
 Proceedings of 20th International Congress on Acoustics, ICA 2010 

23-27 August 2010, Sydney, Australia 

 

ICA 2010 1 

Potential Impact of Long-Life Environmental Sonobuoys 
on Active ASW 

Donald R. DelBalzo (1), James H. Leclere (1), and Joseph Klicka (2) 
(1) QinetiQ North America, 40201 Hwy 190 East, Slidell, LA 70461, USA 

(2) Naval Systems Command, 22581 Saufley Rd., Patuxent River, MD  20670, USA 

PACS: 43.60.BF, 43.60.GK  

ABSTRACT 

The focus of military activity has recently shifted from large area engagements to regional conflicts.  Consequently, 
Naval maritime operations continue to evolve toward littoral warfare in complicated shallow-water, near-shore envi-
ronments.  This evolution requires new sensors, advanced Concept of Operations, and improved data-analysis capa-
bilities, among others.  Planning operations in these harsh-environment areas is difficult because accurate predictions 
of tactical sensor performance depend on detailed knowledge of local environmental conditions. Tactical mission 
planning is thus seldom optimal or efficient - often resulting in coverage gaps, increased risk, and reduced mission 
success.  The U.S. Navy is exploring extended-life environmental sonobuoy concepts to better characterize the littoral 
environment.  Some designs contain a thermistor string to measure ocean temperatures and hydrophones to measure 
ambient noise.  This type of complex sonobuoy would be far more expensive than a traditional single-measurement 
expendible bathythermograph but it could provide a more thorough environmental assessment.  This paper examines 
the trade-off between increased sensor cost and improved ASW performance, in terms of area coverage and probabil-
ity of detection.  For this trade-off analysis, temperature data from the Sea of Japan were used along with a realistic 
dynamic ambient noise field from archival data and a noise statistical model.   Several notional environmental buoys 
were then simulated to drift through the area and collect data over several days.  The analysis shows that a drifting ex-
tended-life environmental sonobuoy field can provide significant improvement in environmental characterization, tac-
tical planning, and ASW detection performance. 

INTRODUCTION 

Naval operations continue to evolve toward Littoral 
Warfare as military action shifts to regional conflicts.  
To accomplish this evolution, new navigation, sensor, 
and data-analysis capabilities are needed to support 
operations in the highly variable and complicated near-
shore waters of the littoral environment. Antisubmarine 
Warfare (ASW) is often conducted in shallow-water 
areas, where subsurface enemies pose a constant threat, 
and where knowledge of ocean thermal data and ambi-
ent noise levels is critical, but lacking.  Planning opera-
tions in these harsh-environment areas is difficult be-
cause accurate predictions of sensor performance de-
pend on detailed knowledge of the local conditions. 
Tactical mission planning is thus seldom optimal or 
efficient, often resulting in coverage gaps and in-
creased risk.  According to the U.S. Navy, “Air ASW 
tactical execution, especially in littoral seas, requires 
in-situ environmental updates for preflight mission 
planning.  In the conduct of ASW operations, an urgent 
need for explicit knowledge of environmental variables 
is required to optimize the effectiveness of operational 
acoustic sensors, as well as acoustic sensors in devel-
opment.”  One solution is to deploy more environ-

mental sensors (e.g., Airborne eXpendable 
BathyThermograph; AXBTs) but this reduces time on-
station available for the tactical mission. 

The Naval Air Systems Command has considered new 
ways to better characterize the littoral environment.  
One possibility is a new or upgraded extended-life 
sonobuoy with a thermistor string to measure ocean 
temperatures at fixed depths while drifting through an 
area.  Additional sensors, like hydrophones to monitor 
the changing ambient noise field, are also possible al-
ternatives.  A new space-time sampling capability, like 
this, would be more expensive than a traditional single-
shot, point measurement AXBT but it would provide 
valuable additional data for littoral environmental 
characterization.  There would be many new require-
ments to meet and issues to solve for such a new de-
vice, like increased electrical power, survivability, 
communications, processing, data rate, drift rate, new 
Concept of Operations, etc.  In addition, since higher 
resolution temperature fields would lead to better 
acoustic characterizations, there would be an oppor-
tunity to deploy complicated tactical buoy patterns that 
could be adapted to the environmental complexity and 
provide increased detection performance.  
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The increased unit cost would drive the need for an 
environmental decision aid to determine the minimum 
number and optimal deployment locations of envi-
ronmental buoys to meet performance objectives.  A 
prototype decision aid that addresses this issue has 
been developed and is reported in the Oceans ‘09 
Biloxi Conference Proceedings.  That capability, called 
SPOTS (Sensor Placement for Optimal Temperature 
Sampling) produces sampling patterns for AXBTs that 
are adapted to oceanographic conditions for optimal 
performance.  Recent SPOTS results show that a few 
well-placed AXBTs can significantly improve tempera-
ture accuracy compared to larger numbers of gridded 
measurements.  

Optimizing tactical buoy patterns for multistatic sen-
sors has been addressed in several projects.  The cur-
rent accepted Fleet solution is called ASPECT.  A re-
cent research effort produced SCOUT (Sensor Coordi-
nation for Optimal Utilization and Tactics), which uses 
genetic algorithms to design non-standard buoy pat-
terns and irregular “ping” intervals for monostatic and 
multistatic sonobuoy fields.  Some results of this work 
are reported in the Oceans ’09 Biloxi Conference Pro-
ceedings.  They show that standard patterns are grossly 
ineffective in inhomogeneous environments where 36-
60% improvements in detection performance are 
achieved with SCOUT and that 8-16 sonobuoys with 
SCOUT placement can perform as well as 32 regularly 
spaced sonobuoys. 

The electrical power issue is being examined by the 
authors under a new research effort called SWEM 
(Sonobuoy Wave Energy Module) in which new tech-
nology is being developed to harvest kinetic energy 
from ocean waves and convert to electrical energy.  
There are many engineering challenges to be over-
come.  They include achieving adequate efficiency, 
performing well in all sea states, adapting to changing 
wave conditions, fitting in a fraction of the volume of a 
sonobuoy casing, surviving in rough seas, and being 
cost effective.  That work is in an early research and 
development phase. 

This paper addresses the potential tactical value of 
drifting thermistor-string data to support active sonar 
predictions and performance.  We assume that a 
SPOTS capability is available to determine the best 
initial deployment locations and that a SCOUT 
capability is available to locate tactical buoys in 
optimal locations.  We further assume that a SWEM 
capability would allow a 12-day operational life.  
These simulation results could help determine if a 
thermistor string on a new extended-life environmental 
sonobuoy has sufficient value to justify further 
research or a new development program. 

ENVIRONMENTAL ANALYSIS 

The analysis is based on AXBT data collected on 17 
February, 23 February, and 1 March 1999 in the Sea of 
Japan, near the east coast of Korea.  During each 
water-sampling flight about 44 measurements were 
made on an approximate 15-min grid (between 35.75 
and 37.75 deg N and from near the coast to 130.5 deg 

E) and then assimilated into climatology using a 
standard set of optimal interpolation routines to 
produce temperature nowcasts throughout the water 
column.  The spatial covariance distance for 
assimilation is often assumed to be the Rosby radius at 
the latitude of the measurement.  In this analysis, for 
this dynamic enclosed sea, a smaller distance 
(approximately 20 km) is used.  This smaller value is 
based on previous analysis in this region. 

Fig. 1 shows results between 36 and 38 deg N at 100-m 
water depth between 129.7 and 130.7 deg E on each of 
the three days, with temperature contours ranging from 
4 to 12 deg C.  Korea is colored gray and the exact 
AXBT deployment sites are shown by the nearly 
gridded sets of white dots.  The sampling density is 
sufficiently high that we consider these nowcasts to be 
“ground-truth” for comparison with other sampling 
schemes. 

The temperature structure changes dramatically with 
depth (not shown) and over time during this 12-day 
period.  The large central warm core on 17 Feb shrinks 
in size and becomes less intense over time.  We 
consider two questions:  first, how well would these 
complicated temperature fields be represented by a 
small number of long-life drifting thermistor strings 
compared to a small number of fixed pont and time  
AXBT measurements; and second, are the 
environmental effects significant enough to improve 
tactical detection performance? 

 
Figure 1. Ground-truth water temperatures at 100-m depth on 17 Feb 

(left), 23 Feb (center), and 1 Mar (right). 

The first question (sub-sampling) is addressed in Fig. 2 
where we compare nowcasts from 3 AXBTs (right) and 
3 hypothetical SWEM-powered buoys with thermistor 
strings (center) on 1 Mar.  For simplicity, the concep-
tual extended-life drifting buoy system is called 
SWEM and for ease of comparison, the ground truth 
result for 1 Mar, already shown in Fig. 1, is repeated 
here (left).  These nowcasts are for a 100-m depth, span 
4 to 11 deg C, and are computed as follows.   

For the AXBT assimilation, we assume that 3 meas-
urements were made on a straight flight path along 
130.25 deg E at 36.0, 36.75, and 37.5 deg N just prior 
to conducting a tactical mission on 1 Mar.  The AXBT 
nowcast shows that at the 2 southern locations, the 
measurements were warmer than climatology, which 
produces so-called bulls-eye patterns, as shown by the 
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circular orange areas.  The northern AXBT is in rather 
cold water.  The unsampled area between the central 
and northern AXBTs is much colder than ground-truth. 

 
Figure 2. Temperature assimilation results at 100-m depth on 1 Mar 

for ground-truth (left), 3 SWEM buoys (center), and 3 AXBTs 
(right). 

For SWEM, we assume that on the first day of the 
measurement period (17 Feb), 3 SWEM buoys were 
deployed near the southern end of the 3 eastern-most 
columns of the ground-truth data.  [The 3 AXBT sam-
ples are along the middle SWEM column.]  We also 
assume about a ½ kt current flowing north so that after 
12 days the SWEM buoys would be at the northern end 
of the ground-truth data points.  We then interpolate in 
space and time between the AXBT measurements and 
simulate the temperatures that would have been meas-
ured along the 3 northern moving tracks at daily inter-
vals.  The 13 simulated SWEM buoy locations along 
each of the 3 tracks are shown by white dots and lines 
in Fig. 2 (center).   

We assume a 12-day temporal covariance that weights 
down the data from early days (at southern positions) 
by more than half for the 1 Mar nowcast.  Clearly the 
SWEM nowcast agreement with ground truth is sig-
nificant, although it fails to describe the small southern 
warm core on 1 Mar at 36.25 deg N.  In this case the 
SWEM samples at that latitude were simulated about 
10 days earlier when that area actually contained rela-
tively cold water (see Fig. 1 on 17 Feb). 

TACTICAL ANALYSIS 

The second question (environmental impact on tactical 
performance) is addressed in this section.  The three 
ground-truth environments were used to predict sonar 
performance at 750 Hz for a notional monostatic active 
system with source and receiver at 300-m depth and 
target at 20-m depth, assuming a uniform noise distri-
bution.  The results are shown in Fig. 3 as detection 
range contours between 0 and 6 nmi.  The indented 
white-outlined box is the area in which several ASW 
searches were simulated.  The slightly reduced search-
box area was chosen to avoid the shallow water areas 
on the continental shelf to the west and the un-sampled 
areas to the east.  The AXBT, SWEM, and ground-
truth sampling locations are overlaid as white dots.  

 Figure 3. Ground-truth active sonar detection ramges on 17 Feb 
(left), 23 Feb (center), and 1 Mar (right) for source and receiver at 

300-m depth and target at 20-m depth. 

Fig. 3 shows that the ground-truth active sonar per-
formance on these days is significantly non-
homogenius and dynamic, which suggests that standard 
uniform tactical sensor patterns are not appropriate.  
The non-homogeneity is cause by a combination of 
water temperature and bottom complexities.  It is not 
possible to interpret the multi-day changes in tempera-
ture at 100-m depth (Fig. 1) as changes in performance 
(Fig. 3) because the acoustic waves propagate through-
out the entire vertical water column.  Clearly, in this 
case, the temperature profile varies throughout the 12-
day period.  One stationary aspect that can be ex-
plained easily is the relatively better performance in the 
central east region.  That is the deepest area and con-
tains the sofest bottom sediments and both are good for 
active sonar performance.  

Next we examine the effect of temperature sampling on 
sonar performance in a way that parallels the tempera-
ture analysis in Fig.2.  Detection ranges are calculated 
for 3 sampling patterns, similar to Fig. 2, and shown in 
Fig. 4.  The difference is that the 3 AXBT locations are 
along a SW to NE diagonal.  The 3 drifting SWEM 
buoys clearly produce a better (i.e., closer to ground-
truth) acoustic representation than the 3 chosen AXBT 
locations, especially in the north.  Part of the improve-
ment results from the SWEM buoys being in the north 
near the nowcast day (1 Mar), while only one of the 3 
AXBTs is in the north.  However, the AXBT sampling 
strategy chosen is quite normal because it “covers” the 
area of interest on the day of interest.   

 
Figure 4. Detection ranges for a monostatic active system at 750 Hz 

with source and receiver at 300-m depth and target at 20-m depth. 
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The final, and most important, calculation comes from 
an assessment of the Cumulative Detection Probability 
(CDP) over a search period with sets of tactical 
monostatic active buoys in several different sub-areas 
of the previous figures.  The following analysis is for a 
6-hr search in an area from 36.5 to 37.85 deg N and 
130 to 130.7 deg E (approximately 3200 nmi2) against 
a 5-kt target on random patrol in this area.  We used the 
SCOUT genetic algorithms to choose optimal (non-
standard) sensor locations for 8, 16, 24, and 32 sono-
buoys but adapted them differently for the distinct 
complexity of each environment.   

We hypothesize that the most accurate performance 
would be achieved when SCOUT optimizes to the 
ground-truth environment.  The prediction, and actual 
mission result, for that case is the ground-truth CDP.  
In today’s non-SWEM reality, SCOUT would optimize 
the tactical pattern based only on the 3 AXBT meas-
urements.  The location results, with SCOUT optimiza-
tion, in the ground-truth environment on 1 Mar are 
shown in Fig. 5 by red triangles for 16 and 24 tactical 
sensors.  They tend to cluster in the better detection 
areas.  The background colors are detection ranges 
from Fig. 4 and the white dots are the ground-truth 
AXBT locations, as before.  Recall that the southern 
end of the search region is 36.5 deg N, which explains 
why there are no tactical buoys below that line. 

 

Figure 5.  SCOUT optimaized sensor locations (red triangles)  

These summary results are shown in Fig. 6 where CDP 
increases with the size of the sonobuoy field.  The 
buoy locations were chosen according to the available 
temperature data (either ground-truth, 3 SWEMs, or 3 
AXBTs) and then evaluated against reality; i.e., 
ground-truth. The result for ground-truth (black line) is 
the highest CDP, as expected.   The plan based on 3 
SWEM buoys (red line) is intermediate and the plan 
based on 3 AXBTs gives the lowest result.  Of course 
there are many different ways to locate 3 AXBTs in 
this area, so we chose several different triplets, made 
separate calculations, and only show the average result 
in Fig. 6. 

 

Figure 6.  CDP results for 8, 16, 24, and 32 sonobuoys using ground-
truth, 3 SWEM long-life, and 3AXBT environments. 

SUMMARY 

We studied the potential impact of drifting thermistor 
strings on tactical active ASW performance using real 
AXBT data from water-sampling flights in the Sea of 
Japan.  The results show that data collected over the 
previous 12 days from 3 drifting strings can signifi-
cantly improve littoral environmental and acoustic 
characterization when compared to 3 discrete AXBT 
measurements on the day of interest.  The analysis is 
based on comparing temperature nowcasts against a 
ground-truth data set and then comparing acoustic per-
formance predictions at 750 Hz and detection proba-
bilities for various sets of sonobuoy patterns. These 
results support the concept of an extended life sensor 
based strictly on drifting temperature measurements. 
Future work will include a cost analysis and an attempt 
to determine if the performance gains are cost effec-
tive. 

These results apply to summer in the Sea of Japan with 
3 sensors.  Generalized results will be obtained by ex-
tending the analysis to other seasons, locations, and 
number of sensors.   
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GENERAL LAYOUT AND INSTRUCTIONS 

This document is a Microsoft Word template and should be 
used as the basis for all formatting of papers submitted to 
ICA 2010. Papers prepared on other word processing pro-
grams are acceptable but they should, so far as possible, con-
form to this format. Authors are fully responsible for their 
papers, which should not have been published elsewhere. 
They must have taken necessary steps to obtain permission 
for using any material that might be protected by copyright. 

Please note that on delivery of your manuscript you transfer 
your copyright on your publication to the publisher. 

LAYOUT 

Length of Paper 

The final paper should normally not exceed 8 (eight) A4 size 
(210x297mm) pages, illustrations and references included. 
Papers up to 12 pages will be accepted but authors are re-
minded that the presentation time is limited within the 20 
minute time slots.  

Margins and organisation of the paper 

The page layout is: A4 paper; left and right margins 1.75 cm; 
gutter 0.5 cm; header and footer 1.25 cm from page top or 
bottom; 2 columns separated by 1.25 cm, except for the title, 
authors and their affiliations, and the abstract. Paragraph 
styles have been predefined and should be used for all para-
graphs on this page.  

No additional headers, footers or footnotes are allowed and 
the body of the paper should be formatted in two columns as 
in this example.  

Font format 

Text should be written using Times New Roman (or Times) 
typeface 9 Pt as indicated in this document. Should you need 
to emphasise some words, use italics rather than underline or 
bold styles. Do not use upper case other than for first letter of 
the title, names, units of measurement (if appropriate) and 
entire chapter headings. Do not change the Arial font of the 
headings. 

Paragraph format 

Paragraphs immediately following their headings are to be 
justified on both sides with no indents for first lines. Use 
single line spacing throughout the entire document. There is a 
single line space between paragraphs. 

Quotations 

Quotations shorter than 15 words “should be given within the 
body of text and enclosed in quotation marks”. 

Where quotation is longer than 15 words, it should 
be given its own paragraph, indented by 1cm left 
and right and justified on both sides. Do not use 
quotation marks to open or close such quotations. 
Use font 1pt smaller than that for the body text. 
There should be no blank lines before or after the 
paragraph unless there is a new section to follow. 

Figures: drawings and photographs 

Illustrations should not exceed 50% of the entire paper con-
tent and should be located close to their corresponding text.  
Ensure that when printed your illustrations are clear and easy 
to read. 

All drawings and photographs must carry numbers in the text 
(e.g. Figure 1) and captions. Captions should be complete 
enough to allow appreciation of the illustration without refer-
ring to the text. Lettering of the caption should be as large as 
the typeface used for the text. In addition, a source of the 
image other than the author’s own archive should be given 
directly under the image using the recommended referencing 
style and the font size by 1pt smaller than the caption. Use 
single blank lines before and after the image. 

Figures should be prepared in your own choice of program, 
typically Microsoft Excel for graphs, Adobe Photoshop for 
photographs or CorelDraw for line drawings. Images should 
be at a sufficient resolution for good print quality, but no 
higher otherwise file sizes can become excessive. To reduce 
the size of images in Word, select the image, then from the 
Picture Toolbar select Compress Pictures, and under Change 
Resolution select Print Resolution: 200dpi.   

 
Source: (Author, 2006) 

Figure 1. Images should be centred 

Adding arrows and numbers to your figures 

It is often useful to place arrows on your figure to indicate 
something of interest. If you do so, please do this in your 
original document, the one from which you copy and paste to 
the manuscript. Arrows and other objects placed over a figure 
in Word will not remain fixed in place if the manuscript is 
adjusted in any way, for example by a change of printer se-
lected for printing. However, anything copied and pasted will 
always remain together as a unit during such operations. 

Tables 

All tables should be consecutively numbered and adequately 
captioned. You should put them as close as practicable to the 
relevant part of the text (Table 1). Those tables not assembled 
by the author/s should have their source given immediately 
under the table. Use single blank lines before and after the 
table. 

Table 1. Tables should be centred 
Leq 50 56 60 48 
Lax 45 50 55 44 

Source: (Author, 2010) 

It is recommended that you use the same type face for the 
table contents as for the body of text. 

Equations 

Type equations from the left margin, with one blank line 
above and one below to separate them from text. Number 
equations consecutively with the number in brackets justified 
on the right hand margin. Symbols should be defined when 
they are first used. 

Units 

Use of the SI units of measurements is recommended. Other 
units (e.g. American) are allowed only next to the SI units 
and then must be given in parentheses, for instance, 404kPa 
(58.6psi) or 63.7m2

 (685.7ft2). 
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