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AN APPROACH TO ESTIMATE MISSION BENEFITS OF SYNTHETIC
APERTURE SONAR IN MINEHUNTING

Lieutenant Lisa L. Kestel, RAN

The Fleet currently employs real aperture side looking sonars for Mine
Countermeasures (MCM) operations. Synthetic Aperture Sonar (SAS) has been
developed and demonstrated, achieving a 1 inch resolution. This is approximately 40
times the resolution of state-of-the-art real aperture sonars. The improved resolution of
SAS provides sonar images that are much clearer making it easier for an operator to
distinguish between a mine and a non-mine, mine-like bottom object. Thus, the operator
is able to reduce the number of contacts that need to be investigated by divers, which
would speed the operation considerably.

An operational comparison analysis was undertaken between the minehunting
effectiveness of MCM systems using a generic real aperture side looking sonar typical of
that currently in-service versus a SAS. The purpose of the analysis was to determine,
document and present the relative mission timesaving of using SAS in place of real
aperture sonar for minehunting missions.

The analysis was conducted parametrically to show relative benefits as a function
of sonar range, speed and reduction in false contacts investigated. Parametric techniques
have proven their ability to extrapolate from past and current experience to forecast the
impact of fast-developing technologies.

The results of the analysis indicate that use of SAS instead of real aperture side looking
sonar has the potential to provide mission time reductions that approach an order of
magnitude for many minehunting missions.

BACKGROUND

The fleet currently employs real aperture side looking sonars for airborne Mine
Countermeasures (MCM) operations. Synthetic Aperture Sonar (SAS) has been
developed and demonstrated, achieving a 1 inch resolution. This is approximately 40
times the resolution of state-of-the-art real aperture sonars. The improved resolution of
SAS provides sonar images that are much clearer making it easier for an operator to
distinguish between a mine and a non-mine, mine-like bottom object (nombo). Thus, the
operator is able to reduce the number of contacts that need to be investigated by divers,
which would speed the operation considerably. Moreover, as the mine threat continues to
be designed with reduced target strength characteristics, higher resolution sonar images
may be required to accurately classify the image as mine-like.
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INTRODUCTION

This paper describes an operational comparison analysis that was undertaken to
show the differences between the minehunting effectiveness of MCM systems using a
generic real aperture side looking sonar typical of that currently in-service versus a
Synthetic Aperture Sonar.

The purpose of the analysis was to determine, document and present the relative
mission timesaving of using SAS in place of real aperture sonar for minehunting
missions. The analysis was conducted parametrically to show relative benefits as a
function of sonar range, speed and reduction in false contacts investigated.

THE PROBLEM

The performance of MCM operations in the Fleet is generally regarded as
excellent. However, minehunting missions are traditionally very time intensive. Large
numbers of false targets or nombos drives the time taken to conduct a MCM mission. The
question that sparked this analysis is: “how can the nombos, and hence mission time, be
reduced?”

SAS has been developed and has the potential to solve this problem due to the
higher resolution of SAS providing nombo reduction. In order to determine how SAS can
help solve the time / nombo problem, analysis was required to quantify the mission
impact of introducing SAS to the Fleet.

SYNTHETIC APERTURE SONAR

The basic concept of SAS is the same as for Synthetic Aperture Radar. A long
aperture or array can be mathematically created or synthesized from a physically short
array by summing and processing successive signal returns. This allows very high
resolution images at ranges previously possible only with much larger sonar arrays. An
approximate array length reduction ratio of 30:1 is achievable. The high resolution of
SAS is the key to nombo reduction.

Unlike conventional, or real aperture sonars, the design parameters of SAS define
a specific area coverage rate such that search speed and range are inversely proportional
to each other. In other words, the product of search speed and range is constant. For
example: a 6 ft SAS array at a speed of 4 kn can achieve a range, or swath width of 600
yd. By increasing the sensor speed to 12 kn, the swath is reduced to 200 yd, and by
further increasing speed to 24 kn, the swath is reduced to 100 yd. In comparison, a 6 ft
Real Aperture Sonar (RAS) may have a swath width of 200 yd, and this swath would
remain constant regardless of the speed of the sensor, providing a higher area coverage
rate at higher speeds, and a lower area coverage rate at lower speeds.
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Figure 1 shows two images side by side; the image on the left is the product of a
RAS, and the image on the right is from a SAS. Although these images of the same target
were taken 17 months apart, it is clear that the object in the SAS image can much more
readily be classified as ‘minelike’ than in the RAS image. Conversely, it is much easier to
recognize that objects are not mines with SAS. This is simply because the more pixels
there are in an image, the easier it is to define size and shape. The SAS image has 1 inch
resolution, compared to 6 inch resolution for the RAS image.

ANALYSIS

It has been shown at Figure 1 how much clearer and more detailed the SAS
images are when compared to conventional sonar images of the same area of ocean floor.
The ocean tests conducted by Coastal Systems Station, Panama City were so successful
that not one object was classified incorrectly. The demonstrated superior performance of
SAS is entirely due to a much higher resolution that provides improved Probability of
Detection and Classification (PdPc) and reduced false alarm rate (Pfa). However, it is not
known how much more effective SAS is for minehunting.

In order to determine the relative effectiveness of SAS for minehunting, a
parametric analysis was conducted. A parametric approach to analysis employs equations
that describe relationships between the measurable attributes of systems. These equations
describe how the performance of one subsystem impacts the total system performance.
Parametric techniques have proven their ability to extrapolate from past and current
experience to forecast the impact of fast-developing technologies.

The analysis compared SAS with a generic high performance conventional or real
aperture side looking sonar typical of Fleet airborne MCM sensors. The analysis used the
Uniform Coverage Planning Program (UCPLN), a software model currently used by the
Fleet, complemented by an Excel spreadsheet. In the “minehunting” mode, UCPLN
calculates effective time on task (search time) based on channel length, sensor speed, turn
time and total runs in the area. The total runs are derived from the percentage clearance
desired, swath width and PdPc of the sensor.

Several single unit mission scenarios using sub-surface, surface and air search
platforms were evaluated. The parametric technique involves varying different inputs,
while holding the other inputs constant, in order to determine the effect these changes
have on the output. The parameters varied were: minefield dimensions, number of mines
in the minefield, the sonar characteristics of swath width and PdPc, nombo density,
sensor search speed and mine clearance level. The standard used to assess SAS benefit
was the time to search and/or clear the minefield.
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Figure 2 shows the equation used in the Excel spreadsheet. In the figure, Mission
Time is the final output of the spreadsheet, Search Time is obtained from the outputs of
the UCPLN, and Identify/Neutralize Time is the product of the time to ID/Neutralize one
contact and the total number of contacts in the minefield (mines and nombos). The time
to ID/ Neutralize one contact, and the transit and turnaround times are nominal times
based on experience.

Figure 3 pictorially illustrates three minefield scenarios, one for each platform
type (air, surface and sub-surface), the results of which will be described in this paper.
Although many more minefield scenarios and mission profiles were used in the analysis,
these three scenarios were chosen as illustrating the most significant findings. The reader
will note that the transit distances are not equal for the different platforms. Typical transit
times were chosen to make the scenarios as realistic as possible, and their inconsistencies
across the different platforms have no effect on the results due to the fact that the aim of
the analysis was to compare sensors (RAS and SAS), not platforms.

Figure 4 shows the bottom types and corresponding nombo densities used in the
analysis. A flat sandy bottom was assumed and a representative nombo density was used
for each bottom type.

RESULTS

Analysis showed that nombo density was the most significant factor in
determining the time required to clear the minefield. Compared with the effect of nombo
density, variances in the other parameters had minimal effect. The results for each of the
three platform types showed very similar trends.

It was found that in the minehunting task, search time becomes increasingly less
significant within the total mission time as nombo density increases. Total mission time
includes the time for transit, search, identification, neutralization and turnaround.  The
time taken to identify and neutralize mines using current technologies dwarfs the time
taken to search a minefield and detect possible mines. Four mission scenarios and their
results are described below:

Mission 1: Sub-Surface Detect / Classify (D/C)

This mission was designed to emulate a realistic reconnaissance mission
conducted by an Unmanned Underwater Vehicle (UUV) at a speed of 4 kn. The
assumptions made in this case were that the UUV had a 34 h on-task endurance and its
two way transit time was 6 h.

Result:  RAS Mission Time = 31.5 h,
 SAS Mission Time = 16.7 h
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With a D/C mission, at any given speed the impact of using SAS is a function of
sensor range. At a search speed of 4 kn, SAS has approximately twice the range of RAS,
hence mission time is approximately halved with SAS. This result was anticipated, as
intuitively it makes sense that as swath width is doubled and speed held constant, time
will be halved.

Mission 2: Surface Detect / Classify / Identify (D/C/I)

This mission was designed to emulate a realistic reconnaissance mission for a
surface ship or Unmanned Surface Vehicle (USV) searching at a speed of 12 kn. A re-
approach maneuver is executed by the platform to identify each contact classified as
minelike. It was assumed that the search platform took 15 min for to identify each
contact.

Figure 5 depicts a chart of mission time plotted against nombo density for both
RAS and SAS sensors. The chart shows that a linear relationship exists between these
two variables. It is also evident that for the same nombo density, there is very little
difference in mission time between the two sensors.

However, it is known that SAS has much higher resolution than RAS, and trials
have shown that nombo density is much lower for SAS. The precise number of nombos
that SAS will eliminate is unknown, and only extensive sea testing will reveal this, but by
using parametric techniques, the impact of replacing RAS with SAS in this mission
becomes clear. Figure 6 depicts a table of mission times for the surface D/C/I mission for
A1, A2, and A3 bottom types when the SAS nombo reduction figure is varied and the
RAS and SAS mission times are compared.

Hypothetically, let the reader assume that sea testing has demonstrated an 80%
nombo reduction when SAS is used over RAS.  Using this example, the table at Figure 6
shows that for an A2 bottom, the time to search the minefield and identify mines is
reduced from 264 h with RAS to 74 h with SAS. The reader will agree that this is a
significant timesaving.

Figure 7 shows the SAS time-savings from Figure 6 converted from hours to
percentages. In the same example, there would be a 72% reduction in mission time for
this particular mission. As one can see, the potential time-savings with SAS are enormous
when the nombo reduction is taken into account. The more nombos there are, the greater
the impact SAS has in terms of time reduction.
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Mission 3: Surface Detect / Classify / Identify /Neutralize (D/C/I/N)

Mission 3 is a mine clearance mission for a ship or USV searching at 12 kn. The
search phase (Detect / Classify) is followed by the identification and neutralization phase.
The ID / Neutralize phase could be conducted by traditional divers, or another suitable
platform. It was assumed that the search platform took 30 min for to identify and
neutralise each contact.

From the perspective of this analysis, the only difference between Mission 2 and
Mission 3 is that the time taken per contact is 30 min instead of 15 min.

The chart at Figure 8 shows that, as with Mission 2, there is virtually no
difference between SAS and RAS in terms of mission time for the same number of
nombos present. The reader will note that the increase of time per contact from15 to 30
min makes very little difference in the results. The trends are the same, as they would be
if 10 or 50 min were used for the ID / Neutralize phase.

The table at Figure 9 shows how the mission time can be significantly reduced
when the SAS nombo reductions are taken into account. Again, Figure 10 more clearly
illustrates the relative time-savings SAS provides in a mine clearance mission. Following
on with the example from Mission 2 of SAS providing an 80% nombo reduction, the
reduction in mission time is 74%.

The results of the surface platform minehunting missions (Figures 7 and 10) show
a direct proportional relationship between nombo reduction and mission time. It is
evident that even if only a 50% reduction in nombos with SAS is achieved, and it is
believed this figure will be much more, the time taken to conduct a minehunting mission
from a surface platform would be almost halved.

Mission 4: Air Detect / Classify / Identify / Neutralize (D/C/I/N)

This mission is structured along the same lines as the previous missions. It is
designed to emulate a realistic mine clearance mission with an airborne search platform
towing the sensor at a speed of 24 kn. As for Mission 3, the search and ID / Neutralize
phases are conducted separately. Again, the assumption is that the ID / Neutralize phase
takes 30 min per contact.

Figure 11 depicts a chart of mission time plotted against nombo density for the
RAS and SAS. The reader can see that there is no time benefit in using SAS over RAS
for this minefield clearance mission when the same number of nombos are present. RAS
actually provides lower mission times.
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Intuitively, it was considered that SAS would not be beneficial for airborne MCM
operations, due to the reduction in area coverage rate with SAS at the higher helicopter
operating speeds when compared with conventional side looking sonar. However, as for
Missions 2 and 3, when one takes into account the nombo reduction achievable with
SAS, use of this sensor can provide significant mission time-savings. This is shown in the
table in Figure 12.  Using the same example as in Missions 2 and 3, if it is assumed that
SAS provides an 80% nombo reduction in a minefield with an A2 bottom, time to clear
the minefield using SAS to search is 154 hours, compared with 517 hours when RAS is
used. It is unknown exactly what percentage of nombo reduction can be achieved with
SAS, but the results of sea testing clearly indicate that nombos are substantially reduced
with SAS.

Looking at the relative mission times expressed in percentages in Figure 13, one
can see it is theoretically possible to achieve time savings of up to 94% in airborne MCM
missions if SAS was utilized. For an A3 bottom environment, even if the nombo
reduction for SAS is only 70%, there is still a 65% reduction in mission time when SAS
is substituted for conventional sonar.

The result of Mission 4 in particular is highly significant as it was not previously
conceived that use of SAS in airborne minehunting operations could provide a substantial
reduction in mission time.

CONCLUSION

The results of this analysis indicate that use of SAS instead of a real aperture side
looking sonar will give a mission time reduction that approaches an order of magnitude
for sub-surface, surface and airborne minehunting systems.

The parametric technique shows that the reduction in nombos when SAS is used
in place of conventional sonar is approximately proportional to the reduction in mission
time, where mission time includes detect, classify, identify, neutralize, transit and
turnaround time.
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Figure 1. RAS and SAS Images

Figure 2. Excel Equation
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Figure 3. Minefield Scenarios

A1 Bottom A2 Bottom A3 Bottom
Nombo Density 8 32 64

Figure 4. Nombo Densities for a Typical RAS with A1 to A3 Bottom Types
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Figure 5. Mission 2 Surface D/C/I Chart

Mission 2 - Surface D/C/I
Minefield Reconnaissance Time v's Nombo Density
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Time to Search
A1 Bottom (hr)

Time to Search
A2 Bottom (hr)

Time to Search
A3 Bottom (hr)

RAS 84.2 264.2 504.2

SAS – 0% nombo
reduction

86.3 266.3 506.3

SAS – 50% nombo
reduction

56.3 146.3 266.3

SAS – 60% nombo
reduction

50.3 122.3 218.3

SAS – 70% nombo
reduction

44.3 98.3 170.3

SAS – 80% nombo
reduction

38.3 74.3 122.3

SAS – 90% nombo
reduction

32.3 50.3 74.3

SAS – 100% nombo
reduction

26.3 26.3 26.3

Figure 6. Mission 2 Surface D/C/I Mission Time Comparisons

SAS Nombo
Density

Reduction

% Time
Reduction for

A1 Bottom

% Time
Reduction for

A2 Bottom

% Time
Reduction for

A3 Bottom

Average %
Time

Reduction
50% 33 45 47 42
60% 40 54 57 50
70% 47 63 66 59
80% 55 72 76 68
90% 62 81 85 76

100% 69 90 95 85

Figure 7. Mission 2 Surface D/C/I Mission Time Comparisons



Figure 8. Mission 3 Surface D/C/I/N Chart

Mission 3 - Surface D/C/I/N
Minefield Clearance Time v's Nombo Density
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Time to Search
A1 Bottom (hr)

Time to Search
A2 Bottom (hr)

Time to Search
A3 Bottom (hr)

RAS 156.7 516.7 996.7

SAS – 0% nombo
reduction

158.8 518.8 998.8

SAS – 50% nombo
reduction

98.8 278.8 518.8

SAS – 60% nombo
reduction

86.8 230.8 422.8

SAS – 70% nombo
reduction

74.8 182.8 326.8

SAS – 80% nombo
reduction

62.8 134.8 230.8

SAS – 90% nombo
reduction

50.8 86.8 134.8

SAS – 100% nombo
reduction

38.8 38.8 38.8

Figure 9. Mission 3 Surface D/C/I/N Mission Time Comparisons

SAS Nombo
Density

Reduction

% Time
Reduction for

A1 Bottom

% Time
Reduction for

A2 Bottom

% Time
Reduction for

A3 Bottom

Average %
Time

Reduction
50% 37 46 48 44
60% 45 55 58 53
70% 52 65 67 61
80% 60 74 77 70
90% 68 83 86 79

100% 75 92 96 88

Figure 10. Mission 3 Surface D/C/I/N SAS Time Reductions



  
Figure 11. Mission 4 Air D/C/I/N Chart

 Mission 4 - Air D/C/I/N
Minefield Clearance Time v's Nombo Density
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Time to Search
A1 Bottom (hr)

Time to Search
A2 Bottom (hr)

Time to Search
A3 Bottom (hr)

RAS 157.8 517.8 997.8

SAS – 0% nombo
reduction

178.1 538.1 1018.1

SAS – 50% nombo
reduction

118.1 298.1 538.1

SAS – 60% nombo
reduction

106.8 250.1 422.1

SAS – 70% nombo
reduction

94.1 202.1 346.1

SAS – 80% nombo
reduction

82.1 154.1 250.1

SAS – 90% nombo
reduction

70.1 106.1 154.1

SAS – 100% nombo
reduction

58.8 58.1 58.1

Figure 12. Mission 4 Air D/C/I/N Mission Time Comparisons

SAS Nombo
Density

Reduction

% Time
Reduction for

A1 Bottom

% Time
Reduction for

A2 Bottom

% Time
Reduction for

A3 Bottom

Average %
Time

Reduction
50% 25 42 46 38
60% 32 52 56 47
70% 40 61 65 55
80% 48 70 75 64
90% 56 80 85 74

100% 63 89 94 82

Figure 13. Mission 4 Air D/C/I/N SAS Time Reductions


