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Lttorney Docket No. 79449

SONER SYSTEM PERFORMANCE METHOD

STATEMENT OF THE GOVERNMENT INTEREST

The invention described herein may be manufactured and used
by or for the Government of the United States of America for
Governmental purposes withou: the payment of any royalzies

Thereon or therefore.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention reliates generally to acoustic sonar
systems and, more specifically, to methods for evaluatiﬁg,
comparing, and selecting sonar system configurations and sonar
sensors. |
(2) Description of the Prior Art

- Variable depth sonar arrays are routinely tested at a

variety of.depths to determine their system performance. Sonar
performance may vary greatly with depth because of changes in
factors that affect the sensors such as temperature and depth.

Typically, near the surface, temperature is the primary

consideration. As the depth increases, then pressure has a




I greater influence on performance as tempefature becomes more

2 uniform. At intermediate depths, ducts form which can trap

3 transmitted acousfic waves and allow them to pfopagate for large
4 distances.’ Moreover, if the transmitting and receiving sensors
5 in a sonar system are at widely varying depths, then'acoustic

6 boundaries céused by pressurs and temperature may interfere with
7 sound wave reception. An.acousﬁic sonar syétém may also vary

8 with respect to the organization.or sénsors Within the arrayﬂ
9‘ More spécifically, sensor and system performance is

10 determined by performing a variety of tests at various ranges and

11 asoths. The purpose cf the tzsts is to determine the maximur
12 range ¢ reception for a given depth. Often the maximum rangs
14 the combined sensor performance. This may lead to an incorrect
15 evzluation bescause the senscr may have an exceptionally large
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17 other depths.

18 As an example féf'evaluatingAa sonar system in a surface

19 layer environment, é sonar system that maintains both

20 -transmitting and récei#ing sensor arrays in the surface layer may
21 normally achieve a relativeiy large detection range for a tafgef'
22 that also appears in the surface layer but may proddce

23 comparativelyvsmall detection ranges for targets that are

24 situated below the surface duct. When the result of all targét”‘

35 depths are combined in a simple average or referenced to a




] Statistical measurement such as standard deviations, the outcome

)
=

&/ be skewed by the shallow event. Standard dev1at1 ons give a

(V9)

7alue indicating the closeness of the data to the aver'ge and so
4 standard dev1atlon is meaningless without a reference to thc

5 average value. Accordlngly, whenever standard dev1at1on is

6 provided, the average 1is pro&ided.

7 Use of standard deviation techniqnes also results in

8 difficu lty of comparison. For instance, one system”may average
9 fifteen kiloyards (fifteen thousand yards) with a standard |
10 deviation of three kiloyards. The next system'may average

Il sizteen and one-half kiloyarcs with a standard deviation of four
12 ki;oyards. With this type of comparison, there is no cliear

s

- = UL S < - - — -~ b e — o o~ e
= &% TC WILLCZL 1s tnhe betiar system. Morecvar, thnsse rasu

s aiZilcult to plot due tc extra dimensions as comparseC wizth

o

15  single performance rating.

16 The resuit is that prior art methods for comparing sonar

17 nsors and sonar sensor sys ems may lead to an unrealistic or

18 inaccurate appralsal of the system’s detection capablllty agalnst
19  targets at all water depths‘and may cause-seléction of a less

20 desirable sonar system. |

21 Prior art patents that relate to this topic include the

22  following: | |

23 U. S. Patent No.'5,734,591, issued Mar. 31, 1998, to John C.
24 Yundt, (hereinafter, Yundt *‘591) dlscloses a method for analvzing

25 blothemlcal samples or human bodily fluids which operates over at

3.
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least two ranges;. The method of Yundt ‘591 comprises obtéining a
first set of test results relating to the biochemical samples
from the testing device'over at least two ranges, and calculating
from the first set of test results an individual réngevmean for
each’of the at least twé ranges. Thé method also includes
obtaining a second set of tesﬁ results relating to the
biochemical éaﬁples from a-group of testingvdevices that operate
over the at least two ranges, calculating from the second set of
test results & group range mean and a group range standard
devia:ion for each of the at least two ranges, and calculatiné

standard deviation indexes for the testing device from the

individual range means, the group range msans and group rangs v
STanizrc qevietions. The method further comprises forming
generaily parallel spaced apart data range axes, each relating to-

& range of operation of the testing device, to facilitate
analysis of the performance cI the testin;‘device over each rénge
of operétion, wherein the respéctive positions of the data range
axes in relation'to>§ﬁé another afe scaled based on tﬁe values of
thé operating ranges, and then plotting all of the standard
deviation indexes in relation to thevdata range aXesvin such a
way that analysis of the performance of the testing device over
theuat_least two operating rangeé ié provided in‘a singie graphic
dispiay.

U..'S. Patent No. 5,541,854, issued Jul. 30, 1996 to John C.

_YundtﬁTdiscloses a method and graph for analyzing the berfcrmance

4
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vi & testing device that operates over at least two fanges
related to the above U.S. Patent No.5,'7§4,591, to the same
inventor. |
U. s. Paﬁent No.‘5,828,567, issued Oct. 27, 1998, to Eryurek

et al., discloses a transmitter in a process cbntrol system
including a reéistaﬁce senscr sensing a prﬁcess variable an&
providing a sensor output. Seﬁsor monitoring circuit:y coupled
=% the sensor provides a secondary signal related to fhe éensor.

Enzlog-to-digital conversion circuitry coupled to the sensor

~output and the sensor monitoring circuitry provides & digitized

Seénsor output and a digitized secondary signal. Output circuitrvy

ccupled to & process control loop transmits a residual life

S Tc residual life of the sensor. A mMEMSry
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the secondary signal and to

O

expected results related t
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the sensor. Diagnostic circuitry provides the residuzl life

esTtimate as & function of ths expected results stored in a

~memory, the digitized sensor output and the digitized secondéry»

signal. ‘

U.is. Patént No. 4,675,147, issued Jun. 23, 1987, to
Schaefer et al, discloses the real time actual and‘reference
values of parameters pertinent to: the key safety concerns of a
pressurized water reactor nuclear power plant which are used to
generate an integrated graphiﬁ display representatiQe of the
plant safety status. This display is in the form of a polygon

with the distances of the vertices from a common origin
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astermined by the actual value of the selected parameters

o

;5rmalized such that the polygon is regular whenever the actual
vzlue of eachrparémeter equalé its reference value despite
changes in the referenée value with operating conditibns,‘and is
ar. irregular pclygon which visually ind;cates deviations from
n:fmal otherwise. Ths values of paramete;s represented in analog
fcrm are dynamically scaled between the refefence vélue aﬁd high
gnc low limits which are displéyed as tic marks atvfixed
¢istances along spokes radiating from the common origin and
rzssing through_the vertices. Multiple, related binary signals

oke by drawing the associzted vertice
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-~ the referencs value when none of the represented conditions

detectad.

tn
[¢)

1G5 Imit when any such condition i
L regular polygon fixed at Ths reference valués aids the operator.
in detecting small deviations from normal and in gauging the
magnitude of the deviaﬁion. One set of parametefs is seiected

for generating the display when the plant is at power and a

second set reflecting wide range readings is used the remainder

cZ the time such as following a reactor trip. If the quality of

the status, reference or limit signals associated with a

~particular vertex is “bad”, the sides of the polygon emanating

~from that vertex are not drawn to appraise the operator of this

condition.

In summary, while the prior art shows various methods for

~making comparisons, the above disclosed prior art does not show a
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siltable method for comparing sonar sensors Or sonar sensor
s/stems. Consequently, there remains a need for a system that
rrovides a single performance rating that accounts for both the

a7erage and deviation from the average for performance at

ciiferent target depths which may be plotted for different
sender/receiver depth configurations. Those skilled ir the art
w.>.1 appreciate the pfesent invention that addresses the above

arnd other problems.

SUMMARY OF THE INVENTION

Accordingly, it Is an ebject of the present invention to

£rcvide zan impreoved method for comparing acoustic sensors and
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22T provides a single performance rating that takeés into effect
~e depth sensitive naiure cprerformance'of the acohétic sensors
and acoustic sensor-éyétems.

These and other objects, features, énd adVantégeé of the
present invention will become apparent from the drawings, the
descriptions given herein,'and the appended claims.

A method is provided for evaluating and/or selecting a sonar

system wherein the sonar system comprises at least one sender and

at least one receiver. The method includes such steps as

positioning the sender and.the receiver at a plurality of sensor
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depths wherein tests are periZormed for each of the plurality of
sensor dépths. For instance in one test, the sender may be
located at a one hundred foct depth and the receiver at a three

hundred foot depth. 1In a subsequent test, both the sender and’

.receiver may be at a two hundred foot depth. leferent sonar

s/stem conflguratlons whlch may comprlse only one sendar/recclver

Or may comprise sensor arrays or different sonar systems can be

e€vzluated as discussed below.

For sach of the Dluralv-z of sensor depths or sonar system
ceriigurations, & target may obe pééitioned at a plurality of
ta:get depths. For each of =zhe plurality of target depths, E

detsctiorn range is de:eﬁmined for the sonar system, €.0., twenty

€ 2T one target dep:h, eigh:een'kiloyards at anozhe:

} o
n

Target depth, and so orn. Arn zverage detection range

Moreovef, a scaling fac:zcr related Fo a ratio of the dyvnamic
Tange to the maximum range is produced. A dynamic range
sensitivity'weightinéiférmvis selécﬁed;. The value of the dynémic
range sensitivity weighting‘is typically but not necessarily
selected to be between zero and one.‘ Preferably,.the range

weighting term is selected to be no greater than the smallest

~value of the inverse of the scaling factor.

For each of the plurali:y of sensor depths, a performance
rating is produced from the average detectlon range, the dynamlcv

range, the maximum detectlon range, the minimum detectlon range,
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&nd the dynamic range sensitivity weighting term. More

specifically, <he minimum dezection range may be subtrzcted with

respect to the average detection rangé to provide a first factor.

The dynamic range sensitivity weighting term may be multiplied‘
with respect to the fifst factor to obtain a second factor. The
scaling factor may be multiplied with respect to the secénd
factor to obtain a dynamic range factor. Then the dynamiclfange
factor may be subtracted with respeét to the average de;ecticn
range to provide a performance rating.

As noted above, the performance rating is preferably
determined with respect to each of the plurélity of sensor

aspths. In ons preferred empbodiment, the performance rating may

With respect tc comparison and selecting purposes, it is
desirable to utilize z constant value for the range weighting
term for each c¢f the pluralitv of sensor depths and/or Zor each

sSonar system or sonar system components to be tested.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the invention and many of
the attendant advantages thereto will be readily appreciated as
the same becomes better understood by reference to the following

detailed description when considered in conjunction with the

accompanying drawings wherein corresponding reference characters
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. Lransmitter depth 12 b

indicate corresponding parts throughout the several Views of the
Crzwings and wherein: | |
FIG. 1 is & diagram showing a typiéal test éet up for
gathering data used in calculating the subject performance
razing; and
FIG. 2 is & gfaph showing a performance‘rating in accord
with the present ihvention plotted to illustrate Ihe performance

oI & source and & receiver positioned at different depths.

BRIEF DESCRIPTION Of THE PREFERRED EMBODIMENTS
Referring now tc the drawings, in FIG. 1 there is shown the

€sT setup for desveloping the performance measure of the current
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of a body of water. An
accustic receiver 16 is posi:ibned &t a receiver depth 18 below
the surface 14. 2 térget 20'is alsc located béIow the surface 14
at a2 range 22 away from the receiver 16. Du:ing testing,
transmitter 10 is pogifioned at t%ansmitter depth 12 where it

transmits an acoustic signal which bounces off of target 20 and

- 1s received at receiver 16. Data is collected concerning

‘reception at range 22, transmitter depth 12, and receiver depth

18. This process is repeated for various transmitter and
receiver depths.
Referring now to FIG. 2 there is shown one use of the system

of the present invention for a simplified visual display. The
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performance rating, as discussed in detailbsﬁbsequently, is
riotted for various derths c¢f the source and receiver aﬁd ﬁaj
tyrically be a vzlue ir terms of thousands of yards (kiloyards).
Et respective source and reeeiver depths that may be selected
from the plot of FIG. 2, a plurality of tests have beer made
wherein the target depth varied and the respective target rangese
were determined whereupon a performénce rating was made as
discussed hereinafter. ‘Different cross hatching'types in FIG. 2
relzte to different performarce ratings. For instance, at point

G0, the source depth is 150 ft. and the receiver depth is 100

[ )

fz. and the perfcrmance rating is in the range of 26-2¢

kZ_oyards. The performance rating is basec on both ths magnizude

t a

A1)

&nZ unilormity oI detection ranges achieved for targets

source depth is about

[
(@]
ot
]
(1))

varisty of water depths. AT point
22C ft. and the receiver depth about 125 f:. and the performance
rating is 28f30 kiloyards. Taking another point 120, the source
depth is 100 ft. and fhe receiver depth is 200 ft. and the
performance rating is'26—28 kiloyerds. The various iayers of the
performance ratings as plotted may be in color or otherwise
distinguished. Different source/receiver pairs or the same pair
at different positions may be.evaluated ahd compared‘in this'
manner.

The performance rating of the present invention evaluates:

the overall performance of a sonar system by using both the

magnitude and the consistency of detection performance achieved

l
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for targets within a predetermined range of water depths. The
performance rating of the present inVention’is based'on depth‘
sehsitive'system performance and may preferably utilize a user
adjusted dynamic range weighting function for approprlate |
weighting of the outcome of depth averaged detectlon ranges.

A dynamic range factor, DR, is given by the following

equation:
DR= (—SE—SR)*W) (M] | (1)
_ NS MR L
where:
SD = Sum of the detection ranges at all targer depths;
SR = Smallest detection range; |
MR = Largest detection range;

A
NS = Number of detection range samples;

W = Dynamic range sensitivity weighting term. (0 = Low

Sen., 1 = High Sen.)

The right most term of the above equation is merely a

scaling factor. The performance rating is given as:

| Performance Rating = fv—? - DR , (2)

i
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For the results of FIG! 2, the performance réting aﬁd each
term refers to & source-receiver pair at a particular depth
cenfiguration. In this case, the determination should be
perfofmed for each souree and receiver depth combination to be
mcdeled within the same epecific environmeﬁt. The highest
performance rétings»for differeﬁt types of source recei?er peirs
cr for a particular depth comtination of a specific pair will be
bzsed upon achieving the bes: combinationvof the’magnitude of the
de:ectioh ranges and censis:ent performance acrose the depth
rznges.
will be zppreciated “rom review of the above equatioh
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ccmbination, the performancs rating is computed by first finding
the average (mean) for all modeled target depths. Subtracted
from this average detection range is a dynamic‘range weighting
function that is composed of the average detection range, the
minimum detection rahée, the maximum detection range, the dynamic
range, and a dynamic range sensitivity weighting term( YW .The
dvnamic range sensitivity'weighting term W is a user defined
value, which can be chosen tc be as small as zere, rending no
sensitivity to dynamic range (pure mean va}ues). On the other

h

[4)]

nd, the term W could be as large as one (and in some cases more
than one), which produces a very high sensitivity to dvnamic

range in the performance results. For comparison of the same

143 “
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scurce receiver pair at different depths, and for comparieon of
different types of source receiver pairs, the same W is
preferably used.

In general, when the sum of the detection ranges is large
the outcome ef The perfermance rating will also be large
However, if)the individuél megnitudes of detection range vary a
great deal with depth, then the dynamic range will grow to
significant pro pertions and the performance rating‘Will be
reduced by a correspondingly large amount. If under & different

seT of circumstances, the same total sum of detection ranges is

v

achlsved but wizh relatively small variations ir indiv:iduzl

he dynamic range weighting Zunction
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w.__ be smazll arnd = ilarger psrformance rating will ultimately

. One other important consideration is that‘the outcome of
The perrormanee :aring'is meszt reiiable when the data being
anaivzed contains a sufficient number Qf targer-depth samples to

acc tely reflecs the particular svstem’s performance

capabilities across the entire range of the target’s potential

operating depths.

As stated ﬁereinbefore, the smaller the value essigned to W
(low sensitivity), the more the performence ratiné will approach
the simple mean of the deteCtion ranges. Conversely, the greater
the assigned value of W (high sensirivity), the more the

periformance rating will tend towards the smallest detection range

in the target depth data set. 1In fact, if W is selected to be




I greater than ones, it is possible,.when accompanied by large

2 dynamic range, t¢ produce a performance razting that is'actually

3 less than the smzllest detec-ion range that.appears in the target
4 depth data set. Therefore, the user must exercise Cafe when

5 specifying values of W that are greater than one to insure that

6 the performance rating is wizhin the bounds of & reasonable se

Q

7 of results for z particular dzta set. Generally, W should be no
8 greater than the smallest inverse scaling facﬁor or MR/ (MR-SE)

9 that appears in any of the dzzz sets being evaluated or compzred.
10 If W was greater than the smz>lest inverse scaling factor, tnen,
11 the performance rzting could be less thar zhe smaileét value in

12 tne set. If ths performance measurement wzs less than the

€ 32&£T, TILLE L& —CSSa.-T LI &l lo.ellllalTe TLEw

14 cZ The dazz. Tne same weigh:iing value, W, should be used when

—
hn
th
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ot

comparing differen: sonar systems TC obtain a validibaeis for .
16 comparison.

17 In summary, tests related to target depth and detection .
I8 range are taken for-eaeh sonar syetem configuration. For

19 instance, if the sonar system comprises a single source and

20 receiver, then for each source depth and receiver depth to be

21 considered, target depth and detection range tests are performed.
22 Generally it is desirable to test at several different target

23  depths to produce more complete information from which an

o
B 38

evaluation or selection may be made. The dynamic range

9
o

weighting factor W 1s selected and preferably maintained as a
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curnstant. The value ¢f the performance rating can be plotted as

ir FIG. z for ezch sonar syszem variatior such as source deptr.

versus receiver depth.

It will be understood that many additional changes‘in the
detzils, materizls, sSteps and ar:angement of parts, which have
been herein deséribed énd illustrated ip order to'explain the

nature of the invention, may be made by those skilled in the art
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Lzzorney Docket lio. 79449

SONAF. SYSTEV PERFORMANCE METHOD

“ABSTRACT OF THE DISCLOSURE

£

A method iz disclosed fcr evaluating and/or selecting sonar

systems and sonzr sensors is provided that results in &

‘performance rating that represents both the magnitude and

crnsistency of dstection of zzrgets positioned at different

derths. In a preferred empbociment wherein a sonar system
ircludes 2t least ong source znd at least one receiver, the

periIormance rating reslated Tc target detection, is plotted for

gzcn 0of z plurzlizv o sourcs and recsiver depths £ cynamic
range sensitiviTy facIcr is ssliscted zhat providesfsensitivi:y in
The pericrmance raziing with TESpect To consistenéy of the
getection range 2t different depths. The dynamic range
sensitivity factor is preferably selécted between zero and an

inverse of a scaling factor related to a maximum detection range

v}
I
¢}
[4}]

minimum detection range for a particular source and



| Ol




09L-0%L 7
TN

0°0c-08)

=
0ce-00z [////]}
=

0vc-0¢c

IFAANNN

0'8¢-09¢ NN\\\\L

00€-0'8¢

072€-0°0¢ a@

0YE-0ZE 1))

('spAy)

Buney souewliopad

0

0€

0S¢

(14) H1d3a ¥3nIFoay

00¢

0§l

(14) HLd3a
304N0S

H—— Ok

A=
W/ ///H/ //W@“m\ M/w\\\
O =S

—— 001

- 08



