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ABSTRACT

Two procedures for evaluating minehunting sonar performance are presented. One for
detection with respect to range, the other for detection with respect to CPA or
athwartships distance. Both procedures consider the trials results as subsets of
normally distributed data and use fitted normal curves to calculate cumulative
probability of detection curves which can be then assessed against specification.
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New Methods to Evaluate the Detection
Performance of a Minehunter

Executive Summary

The effectiveness of a minehunting sonar is dependent on detection performance in
both along track (range) and in across track (athwartships) directions. Assessment
against specification entails conducting many detection runs against known targets
and statistical analysis of results.

This document proposes two new methods for assessing trials results against
specification. The first method, used for detection range trials, is regarded as an
improved methodology over a current procedure. The conclusions drawn using the
new methodology are more reliable, and better reflect the true performance of the

sonar.

The second method is applicable for evaluation of detection width trials and puts in
place a formal methodelogy for data analysis. The equal area principle, defined by the
conventional parameters A (swath width) and B (probability of detection), is applied to
the processed data to compare results to the performance specification.
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1. Introduction

The detection performance of minehunting sonars is usually assessed by conducting
detection trials against known targets in a known or measured environment. Due to
limitations of time and cost the number of detection runs has to be minimised, subject
to validation of statistics, for each trial objective. Normally, 25 to 30 runs are planned
for each trial and conclusions about the sonar performance must be drawn from these
25 or 30 samples. How to make reliable statistical inference is crucial in the trials
analysis. '

In this document, two methodologies are established for evaluating the detection
performance of a minehunting sonar. The first method is appropriate for Detection
Range Trials (DRT) that are designed to assess the detection performance as a function
of range ahead of the vessel. The second method is developed for Detection Width
Trials (DWT) where the detection capability against across track distance is evaluated.
Implicit in the assessment trials is the assumption that the results from a limited
number of runs are representative of the sonar performance in general. That is, a
comparatively limited number of runs are representative and statistically valid samples
from the set of all possible detection runs. Typically 25 to 30 runs are conducted for
detection range trials. Many more runs are needed for detection width trials to ensure
sufficient samples at all cross track range intervals.

An evaluation methodology for detection range trials has been described by Thompson
and Bell 1997 [1]. This procedure was used effectively during trials of the RAN Mine
Hunter Inshore (MHI). In this paper, the methodology is improved by clarifying
mathematical relationships between the detection range and the probability of
detection. It is important to note that the probability of detection of a target, and the
range at which a certain probability of detection is achieved are two different concepts.
In order to compare trials results to the performance specification it is necessary to
combine both these factors.

Thompson and Bell use a cumulative probability of detection against range to quantify
the sonar performance [1], however the definition of probability of detection is valid
only if there is no failure in the detection runs and the target is detected on all possible
encounters. The procedure does not satisfactorily account for non-detections (misses)
as it sets the range to zero for runs where no detection is made. The methodology is, by
this definition, insufficiently robust to handle the situation when one or more detection
runs fail because the cumulative probability of detection was not based on any density
functions.

The methodology presented here for the detection range trials is considered a more
accurate and reliable procedure than that of Thompson and Bell and as a result, the
conclusions drawn from the trials results fairer. This is particularly so for a limited
number of detection runs (small number of samples), and for un-indicated trials where
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detection may not be achieved in some runs. The crux of the method is that the
cumulative probability of detection is defined implicitly by the Cumulative
Distribution Function (cdf) of the ranges at which detections occur. It is possible
therefore to determine the Probability Density Function (pdf) of the detection range
and from this the corresponding cumulative distribution function.

For detection width trials a second methodology is established for measurement of the
probability of detection with respect to Closest Point of Approach (CPA). The concept
is straightforward, first determining detection probability as a histogram with respect
to the lateral displacement of a target from the ship’s track, and second, using curve
fitting to obtain a smoothed curve that represents properties of the sample population.
The area equal principle is then used to compare the result generated against the
performance criteria.

Confidence intervals for both methodologies are addressed but as yet the significance
for detection width trials is not properly understood.

2. Interpretation of Trials Specification

The trials procedure is designed to demonstrate that the sonar meets performance
criteria in accordance with the specification. Typically, for detection range trials, the
specification will require that the sonar shall detect, at a certain probability of
detection, a given type of target at ranges greater than some defined distance. We need
to determine what does this really mean and how should we interpret the
requirement? For example, the specification may indicate the sonar is capable of
detecting mine of target strength X at ranges greater than 500 metres (7 = 500 m) at a

probability of detection P, = 0.9, from 10 to 100 metres depth over a sand seabed type.

This P, is defined by m/N, where m is the number of detections and N is the number of
runs.

This specification can be satisfied by two limiting results that define the extremes of
satisfactory outcomes. If all runs score hits and no misses occur (F; = 1), then at least
90% of the detections must be at ranges 7 > 500 m. Conversely if there are 10% misses
(P,=0.9), then 100% of detections achieved must be at ranges 7 > 500m. Generally the
result lies in between these limits and we have to determine which parameter varies,
r, P, or both.

For detection width trials the conventional parameters A and B, as defined in the
NATO publication ATP-6 (B) [2], are given in the specification. Parameter B is the
height of a trapezoid or rectangle (ie,. the probability of detection) and parameter A is
the width of the trapezoid at one-half B or the width of rectangle (ie, detection width).
For example, the sonar specification may require detection of specified targets at a
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probability of 0.9 over a swath width of 200 metres. That is B = 0.9 for A=200. Since the
parameters A and B determine a unique area, the methodology for determining
whether trials results meet the specification can be based on a comparison of areas as
described in the following section.

3. Methods for Evaluating Performance

A sonar detection trial consists of a number of detection runs and each run includes at
least one planned encounter between the minehunter sonar and a mine. If detection
fails (ie, an encounter is not marked by the sonar operator), the result is a ‘miss’.
Otherwise, itis a ‘hit’.

The objective of detection range and detection width trials is to draw conclusions on
the actual distribution of hits and misses, and the locations of those hits, from the
empirical (sample) distributions obtained during the limited number of detection runs.
By combining results from previous experiments and the data from the trial, one can
usually postulate the general nature of the frequency distribution. From probability
theory, for independent trials, which is the case here, the premise that the possible
outcomes in the trial will occur equally often implies that a large number of runs will
yield the probability distribution for the general case. Thereafter, one can draw
conclusions on whether the specification is satisfied.

One means of assessing detection performance is to quantify the trials data on a plot of
probability of detection against range of detection. By comparing the curve so
generated with the sonar specification, conclusions on the success or failure of the trials
results can be drawn. This raises the question, how to establish a relationship between

P, and detection range which reflects the specification requirement? Essentially, a

cumulative distribution function of the detection range, scaled by a measured f’d , is
required.

3.1 Detection Probability With Respect to Range

The probability of detection can be estimated by the frequency of the hits against the
number of encounters. That is, P, is determined from the set of possible encounters.
We are also interested in the ranges at which hits occur since these constitute the other
parameter in the detection vs range curve. This range is also a random variable defined
in this case on the domain formed by the subset of encounters corresponding to the

hits. Hence, P, cannot be defined as a simple function of the range. Indeed, we have a
graphic expression (figure 1) showing the probability of detection as a function of
range for a single ping. However, this probability is not the P, discussed here. Itis a
conditional probability function, which indicates a probability that a target at a certain
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range can be detected by a single ping. It cannot be integrated along the range to obtain
a cumulative P, because the curve is not a probability density function (pdf).

Figure 1. The probability of detection as a function of range for a single ping.

To demonstrate the analysis we use the same example given by Thompson and Bell for
a detection range trial with a total of 20 detection runs. A set of 20 ranges is logged due

to no misses (Table 1). Hence, both m and N are 20 and ]3:, =m/N = 1. The minimum
and maximum ranges are 157 m and 507 m.

Table 1. Typical DRT log

Run Number Detection Range (m) Run Number Detection Range (m)
1 319 11 431
2 253 - 12 507
3 270 13 389
4 312 14 421
5 359 15 378
6 157 16 409
7 217 17 341
8 230 18 328
9 351 19 318

10 450 20 298
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A range class interval for the analysis is chosen depending on how precisely the range
distribution is to be analysed. After the class boundaries have been determined it is a
simple matter to locate each of the measured ranges in the proper class interval. All
ranges between the limits and including the (closed) upper limit are placed in the same
class, and the number detection ranges for each class interval recorded. The raw data
are then classified. Table 2 illustrates the classification and distribution of ranges from
the above detection range trial when a 50 metre class interval is selected. The interval
width can be varied depending upon the number of samples. In general, 50 - 100
metres is appropriate to 30 runs.

Table 2. Frequency Table

Class Boundaries (m) Numbers Frequencies
50 - 100 0 0
100 - 150 0 0
150 - 200 1 0.05
200 - 250 1 0.05
250 - 300 3 0.15
300 -350 4 0.20
350 - 400 4 0.20
400 - 450 4 0.20
450 - 500 2 0.10
500 - 550 1 0.05
550 - 600 0 0
Total 20 1.0

The data of Table 2 are illustrated graphically in Figure 2, which shows a histogram of
the distribution of 20 detection ranges.
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Distribution of 20 detection ranges
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Figure 2. Distribution of detection ranges for the DRT's data in Table 1.

In order to draw conclusions about the detection range for the trial several questions
need to be addressed. First, what kind of distribution do the detection range data
follow, and second, how are we to draw conclusions about the trials results? Should a
cumulative distribution function be generated directly from the raw histogram or
should it be obtained after first smoothing?

The detection range can be thought of as a continuous variable that can assume any
value over the range interval from zero to the maximum of the sonar range scale. If we
conducted a large number of detection runs, the results should converge to a
distribution representative of the population. In as much as the detection range is
determined by many factors, none of which is dominant, a normal distribution is
assumed with its mean > 0. (This assumption is supported by evidence from many
previous trials that demonstrate that the detection ranges approximate a normal
distribution.) Hence, if the number of runs for the trial is statistically valid, using a
normal curve to approximate the histogram seems a reasonable approach to estimating
the sonar performance.

A fitted normal curve is shown in Figure 2. It is a probability density function (pdf) of
detection range (the value in x-axis was normalised in deriving the standard
deviation). Finally, the associated cumulative distribution can be calculated from the
mean and standard deviation which, in this example, are 339 m and 130 m respectively.

Since in this method only data corresponding to runs achieving hits are considered in
the analysis, the cumulative distribution function obtained by integrating the fitted
normal curve over the range interval always scales to one. The curve must be scaled to
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reflect the true detection probability achieved during the trial by multiplying by the P,

obtained by dividing the number of hits by the number of runs. For the data in table 1
no misses were recorded so f’d is 1. In addition, the range is accumulated in an inverse
order to give the traditional detection probability curve for minehunting sea trials
(Figure 3).

Each measured detection range is regarded as a sample of a normal population. When

the standard deviation of the population is assumed to be the sample standard
deviation, for large samples, the symmetric 100(1-0)% confidence interval for the

I .= o )
expectation of a normal distributed range is x+z,,, _\/_ﬁ , where o is the standard

deviation of the distribution and N is the number of samples. (For a 95% confidence
interval, z,, = 1.96 if N is large). For small N, as is the case in this example,
confidence intervals should be calculated from Student's t-distribution instead of the

normal distribution (for details see Appendix 1). For the datain Table 1, X =337 and o
=122. Based on these results, we have the confidence limits shown in Figure 3.

Cumulative Distribution Function of Range

o
=)

Detection Probability P
o © ©o o
N W A o;

o
—

Detection Range (m)

Figure 3. The Y-axis is the probability of detection P, and the X-axis is the range of detection.
The curve is a cumulative distribution function of the detection ranges scaled by
f’d. The dashed lines are the upper and lower 90% confidence limits for the
example data in Table 1.
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3.2 Detection Probability With Respect to Closest Point of Approach,
DWT

The aim in detection width trials is to determine the distribution of detection ranges
with respect to the lateral displacement of a target from the ship’s track. This kind of
trial requires a large number of encounters to ensure sufficient samples at all cross
track range intervals and reliability of statistical results.

The following example describes a procedure for processing data from detection width
trials. The CPA for each planned encounter is calculated based on known ship and
target positions. The CPAs of all the planned encounters and of those achieving hits
are grouped according to athwartship range interval as in Table 3. The probability of
detection is then calculated at each range interval.

Table 3. Distribution of planned encounters and data measured from a DWT.

Athwartship | Number of | Number of Hits Detection Probability
distance (m) encounters
300 T4 0 0
-250 4 0 0
-200 10 0 0
-150 9 3 0.33
-100 11 2 0.18
-50 27 7 0.26
0 25 24 0.96
50 18 15 0.83
100 19 17 0.89
150 24 4 0.17
200 11 2 0.18
250 9 0 0
300 5 0 0
350 8 0 0
Total 184 74 -

The data in Table 3 are shown as a histogram in figure 4(a). The dark bars illustrate the
distribution of the planned encounters with respect to the CPA. The light bars show the
distribution of detections achieved with respect to CPA. For the above example, results
for P, will be inaccurate at large CPA because the sample population is too small, and
hence the reliability of the estimate is poor. This illustrates that in planning detection
width trials it is important to consider the distribution of encounters to ensure
sufficient encounters in all range intervals. In order to obtain an equal reliability across
lateral range we need to plan for a uniform distribution for encounters.

The histogram of P, is shown in Figure 4 (b), and a normal curve is fitted. As
indicated, the distribution of measured P, along the athwartships distance is not
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always normal, although it is true in general and particularly for large numbers of
samples. As for the detection range ftrials, this P,curve is not a probability density

function of P, but a conditional probability function that gives the probability of
detection at a certain CPA. The normal function is assumed in the form:

Py(x)=a e

which, in this example gives = 0.98, 4 =0 and @ =102.37.
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Figure 4. The probability of detection with respect to athwartships distance. (a) Shows the
distributions of encounters and hits; (b) gives the histogram of P,and data error

bars; and (c) demonstrates fitted curve of P, and the specification of the DWT by
the trapezoid or rectangle. o
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If we put the specification, say, A = 200 m and B = 0.9, in Figure 4 (c) then an aggregate
detection width (the area defined by Ax B in Ref [2]) is illustrated by the trapezoid or
rectangle. In general, the fitted curve will not satisfy the specification graphically. To
quantify a measure against the specification, the Equal Area Principle of Politt 1992 [3]
can be applied. If the area under the curve is greater than or equal to the area of the
trapezoid or rectangle, the specification is met. In practice there may be a small bias in
the trials results and a direct fitted curve may be displaced left or right of the centre
line. By ignoring this random bias, one can fit data by setting the mean to be zero. If
this bias is significant it should be investigated further.

Now, we consider the confidence interval of P, . The P, curve is assumed in general to
be a normal distribution, especially for large samples. As a large number of encounters
will be planned for the detection width trials, the mean of the curve will be close to
zero and variation of the standard deviation will not be significant as the number of
samples varies. We are not interested in the confidence intervals for the normal feature
itself. We do however care about the accuracy of the value of P, in each bin where the
binomial distribution is applied. For the bins at large athwartships distances, large
errors of P, are expected due to the small number of samples for each bin. As a result,
a large confidence interval will be generated at the edges of the histogram where there

are limited samples. This is illustrated by the error bars in Figure 4(b). (Procedures for
calculating the confidence interval are given in Appendix 2.)

In this example, the area required by the specification is Ax B = 180 m?, but the total
area under the curve of P, is 177.6 m2 The results of this trial therefore indicate a

failure.

Another consideration is, should we form an upper confident limit as we did for the
detection range trials? It seems inappropriate to assess results using the area under the

upper limit, because that area will be large if the error in the estimate of P, is large,
and the assessment yardstick therefore inaccurate.

4. Results Comparisons for Detection Range Trials

In this section, four examples are demonstrated to compare results using the previous
method and the method proposed. The curve generated by using procedures described
in this paper is shown as the thick line in each figure. The upper and lower 90%
confidence limits are determined according to required confidence level and the
number of samples using Table 4 of Appendix 1. The thin lines with dots are the curves
determined using the methodology in Ref [1].
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The results from the two methods basically match when all runs achieve hits and f’d is

one, however the agreement between the procedures decreases as ﬁd reduces. This is
because the definition of P, in Ref [1] is inadequate if the target is not detected on a

number of runs. The new result is more robust and more reliable statistically (Figure 5
and Figure 6), and it is less susceptible to aberrations in the curve due to outlying data
points. When the difference between the methodologies becomes significant the
reliability of the new method is crucial in determining the most appropriate procedure.

Cumulative Distribution Function of Range
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Figure 4. Example 1: Minehunting sonar performance for the DRT. The curve calculated by
current method is compared with one from the previous method. Data used are

given in Table 1. There are 20 runs and 20 hits, therefore ﬁd = 1.0. For N =20 and
90% confidence interval, k=0.39 (see Appendix 1).

11
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Cumulative Distribution Function of Range

o AN\
Q07 \\\

I
the current method
the previous method |—
upper 90% C-limt
lower 80% C-limit

]

600 650 700 750 800 850
Detection Range (m)

- Figure 6. Example 2: Minehunting sonar performance for the DRT. Data used are in Appendix

3, Table 5. Where N=26 and m=26, ﬁd = 1.0. k=0.34 for 90% confidence interval.

Cumulative Distribution Function of Range

1
= the current method
———  the previous method
l\ N ——  upper 90% Cimit | |

lower 90% C-limit

0.9

0.8

7
Z

0.7

A\N
AN
A\
ool AN
0.2 \
NN
0 k
550 600 650 700 750 800
Detection Range (m)

Detection Probability

Figure 7. Example 3: Minehunting sonar performance for the DRT. Data used are in Appendix

12

3, Table 6. When N=26 and m=23, P, = 0.88. k=0.34 for 90% confidence interval.
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Figure 8. Example 4: Minehunting sonar performance for the DRT. Data used are shown in
Appendix 3, Table 7. N=24 and m=17, hence f’d = 0.71. k=035 for 90%
confidence interval. '

Figures 7 and 8 illustrate effect of scaling by the ]Sd achieved during the trial. For figure
7, which corresponds to Table 6 in appendix 3, 23 detections were made in 26 runs,
hence ﬁd =0.88. For the data in Table 7, 17 hits were achieved in 24 runs. In this case

A

P,=0.71 and the curves in figure 8 are scaled accordingly.

5. Conclusion

Two methodologies have been described for evaluation of minehunting sonar
performance. The first, used for detection range trials, is regarded as an improved
methodology over that described by Thompson and Bell [1]. The conclusions drawn
using the new methodology are more reliable, and better reflect the true performance
of the sonar and consequently a more reasonable judgment of the sonar performance.

The second methodology is applicable to evaluation of detection width trials. The

equal area principle is applied to the processed data to reflect the system requirement.
The question should an upper confident limit be used remains open.

13
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As a large number of encounters is needed in detection width trails to ensure statistical
reliability, it is suggested that the trials procedures outlined in the RAN Minehunter
Coastal Contract [4] be reassessed in light of this requirement.
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Appendix 1

When the sample size N is less than 30, problems of confidence interval are based on
small sampling theory. Most sea trials belong to this category. For detection range trials
the standard deviation of range is generally unknown. If the mean x for range follows

a normal distribution N(i0), then its pivot variable XK JN follows Student's ¢

a

distribution #(N-1), where § is the sample standard deviation. As is done with the

normal distribution for confidence intervals xtz,, \/—%—, for small samples we

replace z,,, (obtained from the normal distribution) by ¢,,, (obtained from the t
distribution), then a 99%, 98%, 95% and 90% confidence interval for u can be calculated
by

u=xtk-s
The factor k (~¢,,, /N), determined by using Student’s t-distribution with v degrees of
freedom, is taken from table 4 below:

Table 4. Confidence interval for the expectation of a normal distribution from a small samples
with vdegrees of freedom.

v N to.005 to.o1 to.025 to.0s

k (99%) k (98%) k(95%) k (90%)
1 2 45.01 2250 8.9 446
2 3 573 4.02 248 1.69
3 4 292 2.27 1.59 1.18
4 5 2,06 1.68 1.24 0.95
5 6 1.65 1.37 1.05 0.82
6 7 1.40 1.19 0.93 0.73
7 8 1.24 1.06 0.83 0.67
8 9 - 112 0.97 0.77 0.62
9 10 103 0.89 0.71 058
10 11 0.96 0.83 0.67 0.55
11 12 0.90 0.79 0.64 052
12 13 0.85 0.74 0.60 0.49
13 14 0.80 0.71 058 047
14 15 0.77 0.68 0.55 045
15 16 0.74 0.65 0.53 0.44
16 17 0.71 0.63 0.51 042
17 18 0.68 0.61 0.50 041
18 19 0.66 0.59 0.48 0.40
19 20 0.64 0.57 047 0.39

15
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v N fo.005 to.01 to.025 to.os
" k(99%) k (98%) k (95%) k (90%)

20 21 0.62 0.55 046 0.38
21 22 0.60 0.54 0.44 0.37
22 23 0.59 0.52 043 0.36
23 24 0.57 0.51 042 0.35
24 25 0.56 0.50 041 0.34
25 26 0.55 0.49 0.40 0.34
26 27 0.54 0.48 0.40 0.33
27 28 0.52 047 0.39 0.32
28 29 0.51 0.46 0.38 0.32
29 30 0.50 045 037 0.31
30 31 0.49 0.4 0.37 0.31

16
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Appendix 2

In a given bin, we assume that m hits were observed in n detection runs. It is a
Bernoulli trial with a binomial probability distribution. If we use p=m/N to
approximate the probability of detection, the approximate 100(1-o) % symmetric
confidence interval is

p(-p)
N

Here z,,, is the 100(1-a,/2)% percentile with typical values of 1.645, 1.96 and 2.575
corresponding to the 90%, 95% and 99% confidence levels respectively.

ptz,,

17
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Appendix 3
Table 5. The DRT data for example 2 in Section 4.

No. Range (m) Detection Status
1 656 Y
2 662 Y
3 671 Y
4 680 Y
5 702 Y
6 706 Y
7 709 Y
8 710 Y
9 718 Y
10 721 Y
11 723 Y

12 727 Y
13 730 Y
14 731 Y
15 739 Y
16 744 Y
17 746 Y
18 750 Y
19 751 Y
20 751 Y
21 752 Y
22 764 Y
23 768 Y
24 777 Y
25 778 Y
26 778 Y

P, 10
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Table 6. The DRT data for example 3 in Section 4.

No. Range (m) Detection Status
1 0 N
2 0 N
3 0 N
4 556 Y
5 557 Y
6 586 Y
7 588 Y
8 597 Y
9 633 Y
10 640 Y
11 641 Y
12 644 Y
13 649 Y
14 658 Y
15 660 Y
16 660 Y
17 662 Y
18 669 Y
19 672 Y
20 674 Y
21 687 Y
22 688 Y
23 693 Y
24 697 Y
25 711 Y
26 723 Y
’ Pd 0.88

19
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Table 7. The DRT data for example 3 in Section 4.

No. Range (m) Detection Status
1 0 N
2 0 N
3 0 N
4 0 N
5 0 N
6 0 N
7 0 N
8 705 Y
9 707 Y
10 707 Y

11 719 Y
12 727 Y
13 729 Y
14 730 Y
15 734 Y
16 738 Y
17 740 Y
18 743 Y
19 752 Y
20 753 Y
21 762 Y
22 790 Y
23 790 Y
24 793 Y

Pd 0.71




DISTRIBUTION LIST
New Methods to Evaluate the Detection Performance of a Minehunter

P. Cao and M.]. Bell

AUSTRALIA
DEFENCE ORGANISATION

Task Sponsor
MHCPD
S&T Program
Chief Defence Scientist
FAS Science Policy } shared copy
AS Science Corporate Management
Director General Science Policy Development
Counsellor Defence Science, London (Doc Data Sheet )
Counsellor Defence Science, Washington (Doc Data Sheet )
Scientific Adviser to MRDC Thailand (Doc Data Sheet )
Scientific Adviser Policy and Command
Navy Scientific Adviser (Doc Data Sheet and distribution list only)
Scientific Adviser - Army (Doc Data Sheet and distribution list only)
Air Force Scientific Adviser
Director Trials

Aeronautical and Maritime Research Laboratory
Director '

Chief Maritime Operations Division
Research Leader MW

Dr. B. Ferguson

Mr. R. Dow

Dr. P. Cao

Dr. D. Conley

Mr. M. Bell

Mr. D. Wilson




DSTO Library and Archives
Library Fishermens Bend
Library Maribyrnong
Library Salisbury (2 copies)
Australian Archives
Library, MOD, Pyrmont (2)
Library, MOD, HMAS Stirling
*US Defense Technical Information Center, 2 copies
*UK Defence Research Information Centre, 2 copies
*Canada Defence Scientific Information Service, 1 copy
*NZ Defence Information Centre, 1 copy
National Library of Australia, 1 copy

Capability Development Division
Director General Maritime Development
Director General Land Development (Doc Data Sheet only)
Director General C3I Development (Doc Data Sheet only)
Director General Aerospace Development (Doc Data Sheet only)

Navy
SO (Science), Director of Naval Warfare, Maritime Headquarters Annex,

Garden Island, NSW 2000. (Doc Data Sheet only)
MWSCPD
COMAUSMINDIVFOR, HMAS Waterhen
RANTEAA

Army
ABCA Office, G-1-34, Russell Offices, Canberra (4 copies)
SO (Science), DJFHQ(L), MILPO Enoggera, Queensland 4051 (Doc Data Sheet
only)
NAPOC QWG Engineer NBCD c/- DENGRS-A, HQ Engineer Centre Liverpool
Military Area, NSW 2174 (Doc Data Sheet only)

Intelligence Program
DGSTA Defence Intelligence Organisation

Corporate Support Program ‘
OIC TRS, Defence Regional Library, Canberra

UNIVERSITIES AND COLLEGES
Australian Defence Force Academy
Library
Head of Aerospace and Mechanical Engineering
Senior Librarian, Hargrave Library, Monash University
Librarian, Flinders University

OTHER ORGANISATIONS
NASA (Canberra)
AGPS




OUTSIDE AUSTRALIA

ABSTRACTING AND INFORMATION ORGANISATIONS
Library, Chemical Abstracts Reference Service
Engineering Societies Library, US
Materials Information, Cambridge Scientific Abstracts, US
Documents Librarian, The Center for Research Libraries, US

INFORMATION EXCHANGE AGREEMENT PARTNERS

Acquisitions Unit, Science Reference and Information Service, UK

Library - Exchange Desk, National Institute of Standards and Technology, US
SPARES (5 copies)

Total number of copies: 58




Page classification: UNCLASSIFIED

DEFENCE SCIENCE AND TECHNOLOGY ORGANISATION

DOCUMENT CONTROL DATA 1. PRIVACY MARKING/CAVEAT (OF
DOCUMENT)
2. TITLE 3. SECURITY CLASSIFICATION (FOR UNCLASSIFIED REPORTS
THAT ARE LIMITED RELEASE USE (L) NEXT TO DOCUMENT
New Methods to Evaluate the Detection Performance ofa CLASSIFICATION)
Minehunter
Document ()]
Title )
Abstract ()]
4. AUTHOR(S) 5. CORPORATE AUTHOR
P. Cao and M.J. Bell Aeronautical and Maritime Research Laboratory
PO Box 4331
Melbourne Vic 3001 Australia
6a. DSTO NUMBER 6b. AR NUMBER 6c. TYPE OF REPORT 7. DOCUMENT DATE
DSTO-TN-0200 AR-010-894 Technical Note April 1999
8. FILE NUMBER 9. TASK NUMBER 10. TASK SPONSOR 11. NO. OF PAGES 12. NO. OF
510/207/1045 NAV 95/290 MHCPD 19 REFERENCES
4
13. DOWNGRADING/DELIMITING INSTRUCTIONS 14. RELEASE AUTHORITY

Chief, Maritime Operations Division

15. SECONDARY RELEASE STATEMENT OF THIS DOCUMENT

Approved for public release

OVERSEAS ENQUIRIES OUTSIDE STATED LIMITATIONS SHOULD BE REFERRED THROUGH DOCUMENT EXCHANGE, PO BOX 1500, SALISBURY, SA 5108

16. DELIBERATE ANNOUNCEMENT

No Limitations

17. CASUAL ANNOUNCEMENT Yes

18. DEFTEST DESCRIPTORS

MineHunting sonar, Detection, Sonar assessment, Statistics

19. ABSTRACT

Two procedures for evaluating minehunting sonar performance are presented. One for detection with
respect to range, the other for detection with respect to CPA or athwartships distance. Both procedures
consider the trials results as subsets of normally distributed data and use fitted normal curves to calculate
cumulative probability of detection curves which can be then assessed against specification.

Page classification: UNCLASSIFIED




