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1.0 INTRODUCTION -

Over the past three years TRACOR's System Technology
Division scientists and engineers have been engaged in ‘counter-
measures susceptibility.studies for several sonar systems. In

addition, STD personnel have conducted studies pertaining to the

effects of mutual interference (MI) for two surface ship sonar
systems.. This work is usually composed of three parts which are
(a) definition of the interference environment, (b) determination
of susceptibility, and (c) design of counter-countermeasures or
anti-MI fixes. ..Generally, the methods used to determine the
effects of interference, whether countermeasures of mutual inter-
ference, are one or a combination of the following:

1) mathematical analysis,
2) computer simulation, and

3) psychophysical experimentation.

Our ‘efforts have included such sonars as the AN/SQQ-23

(PAIR), the AN/SQS-26 AX, BX and CX, and the AN/BQR-2 DIMUS which
collectively encompass the following receiving subsystems. \

1) Serial DIMUS (Passive Search) x

2) PADLOC (Passive Search) |

3) Sector Scan Indicator (Active Track)

4) Scanned PPI (Active Search)

5) Wave period processor (Active search)

6) Linear replica correlators (Active Search)

7) Comb filter bank/OR-gate (High Doppler Active Search)

8) Preformed beam/energy detectors (Active Search)
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The first step in these studies, prior to any analytical
effort, is to become familiar with the acoustic countermeasures
capability of the U. S. Navy and (to the extent that our
intelligence estimates will permit) the enemy countermeasures threat.
This type of activity is required so it will be possible to define
a realistic countermeasures threat for the U. S. sonar systems
under examinationm.

The third element of our approach to treating the
countermeasures problem is the consideration of possible counter-
countermeasures which would serve to reduce the performance
degradation. 1In the case of the mutual interference problem,
where we have control over both the source of interference as
well as the victim,we have recommended to the Navy numerous
design guidelines and modifications to both the sonar transmitter
and receiving subsystems which, if implemented, would reduce the

severity of the interference problem.

Counter-countermeasures and mutual interference reduc-
tion have been approached primarily from the standpoint of hardware
modifications. However, we have also given attention to the areas
of operating doctrine and operator training since both of these

can serve to reduce the effects of both countermeasures and mutual
interference.

In the remaining part of this description we will
describe the methods that are used to assess the effects of both
acoustic countermeasures and mutual interference.
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2.0 TECHNICAL APPROACH

As mentioned previously, our method of approach is
generally composed of one or a combination of mathematical analy-
sis, computer simulation and psychophysical studies based on
observer-display experiments. These three approaches will be
described here. But first let us examine what we wish to
determine regarding either countermeasures susceptibility or
mutual interference effects.

Basically what we are after is a quantitative measure
of the degree to which the performance of each sonar receiver is
degraded by the presence of either countermeasures or mutual
interference. Specifically, if the function of the receiver is
detection, then under normal conditions (i.e., no interference)
there will be some target-to-sonar range at which detection may
be said to occur. (This is often taken to be the target range at
which the signal-plus-noise will mark the display with a specified
probability given that the clutter marking probability is fixed at
a specified value.) Let us call this range Ry to denote that this
is the detection range under normal conditions. This then, is a
measure of the performance of the receiver under some specified
set of "normal environmental conditions' such as layer depth, sea
state, target strength, etc.

When interference of a continuous type is introduced
into the environment, the effect is to increase the background
level against which the target echo must be detected. Thus, to
restore the probability of detection to the original specified
value, the target signal level must be increased. This requires
that the target be moved to a closer range. Once this range is
attained, the signal-to-background ratio is sufficient to give
the rejuired detection probability. The target range at which
this occurs is called Ry to denote that this is the detection
range under jammer (or interference) conditions.

3




—
()

6500 TRACOR LANE, AUSTIN, TEXAS 78721

3
e B4

The degree to which receiver performance is degraded by
interference is defined to be RDJ/RDN' This ratio can vary from
unity, when Rp; = Rpy, to zero, when Rp;=0. RDJ/RDN depends on
several factors, two of the most important ones being the range
of the jamming (interference) source, Rys jammer-to-target relative
bearing angle 8;;. Thus, by determining the ratio RDJ/RDN for
various values of R and eJT it is possible to obtain a quantita-
tive assessment of the performance degradation due to jamming.

Such an assessment is shown in Fig. 1. Within the envelope shown

in this figure one can expect to find what the performance of the

search receiver would be for any relative bearing angle between
the jammer and target since the boundaries of the envelope represent
the maximum and minimum degradations that would hold for each jammer
range.

In fact this method of measuring performance degradation
can be applied to receiving systems whose functions are localiza-
tion, tracking, or classification. For example, in a tracking
receiver, all that we have to do is specify (by analysis) the
target range required for signal-to-noise ratio to be large
enough to give the required tracking accuracy with a specified
probability.* The introduction of interference or jamming into i
the background will require a higher signal power for the same '
; tracking accuracy and hence a closer target range. Hence we can
5_ . plot RTJ/RTN versus Ry with 6yp as a parameter.

. This is actually only one of several ways of defining
i performance and measuring the decrease in performance due to
continuous countermeasures or mutual interference. Another
approach that we have taken is to measure the increased time

*Tracking errors are random variables and hence are described
by probability distributions. It is thus required that in addi-
) tion to stating a tracking accuracy, one must specify the proba-
g bility that this accuracy will be achieved.

4
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required to detect. This can done for active systems in terms of
the number of extra ping cycles required, or in the case of passive
systems in terms of the increased number of updates required for
detection. The three methods of arriving at these performance
assessments are discussed next,

2.1 Mathematical Analysis

When it is possible to analyze performance this is usually
the least expensive route to take. An example will suffice to
demonstrate this approach,.

Consider an active search receiver whose output has been
or can be mathematically modelled. This model allows us to gen-
erate a family of curves which are actually the complements of the
distribution functions at the receiver output for various signal-
to-noise ratios. Such a family is shown in Fig. 2. With these
curves it is possible to find the signal-to-noise ratio at the
beamformer output (S/N)O that is required to give, say, a 0.50
probability of '"detection' (signal-plus-noise marking) for the
clutter probability, P, that is specified for the display. This
is shown by the dashed lines, the vertical one of which is the
required threshold. The signal-plus-noise curve that crosses this
threshold at 0.5 corresponds to required signal-to-noise ratio for
detection, or alternatively the signal-to-noise ratio fequired to
produce the display mark(s) that the operator requires before he
will call a detection.

The next step is to obtain a band level plot such as the
one shown in Fig. 3. This group of band level power plots shows
the composite background without jamming (reverberation-plus-self
noise) and the composite background with the jammer at one range

%
The latter approach allows a calculation of the cumulative
probability of detection as a function of time,

6
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(reverberation- plus- self noise-plus-jamming). The target level
is also shown, as are the minimum detectable levels which are the
; power levels relative to the composite background levels required
, for detection as determined from curves such as those shown in Fig. 2.

From these curves we find the quantities Rpn and Rps for each Ry
and 81 of interest to us.

2.2 Simulation

Often it is not possible to obtain a mathematical descrip-
tion of the receiver output. In such cases it is necessary to
conduct a simulation wherein the sonar receiver is implemented in

the digital computer and self-noise, plus jamming signal, plus
target signal are input to the simulation. The receiver output
is then analyzed statistically in order to obtain estimates of the
curves shown in Fig. 2. For this purpose TRACOR has a computer
software system known as TIMFAX. A description of this system is
given in the Appendix. It should be noted that this system in-
cludes so called black boxes which provide simulations of virtu-
ally every active sonar signal processor in use by the U.S. Navy as
well as simulations of several systems which are under development.
These developmental models include a highly sophisticated model of
the serial DIMUS which permits the treatment of any type of plane
- wave noise field whose spectral characteristics can be specified.
Moreover, this model is designed to produce outputs which can be
presented on a CRT BTR display for the purpose of conducting
observer studies.

2.3 Psychophysical Studies

TRACOR has measured the effect of acoustic interference
signals on the detectability of targets in a set of psychophysical
experiments using simulated active sonar video displays. The work
produced significant new information concerning the design of sonar
systems and the response of men to sonar signal stimuli. :
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The measurement program began by first generating a large i
amount of simulated sonar data containing various types of inter- i
ference in carefully controlled and known amounts. The data also
contained noise (clutter) and submarine target signals having a
variety of known characteristics. These data were presented to a

group of 8 trained human observers on CRT displays in A-scan, B-

scan, and PPI formats. Display presentations were made to resemble
almost exactly those found on the AN/SQS-26 CX sonar. When observers
viewed the data they were required to respond regarding their
confidence that a target was (or was not) present., Responses were
collected and analyzed in a variety of ways. Specific experimental
measurements of interference effects were obtained. The experi-
mental results were compared with interference effects that were
predicted analytically using the o approach.* In general the two
results were in excellent agreement. A very intecresting and useful
by-product of this research was the determination of the detection-
decision criteria that this set of 8 observers appeared to be using
to call targets in the three types of display formats.

Data Generation

Sonar data used in the experiments were generated by
TRACOR on the UNIVAC 1108 digital computer with a set of specially

developed programs.xx These programs accept prescribed input

e Rt M e i e i P

parameters that characterize any given operational and environ- _
mental condition of interest, and calculate the resulting acoustic |
signals in amplitude, frequency, and duration that would be i
expected to exist at the input tc the sonar receiving array as a _ 3
function of time for a full ping cycle. This acoustic data
consisted of self-noise, reverberation, and interference
signals from up to five other active sonars. The programs

“The so-called w approach is an analytical method of predicting
performance degradation due to mutual interference, This procedure
is explained fully in the Appendix.

"The data generation described is for an active sonar. TRACOR
has also conducted extensive psychophysical experiments on various
passive sonar displays.

10
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then performed simulated beamforming, temporal processing, and
thresholding of the data to produce a set of signals that
represented the marks that should be made on a CRT video display.
3 To the background clutter and interference signals were added

5 (when desired) the marking of a randomly varying submarine echo
signal(s) with known display marking statistics. The target
position and amplitude was variable from ping to ping to allow

: simulation of a dynamic encounter. Typically, data were generated
4 to present 24 consecutive ping cycles of an encounter to the
observers.

The sonar characteristics built into this simulation
were those of the AN/SQS-26 CX. They were determined from extensive
analysis of sea data obtained with earlier models of the AN/SQS-26

and data gathered from the CX barge system.

A final step in the data generation process was the
formating into either am A-scan, B~scan, or PPI presentation. The
B formated data were then stored on magnetic tape for presentation at
: a later time to the observers.

Figure 4 gives the functional block diagram of the data
generation for the case of an AN/SQS-26 MI study.

Display Equipment

The data were presented to four observer subjects

simultaneously on four standard 17" black and white television
monitors in TRACOR's Display Research Laboratory. Sonar data were
: read off tape by an electronic control unit and routed to a 4k core
memory for temporary storage. The control unit was synchronized
with the television monitors in such a way that data was extracted
from temporary storage, amplified, and applied to the TV CRT's to

11
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write a completed video picture of a full ping cycle of sonar

data in the desired format. The CRT's used were commercial
equivalents of the actual shipboard display tubes. A detailed
description of this display facility is given in a separate
volume of this capabilities series.

Experimental Procedure

As indicated above, the sonar data presented to the
observers typically consisted of 24 consecutive ping cycles of an
encounter. The target signal, when present, occurred in 18 of the
24 pings. Many sets of data contained no targets, to gather false
alarm data and to prevent the observers from becoming super alerted.
When presented with a set of data the observers were required to
respond after each ping cycle concerning his confidence that a
target was present. A 4-point rating scale response was employed,
with the following format:

.....certain no target present

0

l.....possible target present
2.....probable target present
3

.....certain target present

A 1l, 2, or 3 response was accompanied by specifying
the suspected target's location. A typical experiment consisted
of 8 observers responding to 20 different 24 ping cycle runs of a
certain type giving approximately 160 independent measurements of
target detectability.

13
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Data Analysis and Interpretation

Automatic data reduction programs were devised to
take the rated responses of observers and to calculate curves of
average cumulative probability of detection (at a given confidence
level) and probability of false alarm versus time (or ping number)
after the target first appeared. By comparing the curves obtained

with various types and amounts of interference present to the curves
obtained with no interference, we obtained the average increased

time to detect a target at a specified probability and confidence
level due to the interference. Similarly, we measured the reduced
probability of detection at some specified time after the target

is first visible on the display. The apparent operator detection
decision criteria were obtained by postulating that an observer calls
a target when he sees at least X target marks of a certain bright-
ness in Y ping cycles. The binomial expansion for this process

was used to determine the values for X and Y which produced the

best fit to the experimentally determined cumulative probability

of detection curves. Examples of these curves (solid lines) and

experimental points are shown in Figs. 5 and 6.

14
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3.0 RELATED EXPERIENCE

TRACOR's experience falls into four major areas:
(1) sonar countermeasures susceptibility studies, (2) sonar
mutual interference studies, (3) ASW systems and tactics trade-off
studies, and (4) general underwater acoustics research and develop-
ment studies. Some specific pieces of work in each category are
briefly described below.

1. Sonar Countermeasures Susceptibility Studies

(a) Under NAVSHIPS Contract N00024-71-C-1356, TRACOR
defined the acoustic CM environment that is likely to be faced by
AN/SQS-26 equipped destroyer escorts in the mid-1970's, analyzed
and determined the susceptibility of the AN/SQS-26 (with certain
proposed major modifications) to acoustic countermeasures, and
recommended design changes that would “harden" the sonar against
countermeasures. Under a mod to that contract, we are presently
engaged in planning a sea test program to further investigate the
susceptibility of that sonar to acoustic countermeasures. See
TRACOR Report T71-AU-7014-S.

(b) Under NUWC Contract N00123-67-C-2964, TRACOR
investigated the susceptibility of the AN/SQQ-23 (PAIR) sonar to
countermeasures in a study similar to the AN/SQS-26 project
described above. See TRACOR Reports 68-711-S(R) and 68-912-S.

2. Sonar Mutual Interference Studies

(a) Under NAVSHIPS Contract NObsr 95149, TRACOR
planned, conducted, and analyzed the results of a three ship mutual
interference sea test of the AN/SQS-26 sonars on the 1040 class
destroyer escorts to determine what interference was present,
what was causing the interference, and what could be done to
minimize or eliminate it. See TRACOR Report 66-150-C.

16
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(b) Under NAVSHIPS Contract NObsr 95149, TRACOR
analyzed all the acoustic devices that were to be installed on
the AGDE-1 (USS GLOVER) to determine the expected sensitivity
of the sonars to intership and intraship interference. The systems
considered were the AN/SQS-26 (active and passive subsystems),
PADLOC passive sonar, AN/SQS-35 (variable depth sonar), WQC-2
(underwater telephone), UQN-1 depth sounder), T-MK6 and NIXIE
torpedo countermeasures. See TRACOR Report 69-866-C.

(¢) Under NAVSHIPS Contract N00024-69-C-1186, TRACOR
developed a sumulation of the AN/SQS-26 video displays and a
computer program to drive them to simulate sonar performance in
the presence of interference. Extensive human factors experiments
were conducted to determine experimentally the validity of the o
method for quantifying the effects of interference on sonar
performance. See TRACOR Report T70-AU-7193-C.

(d) Under Contract N00024-69-C-1186, TRACOR evaluated
the susceptibility of the AN/SQS-26 to interference from AN/SQQ-23
(PAIR) transmissions. See TRACOR Report T70-AU-7188-C.

(e) Under NEL Contract N123(953)54996A the suscepti- {
bility of the AN/SQQ-23 (PAIR) to intership interference was {
evaluated. See TRACOR Report 66-635-C.

3. ASW Systems and Tactics Trade-off Studies

(a) Under NAVSHIPS Contract NObsr 95149, we used
our ASW Engagement Model to determine the cost effectiveness of a
number of proposed design changes to the AN/SQS-26 sonar. See
TRACOR Report 69-163-C.

(b) Under NAVSHIPS Contracts N00024-69-C-1180 and .
N00024-70-C-1130, the Engagement Model was used to determine ;

17

bt it s i A




6500 TRACOR LANE, AUSTIN, TEXAS 78721

recommendations concerning the sonar technology areas in which
improvement would produce maximum benefit to the Navy's submarine
and surface ship ASW capabilities. See TRACOR Reports 69-662-C
and T71-AU-7007, Vol. I.

(c) Under NAVSHIPS Contract N00024-70-C-1062, the
Engagement Model was used to determine (1) the effects of inter- ?
ship sonar interference on the overall ASW effectiveness of a
multiship force of destroyer escorts, (2) recommendations for
? certain sonar design changes, and (3) recommendations for

operating doctrine of the ships and sonars to maximize effective-
ness. See TRACOR Report T71-AU-7018-C.

(d) Under NAVSHIPS Contract N00024-70-C-1266, the
Engagement Model is currently being used to assess the ASW eff-
tiveness of destroyer escorts equipped with both the AN/SQS-26
and AN/SQS-35(V) sonars, accounting for the potential mutual
interference problems, and developing recommendations for
coordinated sonar operating doctrine. Report is not yet available.

4, Related General Studies

(a) Under NAVSHIPS Contracts N00024-69-C-1080, 1
N00024-70-C-1163, and NO0024-71-C-1126, TRACOR has developed a
baseline performance manual for the AN/BQQ-2 sonar suite consisting
of the AN/BQS-6, AN/BQS-13, AN/BQR-7, and the AN/BQQ-3 sonars. See
TRACOR Reports 69-832-C and T70-AU-7486-C.

(b) Under NAVSHIPS Contract N00024-69-C-1051,
TRACOR developed dynamic detection models and operator detection
decision criteria for the AN/BQR-2 and AN/BQR-7 analog systems.
See TRACOR Report 69-296-C.
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(¢) Under Contract N00024-67-C-1572, the AN/BQR-7
was analyzed to determine the performance gains obtainable by
DIMUSizing the '7's beamformer. See TRACOR Report 67-582-S.

(d) Under NAVSTIC Contract N600(63079)65645,
0 TRACOR analyzed the performance of a classified foreign sonar
and determined certain conclusions regarding the current enemy
threat characteristics. Report not available,.

(e) Under NAVOCEANO Contract N62306-69-C-9164,
TRACOR investigated techniques for processing bottom reflected
signals from explosive sources in support of the Marine
Geophysical Survey. See TRACOR Report 69-925-C.

(f) Under NAVSHIPS Contract N00024-70-C-1146,
TRACOR generated the technical specification for a AN/BQR-2
(DIMUS) system, and under Contract N00024-71-C-1222 we are now in
the process of revising that specification to reflect the results
of design studies and updated SSBN threat characteristics.
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1. B. M. Brown and M. R. Kostoff, Technical Memorandum,
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N123(953)54996A, 20 July 1967, CONFIDENTIAL.

2. D. V. Short and R. G. Baldwin, Technical Memorandum,
"Analysis Related to the Procurement and Utilization of
AN/BQR-7 DIMUS and AN/BQR-2 DIMUS Systems (U),'" TRACOR Document
67-582-S, Contract N00024-67-C-1572, 2 August 1967, SECRET.

3. M. R. Kostoff, B. M. Brown, J. J. Dow (TRACOR, Inc.)
and B. C. Hart (NUWC), Technical Memorandum, 'Simulation of the
PAIR Active Displays in the Presence of Mutual Ship Interference (U),"
TRACOR Document 67-915-C, Contract N00123-67-C-2964, 25 October 1967,
CONFIDENTIAL.

4, J. H. Gullatt, E. D. Horton, C. L. Kite, and
M. R. Kostoff, Final Technical Report," "Intraship Mutual
Interference Between Sonars on the DE 1052 and AGDE-1 (U),"
TRACOR Document 68-866-C, Volume II, Contract NObsr-95149 ,
1 August 1968, CONFIDENTIAL.

5. E. D. Horton, Appendix B to Final Technical Report,
Volume II, "Acoustic Interference Effects in the USS GLOVER
(AGDE-1 and DE 1052) Sonar Suites Caused by the T-MK-6 Acoustic
Torpedo Countermeasures Devices (U)," TRACOR Document 68-890-S,
Contract NObsr-95149, 1 August 1968, SECRET.
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6. J. H. Gullatt, Final Technical Report, "Performance
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Interference (U)," TRACOR Document 68-310-C(REV), Volume I,
Contract NObsr-95149, Mod 2, 22 August 1968, CONFIDENTIAL.

7. B. M. Brown and M. R.Kostoff, "A Method for Assessing
the Effects of Mutual Interference on Sonar Detection

Performance (U)," U.S. Navy Journal of Underwater Acoustics,
19-4, p 471, 1969, UNCLASSIFIED.

8. J. J. Dow, Technical Memorandum, ''Determination of
the Performance Degradation of the AN/SQQ-23 (PAIR) in a
Countermeasures Environment (U)," TRACOR Document 68-711-S(REV),
Contract N00123-67-C-2964, 30 June 1969, SECRET.

9. M. R.Kostoff, H. C. Boehme and M. B. Montgomery,
Technical Note, 'Results of a Pilot Study of Mutual Interference
in the AN/SQS-26(CX) Sonar Display (U)," TRACOR Document 69-1012-C,
Contract N00024-69-C-1186, 5 December 1969, CONFIDENTIAL.

10. E. D. Horton, Appendix A to TRACOR Document
68-711-S, "Acoustic Interference Effects in the AN/SQQ-23 (PAIR)
Active Search and Track Receivers Caused by the NIXIE (U),'" TRACOR
Document 69-1030-S, Contract N00024-69-C-1186, 31 December 1969,
SECRET.

11. M. R. Kostoff and M. B. Montgomery, Summary
Technical Report, "Effect of Mutual Interference on AN/SQS-26(CX)
Sonar Performance &s Determined in Human Factors Experiments Using
Simulated Sonar Displays (U)," TRACOR Document T70-AU-7385-C,
Volume II, Contract N00024-69-C-1186, Mod. P0O01l, 20 July 1970,
CONFIDENTIAL.
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Memorandum, ''Results of a Performance Evaluation of the Honeywell
and IBM Designs for the AN/BQR-2 DIMUS (U)," TRACOR Document
T70-AU-7465-C, Contract N00024-70-C-1146, 11 September 1970,
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1. THE TIMFAX SIMULATION PROGRAM

1.1 INTRODUCTION

Since 1960, TRACOR has been involved in the development
of mathematical models and simulation techniques for the physical
processes and electronic equipments required for realistic radar
and sonar analytical studies. The basic tools for these studies
have been a large scale digital computer and a general purpose
simulation program. The simulation program, TIMFAX, was developed
to fit the needs of the electronics engineer and systems analyst
that are not adequately considered in the programs written to
evaluate analog computers or discrete systems simulations programs
such as GPSS. TIMFAX has allowed TRACOR c¢ngineers and scientists
an easy access to the computational capabilities of the digital
computcer, and at the same time it has provided a common basis for

the comparison of complex systems.

L.2 THE TIMFAX LANGUAGE

Every general purpose simulation program creates a
programing language. It is the role of this language to translate
the commands of the user to instructions that control the operations
of the computer. The language effectively serves as an impedance
matching device. By this we mean that computers execute very small
steps at an exceedingly rapid rate; whereas, the users think in
large steps at a much slower rate. For example FORTRAN nearly
models the arithmetic expressions used in numerical scientific
computation. However, the computer excecutes many simple operations

to cvaluate one FORTRAN expression.

Engineering and scicntific analysts visualize a svstem
as a complex of interconnected subsystems.  The subsystems are
further divided into smaller c¢lementary operations. In electronic
systems, these smaller units are sometimes given the name '"'Black

Boxes,'" or sometimes they are given names in common usage, such as

low pass filter. The interconnections between boxes are called
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wiring diagrams. These diagrams represent the flow of information,

current, or some other suitable function from box to box.

TIMFAX uses this natural language of the analyst to
translate the system block diagram into a computer program. This
involves the use of two simple types of simple language statements.
They are:

1) Configuration Statements, which define the inter-

connections among the [unctional blocks and specify

the desired functions.

2) Parameter Statcements, which associate numerical
constants with the elements to particularize their

functions.

The TIMFAX block-oriented input language has many advan-
tages. Formost, it is user oriented, and requires no more effort
on the user than expressing his thoughts in a prescribed fashion.
Also, the user can modify his simulation model at the data level
by changing a few cards which does not require the services of a
professional programmer. Since it is quite casy to simulate a
complex system by combining a number of boxes which perform celemen-

tary operations, it is practical to sub-partition a system model

all the way down to rectifiers. The amount of professional pro-
gramming labor required to construct these boxes Is quite small. 4
Also, many of these elementary operations are common to most syvstems, .

The boxes for these elementary operations can be stored in a library

and new systems can be simulated quite rapidly.

Examples of TIMFAX language statements will be shown in

a later section.

1.3 TIMFAX "BLACK BOXES"

As noted above, the TIMFAX "Black Boxes'" are a collection

of subprograms that model the elementary components of electronice

i cquipments.  In the present TIMFAX systom, these subprograms arve




A 7
TRADOR 6500 TRACOR LANE. AULTIN, TEXAS 78721

written mostly in FORTRANT . Actually, the bozcs are FORTRAN

Subroutines with a prescribed argument 1ist.

The subprograms do all of the processing of data that
flows through the system; the control program mercly links then
together and controls the flow ol data. The programmer wriling
subprogram needs only to concern himsell with accurately and
cfficiently implementing the algorithm of the bo=es intended
operation.  The "Black Poxes" programs are written to be gencra

applicable, and, thereby | they can bhe collected in o library an

made available to other vsers.  The numerical constants input by

A

[
d

v

the parameter statcements pecul iarizes the operation ol cacih hoe,

For example, an alcorithm usced (o simulate an RC low pass Cilte
would need the values of RC and the sampling interval.

Along with the boxes nsced to model components ol the
system, a set of what we can call analysis "Black Boxes" i

included in the library. Bosxces ol this sort are intended to

measure desired characteristics at one or more points within th
system being modeled.  These programs are analogous to the vari
test cquipment that might be usced on an actual svsten. F<anple
the analysis boxes arce: (1) bozes which compute amplitude cnd
frequency statistics, (2) o bos which conputes signal-to-noise
ratios at any point, and (3) power spectra estinator:s,

Bozes which compute time anctrons for the types of
doeterministic and rondom sivnals dound In o clectromagnetic and
deotstical svetems are incliuded in the Tibraryv,  Another usetuld
ot which cxpands the utility ofF the progras ave boxes that
tronscer data in cnd out of the svstem. These boxes allow TIME

to ose bulk stvrave devices such as magnetic tape, drums, and
Sond that are part of the Computer Equipment contiguration. A
cuperioentar data that bas been digitiscd can be input to the

Natem o evaluate the systen madel .

B -
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1.4 TIMFAX CONTROL PROGRAM

With the ''Black Box' library representing on the shelf
items such as signal generators, system components, test probes,
and output display devices, the control program acts as the patch
panel that hooks all of this together. The resulting configuration

is known as a "topology."

The first task is to read the configuration statcements,
syntax check them, and withdraw the nceded box programs [rom the
library. The control program then forms a set of instructions
that link the boxes together with the proper input, output, and

sequence order.

This information is sent to the second part of the
control program and is used, in effect, to build a working program.
The parameter statements are read at this time, snytax checked,
and stored for use by the subprograms. During the run execution
the control program monitors the run and manages the flow of data
between boxes. All data in and out of the working program as

well as the data processing is done by the subprograms.

The working program is divided into control sections
that can be used to perform the Tunctions of initialization,

processing, and summarizing.

Two types of data arc processed by the system; they are:
(1) Time Function Data, actually time series, and (2) Field Data.
These data types are distinguished by the way they are propagated
through the configuration model. Time function data is an
ordered set of numerals representing recorded or computed values
at discrete intervals of time. Theoretically, the size of the
scot is unlimited, but meaninglul results can be obtained using a
finite sample [from the set.  Genervally, even this finite scl is
of sufficient length to requive processing it through the subpro-
grams in a serices of sequential segments.  The finite set of data

is called a record. Any number of records comprise a file.  Time

4
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] function data is cycled through the simulation in records. A

3 field is an array of numbers that can be stored in the computer
memory at one time. The entire array is available to the sub-
program requesting it. This ability to segment a large data base
and keep it moving sequentially through the simulation is one of

the outstanding features of the system.

5
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2. USES OF TIMFAX

2.1 INTRODUCTION

There arc basically two uses of TIMFAX: systems
simulation and data processing. However, these two arcas comprise
the majority of work done on genceral purpose digital compulers.
The system was developed originally to process sonar data (cither
digitized recorded data or idcalized computer-generated data),
but it is equally capable of processing any large data base problen..

which can be digitized.

2.2 SYSTEMS SIMULATION

The widest use of the TIMFAX system has been in sonar
signal processor simulations. In this case the black boxes model
the elementary components of the processor and the topology is
the circuit diagram. The f[lexibility of rearranging the components,
or boxes, allows many schemes to be compared and cevaluated. Using

sea data as an input, a proccessor can be simulated and the per-

] formance of the onboard processor can be estimated.
3 Figure 1 shows a time function analysis problem that is !
easily studied using TIMFAX. White Gaussian noise is passced |
1 through a band pass [ilter and then rectificed several different 1
3 ways. Each output is then analyzed to show the probability density 1
| and power spectrum. The continuous version of this problem is ;
%A ‘ treated in many books on stochastic processes. TIMFAX has been !
’ used extensively to perform analysis on classical problems or {
3 actual data from the fields of geophysics, vibro-acoustics, )
- oceanography, and biomedics. j
y
; 2.3 DATA PROCESSING !

TN e

1
The features of the system that are uscd to solve :
problems in time serics analysis can also be used to do the diverse 1
jobs in the field of general data processing.  The problems in
this ficld are not changes in the data base but daily changes in
the type of processing that is requested. Once a tibrary of boxes

is established, the block model structure of TIMFAX would make such

changes to the topology simple and less costly.

6
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3. THE TIMFAX LIBRARY

There are currently over 100 reentrant subprograms in
the black box library. They can be linked together in many
different ways, allowing for parallel, serial, and fcedback
processing of input data. It is noteworthy that the subprograms
have been written with an cye to the most recent techniques for
achieving increased computational speed and/or efficiency. For
example the Cooley-Tukey ''Fast Fourier-Transform' algorithm is
used in a number of boxes. The majority of these programs were

developed for time series applications, but some, such as the
Input/Output routines, could immediately be used in other areas.

Attached to this document is a set of abstracts of the

current boxes in the library file.
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A METHOD FOR ASSESSING THE EFFECTS OF MUTUAL
INTERFERENCE ON SONAR DETECTION PERFORMANCE

B. M. Brown and M, R. Kostoff

TRACOR, Inc,
Austin, Texas 78721

(Received 4 April 1969)

ABSTRACT

A method for computing a quantitative measure of the interference
caused by the transmission of one or morc active sonar systems into
the receiver of another system has been developed. This measure is
designated @, the average fraction of a sonar display in interference
and unavailable for operator usc. The quantity ¢ is related to the deg-
radation in the following sonar performance measures: (1) the proba-
bility that a target echo marks the display, (2) the observer integration
time required for detection in multi-ping sequences, and (3) the equiva-
lent signal-to-noise ratio degradation. The applicability of » for as-
sessing performance degradation into passive receivers is discussed
briefly.

BACKGROUND

Mutual Interference is interference which occurs in one sonar because of transmissions
from other sonars operating in the same area or {rom own ship.

Mutual Interference, capable of degrading the performance of a sonar system, occurs pri-
marily in mmulti-ship screening operations when one or more sonar systems utilizing the same
frequency band must be in operation simultaneously. Such interference has always been a
major cause of performance degradation. Degradation caused by mutual interference hiat in-
creased because of the increased sensitivity, i.e., lower minimum detectable level, (MDL), of
many of the recently developed sonar systems. This increased sensitivity allows herotoinre
rejected, unimportant transmissions outside the passband of one sonar to cause performiance
degrading interference in another sonar. This additional degrading interference results from
that portion of the signal power of an offending transmission that lics in the passband of the
receiver.

That mutual interference of either type occurs is readily uadersiood when one considers
that an interfering transmission from one sonar system to avother veed sufier oniy a one-vay
propagation loss as opposed to a legitimate target ccho which is subject to a two-way privasa~
tion loss. Gencrally, the separation of two sonar systems is less than the range of an expecied
target; thus, the chunce that even an off~band interfering signal is larger than a legitimate war-
fet echo is rather high. In order to maintain acceptable performance, a sonar receiver must
altenuate these interfering transmissions such that it marks their display with consid-rabiy
lower probability than that of an expected target echo.

Anotier example of off-band transmissions, causing performance-~degrading inleciecence

into a sonar system, is seen in the implementation of multi-sonar suites on the sanr.e sinp.
For example, on a single ship, there may be an active search sonar, a passive scarch sonar,
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Wodepth sounding sonar) and an underwiter iclephone,  In this cuse matuid interference caused
by o vattely of transnussions jrom one's own ship can ocews,

Inteetering sionals arrving at a receiving array with sutliciert level to cause derrading
el terence consist of divect arevals) specalar reflection arvivids via tnhe ocoan bottom, ™ and
ruiniile (e, bi-static reverberaton) wrrivals, These interierng cipnals may deprade per-
tormance 1n any one of three ways: display marking, display blanking, or A7

:C blankang.

Display nurking vecurs when interfering signal levels ac the mpul to the display are high
enowth to exceed the marking threshold, The marking length (referred to Jater in the paper as
) s that length of time the signal is greater than the marking threshold, converted to display
range.

Display ov receiver blanking may occur whenever a clipped signal processor is subjectea
te high level pulses of a different code than that which the processor 16 coded to praocess (e,
wew pulse o a clipped correlator coded 1o process an FM slide). The output of the proees-
sor for an unmatehed pulise may noi mark the display, but this unmatched pulse appears 1o the
colierent processor as a high level background pulse and therefore masks or "blanks" any
leguunate simultaneous target echo which would have marked the display.

AGC blanking mity occur in any processor as a resuit of reaction of the AGC to jnterfering
artivals that are long with respect to the AGC time constant (e.g., rumble arrivals), Rumnle
arrivals are not excepltionally high level, but their duration and slow variation permit the AGC
Lo follow them and to achieve some degree of normalization at the output of the processor. As
the AGC attenuates the rumble arrival to some equilibrium output level, simulfancously arriv-
ing target echoes are also attenuated and their output signal-to-threshold ratios are corre-
spondingly reduced.

The quantitative measure of mutual interference should be judged in terins of s effect
upen e sonar display because i ois at this point where the output data are passed on to the ob-
sevver. The primary effect of the interference is to put the display in a condition in which it
is unable to transfer data to the observer. In effect this is time in which the sonar is not op-
cratimg. This paper s aimed Al assessing these display effects numerically and subsequently
using these numerical values to determine the degradation in sonar performance nieasurces,

Historically, mutual interference studies have fallen short of this kind of assessment until
the worhas of }jnnvn,l Km;u)ff,'z and Gullatt.? Previous studies usuilly consisted of caleulatner
the levels of interfering transmissions at a receiver array and comparing them to the MU,
estanlished (or the processor associated with the receiver, to decide vwicther interference of-
fects should oceur. The primary shortcoming of this approach is in neglecting the effect of vhe
processor on the interfering signal, In general, therce will be a different iDL for the mterfer-
cnco than that expeeted for a target echo. In addition, it is important to account for the fraction
of {ime the receiver is subject to such interfering arrivals.

Another approach has been to average the power in the interfering arriviis over the entire
eeliooanging cyele. This, an effect, raises the average power level of tie bickground over the
echo cyele, and raises the average MDL. The shift in MDL was then interpreted as the aumber

Shecalarv areivals frooe the acean surface ave virtudily superunposod Spon the arre U arroaag
for mrlaese Shap A0,

‘lS. ML Birowas, and ML G o ot USelt o nd Matual Interferoence on the Breopancd 0 e N e
ol e e Maodes " TRACOR Docuna bt B6H =1 35-CIRev) {20 Jaly 1967) (Condidential
‘!““ v, o rott, BYOM, Brown, J0 T Dow, and B, G THart, "Sonobaion of the PPAML Ao 3y oo
Uhyy s o the Presence of Muatual Juterterence,” TRACOR Document 67.915.0 (28 0ot (16 7)
O lanfyden iy,

Tt Geitatt, "Performance Depradation of AN/SQS-20(0 X) Sonars by Intershap Aconst o
terforim o, TRACOR Docwment 682310-C (19 Feb, 196K (Confulentiad),
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of decibels of pertormance depradation and used cirectly to estunate decradation i detection
Fange.

Aithou thea relationship bewween detection ranpe tle“x'udul.(m andneatdal intericrence wos
im0 determmed in the pape rs referred to above (Rels. 1-3), P
that this relationship alone was not sujlicient to deseribe the tolab Sffect ciognterferones upon
the sonar pertormance parameters.  For exampie, the approach described in thes paper shows
that there is a periormance degradation at all sonar ranges in addition to the detection ranire
degradation. The present approach also predicts a more accurate value for detection range
degradation than the increased MDL method because the latter totally disregards tie interac-
tion of the processor and the interfering pulses.

©oworss aluo demonsts oted

ANALYSIS OF MUTUAL INTERFERENCE DEGRADATION

interference signals capable of muvking or blanking the dispiay can preveni some portion
of the display {rom indicating a target that would otherwise be discernibie to the operator.
This reduces the scarch coverage of the sonar by reducing the probability that an observer
will call a contact for the portion of the display in interierence. The analysis described here
is wimea at determining the average amount of display which is unavailable to the operator per
display sweep and relating this average to the expected probability that a given tirget cchn will
mark the display. Since the probability of detectioy is closely related to the probability that a
target echo will mark the display, a degradation in detection performance could be determined
if the above mentioned relationship were known.

The probability of detection, as usually quoted, involves the average signal-plus-nnise sta-
tistics and the time betwcen independent decision opportunities, It therefore represcats the
aveirage performance over many specific conditions. In the same way, cach display swecp -
volves a specific mutual interference pattern which varies from one display sweep to another
if the sonar repetition rates are not identical or if the interfering sonar syslems mancuver
relative to the receiving system. The assessment of mutual interference should therefore in-
volve the average over the mutual interierence ensemble,

The numerical value assigned to the mutual interference caused in one sonar system by
other systems is «, the averayge fraction of the display which becomes unavailable to the op-
erator. A computation of o would be carried out as follows:

{. Determine the interfering level, relative to normal backpround level, at the input to the
processor after accounting for propagation loss, directivity index, and input {ilters. This must
be done for eich preformed beam’ in the sonar suffering interference.

2. Determine the response of the processor to the interference for each preformed beam,

3. Determine the length of time the interfering wavelorm will mark or blank the display
for cach preformed beam. This time, converted to display range, will be reterred to as
Alticush there is a specific value of A for cach preformed beam, it is convement to integrate
over asimuth immediately. The result of this integration is an average ", which is the
eroge pange deleted from the useful display in the oth ping cycle by the ath interfecing arcvst,
Th proouct of 7 and the number of resolvable beams s the avermyre area of the awspiay (In
bearingg « range wiats) maiae unavailable by the mth interfering arcival, This aporoach iz con-
vement since mutual intecference signals are usually of such a high level that they muark ali
beams except those pointed directly at the interfering source in approximately tie same
manner.

"Detection range vofers to that range ot which the probability of detection 18 expected to he at
icast 0.5 ander a peciied falee targe? rate,

tna ~canmng system a more appropriate term would be v

cach resolvable heam.”
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S0 Ceanpute the vadwe of « utibizing "0 from (O). The s of all the ~ over many i
cveres avided by the namber of ping cyeies yields the averas e value tee the sequence. M-
e 1ahmstrates this procedure for a Plan Position Indicator (PP1) Gispiay over a tyjncal four -
e scquence. The shaded annuli represent those purtions of the display range sweep in which
the processor vatput of the interiering sipnals exceeded a tireshold and rnarked tne dispiay.
The iterference marking is shown as an annulus of width 7 pecause, as was stated preva-
ously, interference levels are, generaliy, high in all recewve beams, regardless of azimuth.
The averaye value of * over this sequence is given by

A t N'.:‘ A
TQ— ,‘Z_—‘, nm (l)

me |

The ~,,, are the individual annuli of interference marking where the index o refers to ping
number and the index o refers to the wth interfering arrival in the display, of the uth ping
ceyele, For example, in Fig. 2, o - 1, ... N where N: 4 and m -~ 1. ... M where M for each
display may be different and is thie nuiber of arrivals in the nth display.

If " is now divided by the total display range available for detection, the average fraction
of the display lost per sweep is obtained. This fraction, ¢, is

2

A
R

ol M-2 ne2 Mot

Frg, 1. P'PLehisplay lustratimg the compntation
of A, the average value of A per ping cycle
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!
i

It 1 assumed that the witl occur at who display poasitions with equal hkeliood, then
may adso be mterpreted as the probabilily that o particubar powd on the dispiay he obscured
by mtevievence ma paven pag, tycle,

e

DERIVATION O ¢, THE AVERAGE FRACTION OF THE DISPLAY
UNAVAILABLE TO THx GPERATOR

A sonar display sweeps in display rasge from the minimun cange, «,, to tie maximu

1 range, r,. The begnning of the display sweep, r,, is neariy zcro range for non-pated dis-
plavs, and is the beginning of the display zone for a gated display. The mioamum display range
is 1. The useful range of a sonar display sweep is defined to be that portion of tinie display in
which a target may mark the display with 0.5 probability or preaior (i.e., the range intervad
which the target echio signal excess is greater than or equal to zero), The runge at which the
target level curve goes below the MDL (the threshold for 0.5 probability of marking the dis-
plav) is designated 1+, the maximum useful display range (see Fie. 2). If the example in Fip. 2
had represented a gated display, the interval of useful range would be (r; - ry}, «, bemng the
range at which the gated display is turned on provided the signal excess exceeds zero at this
range. Hence the useful display range will be given by either (r;- 1) or r, depending upon
the display mode.

The first step in caleulating the mutual interference into a sonar system is to determine
the mterference contribution of each offending sonar system iato another. The next step is to
combine the interference contributions of these systems to find the total interference for
multi-system cases. The remarks are appropriate whether two systems on the same ship are
considered or whether iwo systems on different ships are considered.

INTERFERING SONAR SEPARATION | kYD

! 2 4 h 9 A 1S 20 In uwn
i T T T T T =T T

HUTEPFERIHNS
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~ 10,0 Ky

20 |
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\’\ . INTERFERENCE
o -~ FLiveL Py
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« ~ | DIFFERENT 1AL

|
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INTEREEP NG (EVEL VERSUS W
INTTRIERIM, SONAR
SEPERATION

INTFRFERENCE | FVEL — “‘O{-

3
f s ‘
] B
' [N
E W ;
; w THRISHOLD Faw
; ; ! PROBARILITY-0 § 7F .
‘ P 2 MARK ING DISPLAY (MDL) -
- -t ) -
m HEE XX TS
- ¢
N | ;
| ‘ N\ Gee-RECONNITION { .
l " NOISE LEVEL OIFFLRENT 1AL i
w0l | N
i REVERBERATION. Y
i LEVIL -
|
L o FOR MARK NG T FTOR R ANk NG Ty MAY USEr 1 RANT
A —- - L’ A J. J v i i i
1 7 L) b 3 o 15 0 30 Lo

DISPLAY RANGE | K1

Fig, 2. Exampie figure for demaonstirating @ deravation
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Frgure 2 i 0 modihied version of o typread sonws perforoimcee curve and is needed toallas-
tate the devivatoon of o0 For Iyl 2 the one-way sonar equition (o the interfering transmis -
ston has been usod to detevmine e intersering level” at the processor input, It is plotted as a
function ol aterfering souar separation,

Tihw tatget echo level s shown plotted as a function ot targei ran e, Toe revos beratio :
lovel, the moise level, and the mininmum deiection evel are shown as o funelion of dispiuy vano e, i
In this dbygram, cange means either range on the display or target ringe for adl the plors -
cept one, the anterfering level plot. The intecfering level plotas shown as a function of yer-
tering senur separation from the receiving ship. I is clear that the time of arrival of ann-
toeeferm ;s signal is not related to this sepuration. In fact, if the intevicrimg ship is at 10 kyd,
the wterference level is represented by a line pacallel to the range axis through the 10 kyd
pot on the antevfering level plot. The waterfering fransimissions are shown in four positions
during the display, denoted by the crosshiutched regions (A), (B), (C), and (D). The Jogarithmic
rance scale causes equal durations of interference to appear shorter at longer ranges.

The basic assusption oa the derividion of ¢ is that the arrival tume of @ interfering pulsc
Foy this as- |

(or s display ranice equivolont) is a uniformly distributea random viciable.’
sutephion, the adderfering palae may arrive at any time in the display sweep with equal BReli-

hood, thus modehing o situadon where the transmit time of an wterfering sonar and the time it i
wideh o recoving sondr initates its display sweep are suitistically independent. Further as- ‘
swme that oaly one intertering pulse will arrive during each useful display sweep interval, ! in

Fig. 2 the shaded rectangles at positions (A), (3), (C), and (D) repeesent four possible arrival

times of an interfering pulse into the display. Any one of these four arvival positions are as-

sumed equally likely to occur, The range equivalent of the interfering pulse length at the out-

put of the processor is denoted by ~, the amount of display range the interiering pulsc muy

mark or blank.

The interfervence produced by a singie interfering arrival averaged over the distribution of
arrivai times i1s required in the estimmation of A. I any portion of the interfering pulse lies in
the useful display range, it is considered to be an interfering arrival. This means that even
though an interfering pulse arrives before the display sweep begins, the trailing edye of the
pulse may fall within the useful sweep range. Similarly, the leading edge but not the teailing
¢dge of the pulse could fall within the useful sweep range (e.g., the pulse shown in position (D)
of Fig. 2, lying across the range r,).

Based on the above assumptions, the density tunction x (¢) deseribing the distribution of
display ranges at which the trailing edge of an interfering arrival may fall is simply

1 -
N(F) © e (3)

whera 1% is the maximum useful display range and A s the same quantity described previ-
vusly i.e., the maximum amount of display range in interfercence in a particular bearing caused

the cno o ple i Faes 2 shows a typreal arrival fevel behavior (¢.p,, st bottons, ST I TY

prcen oon b atrival) tramoa shipe at 10 kyd teansoatting a0 Tesoe sienabs A Aot ocend e v
Pevel piot o U he rnade dor cach type of interference,
YThre o ealid as amption for the case an which two sorar system:s hoooe Acflopent e o ae

sron perode o where ships mancuver relative 1o cach othor, In these dnslaves s ove o dong
prrtod o tine anterfering trapsmissions should bave arrived at all portoas of the goaa Cise
plaov with v fregrency.,

The pas abahity that eithe r none ov more than one antevtering putsc can arrive o ta asetad
inplay rnterval s accounted for dater in lige, (9) and (i),
PV nocanonn asebnd diaplay range, vy, 15 used in this developiment rather than . the oas -
vy dheplay ranpe, since by defintion tarpet detection an the nt-rval [y‘_. .i o e baetedd
thius, an the "aseful display range' sense, [r_e,rd] ig equivalent to an interval of dead thane an
the transinis~ion period and therefore contributes nothing to the fraction of useful disptay
tnterferenoe,
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oo parbieular mterferig transonssion. In Fig, 2, N is cquind to the range equivatent of inter-
feomg pulse lenpeth,

In &1, 200 witl be noted that o, is the value of display ronge where it is fivst pocaible tor
the tratiing edpe of the interforing pulse to mark, o s al this cange wnore the interi v -
raval {iest eaceeds the marking fevel. At ranges less than o the eanire mtorforg polse iovel
i Lelow the MDL and therefore will not mark the display {posiion &) {Thoere is o antiercet
value of o it the axrival blauks rather than marks the display. The word blank can be <abatr-
futea for mark in the followinyg discussion if the appropriate 1, is ubed) When the range of
the trusling edge of the interfering pulse becomes greater thon r,, it can mark the display
{position B), As the range of the trailing edge of the interfering arrival increases with respect
to 1, the amount of display which can be marked will increase linvarly with slope cne, until
the display range of the trailing edge is r, « 4. At this paint the cntire wterieriug pulse
iength, ", is in a position to mark the display. I 2 (r) represcats the marked display ramee
when the trailing edge of the arrival is at r, then " (r, rises linearly from zeroto ~. When
the ramge to the trailing edge of the interfering pulse is between 1, « ° and r, (pasition C),
the maximum amount of display that can be marked 1s *.  For ranges betweon +, and 1, -
{pusition D), the amount “.(r) of useful display that can be marked decreases Lncarly from
(o zero. There may be some portion of the display in excess of t, that is marked but this
marking is not considered interference because it is assumed no detections can be made at
ranges beyond 1,; therefore, this region is not included in the interference calculation.

Thus, the amount of the display that will be marked (or blanked) for wll possible display
ranges at which the trailing edge of the interfering pulse may arrive, is given by Eq. (4):*

( 0 [
LR rl'_’-r:_rl+x\.
A(r):ﬂ A ll'/\:r:f) (4)
SY b (1,4 ) r, 20 S,
L 0 r, AN
This function is plotted in Fig. 3.
2.2 ]
S a
s !
"
5E0F —
5 ' .
a = 1 ]
o < + 1
[ ] ]
x q ] '
& . L 4d
L] N f,+8 " rzbd

RAHGE LOCALION r OF TRAILING FCLE OF INTERFERFNCE

Fig. 3. The amount of us-tul display
marked versus arrival range of trail-
ing cdge of interfering puise

“iey, given by Eq. (4), is for ananterfering pulse with a rectapngular envelope.
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The ainterval of display range that will be marked (or blanked), averaped over i pussille
display ranges at whieh the trailing edpe or the intecierun puaidse may wrive s denoied
This s the expectation of oy for the veaur tumber . The density function desceribiag o
wits aven in Bg. (3) and 18 given by

[

With the description of ¢ given in Eq. (4), this integrual becomes

oo e [ SRR I ‘ Aroe | S T ars
v, - ;

{6

This value of ~, was obtained for a single beam. A value of '« must also be obtained for
each of the other beams; “ is usualy found to be almost independent of hearing except for
three ov four beams nearest to the azimuth of the incoming interference, The average of
across all beams gives ' | the average amount of the display marked (or blanked) per beam for
the interfering signal. The expression for ° is

-
A -

[\

(n

-1

In £qg. (7), i is the number of preformed receiving beams. Becsuse the beams fall generally
into two catepories of interference with only two distinctly different vutues of ", this averuyc
is usually a trivial computation: very often - ', for a beam pointed away from the interfer-
ing source.

The expectation of the fraction of useful display murked by interferense per interfering
pulse, of length ., is obtained by dividing * by the use{ul range (r, - r,}), i.c,

(ry =

The average fraction of useful display marked per useiul display sweep is obtamned by
wettiplying Eg. (8) by the number of interfering arrivals of length = expectod per useful (s
piay sweep. This quantity is given by

where o, is the madimum useful display range and R, js the display range eqgmvaboot o
interfering ship transmission period.

The resultant expression 15 denoted o, the average fraction of vseint disploy - a0 0 e
blanked) per display sweep by interfering arrivals of length -
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The numerator in Eq. (10), -, -1y | is simply the aree wnder he curve, TR

Eqg. (4) and plotted in Fig. 3. For all urbitrary output pulsc forms, . -\IU. be given m
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pravided that the density function deseribing ¢ is uniform. In this expression 1ois the nurhey
ol preformed receiving beams, (s, - r,) is the useful dispiay range, and By 18 the display vi.
equivalent of the interfering ship transmission period.

Although Eq. (10) is computed for a rectangular cutput pulse, it cun be shown that By, {10
is a good approximation for », regardless of output pulse form, ii .+ .-+, , - and c
The greatest relative error 1s introduced by this approximation whesi .0 = 7 howes

cases of Lthis type result in simall values for «» and the absolute crror introducced 1 negd

The above conditions are generally satisfied by direct and speculin jrdericiing arriials,
hut not h) rumble arrivals. For rurable - v, and normally - (4, - 1, theeceluen
function - (r) needs to be determined. This can be done quite simply using griapaical toc-
riygues in conjunction with a performance curve, such as Fig. 2. The subsequent integratiog « ;
Eq. (11) can be easily accomplished with numerical methods o determine o .

The value of » is computed differently tor interfering pulses that blank, but the expros: oo

for ¢, Eq. {10), remains the same. For blanking, a different value of 1 15 required. 1o
termine r; for blanking, one jocates the display range at which the interfcring pulov tovo i ol
the recognition differential is cqual to the turget level (see r, for hiunking on Fig. 2y, bor
display ranges greater than (, for blanking, the interfering pulse will reduc . tac tnge, - 4
t.~background ratio of a simultaneously arriving target echo below the miniraun Jevel i s
s ’ry for 0.5 probability of marking. This statement applies o syst=us thal nave * conie -

reva by clipping.

Iy addition to being the measure of the fraction of usefu! display lost in mi( clvrence )u :
dgcful display sweep, o may also be thought of as the probalility than o pas Geulse o
ainpiay Will be marked oc Llanked in cach display swuocp, Dnordes booprosoove €0 0ar o s
Gt raages, ot is impoctant that the position of interierence “wilk Gorangh' the :

COWRCe o) piags o assure a wmform distributwon of bdecfseones positums,

v necessuey o mnke use of the probabilistic nteeprototion o - (o Get R
teis el epee feom interivoing pulses arcivitgd from the sions seivm, .
uid rumiole arrivals, and for interfering pulses wr riving froan dudfcren
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e ol interference tnta vhe sth system shall be decated o Tro taotar e o
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ani k | R v ocorvesponds o arrect, specalir, seeond oraer sjpecabi, sutuble, i
s anberfen iy pulses arrvwving ot the b system from the (b Sy=<ten, and 0 is i
computed fur o particulur type of areival, The ¢, are summed brcause most peneralty they
measure mutually exclusive events.

The totul mterierence into the oth system ¢ as a resalt of all the

b oIS nven by

wot [l (13

170

"
that a point on the (lh system's display is sot in interference caused by an arrival fron the jth
system. The product of all the (1 - v,;) factors is the probability taat a particulur point on the
1th system's display is not in interference caused by any of the other systems.

because the ¢ 's measure independent events. Euach of the (1 - v;,) tactors is the probabhity

Thus, the total interference into the ith system as a result of all interfexing signals trom
ail of the other (N-1) sysltems being considered is given by

R UL ()
Y W=l
12

The procedure which has been outlined seems vather complex w insivament but it nas been
the basis of nutual interference studies in which the iaterfering arrival structures from a
nunbor of shups were developed n a digitad computer. Signals, backyround, and mterference
niarks were placed on the display to estimate observer degradation in the presence of muiual
interference. The first results indicate the attractiveness of ¢, as a parameter {or specitying
the cffeets of mutual interference. When the interference is of the blanking variety, ¢, scems
to be adequate,

There is some evidence, however, that the predicted 1,,, are a little small to account for
observer performance when the interference marks the display.

PERFORMANCE DEGRADATION

There are several methods by which one may assess the performance depgradation based
ugon Tl

I. The factor «, itself represents the average fraction of the display not available to the
overator, It is therefore a satisfactory indiciation of the severity of mutual awerference,

‘When one uitlizes o, as a mrasure of interference, carcful interpretiation 1s necessary,
by cuuse o, a5 a tume average over maany eveals., Therefore, o, cun yive no dolerministic or
irctedianeous information uwnless additional conditions are known. For exampie, theve mav In
A tcuaton where in two out of thiree ping cyclies no interference is observed, while 10 peoe o
of thw display is marked by interference ia the third ping cycle. For thus example - 15 000,
wio the value of ¢, ves no information regirding ping~to-ping 1luctuation of interfevence nor
il number of pings displaying mterfereace sequentially.

2. When averaged over many pings, o, can beinterpreted as the fraciion of {hoeoe 7 -
whicn s unavailable (o the operator. I 1 is the time required 1o achieve dotection o e
ywesener of interference (whea a fraction o of the clock time or the pug eycles is vwae s i )
and 1. s the tame reqguired 1o achieve detection without interference, it is expected caat 1+ can
he no less than
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; , (15)

The vatwo ol V1, s the averase factor by wineh observation tinte must oe wcreased 10 nsan-
iy periornuance at the onset of mutual interference. This ratio s 1 71-1 ).

3. A lwer hiu 1o mutuid interference expressed in equivideat input signai-to-nois.e ratio
~an be approximated in decibels by

/&
. k'N-) -5 lopggl-a) (15)

tnpat

This expression gives the change in input signal-to-noise catio which is usually associated with
weressed display aintepration time by a factor T 7, In this case (1 -w) is the {ractional inss
in di-piay sdegrabion Ume, Increasing input signal-to-norse catio by -5 a1 -0 approxi-
miately reswores the effective output syrnal-to-noise ratio to its pre-unlecierence vadue, {t must
b remembered that this degracation wouid be a good approximation only if the mutual intorier-

ence did not prevent effective use of the display as an integrator, a subject still under investi-
gation.

4. Chanee in the probability that a target mark can be observed as a result of mutual
interference is also a suitabic measure of performance degradation. If I’ represents the
probability that a target mark is made without interference, then, since o, is the aveiage
fraction of *he display unavailable to the operator, the probability Q that a target can be ob-
served in the presence of mutual interference is

0 P(l-0,) . _ Tt

Whiie these four methods of desimnating the extent of mutual interference are not exactl
equivitlents, they are related. ‘ihe last of the four methods is by far the most attrictive be-
cavae it relates quite nicely the statistical nature of o, to the probability that o taeget echo
vill produce an ohservable mark on the display. Since probability of delection must be reiated
1. the probubility that a target echo mark may be observed, it may be possible to relate & to
the probaistity of detection whenever the detection criterion for a particular display 15 well
enouph specifted.

The discussions Uois far concernin the derivation of and subsequent use of o, to mensue
the cecfornunce degradation in a sonur system due to mutual interference have been limttea to
active systems. Everything that has been said, however, is applicable to passive systenis wilh
slizit modidications.,

#or ex:imple, method (2), which assesses performance depradation in terms of a loss of
ahse,cer idegration time, is particularly applicable to passive bearing-time-recorder (BTR)
drspiyis, Inthis ease », would represent the average fraction of integration time lost in in-
vwrfecence rather than display range lost in interference.

SULIMARY

The superiority of the o calculition over the other methods referred to carbicy jor mens.
urens the extent of mutual interference into a sonur system manifests ilseli m the Jollaw.ne,
Ways: .

b The o calculation considers veay explicitly the effect of processor o orom’e o foong
strtials wnd thien thewr extent of display marking. This approach takes into account ol o peets
ol processor performance (e.g.. clipping, over-averagng, and so on of interfering shynds)
witi: the new effect that the predicted overall effect of interference may be reduced.
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2. The statistical nature of o, i.e., that ¢ is an expectaiion which may be interpreted 25 a
probability measure for 4 Bernoulli process, in which oae eansiders vhther a pariicular point
op the display will be lost due to interference, allows the computation of @ composite ¢ for one
system as a result of interfering transmassions from several other systems.

3. The » calculation is readily implemented for computation with a digital computer for
any configuration of interfering systerns and ship geometry.

1. The ussessment of performance degradation can be expregsed (a) directly in terms
of v, (b) in terms of increased display integration time to restore periormance to the pre-
interference level, (¢} approximately in terms of equivalent increase in input signal-to-noise
ratio to restore performance to preinterierence levels, and (d) in terms of degradation of the
' provability that an observable inark will appear on the display.
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