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ABSTRACT

The desi gn considerations of a device for simulating
r the mot ion  of pa ssive sonar targets are exami ned. A

- 
specific desig n is discu ssed along with its limitations and

methods for ex tending the design to incl ude multiple tar-

gets.

False targe ting in digita l -mu lt ibe am ~ steer1ng (DIMUS)

sonars is explored throu gh a simula tion. A general method

for alte ring the informa tion in certain display types is

developed from the results of the simula tion.
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L. 3.

I. Introduc tion

The pur pose of this project is two-fold. First to

show that it is possible to realistically simulate motion

of passive sonar tar gets using general purpose micro /mini-

computers. This is demonstrated by the design and con-

struction of a device which interfaces a small general pur-

pose m inicomputer (a PDP-8/E) and provides an operator

with an analog audio si gna l for  pra c t ice  a t detec ti on an d

manual tracking. The simple design will be further

anal yzed to point out methods of increasing its capabili-

ties. The second part of this project concerns the simula-

tion of passive sonar targets In the di gital -multibeam-

steer ing (DIMUS) sonars. A method will be shown of alter-

i n g  t he in format i on f l o w  to sta n d a r d  v i sua l  d i sp l a y dev ices
to produce target — like indications , and limitations on

h a r d w a r e  im p l e m e n ta ti ons w i l l  be e x a m i n e d .

II. Analo g Simulation

The tra i n i n g s c e n a r i o  re q u i res th e s i m u l a t i on of one

target mov ing relative to own ship in a background of noise.

The opera tor was to have only aural detection equipment and

a bearing select wheel . The input to the device was to be

• 

, 

• 

- -  

ob tained from two sources , one tape of noise only, and one
record ing of relati vely strong signal -to-noise ratio of the

target. Other target information and information about

L the own ship ’s maneuver ing were to be incl uded to provide

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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a target moving in bearing and changing StIR .

Th is concept can be carried to two design extremes.

The first is tha t a small general purpo se minicomputer with

appro priate input -output devices ought to be able to be

programmed to do all of the things required in the problem .

The problem can be broken down into one operator input and

one ou tput , the other necessary quantities being carried

internally. One of the Electrical Eng~neering Depar tment ’s

PDP- 8/E’ s has su fficient input and output devices (of the

proper type) to handle such a program.

The other extreme is the design of a special purpose

mach ine to do all of the computation of target parameters

and the simulation of target movement. There are currently

devices of th is type being produced for the Navy .

The ex tremes have their disadvantages , an d a m u c h

more desirable approach can be foun d somewhere between the

two . A general purpose computer has the flexibility to

handle an y new situation by a small change In programming.

This approach involves no new construction , bu t w o u l d

ded icate the entire machine to take care of only the simula-
- 

~• tion. This amounts to buying a micro /minicom puter for a

s i m u l a tor , an expens ive solution. Also the amount of time

that the machine would have to spend in updating the target •

solu tion would seriously hamper the response to the ~
opera tor ’s I n p u t , even with an elaborate interrupt handling

procedure. Since the opera tor can change his bearing :~ ~

H
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selection at will and very rap idly, the probl ems invol ved

in keeping the output signal at the correct level at all

times could eas ily consume more time in the machine than

Is available. A total hardwa re design has two drawbacks

which make it unsuitable for this project , It is very

expens ive and very complex , even w ith the use  of l a r ge

sca le  i n teg ra ted c i rcu it s.

The compromise is the design of a relati vely simple

peri pheral device to be drive n by a small minicomputer.

The compu ter need have nothing more special than a

parrallel I/O interface. There are a number of micro/mini-

computers available from a varie t y of sources which might

be used for the purpose. Because a PDP-8 was av ailable ,

the design was tailored to it. But with a little variation

In  des i gn , the unit could be adapted to an Altair 8800,

a Hewle tt-Packard 9830, or any other machine of the type.

The design of the unit is a straightforward engineer-

Ing pro blem . The operator input is from a V-sca n shaft-to-

d igital (S/D) encoder. This type S/D encoder requires some

-
. • logic to convert the 25 tracks of information into a 12

bi t binary number. The machine input is the twelve bit

buffered I/O output register. Only eight of the twelve

b it s are use d for  t r a n s f e r  o f i nforma ti on , the other bits

• be ing used for selecting the registers for storage and

tim ing Information.

The rest of the unit takes the difference between

.
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the operators input and the computer ’s generated target

bearing. This quantity is fed into a two ’s complement

true/complement device to obtain the absolute value of that

d ifference (corresponding to the distance off-axis for the

sonar arra y). This number is used as the addre ss to a 
•

programmable -read -only -memory (PROM) which contains the

gain of the array as a function of the distance off-axis.

The ou tpu t of thi s f i rs t PROM i s adde d to th e com pu ter ’ s

generated target strength and fed into a second PROM. The

secon d PROM contains the conversion from a logarithmic

func tion (all inputs in dB) to an arithmetic ratio. The

ra tio is used to control the gain of an amplifier whic h

passes the target si g n a l .

The level control is a multiplying digital -to-ana log

conver tor. The input signal is fed into the device which

functions dS a digitally controlled variable gain amplifier.

A conven tional analog summing amplifier is then used to mix

the attenuated signal with the background noise. The out—

put is to the operator ’s listening device , either head -

phones or a speaker.

In operation the unit receives updated target infor-

ma tion (target strength and bearing ) from the computer in

rea l  ti me.  The compu ter ’ s real- time clock sets the

time interval between new solutions. There are limits on

the rate at which the solutions need to be updated . Since 
I 

‘

the precision of the machine is lim ited to 12 bits (single .: .
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• prec ision), solutions which vary by less than one part in

4000 are meaning less. Internal scaling factors on the com-

pute r solution must be set so tha t they do not show slowly

moving targets to be stationary, nor cause large discrete

changes in the case of fast moving targets.

There is one other area that the limited prec ision

of the machine bears examination for noticeable effects.

The entire scan of the operator is conver ted into a twelve

bit number. The limiting resolution (one bit width) is

then .088°. Assuming that a discrete step of more thanr
0.5 dB would be detectable by the operator , a limit to the

narrowest beamwidth which can be simula ted can be computed.

If the beam pattern is a linear function of b earing, then

the half -power points will be at only .5° . Since the value

for this limiting case is so far from a realistic value ,

the effects of a quantized bearing can be ignored.

Although the design is limited to simula tion of a

single moving target , there are obvious ways to expand the

system , and there is a great deal of inherent flexibility.

The PROMs that contain the information on the array

directivity pattern are easily replaced , and can be pro-

grammed for any directivity pattern by merely writing them

with the correct values. The computer software determines

~ F how the target moves and how strong the signal is. To vary

the target strength and to make it and own ship maneuver

(for obtaining a bearings only solution to target true

-

~ 
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course and speed) it is only a matter of changing the pro -

gram parame ters. To modify the unit to introduce another

target , it is only necessary to change the software in the
rr]

computer and add an identical logic unit in parallel (The

operator input section will be shared by both units since

it is the same operator looking for two targets.).

This unit has shown that it is possible to construct

an inexpensive , yet flexible unit to simulate the motion

of a passive sonar target for operator training. Practice

in detection and man ual tracking can be realistically pro-

;~ vided , and depending on the quality and quan tity of recorded

target signals , practice in classification by quality of

sound can be provided .

III. D I M U S  Simulation

The second part of this project was to investi gate

a method by which false targets could be introd uced into

digita l— mu l tibeam - st eerin q (DIMUS) sonars. The concepts

of DIMUS sonars were developed during the ear ly 1960’ s and

~ 
j there are now sonars in use by the Navy based on the DIMUS

principles. Conventional techniques for introducing an Li

analog signal at some point in the system are not pr actical

in di g ital type sonars , and new methods must be developed.

Dig ital processing of the beams takes each of the

analog outputs from the hydrophones and hard l imits them .

The process can be thought of as a one bit analog -to - .1
digital ( A I D )  conversion. The resulting sign information

~ 
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is then fed into a series of shift registers being clocked

at the sampling rate. At appropriately chosen taps on

t he de l a y l i nes , the i nfo rma t ion  i s summe d across  the ar ray .

T he resu l ti n g num ber re p resen ts th e i ns tan taneous  v a l u e  o f

that beam output. By changing the tap points on the delay

l i nes , the array can be “ steered ’~ in any direction , just as

an analog sonar moves its beam by introducing diff erent

delays in the analog delay line and summers (the compensa —
— tor plates of conventional sonars).

Since there are no mechanical linkages required to

accompl i sh t hi s d e l a y an d summ i n g o pera ti on , the b eam

may be moved about without regard for delays or mechanical

instabilities encounte red with conventional sonars. This

results in the ability to “loo k” in several directions at

the same time. This is most noticeable in the di gital

version of the bearing -time- recorder (BTR), which displays

• all of its beams simultaneously, as compared to the analog

versions which scan all directions in a circular fashi on.

In  p rac ti cal  d es ig ns , the information from the many

beams (also called bins) are not available at the same time.

In or der to conserve the number of interconnecting lines ,

the data is at some point converted to a series of the
~ 4 !

samp led bins and transmitted along with identifying infor-

[ mation for each bin . Up to this point , the information

exists as a quantized time series which represents the

b i n i n f o r m a ti on and  has no t been processe d fo r  di sp la y

1~
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p ur p’~ es.

The numbers which are being transferred are the same

as those which would be obtained if an A/D conversion had

been done on the analog beam in formation , plus small non-

linear quant i zation noise and other effects. The under —

lying assumptions for this linearity are small signal to

noise ratio and a large number of elements in the array.

The assumptions have been shown to be valid for all cases

of practical interest.

Further processing is then req uired to make use of

the information. By performing a digital -t o - analog con-

version on the numbers , the output can be fed to an aural

detection device. The operator moves his search area by

selecting which bins are converted. This analog output

could be used for spectral analysis , but there are

quantization effects which may enter into the problem .

The most useful detection and tracking devices are of the

BTR type of display. These devices can be of two types , a

true RMS (total power) detector , or the rectifying average

type detector. Practical designs include the rectifying

type detector and a straight time averaging device of

several different time lengths. Digital rectifying

• elements are simpler than a power detection device.

• Several authors allude to the simulation of DIMUS

sonars on general purpose digital computers. The problem

is one which lends itself well to simulation , with the

• • J 
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exception of req uiring inordinate amounts of time for small

amounts of real time simulated. This was the approach for

-
• this part of the proje ct.

The first attempt to simulat e a circular array of

48 elements with 108 delay elements per delay line was

particularly uns uccessful. Despite the fact that only

eleven bins were processed , the program still ran over an

hour to simulate only one cycle (about 500 points) of the

incoming signal . Since the process depends on the character
• 

of the particular noise samp le , until a large number of runs

could be made , no conclusions could be drawn . Due to the

• I ~nwie ldiness of the progr am , a new solution had to be found.

The next step was the design of a program which

simulated a linear array of 48 elements . Assuming a sinu-

soidal plane wave coming directly on axis and a Gaussia n

distributed uncorre lated noi se , the program provided in-

formation about the character of the bin outputs and the

behavior of the rectifying average and RMS detectors. A

sufficient number of runs were made of this sim ulation

• program to furnish the data from which the conclusions of

this paper were drawn.

Since the process is assumed to be linear , and the

noise input to the system can be found separa tely, the

si gnal -only waveform can be recovered from the bin by

subtracting the noise -long output. Some non -linear effects

were noted in the simulated signals. These were predomi-
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nantly noise on the recovered si gnal not due to the

effects of quantization. The nonlin earities were most

• noticeable at high SNR (0, -5 dB) . The othe r offshoot

from the linearity ass umption is the ability to insert

si gnal waveforms onto a b in. With the exception of the

• small nonlinear noi se effects a target waveform can be

superimposed onto the bin by add ing the sampled signal onto

each successive bin output. Because of the limited word

• size , overflow must be accounted for.

Not every application require s aural detection or the

use of spectral analysis equipm ent which would require the

entire signal to be present in the di gitized bins . The

• simulation of targe ts for the BTR displays using rectified

average or RMS detectors can use another scheme. As each

• bin is passed through the interface device , a constant

can be added to it if a target signal would be present in

that bin. The quantity added to each bin must be an integer

because each part of the sig nal is an integer number.

However , it may be necessary to add a non-integer quantity

to the average over a long time period. This is accomplished

by adding a fixed integer to a fraction of the consecutive

bins as chosen at random or according to some other scheme.

If the constant to be added to each bin were 3.6 , then

the integer 4 would be added to 90% of the bins. Several -~~

simulation runs were made with this type of tampering, and

the results compared the output of the rectifying average

type detector to obtain an empirical relationship between

~

•

~

••

~

—-•

~
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the time average required to simulate a given SNR as
-

• measured by the detector.

• By analyzing a large number of runs , th e e f f ec t s  of

the sta tistical variation can be minimized . The output

of the rect ifying average detector was calculated for the

no-s ignal and the signal presen t cases. For low SNR

the differences were sometimes negative (that is the signal

present case caused a l ower deflection than the noise only ).

However , this fading should be expected as analog devices

of the burned paper BTR show the same fading should be

presen t in any realistic simu lation.

The relationships between the SNR and the average

quan tity to be added to the bi ns Is developed further In

the appendices.

• Speculation on the possible hardware implemen tation

of the scheme for introducing false targets into DIMUS

sonars depends stron gly on the design of the particular

sonar system. Since the U. S. Navy ’s c u r r e n t ver s i ons of

these sonars are classified , it is not proper to discuss

them here. However , cr iteria about the devices to accom-

pl ish the task are within the scope of this paper.

Assumin g that the sonar has a reasonable number of

• • elements (50) and that sampling rates are reasonable for

• au dio work (25 kHz), then a ra te for the production of
- 

b ins in serial form can be assumed to be on the order of

• 1 MHz . Because the log ic will have to examine each bin

Li t i
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word (and a few other parame ters about the modifications

• to be performed) before it chang es it , a minimum of four

or five instructions will have to be executed between each

new word. This fixes a lower limit for a microprocessor

• clock of 4 or 5 MHz. This is slightly above the limit of

present commercially a vailable microprocessors , but will

• probabl y be within reason in a short while.

I V .  Conc l us i on

This project has concentrated on two aspects of

simulation of sonar targets for training purposes. A new

approach to conventional an alog simulators was presented ,

and such a device was constr ucted. The area of introducing

false targets into DIMUS sonars has been explored using

large scale general purpose computer simulation of a DIMUS

system .
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A P P E N D I X  I

A flow chart of a p ossible program to run the simula-

tion of moving passive sonar targets on the PDP-8E mini-

computer is shown as Figur e 1.

Representative portions of the log ic design of the

interface device for the PDP-8/E and the general layout of

the device are given in the following figures. Figure 3

is the logic which decod es the the multi -track shaft-to-

digital encoder to a binary number . The logic eliminates

the possible ambiquity of all bits not changing at the

same and causing false readings near transitions when

large numbers of bits are changing, as in the transition

from 3 to 4. The output from the lower order bits

determine which of two tracks are to be selected for the

• next bit’ s output.

• Figure 4 shows the interface logi c with the PDP-8’ s

buffered I/O interface. The registers and selection logic

are shown for the bearing and target strength inputs.

The logic levels from the PDP-3 are negative logic (0 is

H IGH , I is LOW).

The differer ,cin q lo g ic is outlined in Figure 5. A

twos ’ s complement subtraction is performed by using the

¶ one ’ s complement inherent in the negative logic of the

input and forcing a carry into the low order bits of the

adder. This is logically equivalent to performing the

[ S
,~~~ 1 

_ _ _ _ _ _ _ _J — ____ ~~~~~ —-— - ~~~-
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two ’s complement and then the addition without the carry

into the low order bit of the adder.

The output of the adder is fed to a two ’s comp lement

II. absolute value device , A true/complement device is used

to invert when the high order (sign) bit of the difference

is on. This is shown In Figure 6

PROM inputs and outputs are straightforward and are

not described here. The digital - to-analog converter (s[ shown in Figure 7. It Is an Integrated resistive voltage

divider type network with CMOS switching log . It is used
S in conjunction with a 741 operational amplifier as a gain

-

• control l ed amplifier. From the output , the attenuated

signal is fed into an analog summing amplifier along with

I the background noise ,

iii - T
~t]
1I~



T~~”~ : —
~

-
~

18

~~~~CK TNTERR ~~~ ) F INP UT OPERATOR’S

L BEARING SELECTI ON

COMPUTE TARGET
RANG E AND BEARING

COMPUTE OFF—AXIS
DISTANCE

[Co~P~JTE TARGET STRENGTH]

[Fn ~n ARRAY GAI~~j
• 

• f SET CLOCK FOR
[INTERRu PT

I CALCULATE ATI’ENUATION
FROM TARGET LEVEL AND
ARRA Y GAIN

• _ *__
• SET TARGET STRENGTH

ON LEVEL CONTROL

I

FLOW -CHART FOR SOFTWARE SIMULATION ON PDP-8/E • .  ~

- .  I ~

~~~ -• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -•~~~ 
••• - —  ~~~ •i~ _ _ -•• -~~~~~~~~~~~~~~~~ -• •• — • • - -  —~~ ••



______ 
,—-~~~.. —- -- -

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • -

I
• 19• 1

ENCODER

V—TYPE R~~ISTER
DECODER SELECTION

LOGIC

- 

-

~ 

- 

[~~~~~ThAC~~R TARGET
I. ______ 

______ 

BEARING
RU~ISTER

1+ 
_ _  

_

ARRA Y GAIN 
~~

‘ ADDER

H 
_ _

PROM #2
dB CONVERSION

4 1
1~~~ IABLE GAIN

i 
LAMPLIFIER

ro~ ]
~ 

U N C T I O N A L  DIA G RAM OF S I M U LAT OR H A R D W A R E



• -
~~

-
~~~~ ~~ ~~~~~~~ - ---—

~~~~~~~~

:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_  _ _ _  

20

3 ~

0.
2 • _____ 

~~~~ b~

O~~ ~~~~ O—

b — ( b~~ 1 
. ® ) + ( b~_1 ~~ ) L

N-TYPE SHAFT-TO-DIGITAL DECODER LOGIC t

~1

i j •
•-.

~

•- -

~

—

~ -



~~~E’ -~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

• • ~~~~ •

_  _ _

~~~~~

2l

$ 

- 

_

_

I 



• —•,-•~ •

22
TO ABSOLUTE VALUE DEVICE

11 10 9 8

V 
_ _ _ _ _ _  

+ 1 
_ _ _ _ _ _

ii>

1

7 6 5

FROM FROM S/D
BEARING 3 2 1 0 DECODER

I

; 

R~~ ISTEN

T W O ’ S  CO MPLEME JI T SUBT RACTOR



- 
_ _ _  ___

23
mUE/nwxiiT

i
i3 0~ 

~~~~~~~~~~

H ~ 
L 

A B S O L U T E  V A L U E  L O G I C

• ~~~~~~~~~~~~~~~~~~
_ _ _ _ _ _• .. • .~~

• -- ••- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ -~ — - • • ~~ -~~ • • - _ ._4~_1~~•~ -~~



~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~

I.

+

~~ 

1SIGNA L IN 24

:° 
~~~ 
>

~

NA

~~~

S

— C8 ,9,lo

H

CUT-OFF

DIGITALLY CONTROLLED V A R I A B L E  GAIN A M P L I F I E R
J

_ _ _  
•___— -- — - - - - m



25

A P P E N D I X  I I

The flow chart for the two simulation programs used

to obtain the data for following figures is included here

as Figure 1 and Figure 2. This results from direct

examination of the physical p roblem to be simulated

(Figure 3).

The results of these programs are plotted as Figures
• 4 and 5. The relationships between the simulated SNR of

the target in the case of Fi gure 4 and the resulting

rectifying average detector deflec tion were obtained from

• this graphical representatio n. A similar technique was

used with the Figure 5 to arrive at a relat i onsh ip between

the average quantity added to each bin and the resulting

• detector deflection.

These results are plot ted in Figure 6. It should be

noted that the “fading ” (variation in detector output)

doscribed in paper is inheren t with this method of false

targeting.

IA
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R E C T = O
• [ REC TN~~~O

[ time i]

TSIGNAL = AMP * SINE (w * time )

N =— 2 4
S&N = -24

E L E M E N T = 1

GAUSS RAND > 0, N N + 1

H
- 

- ( GAUSS RAND + SIGNAL > 0, S&N + S&N + 1

ELEMENT = ELEMENT + iJ

~ ELEMENT >4 8 f
~yes

• I RECT = RECT + 5~~LR~~1’N = RECTN +

t ime — time + iJ
Ltime > 20O~-

~yes

L R~ JTIFIED OUTPUT= R~~ T - R~~ TN 1

• FLOW- CHART OF S I M U L A T I O N  WITH SIGNAL 
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r

= 0
RECTN=O

~ t i m e = i )
i .  

_ _ _

- I N=— 2M
S&N~~~ =2L~

_ _ _ _ _ _ _ _ _ _

TELEME~T 1 j

H TGATJSS R A N D > 0 , I t _ N + 1 1

4 
_ _

1 ELEMENT ELEMENT + 1
I ELE1q~~T > ~18 j I

yes

ERECT — RECT + E + CONSTANT
RECTN • RECTN + N

time = time~+ 1 1
L time >200 I.-

• 
- 

yes

RECTIFI ED OUTPUT — RECT - REC]~~~

I FLOW -CHART OF SIMULATION WITH FALSE SIGNAL

l [ }
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- ,~~~ RECTIFIED AVERAGE — 0,~i17 * CONSTANT (1)

- .  
I.’CG

~~ 
4A RECTIFIED AVERAGE — 1.092 + 0.137 * em~ (2)

O.417 * CONSTANT — t2.k * 10 0,137 * SNR

CONSTANT — 29.6 * 10 0,137 * SNR (k)

( FOR SMALL SIGNAL-TO-NOISE RATIO )

L i
¶

~

- EMPIRICAL RELATIONSHIP S DERIVED FROM SIMULATION
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