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TARGET SIMULATION SYSTEM AND METHOD
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Attorney Docket No. 79900

TARGET SIMULATION SYSTEM AND METHOD

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and usad
by or for the Government of the United States of America for
governmental purposes without the pavment of any royalties

thereon or therefore.

BACKGROUND QOF THzZ INVENTION

(1) Field Of The Invention

The present invention relates tc testing of sonar systems

204 more carticular.y, TO & System &nd METACC Ior contrsolled
simulaticn of a target underwater =2 zZest and evaluate = sonar

system.
(2) Description Of The Prior Ert

Sonar systems transmit and receive underwater acoustic
signals to locate targets such as underwater mines. A typical
sonar system 10, FIG. 1, detects and locates a target 12 by
transmitting an acoustic signél or ping 14. This acoustic signa
14 generated by the sonar system 10 s received by the target .z
and reflects back to the sonar system 10 as a reflected acoustic

signal 16. In the reflected acoustic signal 16, the signal

strength znd wave structure is altered by the material
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characteristics of the target 12, i.e., the target vibrates and
alters the shape of the reflected acoustic signal 16. The
reflected acoustic signal 16 is received by the scnar system 10,
and the sonar system 10 is able to determine distance information
based upon the reflected acoustic signal 16.

One application of a sonar system is to locate and map mines
underwater. Mine hunting systems and other underwater
communications systems that transmit and receive underwater
acoustic signals must be tested to measure the performance of
these systems. One technique for teétih§ these systems involves
simulating an underwater target and determining whether or nct
the sysfem can detect and locate the simulated target. Sincs

there is little known about the acoustic properties of the target

Ceing detecTed, a SChRar system is TyTice-_y declared a success zs
long as it gets a reascnable response. If an underwater targe:

J

cannot be detected, however, the evaluator may not know whet

-~

.

Oor not the failure lies with the test target or with the systenm
being tested. For developers of sonar systems, z controlled test
target is important to know if the system functions properly.
Existing test systems acoustically reply back when interrogated
by & sonar ping, but the reply has nc characteristic of the-
original sonar signal nor is the reply a characteristic acoustic
signature ¢f a given underwater body. Underwater evaluation

Systems must provide a method of scering and constructive

feedback tc the systems that are being tested.
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SUMMARY OF THE INVENTION

Accordingly, one object of the present invention is to
provide sonar systems with the capability of receiving a
controlled response from an underwater target in order to gauge
performance of the system.

Another object of the preéent invention is to provide =z
simulation system that can also act as a scoring system to
maintain a record of hits and allow further systems evaluation.

The present invention features a target simulation system
comprising a hydrophone for receiving ah‘original acoustic test

signal and converting the acoustic test signal tc an analog

3

elsctrical test signel. The signal crocessi

1g SvV3Tem rs=ce.ves

=

the analog electrical test signal, converts the znalog electrizzl
Test signea. te a digital test signal, modifies =ne digital tes:
signal to Zorm a simulated reflected signal emulzting the

original acoustic test signal reflecting from
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knowr: target strength, and ccnverts =he simulated reflected
signal to analog format. The projector receives the simulated
reflected signal in analog format and converts the simulated
reflected signal to a simulated reflected acoustic signal.
According to one preferred embcdiment, the signal
processing system includes an A/D converter for zonverting the
analog electrical test signal to the digital test signal. &2

computer system is coupled to the A/D converter €or modifying zre

digital test signal Lo form the simulated reflec=ed signal
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emulating the original acoustic test signal reflecting from the
target having a known target strength. A D/A converter is
coupled to the computer system for converting the simulated
feflected signal to analog format. The computer system can
include a computer program for adding a target strength value to
values of the digital test signal to form the simulated reflected
signal. The computer system can also include a digital buffer
for buffering the simulated reflected signal.

In one embodiment, the signal processing svstem further
includes a signal detector coupled bétﬁeén the hvdrophone and -he

A/D converter for detecting the analog electrical test signal

w
0

excluding cther signals from detecticn. In one embodiment, the

signal processing system can also include a power amplifier
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cup.ed petween the prciector and the D/A converter for
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nal In arzalcg format.
The present invention also features a metnce of generating

& target simulation signal. The method comprises transmitting an

acoustic test signal underwater. The acouscic

ot

€ signal is

M
6]

received and converted to an analog electrical test signal. The
analog electrical test signal is digitized to procduce a digital
test signal. The digital test signal is then modified to forx a
simulated reflected signal emulating the acoustic test signal
reflected from a target having a known target strength. The
simulated reflected signal is converted to analzcg format, is

transmitted underwater, and is received underwarter,
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According to one method, the step of modifying the digital
test signal includes converting the digital test signal into a
series of ASCII numbers; receiving a target strength value;
adding the target strength value to each of the ASCII humbers
representing the digital test signal to produce an ASCII
representation of the simulated reflected signal; and converting

the ASCII representation of the simulated reflected signal.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present
invention will be better understood in view of the following
description of the invention taken Zcgether with the drawings

wherein:

[

fiG. . 13 & scnematic illustraticn of thne operaticn oI 2z
scnar system, according tc the pricr zr=;

FIG. 2 is a schematic block diagram of a target simulaticr
system, according to the present invention; and

FIG. 3 is a flow chart illustrating a method of generating

target simulation signzl.

DESCRIPTICN OF THE PREFERRED EMBODIMENT

The target simulation system 20, FIG. 2, according to the
pPresent invention, is used to simulate the reflected acoustic
signal 16 reflecting from a Larget 1z f’see FIG. 1). The target:

simulation system 20 can be used with = sonar system 10, such zs
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a mine hunting system, or any other underwater communication
system where active feedback is required. By simulating a target

1

2]

having a known target strength, the target simulation system
20 provides controlled ﬁesting and evaluation of the sonar system
being tested.

The target simulation system 20 includes one or more
underwater microphones or hydrophones 22 and one or more speakers
Oor projectors 24. A test signal processing system 26 is coupled
to each hydrophone 22 and projector 24, préferably using an
underwater electrical cable.. The hydrobﬁone(s) 22 and
projector(s) 24 are prsferably ldca:ed underwater on the ccean
bottom while the sigrnzl processing svstem 26 1s _ocatsd ocutsids

of the water, for example, on a support vessel. Thus, the target

n
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imulation system 20 :includes minimel in-water nardware te a. ow
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The hydrophone 22 receives an criginal accustic -est sicna

30, such as the sonar signal 14 trarsmitted bv

the sonar system
10 (see FIG. 1) . The hydrophone 22 converts the acoustic test
signal 30 into an electrical test signal, which travels to
components in signal processing system 26. The signal processing
system 26 includes an analog to digital computer which converts
the analog electrical test signal tc 2 digital test signal, and
the remaining components of system 26 modify the digital test

signal to form a simulated reflected signal emulating the

original scoustic test signal reflecting from a target having a
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known target strength, and converts the simulated reflected
signal to analog format. The projector 24 converts the simulated
reflected signal in analog format to a simulated reflected
acoustic signal 32. The simulated reflected acoustic signal 32
simulates the reflected acoustic signal 16 that is reflected “rom
an actual target 12 having the known target strength (see FIG.
1). The acoustic signal 30 is generated by any sonar system
under test (not shown) which is capable of generating a
controlled underwater sound signal. The simulatad reflected
acoustic signal 32 is transmitted batk.to the sonar system under
test and is received and analyzed.

According to one embodiment, the signal vrocessing system 26

includes z signal detector 40, such as a signal detection

Circuit, wnich monitors the underwater eNnVironment and preverts
any signal from entering the signal crocessing svstem 26 unless
it meets & set of criteria, such as Dossessing z certain sigrnal

strength cr frequency. Detecting only the test signal and
excluding these other signals from detection w_ll prevent the
projector 24 from running continuously when transmitting the
simulated reflected signal. Once the appropriate signal is
detected, an A/D converter 42, such as an analcg to digital
conversion circuit, converts the signal inté a digital data
format that can be processed by a computer system. The A/D
converter 42 operates using an internal digital <lock that

samples the signal at a rate such thar the digital test signa.’
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captures all of the variations of its analog equivalent.
Preferably, the sampling rate is set to approximately three times
the highest frequency that will be emitted by the sonar system
being tested. Signal detector 40, A/D converter 12, and D/A
converter 50 are present on a common data acquisition board 43,
shown in two parts on FIG. 2.

The signal processing system 26 further includes a computar

system 44, such as a PC, that modulates the digital test signal

to emulate being reflected off of a physical target. The

computer system 44 preferably includes a computer program 46 that

weights or digitally filters the digital test signal using a

ty

target strength value '7S) representing the target strength

n

ignai is tno

M

reby ait

M

I2C acceraing o thns Target scrength va

The computer system 44 :in perfcrming these functiocn
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forms a digital buffer 48 that buffers the digictzl data stream
representing the simulated reflected signal. Ths digitzl b
48 stores or holds the <igital datz s=ream unti
signal is captured. This allows the simulation system 20 to
duplicate the effecf of an acoustic signal reflecting off of the
target body.

A D/B converter 50 receives the buffered digital data
representing the simulated reflected signal and converts the
digital data to a simulated reflected signal in znalog formart.

The analog simulated reflected signal is fed to
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52, which increases the signal’s voltage level such that the
signal excites the underwater transducer within the projector 24
and produces the simulated reflected acoustic signal 32. The
simulated acoustic reflected signal 32 is the accustical
equivalent of the original acoustic test signal 30, attenuated by
the target strength of the physical target being simulated. The
target simulation system 20 thus replies to a test signal with a
simulated reflected signal containing the same characteristics of
the original test signal.

ccustic signal

)]

The'change in the strength of a reflected

16, as shown in FIG. 1, 1s directly related to the Target

strength of the target 12. The Carget strength wvaluae (TS) usecs

for weighting the digital test signazl to produce =-he simulated

rei_scted signal is & constanc representing the zarget strengtn
cf the target or physical item being simulated. e tTarget
strength of each physiczl bodyv 7zriss with tne zccv shape,

material, interior components, and the signal frequency of the
sonar system 10. The target strength can be matnematically
related to the output level of the sonar system 10 and the level
that it receives back, corrected for losses due to propagation.
The general target strength (TS) is & function cf the source
level (SRC) of the sonar signal 14, receive level (RCVR) of the
received refiected acoustic signal 16, and range (B) or distance
in which the signal traveled, as indicated by the fcllowing

e€gquation:
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TS = RCVR - SRC + 40*Log(R) (1)

The target simulation system 20 of the present invention
attenuates the acoustic test sighal 30 such that it satisfies
Equation (1) on the‘sonar system 10. The level received by the
simulation system 20 (Rsim) can be related to the source level
(SRC) tfansmitted by the sonar system 10 by knowing the‘physical
distance between the sonar system 10 and the simulation system 20
(Rtgt). This relationship is shown as follows:

SRC = Rsim + 20*Log(Rtgt) . T (2)

The signal level received back at the sonar system (RCVR}
can be equated to the level generated by the simulation system 20
(SIMOUT) bv knowing the physical distance between the sonar

system 10 and the simulation system 20 (Rtgt} as Zollows:

STV = SIMOUT - 71z Tos b

Substituting Zguation (2, and Zguation ‘3. i-=o Zgueticr. L
yields:

TS = SIMOUT - Rsim ra)

Equation 4 directly relates the acoustic signal level (Rs:im,
received by the simulation system 20 and the level (SIMOUT) the
simulation system 20 needs to produce to satisfy Equation 1 zat
the sonar system 10. Thus, it is not necessary to know the
physical distance between the sonar system 10 and the simulation
system 20. The simulation system 20 only needs the value of the

target strength (TS).

10
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According to the present invention, a fixed value of target
Strength is assumed to simulate a general class of mines.
Various mathematical equations can be used to provide the target
strength IZcr physical shapes such as spheres and cylinders, and
in general these values prbvide a rough equivalence to an
underwater body of similar characteristics. The target strengrth
value (TS) used in the present invention is a constant and does
not take into account variances due to multifrequency sonar
signals, nor the‘structural characteristics of the simulated
target, beth of which will contributse to‘variations in the target

strength. Thus, the simulation system of tThe present inventicn

prcvides zn acoustical fsedback tha- indicates z dezsction nas
L]
been achisved and determines if the scnar system being tested nas
dccustizally Inscrnifiszd the simulaces target witnout resquiring
ccmr_=sx ccmputer modeling.
Accerding to cne method of generating z simulated reflac—=z-

signal, anzlog electrical test signals are zcquired and digizizsd

by a data acguisition ocard, step 15Z. Thes test signal digi

¢t

A

data is trnen placed automatically into a preprogrammed locaticr

in memory, step 104. A data sensing routine running on the
computer system 44 polls this location in memory to determine
when data has been stored to this location, step 106.

The digital data repreSenting the test signal is then
converted from its binary representation to its ASCII equivaler-

and converted to its proper mathematically scaled value based ~r

11
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the data range of the data acquisiticen board, step 108. The
computer program used to apply the target strength weighting to
the data set representing the received test signal (Rsim) is a
simple loop with a mathematical scaling routine. The operator
enters a target strength value (TS), step 110, and the values of
the digital test signal (Rsim) are added to the target strength
value (TS) to produce an ASCII representation of the simulated
reflected signal (SIMOUT), step 112. The ASCII representation of
the simulated reflected signal is then converted to binary
format, step 114. - The Pinary repressentation c¢f the simulated
ref_scted signal is then sent to a credefined section of computer

gl

memory, step 116, where the data acquisiticn Zoard senses

M

ct

data and outputs the signal to the remaining system hardware,

ster 118,

The _evel of the simulated reflsc-ad SLZra. can e increszssd
Or Gecreased to simulats varicus sizss of -he same Targez 2
varying the response level, the simulztion system allows the

Sonar operators to gauge their performance and determine
sensitivity to the environment’s accustics. The target
simulation system can also be used as a scoring system to
determine how well the sonar platfdrm is able tc insonify the
mine or target area.

In light of the above, it is thersefore understood that
within the scope of the appended claims, the invention may be

practiced octherwise than as specifically described.

12



t)

[ax}
in

17

18

19

20

21

22

Attorney Docket No. 79900

TARGET SIMULATICON SYSTEM AND METHOD

ABSTRACT CF THE ZISCLOSURE

A target simulation provides a controlled simulation of an

underwater target for testing and evaluating a sonar system. The

target simulation system receives an acoustic test signal and

b

generates a simulated reflected signal emulating the test signal
reflected from a target of known target strength. The <arget
simulation svstem includes hydrophornes and creciectors located

underwater and a signa
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water. The signal procsssing svstem detects the -sst signal

digital test signal using a target strength value representing
the target strength to produce z digital representation of a

simulated reflected signal. This digital simulated reflected

signal is converted to an analog format and is rezransmitted as a

simulated reflected. acoustic signal using the prciector. The

n

level of the simulated reflecrted accustic signal zan be

21
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increased or decreased to simulate various sizes of the same

target.

22



1/3

-

1394Vl

A

-,

gl .

—

(1HY HOIHd)

I Ol

vl

W31SAS
HVNOS

0l



2/3

20

———————————— —— ————— — ——_—_ o — ——

22

—— i ———

<l
-t

POWER
AMPLIFIER

\
] g ~
o _ _W \\
O w1 ®)
1 ! o
g | 4_ To D N i o
GAR _m © o | =
=W T HEE Y| 2 O n -
0> s Ok |/ | < 3 > <)
== OzT =L )
Z-0 > O oL ! —
< Of—r | 2w ot e
\ “ n < ! O
i ™ ]
! 1 N
| | AR
w
=] 1 el 3 -
— 1
—Il
20 “
o 12!
mmE / “
O I
/
/
IIIIIIIII -
wl Al
5 B
H §§
o
O
oc
QO
VI
T

-

PROJECTOR

FIG. 2




110

104 —

106 —

108 —
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102 —

ON DATA ACQUISITION
BOARD

RECEIVE TEST SIGNAL DATA
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Y
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Y

CONVERT TEST SIGNAL
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\
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114 —

116 —

Y

GENERATE SIMULATED
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A
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MEMORY

Y

118 —
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