ARRIT’lIL TIMES ARE TRUNCATED AT
ALP—I BY THE SYMBOL S a MMD +. RESPECTIVELY. TIlE NEAREST 1.1 MILLISECDMDS.IIORIZONFAL
IIORIZONThL SCALE EXPRESSED IN KILOMETERS, SCALE EXPRESSED IN KILOMETERS.YCRTICIIL IN METERS.
VERTICAL SCALE I N METERS.
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MISS DISTANCE VERSUS RANGE (METERS ) FOR SOURCE PO INTS LOCATED
AT A S~ DEGREE FLANK ING RNELE .5ELECTED TRUNCAT ION PO INTS ARE
CONS IDERED AS IND ICATED BELOW . IN RDDIT IDN, RN ERROR OF ONE METER
PER SECOND IS ASSUMED IN THE EAST WIN D COMPONENT .

FIGURE 3’I

MISS DISTANCES FOR SELECTED RIB~~~ AND FRI IS HISS DI STANCES FOR SELECTED RANGES AND FOR AN
AR RIVAL TI ME TIIMICATIORI OR’ 1.1 MILLISCCIBeI. ARRIVAL TINE TRUNCAT ION OF I I  MILLISECO NDS.
135151 II INDICATED It A SOR.Ib LIN(.IIMNO INS USSAW I IS IND ICATED BY A SOLID LINE.USRRN) AND
ALP—I IV THE STMW.5 sal INS (+1 RE~~~CTIVELY. ALP-I IV THE SYNIOLS Ia) IBID If) RESPECTIVELY.
ICRIZOIflIB. SCALE EXPRESSED IN EIL14~~TER5, HORIZONTAL SCALE EXPRESSED IN KILOME1ERS,
VERT ICAL SCN.E II METERS. VERT I CAL SCALE IN METERS.

_ ~~~~~~
0 TT.

MISS DISTANCES FRI SELECTED RANGES AND FOR AN MAXIMUM ASIA MINIMBI VARIATI ONS Of THE LEE
15IVAL TItlE TIIMCATIOII 01’ II I4ILL ISCCOIISS. ALSORITHM SlitS INITIAL VALUES 211 OF RANGE
USBANI IS INDICATED O V A  SOLID LINE.1115N2 IBID ARt LflILIZED.ARRIYIII. TIMES ARE TRUNCATED PT
N_P— I It Tilt SYMIOLS Sal IBIS (43 RESPECTIVELY. THE NEAREST 1.1 MILLISECDNDS.ICPIZUIflM.
HORIZONTAL SCALE EXPRESSED IN KILOMETERS, SCALE ESPRESSO IN EILOMETERS, VERTICAL IN METERS.
VERTICAL SCALE IN METERS.
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P1155 DISTANCE VERSUS RRNSE (METERS) FOR SOURCE PO I NTS LOCATED
AT A S~ DEGREE FLRNKIN~ RNGLE.SELECTED TRUNCAT I ON PO I NTS RRE
CONSIDERED RE IND I CATED BELOW . IN ADDITIDNi RN ERROR OF ONE METER
PER SECOND 15 ASSUMED IN THE WEST WIND COMPONENT .

FIGURE 3~
11155 DISTANCES FOR SELECTED RANGES All) FOR IN MISS DISTANCES FOR SELECT ED 155E5 IBIS FOR All
A RRIVAL TIME TRUNCA TI ON OR’ 1.1 MILLISECO NDS. ARRIVAL TIME TRUNCAT ION DV’ 1. 1 MILL ISECONDS.
UDRANI IS INDICATED BY A SOLID LINE.USRAIO IBID IiSAIBII IS INDICAT ED BY H SOLID LINE.I~~ HI0 All ’
ALP— I BY THE SYM BOLS Iii HIt (4) RESPE CT IVEL Y . ALP—I BY THE SYMBOLS II) AND (+1 R~~~(CTIV ELY.
HORIZONTA L SCALE EXPRESSED IN EILOIICTElS, HORIZONTAL SCALE EXPRESSED IN KILOMETERS,
VE RTICA L SCALE IN METERS . VERTICAL SCALE IN METERS.

MISS DIST A NCES FOR SELECTED RANGES Alt FOR AM MAXI MUM AND MINIMUM VARIA TIONS OF THE LEE
ARRIVA L TIME TRUNCATION DV II MILLISCCDIl ’S. ALSORITHM 111401 INITIA L VALUES 2111 Dl’ RANGE
UDRASII IS INDICATED BY A SOLID LINE.U5RRIO Alt ARE UTI LIZED.RRRIVAL TIMES ARE TRUNCATED PT
AL P— I BY THE SYMIOLS ta , All) +l RESPECTIVELY . THE NEAREST 1.1 MILLIS ECOIl)S.I40R12011TRI.
HORIZONTAL SCALE EXPRESSED IN KILOMETERS. SCALE EXPRESSED III KILOMETERE. V ERTICAL IN METERS.
VERT ICAL SCALE IN METER S.
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P1155 DISTANCE VERSUS RANGE (METERS) FOR SOURCE PO I NTS LOCATED
AT A 7~ DEGREE FLANK I NG RNGLE .SELECTED TRUNCAT I ON PO I NTS ARE
CONSIDERED RS IND ICATED BELOW . IN ADDITIONi AN ERROR OF ONE METER
PER SECOND IS ASSUMED IN THE EAST WIND COMPONENT .

FIGURE JE

MISS DISTAN CES FOR SELECTED MBI~~~ lIlt FOR IN MI 5S DISTANCES FUR SELECTED RANGES AND FOR AN
ARRIVAL TIME TUIRICJITIOSI 01’ 1.1 MILL ISECONDS. ARRIVAL TIME TRUNCAT ION 01’ 1.1 MILLISE CONDS.
USIIIN I IS I Nb I CATER It A ~~ ID I. INC. I~~~J2 AND USRAN I IS IND ICATED IV II SQL ID LINE. Il~~~fJ All)
ALP—I IV THE 5VNIILS Ca l 15 (4) W~~~~CTIVELY. IS-P-I BY THE SYMIOLS (a) Alt 4 RESPECTIVELY.
HORIZONTAL SCALE EXPRESSED IN KILOMETERS, HORIZONTAL SCALE EXPRESSED IN KILOMETERS.
V ERTICAL SCALE IN METERS. VERTICAL SCALE IN METERS.

‘MI

115 lOll

I~~~~
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/126!

II ~ VI Vt II iS 21 25 21

MISS DISTANCES FOB SELECTED RINGED AND FUR AN M AXIMUM AND MINIMUM VA RIRIIOWS fli’ THE LEE
ARR IVAL TIME TRUNCATION OF II MILLISECONDS. ALGORITHM lINEN INITIAL VALUES 2111 Of’ RANGE
UDRAWI IS INDICATED BY A SOLID LISE.USRPIfl Alt ARE U TIL IZED .RRR IVRL TINES ARE TRUNCAT ED RI
ALP— I BY THE SYMBOLS 5*) Alt CD ) RESPECTIVELY . THE NEAREST 1.1 MILLISECDNDS.ILRIZDNTRL
HORIZONTAL SCALE ESPRESSO IN CILOMETER& SCALE EXPRESSED IN KILOMETERS, VERT I CAL III METERS.
VERTICAL S CAL E IN METERS.
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P1155 DISTANCE VERSUS RANGE (METERS) FOR 5OURC~ POINTS LOCATEDAT A 7~ DEGREE FLANK I NG RNBLF .SELECTED TRUNCAT I ON PO INTS ARE
CONS I DERED AS IND I CATED BELOW . IN ADDITIONI RN ERROR OF ONE METER
PER SECOND IS ASSUMED IN THE WEST WIND COMPONENT .

F I ~ LJRE 37

MISS DI 5TRWCES FOR SELECTED RANGES AND FOR AN MISS DISTANC ES FUR SELECTED RANGED All) FOR AN
ARRI VAL TIME TRUWCR~IUW OF S. I MILLISECONDS. ARRIVAL TIME TRUNCATION Of ’ 1.1 MILLISECONDS.
USARWI IS IND ICA T ED BY P SOLID LINE.USRAM] AND USRAIII IS INDICATED IV II SOLID LINE.USRAW] MD
ALP- I BY THE SYMBOLS (*1 AND 54) RESPECTIVE LY. ALP— I IV THE SYMBOLS (*3 AND (4 )  RESPECTIVELY.
HORIZO NTA L 5CRLE EXPRESSED IN EILO NETE RS, HORIZONTAL SCALE EXPRESSED IN EILONCTCRS,
VERT ICAL SCALE IN METERS. VERTICAL SCALE IN METERS.

2912 2911

tBTT 
_ _ _

MISS DIST ANCES FUR SELECTED RANGES AND FOR 1111 MAXIM UM All) MINIMUM VARIATIO W5 Dl’ THE LEE
ARRIVAL TIME TRUNCATION Of’ II MILLISEC OND S . ALGORITHM IINDI INITIAL VALUES VIA OF RANGE
USRANI IS INDICAT ED IV II SOLID LINE.USRRN’J Alt ARE UIILIZED .AIRIVRL TIMES ARE TRUNCATED HI
ALP— I MY INC SYMIOLS (a) AND 5+ ) RESPECTIV EL Y . THE NEAREST 1.1 MILLISCCUMDS.I4ORIZON T Al.
HORIZONTAl. SCAL E EXPRESSED IN KILOMETERS, SCALE EXPRESSED IN KILDM ETERS, V ERIICRL IN METERS.
VERT I CAL SCALE IN METERS.
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11155 DISTANCE VERS U S RANGE (METERS) FOR SOURCE PO I NTS LOCATED
AT P ~ DEGREE FLANK I NG RNELE .SELECTED TRUNCATION PO I NTS ARE
CONS I DERED IRS IND I CATED BELOW . IN RDDI TIONi A TEMPERATURE ERROR
OF’ ~~~ DEGREES KELVIN IS ASSUMED TOGETHER W ITH SOUTH AND WEST
COMPONENT ERRORS OF ~.Z METERS/SECOND .

FIGURE 38

HISS DISTANCES FUR SELECTED RANGES RHO FOR AN 11155 BI S IRW C ES rOB SELECTE D RANGES AND FIlM 1111
ARRIVAL TIME TRUN CATI ON OF R I  MILLIS ECONDS . ARRI VA L TIM E TRUNCATION OF 1 .1 MILLISECONDS.
USRANI IS 1ND I CA1E~) MY A SOLID LINE.USRAN3 AND - USRAN I IS IND I CATED MY H SOLID LIN (.USRAN) 1St
ALP—I BY THE SYMBOLS I~I AND 5 + )  RESPECTIVELY . ALP- I MY THE SYMBOLS (a) AND (+1 RESPECTIVELY.
HORIZONTAL SCALE EXPRESSED IN KILOMETERS, . HORIZONTAL SCAL E EXPRESSED IN KILOMETERS,
VERTI CAL SCRLE IN )Rt~TERS. VERTICAL SCALE IN IETER5.

_ _  
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c II IE UI 30 ] c II IS ZR 25 31

MISS DISTA NCES FOB SELECTED RANGES AIlS FOR RN MAXIMUM 11110 MINIMUM VARIATIONS OF THE LEE
AR RIVAL TIME TRUNCATION OF’ II MILLISECON DS. ALG ORITHM III4EN INITIAL VALUES VIA OF’ RANGE
USAAN I IS INDICATED WI A SOLID LINE.U5RAIfl AND ARE UTILI 2ED .RRR IVAL TIMES ARE TMIN CATED AT
ALP-I BY THE SYMBOLS 5*1 AND 5+3 RESPECTIVELY . THE NEAREST 1.1 NILLI SECONDS.HDR IZDNTAL
HOR IZONTAL SCALE EXPRESSED IN KILOMETERS. SCALE EXPRESSED III KILOIIET ERS~V CRT ICAL III METERS.
VERTICAL SCALE IN METERS.
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MISS DISTRNCE VERSUS RANGE (METERS) FOR SOURCE POINTS LOCATED
AT A I~ DEGREE FLANK ING ANGLE .SELECTED TRUNCATION PO INTS ARE
CON5IDERED AS IND I CATED BELLIW .IN ADDI TIDN,R TEMPERATURE ERROR
OF ~.ø DEGREES KELVIN IS ASSUMED TOGETHER WITH SOUTH AND WEST
COMPONENT ERRORS OF ~.ø METERS/SECOND .

FIGURE 39
14155 DISTAN CES FUR SELECTED RANGES AND FOR AN 11155 DISIAIICLS FUR SELECTED RANGED AND FOR AN
ARRIVAL TINE TRUNCATION OF 1.1 MILLISEC ONDS. ARRIVAL TIME TRUNCATION Dl’ 1.1 MILLIS ECONDS.
U5RANI 15 INDICATED BY A SOLID LINE.USfiRI(] MD IJSRIINI IS INDICATED BY A SOLID LINE .U51R313 IRIS
A LP-I BY THE SYMBOLS (I) AND CDI RESPECTIVELY. AL P—I IV THE SYMBOLS 5* 1 AND 1+1 RESPECTIVELY .
HORIZONTAL SCALE EXPRESSED IN KILOMETERS, HOR IZONTAL SCALE EXPRESSED IN KILOMET ERS,
VERTICAL SCALE IN MET ERS. V ERTICAL SCALE IN METERS.

_ 
VI 25 22

MISS DISTANCES FOR SELECTED RANGES PAR FOR AN MAXIMUM AND MIN IMU M VARIATIONS OF THE LEE
ARRIVAL TINE TRUNCATION OF II MILLI SECONDS. ALGORITHM NHEN INITIAL VALUES VIA or RANGE
USRAN I IS IND ICATED BY A SOLID LINE.USRAII3 MMD ARE UT ILIZED.ARW IVAL TIMES ARE TMIICRTED AT
ALP—I IV THE SYMBOLS 5*3 AND I~+1 RESPECT IVELY . THE NEAREST 1.1 MILLISECDNDS.ICRI2ONTAL
HORIZONTAL SCALE EXPRESSED III KILOMETER S. SCAL E EXPRESSED III KILOMETERS. V ERTICAL IN METERS.
VERTICAL SCALE IN METERS. 
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11155 DISTANCE VERSUS RANGE (METERS) FOR SOURCE POINTS LOCATED
AT A ]~ DEGREE FLANK I NG ANELE .SELECTED TRUNCAT I ON PO I NTS ARE
CONS I DERED AS 1ND I CRTED BELOW . iN RDDITIONI R TEMPERATURE ERROR
Of’ S.~ DEGREES KELVIN IS ASSUMED TOGETHER WITH SOUTH AND WEST
COMPONENT ERRORS OF’ ~.ø METER5/SECDNV..

FIIURE I4~~

11 1 55 DISTANCES FOR SELECTED RANGES AND FOR AN MISS DISTANCES FOR SELECTED RANGES AND FOR AN
ARRIVAL TIME TRUNCATION OF 1.1 MILLISE CONDS. - A RRIVAL TItl E TRUNCATION OF 1.1 MiLLISECOIIDR.
USRAN I I S IND ICA TED BY A SOLID LINE .USRAN3 AND - USRAW I IS INDICATED BY A SOLID LINE.USRAN~ AND
ALP— I BY THE SYMBOLS (~~J AND . +)  RESPECT IVELY. - ALP -I BY THE SYMBOLS (a) All) CD ) RESPECTIVELY.
HORIZONTAL SCAL E EXPRESSED III KILOMETERS, HORIZONTAL SCALE EXPRESSED IN KiLOMETERS,
VERTICAL SCALE IN METERS . VERT ICAL SCALE IN METERS .

900

302

290

522 122

5 tO 55 28 25 30 5 II IS ZR 25 II

54155 DISTANCES FUR SELECTED RANGES AND FUR AN MAXI M UM AND MINIMUM VARIATIONS or THE LEE
MR IVRL TIME TRUNCATION Of’ II MILLISEC ONDS. ALGORITHM 1111EV INITIAL VALUES VIA OF’ RANGE
U5RRNI IS INDICATED BY A SOLID LINE.UARAN3 ANt. ARE UTILIZED .A RRIVRL TINES ARE TRUNCH~~S AT
ALP— i IV THE SYNIOL5 C’) AND (+1 RESPECTIVELY. THE NEAREST 1.1 MILLISECONDS.NORIZONTHL
HORIZONTAL SCALE EXPRESSED IN KILOMETER S. SCALE EXPRESSED IN KILOMETERS. VERTI CAL IN METERS.
VERT ICAL S CALE IN METERS.

351 3GM

H122 VI

5 II IS VU 25 VI S
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P1155 DISTANCE VERSUS RANGE (METERS ) FOR SOURCE POINTS LO~RTED
AT A 4~ DEGREE FLRNK ( NG RNGLE .5ELECTED TRUNCAT ION PO INTS ARE
CONSIDERED AS IND ICATED BELOW . IN  RDDITIUNi A TEMPERATURE ERROR
OF ~~~ DEGREE5 KELVIN IS ASSUMED TOGETHER WITH SOUTH AND WEST
COMPONENT ERRORS CF ~~B METERS/SECOND .

FIGURE 41

11155 DISTANCES FOR 5ELECTED RANGES AND VOl tIN 14 155 DISTAN CES FUR SELECTED MIllED AND FOR AN
ARR IVAL TINE TRUNCATION or i.t MILLISECO NDS. ARR IVAL TINE TRUNCATION or 1.1 NIU.ISECDIl)5.
USRRNI IS INDICATED B? A SOLID LIMC.USRRN3 AND - IJSRASII 15 INDICAtED BY H SOLID Lt%S.I$IRIASfl Ill)
ALP—I IV THE SYMBOLS (‘I AND (+1 RESPECTIVELY. ALP- I 0? THE SYIMDOLS CR1 IRA (4) I~~~ECTIVELY .
HORIZONTAL SCALE EXPRESSED IN KILOMETERS , HORIZONTAL SCALE EXPRESSES IN KILOMETERS.
VERTICA L SCALE IN METERS. VERT ICAL SCALE IN METERS.

901

361 351

290 290

121 122

S II IS ZR 25’ VI 5’ II IS VI 25’ 31

MISS b.STAII(ES FOR SELECTED RANGES AND FOR AN MAXIMUM AIlS MINIMUM VARIAT IONS OF THE LEEARRIVAL TIM E TRUNCATION Ill’ II MI LLISECONDS. AL GORITHM lIKEN INITIAL VALUES VIA OF RANGEUSRAIII IS INDICATED IV A SOLID LINE.USRAM3 AND ARE UT IL I2 ED.RRRIVA L TIMES ARE TRUNCATED ATALP— I RH THE SYMBOLS (‘J AND C+ s RESPECTIVELY . THE NEAREST 1.1 IIIILISECDRDS.HORIZDWTAI.
HORIZONTAL SCALE EXPRESSED IN KILOMET ERS. SCALE EXPRESSED IN KILOMET ERS. VERTICAl . IN METERS .
VERTICAL SCALE IN METERS.

‘101 ‘III

362 360

241

121 121

5 II IS 21 25 VI S II IS VI VS VI
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P1(55 DISTANCE VERSUS RANGE (METERS) FOR SOURCE PO INTS LOCATED
AT A 5~ DEGREE FLANK I NG ANE LE.SELECTED TRUNCAT ION PO INTS ARE
CONS IDERED AS IND I CATED BELOW . IN RDDITIDN,A TEMPERATURE ERROR
OF &.B DEGREES KELVIN IS ASSUMED TOGETHER WITH SOUTH AND WEST
COMPONENT ERRORS OF’ ~~~ METERS/SECOND .

FIGURE 42

MISS DISTANCES FOR SELECT ED RANGES AND FUR AN - MISS DISTANCES FUR SELECTED RANGES AND FUR Rh
AR RIVAL TIME TRUNCATION OF 1.1 MILL ISECONDS. ARRIVAL TIME TRUNCATION or 1.1 MILLISECONDS.
USRANI IS IND ICATED IV A SOLID LINE.USIAW3 AND USRANI IS IND I CATED IV A SOLID LINE.I1SAASI3 AND
ALP— I IV THE SYMBOLS (‘3 AND (+1 RESPECTIVELY. ALP— I 8? THE SYMBOLS C’) AND (4) RESPECTIVELY .)~~~I2ONTAL SCALE EXPRESSED IN KILOMETERS. HORIZONTAL SCALE EXPRES5ED IN KILOMETERS.
VERTICAL SCALE IN METERS. ‘vERT I CAL SCALE IN METERS.

5211 1211

011 DII

511 512

VII VII

LI IS VI 25 VI ~

MISS DI STANCES 122 SELECTED 11111555 AND VOl AN MAXIMUM AND MINIM UM VA RIATIONS OF’ THE LEE
ARR IVAL TItlE TRUNCAT ION DV II MILLIS ECONDS. AL GORITHM 1*1EV INITIAL VALUES VU or RANGE
USRANI IS IND ICATED It A SOLID LINE.tl)RAhlZ AND ARE UTILIZCD.AMR(VRt. TIMES MIt T RUNCAT ED lIT
ALP— I BY THE SYMBOLS CR) AND (4) RESPECTIVELY . THE NEAREST 1.1 MILLISECDNDS.ICRI2ONTAL
HORIZONTAL SCALE EXPRESSED IN KILOMETERS. SCALE EXPRESSED IN KILOMETERS. V ERT ICAL IN METERS.
V ERTICAL SCALE IN METERS.

IVAN i~~~

— DII

— Eli

VII

II IS VU VS VI II IS VI VS VI
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P1(55 DISTANCE VERSUS RANGE (METERS ) FOR SOURCE POINTS LOCATED
AT A 7& DEGREE FLANK I NG ANGLE .5ELECTED TRUNCATION PO I NTS ARE
CONS I DERED AS IND I CATED BELOW . IN ADD ITIONi A TEMPERATURE ERROR
OF ~~ DEGREES KELVIN IS ASSUMED TOGETHER WITH SOUTH AND WEST
COMPONENT ERRORS OF ~~ METERS/SECOND .

FIGURE LI]

51 155 DISTANCES rap SELECTED RANGE S AND FOR RN 11155 DISTANCES FIJi 5ELECTED RANGES AND FOR AN
ARRIV A L T I ME T RUNC A TIO N OF 2.1 M11L15 (COND5. ARRIVAL TIME TRUNCATION OF .2 MILLISECONDS.
USRAN I IS INDICATED BY P SOLID I I NE .USRAN3 AND IJ5RRSII IS IND I CATED MV A SOLID LINE.USRAN) AND
AL P—I BY THE SYM BOLS 0 AND (+ 1 7ES PECT IV ELY . ALP—I B’! THE SY MBOL S CR1 AND CII RESPECTIV ELY .
HDRIZON’TI1L SCALE EXPRESSED IN KILOMETERS , HOR IZONTAL SCALE EXPRESSED IN KILOMETERS.
VER T ICAL SCALE IN MEIER5. VERTICAL SCA LE IN MET ERS.

6’1RR G90I

/2 0 25 32 _

MISS DISTANC ES FOR SELECTED RANGES AND FOR RN MAXIM UM AIlS MINIMUM VARIATIO NS OF TIlE LEE
ARR I VAL lIME TRUNCATION OF lB MILLISECONDS. RLGO9ITIUl ellEN INITIAL VALUES VU OF RANGE
USRANI IS INDICATED BY A SOLID LINE.LI5RAN3 AND ARE IfTILIZED.RRRIVAL TIPES ARE TRUNCATED A T
ALP - I BY TIlE SYMBOLS c’s AND 1+.’ RESPECTIVEL? . THE NEAREST 1.1 MIIIISECONDS.IMJIIZBNTAL
HOR IZONTAL SCALE EXPRESSED IN KILOMETERS, SCALE EXPRESSER IN KILOPETER5,VERT ICHL IN METERS.
VERTICAL SCALE IN METERS.

8000

6000

-I

‘1200

2020 15AN

10 c 20 25 3M S P IS VP VS VI
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TABLE 1. MISS—DISTANCES (METERS) FOR SELECTED RANGES AND VARIOUS
FLANKING ANGLES AS INDICATED. MAXIMUM TIMING ACCURACY IS
EMPLOYED, AND METEOROLOGICAL ERRORS ARE ASSUMED OF 5.0
DEGREES KELVIN IN TEMPERATURE AND 5 METERS/SECOND IN SOUTH
AND WEST WIND COMPONENTS .

Range USRAN 1 U-SRAN 3 ALP—i ALP—2T ALP—2

Flank — 75

5K 813.1 346.0 199.7 15.0 0.1
10K 1572.4 1324.6 1276.5 19.9 0.3

Flank = 60

5K 218 .6 141.9 109.7 35.2 0.3
10K 398.0 353.6 351.3 45.4 0.5 —

Flank 45

5K 98.0 90.1 81.9 64 .4 0.4
10K 181.2 173.6 180.2 82.6 0.0

Flank = 30

5K 61.6 81.6 78.2 111.8 0.5
10K 122.2 128.3 134.9 146.8 1.0

Flank = 15

5K 72.8 94.5 90.5 204.1 0.5
10K 128.5 138.9 143.1 305.7 1.1

Flank 0

5K 103.8 122.3 114.7 98.2 0.5
10K 174.7 184.4 184.6 161.1 1.1
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TABLE 2. MISS—DISTANCES (METERS) FOR SELECTED RANGES AND VARIOUS
FLMIKI.NG ANGLES AS INDICATED. MILLISECOND TIMING ACCURACY
IS EMPLOYED, AND METEOROLOGICAL ERRORS ARE ASSUMED OF 5.0
DEGREES KELVIN IN TEMP ERATURE AND 5 METERS/SECOND IN SOUTH
AND WEST WIND COMPONENTS.

Range USRAN 1 USRAN 3 ALP—i ALP—2T ALP—2

Flank = 75

5K 847.5 342.1 199.7 15.3 21.3
10K 1559.4 1321.2 1275.8 24.1 *

Flank = 60

5K 216.7 140.6 109.4 34.8 7.7
10K 381.4 347.1 350.4 49.4 250.4

Flank = 45

5K 98.4 90.6 81.8 65.0 3.4
10K 181.8 174.1 180.7 85.4 19.0

Flank = 30

5K 65.5 81.7 78.3 111.3 1.4
10K 121.9. 127.9 134.9 137.3 36.1

Flank 15

5K 73.3 44.2 90.6 200.9 2.2
10K 128.8 139.2 143.2 296.8 5.7

Flank = 0

5K 104.5 122.7 115.0 98.6 7.2
10K 173.2 184.1 184.1 196.6 115.9

*Unstabie
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TABLE 3. MISS—DISTANCES (METERS) FOR SELECTED RANGES AND VARIOUS
FLANKING ANGLES AS INDICATED. TEN —MILLISECOND TIMING
ACCURACY IS EMPLOYED, AND METEOROLOGICAL ERRORS ARE ASSUMED
OF 5.0 DEGREES KELVIN IN TEMPERATURE AND 5 METERS/SECOND IN
SOUTH AND WEST WIND COMPONENTS.

Range IJSR.AN 1 USRAN 3 ALP-i ALP-2T AL P—2  —

Flank — 75

5K 927.6 367.2 206.8 18.5 78.6
10K 1914.8 1398.1 1362.9 18.8 * 

—

Flank — 60

5K 188.3 135.2 106.1 36.7 85.8
10K 360.8 352.0 363.4 108.5 *

Flank 45

5K 95.6 85.5 81.4 68.3 22.3
10K 171.0 155.7 172.9 76.4 *

Flank = 30

5K 66.2 85.8 79.4 99.7 20.8
10K 118.5 124.4 132.1 127.4 *

Flank = 15

5K 73.0 95.5 89.8 187.9 10.3
10K 137.9 138.3 143.9 148.9 *

Flank — 0

5K 106.3 125.6 118.5 110.7 52.5
• 10K 161.7 180.3 180.1 901.6 *

*Uns table
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