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Abstract—Maritime Way Scientific Ltd (MWS) in
collaboration with the Defence Research and Development
Canada, Atlantic Research Centre (DRDC-Atlantic) is
developing a hardware-in-the-loop acoustic simulator for
studying underwater acoustic propagation and the reliability of
underwater communications signals. While the simulator can be
used to model a wide variety of physical environments, most of
the effort has been in adapting existing open source software (i.e.
BELLHOP and VirTEX) to handle Arctic seas which may be
either partially or fully covered with sea ice, using realistic keel
morphology. As the project is still underway this paper presents
the overall design, present capability, and some preliminary
results. Areas for further improvement are also described.
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[. INTRODUCTION

The Arctic Ocean and its various shallow passages offer
unique and challenging environments for underwater acoustic
propagation and long-range acoustic communications. The
underwater sound speed profile is predominately upward-
refracting which increases the likelihood of interactions with
the sea surface and wind-generated surface waves. The sea
surface may also have a partial or a full ice cover of varying
thickness and age. Arctic passages are relatively shallow,
anywhere from 10 - 200 m, confining the sound within nearby
reflective water column boundaries, strengthening multipath
propagation. Both persistent and tidal currents flow through
shallow channels, dynamically perturbing the sound speed
profile. Cumulatively, these factors distort the integrity of
propagated acoustic signals.

Arctic in situ testing is expensive due to the Arctic’s
extreme remoteness, difficulty of ship navigation in ice laden
waters, and long periods of difficult weather. Therefore, the
need for high-fidelity acoustic simulations becomes very
attractive. A simulator can expose both the environmental and
signal variables that most affect the acoustic propagation, and
the reliability of underwater acoustic communication. Such a
simulator can also assist with planning sensor placements prior
to costly northern field deployments.
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To the best of our knowledge, no research effort seems to
deal with partial ice coverage, and no acoustic propagation
simulator explicitly deals with water currents, with the former
task being more complex than the latter. Recent acoustic
channel simulators account for random variations in the
channel [1, 2], though none accounted for sea ice. The work of
Alexander, Duncan and Bose [3] and Alexander, Duncan,
Bose, and Smith [4] examined acoustic propagation under ice
canopies with 100% coverage. This single case is informative
but restrictive as the Arctic region often experiences strong
winds which generate stresses on the ice, leading to ice ridging
or creating open water areas between sections of sea ice.

To address Arctic conditions, we are developing an
underwater acoustic propagation and communications
simulator which specifically deals with partial sea ice
coverage, water currents, and wind waves. Further
requirements of the system are to be able to capture real signals
from any acoustic sensor and inject the captured signals into
the simulated environment. In the case of communication
sensors, i.e., underwater acoustic modems, the simulator is to
play the simulator-propagated signal back to the transmitting
modem. This approach leverages the proprietary and protected
manufacturer coding/decoding  algorithms  which are
unavailable to us. These requirements necessitated and resulted
in the design of a hardware-in-the-loop system.

II. SIMULATOR SYSTEM OVERVIEW

A. Hardware and Signal Flow

A diagrammatic overview of the simulator system is
provided in Fig. 1. Components shown as shaded represent
hardware, and data or software are shown as unshaded. Signal
flow follows the directionality of the arrows. As the overall
system still is under development, only the software
components have been implemented and tested. The hardware
integration phase is already initiated but still in its early stage.

The shaded components on the left-hand side of Fig. 1,
labeled ‘UW acoustic sensor’ are defined first. The design
allows for any reasonably-sized sonar sensor to be connected to
the simulator and operated in air at low power to avoid
damaging the sensor’s transducer. Operational sensors such as
underwater acoustic modems are depth rated and sealed by
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Fig. 1. Major components of the hardware in the loop underwater
communications simulator.

manufacturers, thus making the acoustic-in-air test a viable
choice as breaking the seal to access electrical interfaces within
these units voids the depth ratings and also introduces other
problems such as protection of circuit elements in the sensor
and the sound card. Preliminary laboratory tests successfully
demonstrated modem-to-modem communication in air. In the
situation where the sensor is an underwater acoustic modem,
messages may be sent to the modem via a serial interface,
which could be scripted through a terminal emulator such as
TeraTerm [5]. The sound generated, in air, by the sonar
transducer is received by a Shure Beta 57A microphone
(labeled ‘MIC’ in Fig. 1) which has a reasonably flat receive-
response over its receive band. The host computer (not
explicitly shown) is a high performance Dell Precision T7610
PC and contains all required software, described below. A high
quality PC sound card (labeled ‘SOUNDCARD?’ in Fig. 1) acts
as the A/D and D/A for the system. A Xonar Essence STX
audio card was chosen for this purpose. Normal audio system
connectors are used for external connections.

When the underwater sensor is employed as the signal
source, a dedicated ‘Signal Capture Application’ (Fig. 1),
written in the C language, triggers the sound card output with a
circular buffer and writes the captured signal to a standard .wav
file format. When hardware is not employed, any .wav format
file may be synthesized and passed to the simulator. The
‘Simulator’ software, described below, converts the
‘Transmitted Signal’ of Fig. 1 to the ‘Received Signal’ and
saves it to a digital data file. Alternatively, when a simulated
‘Received Signal’ is required to excite the acoustic sensor, a
speaker (label ‘SPK’ in Fig. 1) is driven by the sound card. The
chosen speaker is the Wavecor TWO30WAO02, 30mm
neodymium dome tweeter. With the on-axis transmit
sensitivity and the sound card output capability, it is anticipated
no further amplification will be required for the speaker.

B. Software

1) Overview

The key software components of the simulator are shown in
Fig. 2. The main body of the simulator is a Matlab script
fulfilling three main functions: i) a wrapper that manages all
inputs for use by three open source models, BELLHOP [6]
(propagation), VirTEX [7] (sea surface interaction) and WAFO
[8] (sea surface definition) which are described below; ii)
controls data flow to and from these models; and iii) directs
outputs to the display and post processing statistical analysis
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Fig. 2. Key software components of the simulator.

suite. The simulator may be run in BELLHOP-only mode,
VirTEX-only mode, or a combined mode. These modes can
facilitate different kinds of investigation, and each mode can be
run either once (Z.e., one acoustic ping) or in a loop to gather
statistics (i.e., multiple acoustic pings, Monte Carlo
simulation). During Monte Carlo runs the ping-to-ping
variation arises from acoustic interaction with a time-varying
sea surface (facilitated by VirTEX and WAFO), or through
introducing different ice keel draft profiles at the sea surface.
The ice keel draft model is described below.

2) Propagation Model

At its core, the simulator uses the Fortran model,
BELLHOP, for determining the acoustic propagation.
BELLHOP is a widely known open-source Gaussian beam ray-
tracing propagation model in the underwater acoustic
modelling community. Details on practical operation of
BELLHOP may be found in user manuals [9,10] which also
provide insight into the principles behind the technique used.
Assuming water depths greater than ten-to-twenty acoustic
wavelengths, ray-theory models are well-suited to a wide
variety of frequencies, including those for underwater
communication. As BELLHOP is a ray-based model, it is able
to compute the time-of-flight for each eigenray (rays
connecting only the source and receiver positions). These
eigenrays terminate at the receiver position and define the
underwater acoustic channel impulse-response, that is a set of
amplitudes at fixed corresponding times, A,(¢,). This channel
impulse-response and the eigenray trajectories are both
required to compute the received time series in post processing.

BELLHOP permits range-dependent environments to be
defined and therefore surface altimetry can replace the,
normally assumed, flat air-water interface. This is particularly
useful for the inclusion of sea ice when the ice thickness and
profile vary with range. In the presence of sea ice, the normal
air-sea boundary is to be replaced by an acousto-elastic half-
space defined by compressional and shear wave speeds (C,,
C;), the material density (p), and compressional and shear
attenuations (a, , o). Typical values for those parameters are
C, = 3600m/s, C; = 1800 m/s, p = 0.90 g/cm3, a, = 0.07
dB/(m'kHz), and a; = 0.41 dB/(m-kHz), based on averages
found in Table 1 of [11].



Because partial (non-continuous) ice covers are
implemented, BELLHOP was modified to differentiate
between rays reflecting from the underside of ice on the top
boundary versus reflection from those originating from the air-
sea interface. The modification amounts to a short-term
adaptation using a reflection coefficient of R = -1+50 if the ray
depth is less than 0.01 meters, indicating the air-sea boundary,
otherwise the ray interacts with the sea ice lower boundary and
the geoacoustic properties listed above are used. It is important
to note that BELLHOP does not propagate energy through or
within the upper half space. In future work, a higher-fidelity
reflection model, such as that provided by using the BOUNCE
program and used by Alexander, Duncan, Bose and Smith [4]
may be considered.

3) Signal Convolution Model

To obtain the received signal, the convolution of the
transmitted signal with the channel-impulse response is
computed. However, given sea surface and source/receiver
motions, the arrival structure amplitudes and delays require
further corrections to account for these dynamic features.
Whereas BELLHOP assumes a static environment and
provides fixed arrival amplitudes, 4,, at fixed times, f,, these
amplitudes need to be generalized. The correct expression for
the relationship between the transmitted signal, s(¢), and the
received signal, p(f), is described fully by Siderius and Porter
[12] who provide the expression,

p() = ) RelAn(®)lslt — ta(D)] - Im [ (D]s* [t~ 7] (1)
n=1

where the A4,(f) are time-dependent amplitudes (from the
channel impulse-response), 7,(f) is a time-dependent time
delay, and s* is the Hilbert transform of s(z). These time-
dependent amplitudes and delays are computed by the open-
source Matlab-based post-processor VirTEX (Virtual Time
Series Experiment).

To compute the received signal, VirTEX performs the
convolution in (1) after accounting for dynamic sea surface
motion, source and receiver motion (defined by vertical and
horizontal velocities), and an up-sampled version of the
transmitted signal (e.g., as output by a modem), with the
eigenray trajectories and channel impulse-response. This is
described in detail by Siderius and Porter [12]. Once computed,
the received signal can be played through the soundcard,
potentially to be decoded by a real acoustic sensor, be saved to
a library of signals, or ingested by a suite of
statistical/measurement routines.

To account for the inclusion of partial sea ice covers,
VirTEX was also modified. Note that while the sea-surface is
dynamic, the sea ice is stationary. VirTEX follows each
eigenray and applies corrections due to a moving sea surface
when the eigenray encounters the sea surface. When using
partial ice covers, the key modification to VirTEX is to track
instances when an eigenray encounters ice rather than the sea
surface. Therefore, VirTEX was modified to read the
BELLHOP altimetry file. If ice is encountered at the boundary,
then no correction is applied.

4) Sea Surface Model

For generating spectrally accurate time-varying sea
surfaces, VIrTEX calls the open-source WAFO (Wave
Analysis for Fatigue and Oceanography) Matlab Toolbox. The
Pierson-Moskowitz wave spectrum [13] is employed, with sea
surfaces being generated through a user specified wind speed.

5) Ice Keel Draft Model

The sea ice keel draft model is based on the work presented
in Goff’s paper [14] who sought to create a set of
computational tools for estimating the stochastic properties of
sea ice draft. Goff compared his method with statistically
analyzed sea ice draft as measured using by upward looking
sonar under a 10 x 10 km square section of Arctic ice, with a
good measure of success. The method provides a recipe for
computing ice keels that very closely match five parameters
used to classify real terrains, namely the mean thickness (7y),
RMS thickness (H), normalized skewness (u3"), characteristic
length scale (4g), and fractal dimension (D). A sample ice keel
section of 2000 meter in length is shown in Fig. 2 for inputs, H
=384 m, f{p =452 m, g = 63.8 m, D = 1.26, u3" = 1.27,
corresponding to Fig. 6 from Goff [14]. Randomly distributed
partial ice covers are generated by first generating a full-range
ice cover and then replacing random length sections by zeros,
at random starting locations. This is done iteratively, with the
covered fraction being measured and compared to the desired
fraction at each step. If the desired fraction is exceeded the
process is repeated until the desired fraction is attained.
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Fig. 3. Sample output from the ice keel draft model.

6) Water Currents

There are several ways to express the speed of sound in
moving media. One technique, shown in Thompson [15], was
to derive the equivalent Snell’s Law. Ray tracing may be
performed by integrating the following equations with respect
to x (equivalently, range):

dZ
E =tana (2)

where Z is the depth in the water, a is the ray launch angle
(from the horizontal, positive clockwise) and with the inclusion
of current it can be shown that,

da ¢; + U, seca
dx  c+Useca (3)

for small Mach numbers (M = U/c), U is the speed of water
current (a function of depth), ¢ is the speed of sound (a
function of depth), and ¢, and U, are shorthand variants for
vertical derivatives (gradients) dc/dz and dU/dz, respectively.



For natural flows, the Mach number is of order M « 1, and
so the U sec a term in the denominator is quite small and
serves mainly as a perturbation to the sound speed, and hence
time-of-flight (about 0.5 ms/km per m/s of current). Sanford
[16], provides insights with respect to the effects of current
shear. The presence of the current gradient, U, in the
numerator of equation (3) may be comparable to, or greater
than, the sound speed gradient, c,. This may be significant, as
even in an isovelocity environment (i.e., ¢,=0) any remaining
current gradients will refract sound and determine eigenrays
that might otherwise note have been expected. Hence, the
channel impulse response may be, likewise, affected.

For moderate ray launch angles (o < 30°), equation (3) may

be simplified to a ‘summed’ sound-speed-plus-current
approach,

da  (c+U);
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In the numerator of equation (4), the sound speed (at depth
Z) and the current speed (at depth Z) are summed, and then the
vertical derivative is calculated. In the denominator, only the
sum is taken. The implications of this are that for moderate
angles the current may be added to the sound speed profile
outside of the propagation model and then presented to the
model as new sound speed profile: cpew(2) = Cacuar (2) + U(2),
without requiring changes to the propagation model code. As
the water current is signed (or has a directionality), the
introduction of water current leads to a loss of acoustic
reciprocity in the channel. That is, the transmission loss
calculated between points A and B, is no longer the same as
from B to A. Thus, in the presence of significant current (and
its gradient), the simulator should be able to reverse the
environmental inputs to calculate this B to A propagation. This
capability has been implemented as a single input switch to
reverse the entire A to B scenario.

Salomans [17] discusses moving-medium effects in the
atmosphere. For Mach numbers similar to our expected values,
he demonstrates that the simple addition of the wind speed in
the in-line direction was an accurate approximation. His tests
included comparisons between a ray model and a Fast Field
Program (FFP) method and found that in the frequency range
of the ray theory, the results matched. The conclusion is that
the method using equation (4) is sufficient for use in the
simulator as long as the current profile is sampled such that all
significant current gradients are adequately resolved. Not
capturing these current gradients will result in poor prediction
performance. Experimental validation of this assertion, using
stratified tidal flows, is identified as part of future work.

7) Signal Generation

By default the simulator operates on digital signal data
saved as a .wav formatted audio file. With little effort the
simulator can be changed to accept other formats. These data
may originate from any source such as signal generation
hardware, sonar generated, or from a built-in simulator signal
suite. Signals are generated by this suite are via built-in Matlab
functions, or custom functions. Signals presently available in
the simulator are multiple frequency shift keying (MFSK),
binary phase shift keying (BPSK) using the method of

Borowski [18], Linear and Hyperbolic Frequency Modulated
(LFM, HFM), and continuous wave (CW). In the case of
modulated coded signals, the corresponding demodulator is
available.

III. PRELIMINARY RESULTS

This section presents the effects of partial ice cover and
wind on acoustic propagation and communication performance
in a shallow channel, as calculated by the simulator described
above.

A. Effects of Partial Ice Covers on Propagation Loss

Fig. 4 shows the full-field coherent propagation loss as
computed by BELLHOP. The environment is 200 m depth, and
15 km in range. The bottom is flat (muddy sand) and the
surface boundary is a partial ice cover with 60% coverage over
the entire range, i.e. 60% of the sea surface is covered in sea
ice of varying thickness, and 40% of the sea surface is exposed
to air. The ice, barely visible in Fig. 4, was generated using the
method described, above. The source is of a sufficiently high
frequency such that the BELLHOP model is readily applicable,
and whose wavelength is much smaller than any single
physical feature in the environment. The source is shown,
located at zero range and a depth of 20 m. An upward
refracting sound speed profile, common in the Arctic, is
applied to all ranges, with the sound speed being 1500 m/s at
the surface and increases linearly to 1520 m/s at the sea bed
depth of 200 m. This simple sound speed profile is useful for
the purposes of testing. This sound speed profile is used
throughout this section. The shading indicates relative intensity
of the sound, with light to darker shading indicating higher to
lower acoustic intensities, respectively.
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Fig. 4. Sample full-field propagation loss for an ice canopy with 60% partial
coverage.

A signature feature of the sound field under a partial ice
cover is that energy propagates in spatial ribbons, which are
visible in Fig. 4 as refracted energy of a lighter shade than the
background. These ribbons occur as a result of stronger
reflection from the sea surface air-water interface as compared
to reflection and scattering from the underside of the solid ice
canopy. In this sample, reflections from short sections of air-
water interface, at approximately 2.5, 4 and 5 km, create this
structure in the water that influences the field at much farther
ranges. In this type of environment the spatial structure of the
sound field at longer ranges is highly dependent upon the
initial condition, the location of the transmitter with respect to



the surface ice features. Likewise, for fixed transmitter and
receiver locations, if the ice cover drifts under the influence of
surface currents, or winds, the receiver will experience wide
variations in signal strength over time.

B. Eigenray variability

Fig. 5 shows two eigenray plots for a similar environment
as in Fig 4, but to range of 5 km, and for two different partial
ice covers, each of 50%. The source is at 20 m depth, and the
receiver may represent a bottom moored sensor, floating 10 m
above the seafloor at 190 m depth. Each plot was extracted
from a set of runs in a Monte Carlo simulation which was used
to assess bit error rate (BER), discussed below. Immediately
one observes the vast difference in the number of eigenrays
between the two realizations. Over a single series of 30
realizations it is not uncommon to observe extremes showing
as few as 10 eigenrays to as high as 40 eigenrays. Second, one
observes that many eigenrays make contact with the ice
canopy. Many of these rays might not have been found as
eigenrays had it not been for luck in intersecting a random
perturbation from the surface altimetry enabling the source to
receiver connection. However, it also appears as though the ice
canopy introduces a lot of steep angle propagating rays. These
rays will arrive much later and likely with higher attenuation
due to the accumulation of losses encountered at the
boundaries.
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Fig. 5. Eigenray plots for two different instances of 50% partial ice
coverage. Upper plot shows a low number of eigenrays (7). Lower plot
shows very many eigenrays (>30).

C. Effects on communication

The results of this section are to be considered preliminary.
It is of interest to understand how partial ice covers affect the
reliability of acoustic communication between a source and a
receiver. The environment and source-receiver geometry are

the same as described in III-B, however the partial ice
coverages were: 0% (no ice, full exposure to wind), 20%, 50%,
80%, and 100% coverage (no exposure to wind). For each of
these ice coverage percentages, three wind speeds were used: 0
(no wind), 5 m/s, and 10 m/s. The sea surface spectrum, as
generated by WAFO, used a Pierson-Moskowitz spectrum
[13]. The signals used were random sequences of 0 and 1,
binary phase shift key (BPSK) encoded, and transmitted on a
carrier. The signals were 3 seconds duration, and two low bit
rates were used: 25 and 50 bits per second (bps), respectively.
For each combination of inputs 30 realizations were generated
from which the mean BER and the standard deviation were
computed. The BER rate is calculated immediately upon
demodulation by comparing the decoded received binary
sequence of 0’s and 1’s to the known transmitted sequence.
The demodulator (after Borowski [18]) is robust, using both a
training byte prior to the binary message, and a FM-chirp
signal, to synchronize the receive pulse. All calculations were
done in the absence of any random noise. Therefore, this
example represents a high signal-to-noise ratio (SNR) case.

The preliminary results are shown in Fig 6. The BER is
displayed along the vertical axis, and the percentage of ice
cover is shown along the horizontal axis. Overall, the BER
appear high, with nearly all signals exhibiting average BER
values of 0.1 (10% incorrect) or worse regardless of wind
speed or ice cover. As the wind speed increases from zero to 10
m/s the BER increases, as one expects, from increased sea
surface wave motion. In the high wind speed case (10m/s) the
BER decreases as the percentage of ice cover increases to
100%. This is expected as the sea ice in our present model is
motionless and therefore increased ice cover protects the
propagating signal from the effects of the sea surface motion.
Finally, the data converge when the ice cover is 100% where
the wind has no effect on any signal.

The effect of changing the bit rate from 25 to 50 bps made
no significant difference. The dip in BER at 50% for zero wind
speed ice cover stands out as slightly counter intuitive. This
datum was checked by running another Monte Carlo set, and
the result was effectively the same.

The variability in the mean BER is discussed next. Not
shown in Fig. 6 are the +1 standard deviation bars. The
standard deviations all fell within the range 0.11 to 0.24
(except, zero for wind speed 0 m/s, and 0% ice cover, which is
a single run). Typical standard deviations were near the value
0.15, even when the BER was less than 0.15, such that many
single realizations were observed with BER = 0.0 (perfect
decoding). Conversely, it is common to see the BER > 0.3 in
the same set of values, as is shown in Fig. 7 (for zero wind
speed) for a different ice canopy. These large variations in
BER appear to be in line with the previous assertion that with
any ice cover, the acoustic field at the receiver is highly
susceptible to the particular ice canopy.
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Fig. 7. Example of BER variability across different realizations within a
Monte Carlo run (wind speed 0 m/s, ice cover 20%).

IV. FUTURE WORK

As the project progresses, both lab studies and field studies
will be conducted. As part of refining and extending the study
presented here, we should perform larger Monte Carlo runs for
improved statistics, find a selection criteria for determining
improved bit rate for test, and also examine BER variability
under partial ice covers due to small changes in transmitter and
receiver position with respect to the ice cover position.
Coloured noise will be added to the code suite. As hardware is
obtained, the hardware-in-the-loop portion will be assembled
and tested with real sonars mounted to the test bench.
Preliminary field work has occurred but the conditions were
problematic and there is a desire to repeat these experiments in
the presence of tidal currents that we wish to report on.

ACKNOWLEDGMENT

The authors thank Dr. Sean Pecknold, Dr. Diana
McCammon, Dr. Gary Brooke, and Dr. John Goff for valuable
comments and assistance during the course of the development
and preparation of the paper.

(1]

(2]

[3]

(4]

(3]
(6]

(7]

(8]

(9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

REFERENCES

Q. Parastoo, M. Stojanovic, “Statistical characterization and
computationally efficient modeling of a class of underwater acoustic
communication channels,” IEEE Journal of Ocenanic Engineering, 38,
4,p.701-717,2013.

H.S. Dol, M. E.G.D. Colin, M.A. Ainslie, P.A. van Waltree, “Simulation
of an underwater acoustic communication channel characterized by
wind-generated surface waves and bubbles,” IEEE Journal of Ocenanic
Engineering, 38, 4, p. 642-654, 2013.

P. Alexander, A. Duncan, N. Bose, Modelling sound propagation under
ice using the Ocean Acoustics Library's Acoustic Toolbox, in McMinn,
Terrance (ed.), Acoustics 2012 Fremantle: Acoustics, Development and
the Environment, Conference of the Australian Acoustical Society, Nov
21-23 2012, Fremantle, Western Australia.

P. Alexander, A. Duncan, N. Bose, D. Smith, “Modelling acoustic
transmission loss due to sea ice cover,” Acoustics Australia, 41, 1, April
2013.

Tera Term homepage: http://ttssh2.0sdn.jp/index.html.en (last accessed
10 Aug 2015).

M. B. Porter, Acoustic Toolbox distributed under the GNU Public
License, http://oalib.hlsresearch.com/Modes/AcousticsToolbox/  (last
accessed 10 Aug 2015).

J.C. Peterson, John C., M.B. Porter, Virtual Timeseries Experiment
(VIrTEX) - Quick Start, 8 July, 2011. (http://oalib.hlsresearch.com/
Rays/index.html, last accessed 10 Aug 2015).

“WAFO— A Matlab toolbox for analysis of random waves and loads,
tutorial for WAFO v2.5,” Lund Univ., Lund, Sweden, 2011 [Online].
Available: http://www.maths.lth.se/matstat/wafo (last accessed 5 Aug
2015).

M.B. Porter, The BELLHOP manual and user’s guide: PRELIMINARY
DRAFT, Heat, Light, and Sound Research, Inc., La Jolla, CA, USA,
January 31, 2011.

O.C. Rodriguez, General description of the BELLHOP ray tracing
program (June 2008 release), Physics Department, Signal Processing
Laboratory, Faculdade de Ciencias e Tecnologia Universidade do
Algarve, Version 1.0, 2008.

D.F. McCammon, S.T. McDaniel, The influence of the physical
properties of ice on reflectivity, J. Acoust. Soc. Am., 77 (2), February
1985, p. 499-507.

M. Siderius, M.B. Porter, “Modeling broadband ocean acoustic
transmissions with time-varying sea surfaces,” J. Acoust. Soc. Am. 124
(1), p. 137-50, July 2008.

W.J. Pierson, L.A. Moskowitz, “Proposed spectral form for fully
developed wind seas based on the similarity theory of S. A.
Kitaigorodskii,” Journal of Geophysical Research, Vol. 69, p.5181-
5190, 1964.

J.A. Goff., “Quantitative analysis of sea ice draft 1. Methods for
stochastic modeling, Journal of Geophysical Research,” Vol. 100, No.
C4, p. 6993-7004, 1995.

R.J. Thompson, “Ray theory for an inhomogeneous moving medium,” J.
Acoust. Soc. Am. 51, (5) (Part 2), 1972.

T.B. Sanford, “Observations of strong current shears in the deep ocean
and some implications on sound rays,” J. Acoust. Soc. Am., 56 (4),
October 1974.

E.M. Salomans, Computational Atmospheric Acoustics, Kluwer
Academic Publishers, Norwell, MA, USA, 2001 (see section 4.6).
B.S. Borowski, Application of channel estimation to underwateracoustic

communicaton, Ph.D. dissertation, Stevens Institute of
Technology,Castle Point on Hudson, Hoboken NJ, 2010.



	Return to Main Menu
	Return to Previous View


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




