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There are three fundamental methods of communicating underwater; optics,
acoustics and radio frequency electromagnetic waves. This project has focused on
electromagnetic waves as they can penetrate the air/ water interface. As
electromagnetic waves penetrate the air/ water interface, the noise under water is
the same as that in the air, albeit attenuated. The goal of this project was to
develop an efficient system for the continual measurement and analysis of (region
specific) ambient EM noise. The analysis of this information will help develop an
understanding of long-term diurnal and seasonal trends in order to optimise
communication systems.

Contents
A System for the Automated Measurement of Ambient Electromagnetic NOIse ..........cccccecerenene. 1
NOIMENCIALUIE ......ceeeeeeeee ettt ettt et b e st e st et e e st eseebeebesbestensentenseneenenseas 2
I T Lo o [0To1 AT o OO SRS SRR 3
A, Project DefiNITION.......ccveiiicieeececee ettt sttt s ere et 3
I BACKGIOUNG ...ttt b st e et nenne s 3
A.  Sources of ambIeNt EIM NOISE .......ccoviririirieieieieeeesestesee ettt 3
T 0T TN g To I T [U1=] T RS 4
O TS o - Tox 1ot OSSPSR 4
D, SIE SUNVEY oottt ettt sttt et s ta et e beeaa et e sbeenbesbeeseenbesteentesaeenaentas 4
Il SYSTEM DEBSIN ©.veitietieie ettt ettt et e s tesbe et e s teesa e bestaessesbeessessesbaensestessnensens 5
AL EXISHING SYSEEIM ..ottt sttt ettt st e e seeaesteessesbeeseensesseessessessnensens 5
B, INBW SYSTEIM ..ttt st ettt s te e be e sbeesaeesasesabesnbeenbeenaees 5
C.  Antenna Design (NEW SYSIEM) .....cccveiirieriirieeterieeeesieseeste e eseessesreesae e saesresseensessesssenns 6
D. Comparison of syStem PerformMancCe .........ccoeeceeieeeiieiececeee ettt 7
I O | [ 14 o] o OSSR 8
v Air and Seawater MEASUIEIMENTS.........coiviririerieieieieeteste sttt ettt eaeas 9
EXISHING SYSLEM ..ottt ettt et et e st e s be et e sbeesaensesreennenes 9
B, INEBW SYSTEIM ettt sttt ettt sttt esbe e sbe e saeesse e enteesteesreesreesneesnns 11
A O] o o [ 1] o] SRS RRS 12

! SBLT, School of Engineering & Information Technology, ZEIT 4500/4501
1
Final Project Report 2014, UNSW@ADFA



VI RECOMMEBNUALIONS .....eeeeeeeeeeeeeee ettt ettt et e e e ettt eeeeeeeeesreaeeeeesesesasssereeeeesssesassereeees 12

ACKNOWIBAGEMENTS ...ttt ettt sttt 13
RETEIENCES ... ettt ettt ettt b ettt a e bbbt e ettt ne e 14
Nomenclature
HF High Frequency
LF Low Frequency
RF Radio Frequency
VLF Very Low Frequency
ELF Extremely Low Frequency
MF Medium Frequency
UNSW University of New South Wales
IEEE Institute of Electrical and Electronic Engineers
EM Electromagnetic
ITU International Telecommunications Union
ksps kilo samples per second
COTS Commercial off the shelf
PCB Printed Circuit Board
PSD Power Spectral Density
UNSW University of New South Wales
ADFA Australian Defence Force Academy

Table 1-Table of Nomenclature
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I Introduction

Radio frequency Electromagnetic (EM) waves are able to penetrate the air/water boundary without the
need for wires. This trait is desirable if a system has receivers and transmitters on either side of this
boundary; such as an aircraft communicating with a submarine. However, as frequency increases EM
waves suffer greater attenuation reducing the transmission distance. This is overcome by transmitting at
lower frequencies, which have less attenuation but also lower data rates. This relationship is described by
the propagation coefficient; y.The propagation coefficient is influenced by the conductivity, permeability
and permittivity of the medium. In a lossless medium, like air, y is purely imaginary (y= jg); thus, there is
no attenuation. However, in a lossy medium, such as sea water, y is complex resulting in attenuation.
Equation 1 reveals this relationship between an increase in frequency and attenuation.

y = jo /eu—j‘;—"=a+jﬁ (1)

It is hoped modern wireless multiple access techniques can increase these data rates. The goal of this
project is to design a system which can measure and record the ambient electromagnetic noise both above
and below water. It is intended that the analysis of these measurements will identify seasonal and diurnal
trends, to provide the insight required to optimise the design for underwater communications systems.

A. Project Definition

This project is divided into two main sections. The first is a direct continuation of Alan Clarke’s project
from 2014. This, existing system was used to accumulate long term sets of data (in air); with the intention
of exploring trends and feature extraction concentrating on the ELF to LF bands [1]. The second goal was
to design an improved system, focusing on increased bandwidth and portability, in order to conduct
measurements in salt water. As a result of this increased bandwidth this section focused on the VLF to MF
bands [1]. The long term measurements in air are important to predict the signal strength (EM noise) in
water.

I Background
This project has focused on the ELF to MF bands (0-2 MHz). These frequencies are traditionally used for
navigation signals and communication with underwater systems (penetrating the air/water boundary).
However, “radio noise sets a limit to the performance of radio systems.”[2] Fundamentally, we must know
the boundary conditions to optimise the system. The ITU defines noise as;

“a time varying electromagnetic phenomenon having components in the radio frequency
range, apparently not covering information and which may be superimposed on, or combined
with, a wanted signal. ”’[2]

A. Sources of ambient EM noise

This noise is divided into natural and man-made noise. Natural (environmental) noise at low frequencies
(up to 100 KHz) emanates, predominantly, from lightning strikes [3]. At higher frequencies (VLF) galactic
sources, particles and waves interacting with the magnetosphere, comprise a significant portion of EM
ambient noise. In contrast, man-made noise is generated by technology such as power lines (50-60 Hz),
electronic devices for indoor use or even car ignitions [4].

Additionally, the ITU-R lists the most prevalent forms of noise for radio systems (0.1 Hz to 100 GHz),
these include;

Radiation from lightning discharges (atmospheric noise due to lightning);

Unintended radiation from electrical machinery, electrical and electronic equipments, power;
transmission lines, or from internal combustion engine ignition (man-made noise);
Emissions from atmospheric gases and hydrometeors;

The ground or other obstructions within the antenna beam;

Radiation from celestial radio sources
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B. Noise and Frequency

The ITU recommendations reveal that external noise (F,) given by equations 2 and 3 (Annex A) decreases
with frequency. This relationship is shown at figure 1. In addition, while marginal, this noise has diurnal,
seasonal and geographical variations. The solid curve (fig 1) represents the minimum hourly expected
values of F, while the dashed curve reveals the expected maximum values. This figure reveals there is very
little diurnal variation at low frequencies (0-10 KHz), while at higher frequencies there is a higher degree
of diurnal variation. This figure, and all ITU figures, provide an average of the world, and thus are not
region specific. Finally, seasonal variation exists with the summer months having higher ambient noise due
to increased atmospheric activity [3]. A comparison of summer and winter ambient noise is presented at
Annex B.

F,, minimum and maximum, versus frequency (0.1 to 10° He)
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Figure 1- Noise (F,) vs frequency

C. Best Practice

In 1985, the IEEE released standards for conducting an EM site survey (10 KHz to 10 GHz). This project
has been conducted in accordance with the IEEE standards where possible. Deviations from this standard
will be noted. A site is normally surveyed for one of two reasons; to characterise the performance of an
existing or planned electronic system or to examine the potential contribution to short- and long-term
biological effects [5]. This project is being conducted for the first of these reasons.

D. Site Survey
The IEEE divides site surveys into two general classifications; interior and exterior [5]. This project lies
within the exterior measurement classification. The IEEE recommends the measurements scheduling
should accommodate;

1. Normal operating hours of electrical and electronic equipment and broadcast transmitters

2. After-working-hours period when usage of equipment is minimal

3. Post-sunset interval when some broadcast transmitters operate at reduced power or cease
transmission

4. Midnight-to-sunrise hours when some broadcast transmitters are inactive and when
electrical usage and vehicular traffic are low.

In addition, equipment should be calibrated across the frequency range of interest for any receiver, detector
or recorder. Furthermore, it recommends that a survey should be conducted over a period of at least two
weeks with measurements taken each hour. This is done to establish a cyclical daily pattern.

4
Final Project Report 2014, UNSW@ADFA



111 System Design

A. Existing System

The existing system, which was developed by Alan Clarke (2013), has been taking continuous
measurements of ambient EM noise. It was designed as a modular system to reduce risk and allow for
incremental improvement of the system. A block design of the system is presented at figure 2. The pre
amplifier (orange box) was not integrated into the system due to a parasitic oscillation at 460 KHz. As the
voltage induced at the antenna is very small (nano volts), the attenuation due to the transmission line
presented a significant problem. Without the gain provided by the pre amplifier the noise of the Edirol
above 48 KHz is greater than the strength of the received signal.

Power Supply
(Battery or DC PSU)

Main Power Distribution

[Preamps) (Edirol)

Figure 2-Block diagram existing system

B. New System
A block diagram of the improved system is presented at figure 3. The green box represents the equivalent
circuit for the antenna.

Data Acquisition
The data acquisition is completed by the Terasic daughter board. The daughter board is an off the shelf

(OTS) solution on loan from Dr Craig Benson. An AD 9248 ADC is integrated into the board. This is
capable of sampling at 4 MS/S providing a bandwidth of 2 MHz. The daughter board is programmed to
take a 1 second measurement every 20 s. This is contrast to the IEEE recommendations of a 1 minute
measurement each hour. As the daughter board is an OTS solution, the alteration of the board’s software

was beyond the scope of this project. i

Antanna Electranics e Data Acquisition

Res
Amplifier i
A high impedance 55002 (measured) amplifier with a AL 130 m Cable .5 m Cable
gain of 60 dB was utilised. The (high) impedance of the Inductor
amplifier is important to reduce the effect described by Il
vi i Il t Terasic
the voltage divider rule (equation 4). Cip i
Amplifier Board
R; Vi
Vsource = Vin Rinl:Zs (4) T

Essentially, if the impedance of the antenna is
sufficiently higher than the impedance of the amplifier r—)

the voltage measured at the ADC will be attenuated. L_8GB Micro SD

Data Storage Rin

The output of the ADC is stored on an 8 GB micro SD PRl st bt
Lead Acid Battery

card as an unsigned 16 bit integer. This is capable of Figure 3- Block Diagram New System

storing approximately 5 hours of data. Recorded data was
transferred from the Micro SD card to a PC for long term storage.
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derivative imag(Y)

x 10

-10

Data Processing

The stored data is imported into MATLAB for processing. The raw data (nano volts) was processed using
MATLAB’s pwelch function to create a windowed PSD with 10241 bins.

C. Antenna Design (New System)

The antenna was designed as a loop antenna in accordance with the IEEE recommendations for

measurements of frequencies below 30 MHz [5].

In order to design an efficient system, it is helpful to model the antenna as an equivalent circuit. In
particular we want to model the source impedance (Zs). The design process implemented in this project
represents a parametric approach. The antennas impedance was measured on an E5071 C Network
Analyser. The measured data was then compared to two heuristic equivalent circuits with stipulated
component values. The measured data revealed resonant behaviour which indicated the model required a
capacitive component. These models were series and parallel equivalent circuits. The model which best

represented the measured data was a parallel RLC
circuit (Figure 3). This circuit has the added advantage
that we can model the real part of the impedance as the
resistor value and the imaginary part of the impedance
as the combination of the capacitor and inductor
values. However, measured data is comprised by a
combination of the desired signal and noise. In an
attempt to remove the influence of the noise, the data
was averaged across its surrounding measurements.
This presents a trade-off as we are altering the
measured data and potentially adding our own bias.

Resistor

The resistor value can be modelled as the inverse of
the real part of the admittance. Figure 4 displays a plot
of the real part of the admittance vs the angular
velocity (®). In this plot the measured data is
represented by the cyan line, while the averaged data is

Real ¥

(]

x10° Real part of Admittance-Inverse of Resistor Value

Measured Data
Smoothed 10 points
— — resistor range

L
X: 873424006
[ oot Y: 2635005

Figure 4-Resistor Value

represented by the black line. The magenta lines represent the range of resistor values. This range
represents an uncertainty due to the noise in the system. As

Derivative imag(Y)-Capacitor Value

Measured Data

Smoothed Data (20 points) Cagacitor

R=1/Y, the resistor value for this circuit is 38KQ.

X 7.854e+007
¥ 1.075e-011

Figure 5-Capacitor Value

The capacitor value is determined from the derivative of the
imaginary part of the admittance. As this value is obtained
from the derivative of the imaginary part of admittance it is
even more important to account for the noise. Figure 5 reveals
the impact of the noise on the capacitor value (10pF).

Inductor Value

Once the capacitor value has been determined we can exploit
the design of the parallel RLC circuit to determine the inductor
value. Utilising equation 5, where E, is the resonant requency;

1

k= 2nVLC (5)

The derived inductor value is 66 mH. We have now accounted
for each of the component values.
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D. Comparison of system performance
The existing system, while functional does provide some limitations.

Physical Limitations

Technically, the existing system is portable (it does not require mains power). However, while modular, the
system has a significant number of components and is cumbersome to move. This is highlighted by the
antenna design. The antenna system has a height of 1.5m, a width of 1 m and weighs 10 Kg. In contrast the
new small loop ferrite antennas have a length of 15 cm, a diameter of 8mm and weigh 120g.

Performance Limitations

The ITU-R indicates there is very little seasonal variation below 10 KHz, this can be confirmed at figure 1.
The bandwidth of the existing system (48 KHz), which is limited by the sampling rate and noise of the UA-
101 Edirol, is relatively small. In contrast the new system has a bandwidth of 2 MHz; providing the
necessary bandwidth to examine this phenomenon. A table comparing the performance of the two systems
is presented at table 2.

MNew Existing

Tersasic

Daughter

Board
System (ADS248)  |Edirol UA-101
Samplig rate A5 182 Ks/5
Bandwidth 2MHz 4BkHz

BB Micro

storage SOCard  |1TB external HOD

Measurement 1z f20s 1m/hour

Accuracy 14bit 24 bit [16bit usad)

[ = 16dBu =4. 8V [EMS)

Resolution 183UV 7320V

power 12V lead

requirements acid 12V DC/12V lead
battery acid battery

signal levels nano Veolts |nano YVolts

Table 2-Comparison (Existing v New System)

Antenna Specification (New System)

Employing the design process described at part C of this section, a parametric approach was applied to
develop the most efficient antenna. Table 3 provides the key elements from the equivalent circuits. The two
lines highlighted in yellow represent the same small loop air coil antenna. The antennas impedance was
measured on the network analyser with and without a ferrite core. If we examine the two inductor values
we can see the ferrite increases the inductor value by a factor of 60. This is important as, in accordance
with Faraday’s Law (equation 6), the voltage induced at the antenna (source voltage) is proportional to the
change in flux.

d
Vsource = L d_(f (6)

Furthermore, the addition/removal of the ferrite does not alter the capacitor value. This should be expected
as the capacitor value is representative of the proximity and configuration of the turns of the antenna. The
two rows highlighted in pink represent two antennas with the same number of turns. However, they have
different lengths (40 and 150 mm). To achieve the same number of turns; the turns on the shorter antenna
were overlapped. The equivalent circuits reveal the longer antenna has more than twice the inductance,
lower capacitance and a higher resonant frequency when compared to the shorter antenna. To summarise
the table; as the number of turns increases the inductance increases (increasing antenna sensitivity) and the
capacitance increases resulting in a lower resonant frequency.
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Equivalent Components
Resonant Frequency
No of Turns |Length(mm) |Ferrite Turns Overlapped Diameter (mm)  |(KHz) Resistor (Q) |Inductor (H) |Capacitor (F)
50 150 Y N 8 4429 5.00E+04 1.77E-04 7.70E-12
100 40 Y Y 8 2069 5.00E+04 3.10E-04 1.90E-11
100 150 Y N 8 2600 3.80E+04 6.66E-04 1.00E-11
185 160 Y Y unknown 486 1.00E+04 7.40E-04 1.50E-10
200 150 N N 8 8753 4.00E+04 3.24E-05 1.00E-11
200 150 Y N 8 1173 7.00E+04 1.90E-03 1.00E-11

Table 3-Antenna Comparison

The coils impedance is very large at resonance. Equation 4 reveals that this will result in an attenuated
signal; effectively reducing the systems bandwidth. For these reasons the final antenna designed was a 100
turn with ferrite core (length 150mm). This design represented the best compromise between size,
sensitivity and accuracy.

E. Calibration

The calibration for the antenna was conducted using air measurements taken from the roof of building 16 at
the University of New South Wales at ADFA. In order for the measurements to be meaningful it is
essential that the system is calibrated. Figure 6 displays this calibration process.

— FR Amplifier
Measured data

Canberra data

configured data

Amplifier Compensation
FRADC

i| ——aApc compensation

: Moise floor 50 Ohm term. load

Power [dB]

200 400 600 800 1000

Frequency [KHz]

1200 1800 2000

Figure 6-New system Calibration Process

Amplifier Frequency Response (blue line)

The blue line represents the frequency response of the amplifier. This was measured utilising a function
generator (10 mV input voltage) and an oscilloscope. The dB value was calculated as a ratio of input to
output voltage (20LOG10(Vou/Vin))-

ADC Frequency Response (green line)

The ADC’s frequency response was measured utilising a sinusoidal input voltage of 1 V,  p. This was
recorded on the ADC and processed in the time domain with MATLAB; the peak to peak voltage was then
measured and recorded. This process was repeated over a range of frequencies. The flat portion of the
frequency response (8000, , (ADC reading)) was set as the base line and considered to represent 1 V
(0 dB). This baseline enabled a comparison between each of the measured values and 0 dB.
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Un-calibrated PSD (magenta line)
The magenta line represents the PSD calculated directly from the data stored on the micro SD card.

Calibrated PSD (black line)
The ratio determined when calculating the ADC’s frequency response was then applied to the raw numbers
obtained from the SD card. The PSD was recalculated with the calibrated data.

Correction for Amplifier Roll off (cyan line)

The pass band of the Amplifier is 60 dB. A linear interpolation of the amplifier’s frequency response was
conducted to ensure it had the same number of points as the PSD. The difference between the amplifier’s
frequency response and 60 dB was calculated. This value was added to the Calibrated PSD.

Correction for ADC roll-off (red line)

In a similar manner to the amplifier correction the difference between the ADC frequency response and 0
dB was calculated. This value was applied to create the final calibrated response. Once calibrated the
induced voltages measured at the antenna ranged from 1nV to 100nVs. The increase in Vs is in accordance
with Farraday’s Law. If we integrate equation 6, we derive equation 7.

[VeourceW)| = Low (7
In which it is apparent that the source voltage induced at the antenna is frequency dependent (in air).
System Noise (yellow line)

The system noise was calculated by calculating the PSD when the amplifier was not connected. A 50Q
terminating load was placed across the ADC input.

IV Air and Seawater Measurements
The results section is split into two parts; the existing system and the new system.

A. Existing System
The existing system has been taking continual measurements from March 2014 to October 2014. This is
completed with the intention of compiling long term data to explore trends and conduct feature extraction.

Diurnal Variation

Diurmal Wariation March 29

mMidnight

-20

-5

=100

Pawer [dE]

-105

—110

-115 |

Frequency [KH=]

Figure 7-Broadband view of diurnal variation
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| Midnigh Figure 7 presents a broadband view of diurnal
04 h .. .. . I
035 08 h { variation. This is shown to provide an appreciation of

_ b the wider spectrum. Figure 8, provides a view of the
04k 16 h

——20h ] frequency range between the solid blue lines (5-6
'1”4'57\/\/w KHz). Figure 8 displays the diurnal variation over the

T qsf course of one day (March 29, 2014). It confirms that
j 0ssl the background noise is lowest between midnight and
8 am and higher during the daylight hours. This

Aol ] \/ | 1 should be expected, as there are fewer weather events
A65F geltaf= 24 Ha {1 and less man-made noise at night [3]. In contrast,

o | during the day there is both more man made noise

T N S S R and atmospheric noise due to an increased number of
52 53 54 55 56 57 58 59 6 6.1

Frequency [KHz] Weather events [3]
Figure 8-Diurnal Variation

Seasonal Variation

Figure 9 displays the broadband seasonal variation. The figure on the right (figure 10) displays the same
information focusing on two frequencies; 18 and 23.44 KHz. In this plot the numbers on the bottom
represent the month (ie March = 3). Each of the plots in figure 9, and their corresponding points on Figure
10 are representative of measured data obtained at 1800 h on the 29" day of each month. These plots reveal
an increase in background noise in the winter months.

Seasonal Varniation Seasonal Variation 1300h

H =106 T T T T T
: —+— 18kHz #.
: — 23.44KHz A
L. 065 /AN
: -107 1
g | =
= . —
i E 075 f
oo [ J‘/
108 108 J
4
; — e -
-1085 L~ e
i i i i i ] i i ] I 109 L L L
0 = 10 15 20 25 30 a5 40 45 3 15 4 45 5 55 g 6.5 T 75 8
Frequency (KHz) Maonth
Figure 9-Broadband Seasonal Variation Figure 10-Seasonal Variation 18KHz/23.44KHz

This is unexpected; the ITU-R predicts higher levels of background noise in the summer months. However,
it should be noted that the ITU-R data represents averages for the whole word. The period of increased
noise (our winter) corresponds to the northern hemisphere summer, it is feasible that with greater land mass
and thus greater weather related activity, the effect of the northern hemisphere summer accounts for this
result.

Man-made variation
The Take Charge and Move Out (TACAMO) is a US military communication system. Figures 11 and 12
reveal the changing frequencies used by the system at different times of the year.
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Figure 11- Variation TACAMO Figure 12-Frequency Variation TACAMO

B. New System

On Wednesday the first of October the system was transported to Huskisson, NSW to obtain salt water
measurements. The location was a small jetty running parallel to the shore. This jetty projected 1m from
the shore and the water had a depth of approximately 2m. To reduce risk (waterproofing) an antenna
designed by Dr Robin Dunbar was used for these measurements. The same procedure for designing the
equivalent circuit was carried out on this antenna (185 turn antenna table 3). The plots displayed at figure
13 display these initial measurements. Unfortunately due to boat traffic these results were obtained in two
groups. The measurement obtained just under the water’s surface and at a depth of 0.5 m were taken at
1130 am; the other measurements were taken at 1230 pm. These preliminary measurements have generated
a lot of questions. These results represent a very small sample set and express the need for further
measurements.

EM attenuation in saltwater [Huskisson jetty]

=100 T T T T T T T T T
Adr
105 just under
- i 0.5m ]
1.6m
110 |- 2m o
system noise
o -115 | —
=
-
=
oo -120 F —
v ardrdindbectae, S .
_,.-,.‘.-.#"'- TS T e ,'.;"Z"‘_f.‘___-yfg-_.- B 3
-125 | g e
II'H.,.I 'A*"I' i
Tl Airf1 5m/2m taken at 1230pm
1 I Just under/0_5m taken at 1130 am
SISO delta f = 195 Hz 7
_135 1 1 1 1 1 1 1 1 1
0 200 400 500 800 1000 1200 1400 1600 1800 2000

Freguency [KHz]

Figure 13-Salt water measurements (Huskisson)

Figure 14 represents a subset of figure 13, in which it focuses on ABC radio national (603 KHz). As such
the disturbance between the measurements remains. However, within each of the groups of measurements
there is attenuation with depth; with the exception of the measurement obtained at a depth of 2m. This
measurement was taken on the bay floor; it is reasonable to expect an increase due to signals transmitted
through the ground. This plot reveals an attenuation of 5dB/m at 500 KHz.
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EM attenuation in saltwater [Huskisson jetty]
2= T T T n T T T T L
i Air
X 802.9

1023 just under
A4 T
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1.6m
-106— deltaf=195Hz

2m 1
system noise

Power [dB]

| | | | | | | |
602.4 602.6 602.8 603 603.2 603.4 603.6 603.8
Frequency [KHz]

Figure 14- Attenuation Radio National 603KHz

\Y/ Conclusion
This project has been completed in two phases. The first was the maintenance of the existing system to
develop a comprehensive data set. This data set spanned the months of March to October 2014. The
analysis of this data has confirmed seasonal, diurnal and geographic variation. In addition it has been
possible to analyse specific features; including the diurnal variation of the Harold E Holt antenna and the
changing frequencies of the TACAMO system.

The second phase was to develop an improved system to conduct measurements under salt water. This
project has successfully increased the bandwidth of the system from 48 KHz to 2 MHz. Furthermore, the
system is significantly less cumbersome (more portable) than the existing system. The new system has
been successfully employed in the saltwater environment; confirming the attenuation of ambient EM noise
with depth.

This project has confirmed the dynamic nature of ambient EM noise. It varies diurnally, seasonally,
geographically and in some cases (TACAMO) to serve a purpose. However, this noise attenuates with
depth (in salt water). If we can find the optimum depth to minimise the atmospheric noise while at the same
time minimising the attenuation of a desired signal, we can maximise the bandwidth and thus increase the
data rate of underwater communications.

VI Recommendations

The new system has greatly increased the measureable bandwidth. However, the Terasic Daughter board,
being an OTS solution is not designed for the continual measurement of ambient EM noise. The board
should be reprogrammed to take measurements in accordance with the IEEE recommendations
(Imin/hour). Furthermore, the storage device (8GB micro SD card) is insufficient to conduct long term
automated measurements. It is recommended that a USB interface be integrated into the board so the data
can be stored on an external hard drive or PC. This would provide the means to accumulate a long term
data set of the noise both above and below water. The higher bandwidth achieved with the new system is
necessary to examine the increased influence of diurnal and seasonal variation at higher frequencies.

It is recommended that a more comprehensive analysis is conducted in the underwater environment. The
initial measurements have provided some encouraging results; however, they highlight the need to
accumulate a more comprehensive set of data.
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