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The objective of this thesis is to study the proper placement and denoising of 

Total Field Magnetometers (TFM) installed on an Autonomous Underwater Vehicle 

(AUV), in support of a long-term goal to perform geophysical navigation based on total 

field magnetic sensing. This new form of navigation works by using the magnetic field of 

the Earth as a source of reference to find the desired heading. The primary tools used in 

this experiment are a REMUS 100 AUV, a QuSpin scalar magnetometer, and a TwinLeaf 

vector magnetometer. The Earth’s magnetic field was measured over periods of several 

hours to determine the range of values it provides under natural conditions. Digital filters 

were created to digitally reduce fluctuations caused by sources of external interference 

and sources of internal interference. To mitigate the issue of platform based interference, 

two methods were examined. These methods involved the use of the Tolles-Lawson 

model and Wavelet Multiresolution Analysis. The Tolles-Lawson model is used to 

determine the compensation coefficients from a calibration mission to mitigate the effects 
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from the permanently detected magnetic field, the induced magnetic field, eddy currents. 

and the geomagnetic field. Wavelet multiresolution analysis follows the same basic steps 

as Fourier transformations and is used to analyze time series with power sources in 

motion over a frequency spectrum. Several acquisitions were run with the QuSpin in 

various locations around and along REMUS, and it was concluded that placing the sensor 

at the very front of the vessel which is approximately 1.8 [m] from the DC motor, with 

assistance from wavelet analysis was acceptable for the project.
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1. Introduction 

1.1 Overview 

 Despite the fact that the ocean covers nearly 71 percent of the planet’s surface we 

know surprisingly little about what lurks beneath the surface. Since the year 1969 a total 

of 24 astronauts have visited the Earth’s moon, with half of that number being granted the 

privilege to traverse across its surface; conversely only 3 people have visited the bottom 

of Earth’s ocean. While the seabed has been successfully mapped, only features larger 

than 5000 m can be seen whereas smaller features or lost ships are for all intents and 

purposes still invisible to us [1]. 

 During the 1950s and 1960s when more and more of the magnetic field of the 

seafloor was mapped, it was discovered that there were predictable patterns centered 

around ocean ridges. These patterns resemble symmetrical stripes of land of varying total 

field strength separated by stripes of inverse polarity. These alternating bands found on 

the seafloor are known as magnetic striping [2]. 

 In this paper the concepts and processes necessary for finding the natural 

magnetic field of the ocean will be presented with the focus of creating a system that can 

operate within the ocean’s magnetic field without producing its own interfering signal 

that would prevent the natural field from being used as a source of navigation for an 

autonomous underwater vehicle. It is important that natural magnetic anomalies within 
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the ocean are properly observed as ferromagnetic deposits are often smaller than the 

existing resolution of 5000 m can detect, and this thesis seeks to act as an early foray into 

magnetic based navigation and to describe what steps were taken in order to minimize 

outside interference.  

1.2 Problem Statement 

The goal of this thesis is to study the proper location to place a total field 

magnetometer onto an AUV to minimize the distortion of the magnetic field, as well as to 

use digital filtering techniques to remove any residual noise once the magnetometer has 

been placed.  

1.3 Significance  

 A magnetic, field-based navigational system can be distorted by small amounts of 

magnetic interference causing deviations in its predicted course. Thus it is imperative to 

mount the sensor in the location of least noise. The sources of noise that are being 

examined are ferromagnetic objects, internal noise caused by the motor, and boundary 

layer distortions caused by the skin depth effect and the coastline effect. Processing the 

data acquired from multiple acquisitions around the REMUS with a low-pass filter will 

remove most of the interference, leaving only the ambient magnetic field for the REMUS 

to use to properly determine its heading. 

1.4 Objectives 

The objectives of this thesis are as follows: 

1. Study the magnitude of the internal noise produced by the AUV along the body, in 

order to determine where minimal interference will occur. 
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2. Design a digital filter that will remove most residual internal noise and ambient noise 

from the final signal, and implement a procedure to efficiently filter raw datasets. 

3. Define natural fluctuations of the Earth’s magnetic field, allowing signals outside that 

range to be established as interference as accurately as possible in order to increase 

sensor sensitivity. 

4. Based on the results obtained for the first three objectives, identify a proper placement 

of the total field magnetometer relative to the vehicle, so that the magnetic field reading 

undergoes as little distortion as possible. 

1.5 Thesis Outline 

 This thesis investigates the placement and denoising of total magnetic field 

sensors onboard an AUV in support of geophysical navigation using the Earth’s magnetic 

field as a reference. In Chapter 2, the problem this paper seeks to overcome is formally 

stated, along with the objectives of the project and the significance of the research 

performed. In Chapter 3, a review of topics and associated literature is reviewed. A 

background of existing and original methodology will be provided to clearly delineate the 

subjects required for the reader. In Chapter 4, a review of the physical hardware used in 

the experiments-the AUV and sensors-is provided. In Chapter 5, the experimental setup 

and results from each major experiment is given. In Chapter 6, a proper conclusion 

regarding the proper placement of the sensor, and efficacy of the used filtering methods is 

drawn from the experimental results, along with advancements for the project to be done 

in the future.
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2. Literature Review 

 For the purpose of modeling, the motor will be treated as a rotating magnetic 

dipole. The dipole moment defines the orientation and magnitude of the magnetic source 

is [3] and is a function of the distance from the sensor and the permeability of the fluid 

medium.  

Most sources that discuss the modeling of a magnetic dipole usually look at 

microscopic particles which are simplified as point sources. This approximation may not 

be so inaccurate because the distance from the QuSpin to the motor is more than three 

times longer than the key dimensions of the motor itself [4]. Another model that can 

define rotating dipoles is an experimental model specifically for celestial bodies [5]. 

While not an ideal approximation, it can give a relatively good idea for predicting what 

the rotating dipole moment will be at some fixed distance in a three dimensional plane.  

Another source of noise, aside from the motor, that will be constantly present is 

the skin depth effect. The skin depth effect is one of two distortions that is caused by the 

oceanic boundary conditions, and describes the tendency of currents to restrict the 

electrical flow of the magnetometer as the water is grounding the current, making it 

necessary to attenuate higher frequencies associated with the shore spectrum [6]. The 

other boundary condition distortion is the Coastline Effect and is a result of different 
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electromagnetic fields interacting between different oceans over large geographic 

regions [6]. 

Some assumptions that will be made in this report is that the TwinLeaf sensor is 

feedback compensated and that the material of their case does not flatten the measured 

field values [7].  

The Tolles-Lawson model is based on three main sources of interference 

[8],[9],[10],[11],[12],[13]. Large metal structures that are ferromagnetic will cause 

warpage in the magnetic field due to an ingrained alignment that contradicts the natural 

magnetic field [14] and acts as a permanent magnetic moment. Another moment is the 

induced moment which is determined by its magnetic susceptibility [14]. This induced 

magnetic field is not affected by the motion of the vehicle and is dominated by the 

orientation and position of the Earth [15]. A third primary interference source are eddy 

currents [16] formed without respect to magnetic materials and instead only require 

electrical conductivity [15]; the hull of the REMUS is not ferromagnetic but this 

phenomenon will still need to be investigated as there is conductivity within the hull. 

When the interfering sources are recorded with the gradiometer; spectrograms of the 

resulting data can be made to determine the dominating frequencies that need to be 

removed during the filtering process [17]. More detail on this process will be covered 

during the methodology section of this report. 

To mitigate inaccuracies introduced by the boundary conditions for total field 

applications [18] there are several different methods that can be used to filter the data; 

one such method is based on Wavelet multiresolution analysis which has the potential to 

supplement existing methods, and even replace the Tolles-Lawson model. This method 
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will be looked into to act as compensation for distortions caused by vehicular movement. 

Another potential approach uses the Tolles Lawson model which is a function of the 

direction cosines [19] alongside the axes of the vehicle and ambient field and their 

derivatives as a function of time and some unknown coefficients of induced eddy currents 

[20] which will be explained more later in the proposal. A list of equations will be 

introduced and these equations define the parameters of the Tolles Lawson model across 

each axis [21]. Once motion compensation is accounted for, the interference of the AUV 

itself can be obtained and accounted for [22]. Methodology for incorporating the Tolles 

Lawson model for aeromagnetic compensation is a well documented procedure and there 

are many sources that can act as supplementary to what’s denoted above and offer 

alternative perspectives on the task of using it for a hydromagnetic environment. 

While the method proposed is looking at three sources of distortion, each source 

can be broken up further into a total of sixteen sources each with a unique equation 

[15],[23],[24],[10] however this method falls outside the scope of the thesis, but if it were 

to be attempted in the future there are models that have solvers for easier inclusion [23] 

and least squares regression can be used to simplify it [10],[25]. 

Wavelet Analysis can be used in trajectory analysis of which exists two primary 

methods: the tracking method and the self-estimation method [26]. The tracking method 

is not feasible due to the human and material resources required, but the self-estimation 

method only relies on the sensors that already exist in the REMUS. Because GPS 

positioning can only be used at the water’s surface the self-estimation method attempts to 

reduce accumulating errors as missions progress by using a wavelet-based particle filter 

which bases its results off of existing dynamic models [34]. The velocity of the AUV can 
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be regulated using the geomagnetic field by putting two field sensors on the AUV, one 

near the head and the other near the tail where the output sequences of the sensors are 

analyzed and the time delay corrected [27].  

The intent of measuring the magnetic field has been attempted by 

[28],[29],[30],[31]. One of the methods described by Mandea and Korte involved a 

magnetometer used as an induction coil designed to measure vertical changes in the 

Earth’s magnetic field. The coil took measurements along multiple flight lines to show 

the difference in location among anomalies [28]. They also describe the use of a fluxgate 

magnetometer which consists of two identical soft magnetic cores with high permeability 

wound with primary and secondary coils mounted parallel to each other. An AC current 

is passed through the primary coils and when in the presence of an external magnetic 

field the field component decreases the magnitude of the artificial magnetic field [28]. 

Another method described by Friis-Christensen, Luhr, and Hulot is the use of a 

constellation composed of three satellites to measure the East-West gradient of the 

magnetic field [29]. Two more methods described by Lanza and Meloni are gravity 

surveying and seismic profiling [30]. The gravity surveying method involves calculating 

the density of geological materials beneath the Earth’s surface. Seismic Profiling involves 

the use of lowering a seismic sensor down a well to produce two dimensional images. 

The method described by Planinsic, Stepisink, & Kos is the use of the magnetic dip to 

measure the Earth’s magnetic field by placing a magnetometer on a rotating platform. 

The magnetic dip is the angle between the horizontal plane and the magnetic field vector 

[31].
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 3. Methodology and Background 

3.1 Existing Methodology 

This section of the report will review existing methodology for denoising AUVs 

and identifying internal magnetic interference within the vessel itself, and introduce the 

background of gradiometry and how it can be used to better distinguish the natural signal 

of the magnetic field and interfering sources.  

A potential approach used to model and compensate for motion induced magnetic 

interference and interference caused by the structure within the vessel is using the Tolles-

Lawson model [7], and while this model is primarily aeromagnetic in nature it will still 

approximate proper motion compensation for an underwater vehicle, as the degree of 

motion is similar. The Tolles Lawson model looks at the following types of interference 

[21]: 

1. The permanently detected magnetic field. This field is generated by the REMUS 

itself, and while the hull of the vessel is aluminum and thus non-magnetic, there is 

still interference being produced internally from the computer components. This 

field is a function of the current position of the REMUS’ orientation and results 

from coming into contact with magnetic fields during the fabrication and 

assembly process. 

2. The induced magnetic field. This field is a result of the magnetic susceptibility of 

the aircraft parts and is a function  of the vehicle's orientation relative to the field 
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3. of the Earth. This type of interference is usually associated with soft iron parts, 

and may not affect the REMUS’ aluminum hull. A large amount of data would 

need to be collected after the REMUS has begun to use field results to find its 

heading in order to accurately conclude if this is a relevant source of interference 

for the purpose at hand. 

4. Magnetic interference. This is a result of eddy currents existing within the hull of 

the REMUS and will continue regardless of the material used as long as an 

electrical current is present within a system undergoing motion. This will be the 

most important magnetic field to account for as the algorithm will need to be able 

to compensate for when the REMUS is making a maneuver away from the 

primary axes. This field is relevant to the field of the earth similar to the induced 

interference [16]. Based on the results from existing Navy experiments it could be 

assumed that the eddy currents will not be of enough magnitude to negatively 

affect the QuSpin magnetometer’s recordings and thus does not need to be 

accounted for. 

5. The intensity of the geomagnetic field. Using the field intensity and the position 

of the REMUS within it is crucial to understanding what the measured intensity 

will be at the QuSpin [24]. 

The total field as compensated for by the Tolles Lawson model is the sum of these four 

sources [13],[32],[33] as seen in equation (3.1) and (3.2). The constants p, a, and b, [34] 

are functions of the directional components of the magnetic field and the function of the 

source. Estimations of these variables exist which will be useful for initial calculations of 



 

 

10 

the results, until the actual values are calculated. The axes being looked at in this context 

is seen in Figure 1.  

𝐻𝑇 = 𝐻𝐸 + 𝐻𝑃𝐷 + 𝐻𝐼𝐷 + 𝐻𝐸𝐷 

𝐻𝑃𝐷 + 𝐻𝐼𝐷 + 𝐻𝐸𝐷 = 𝛴𝑖=1
3  𝑝𝑖𝑢𝑖  +  𝛴𝑖=1

3 𝛴𝑗=1
3  𝑎𝑖𝑗𝑢𝑖𝑢𝑗  + 𝛴𝑖=1

3 𝛴𝑗=1
3 𝑏𝑖𝑗𝑢˙𝑖𝑢𝑗  

Where:  

𝐻𝑇is the total magnetic interference [nT]. 

𝐻𝐸is the geomagnetic field [nT]. 

𝐻𝑃𝐷is the permanent distortion [nT]. 

𝐻𝐼𝐷is the induced distortion [nT]. 

𝐻𝐸𝐷is the eddy current distortion [nT]. 

𝑢𝑖is the unitless direction cosine of the aircraft and magnetic field. 

p, a, and b, are unitless coefficients of the directional components of the magnetic 

field and the function of the source. 

 

For simplification the relationship between the maneuvers of the vessel and the 

measured magnetic field can be broken into uniaxial components which is represented by 

equations (3.3) to (3.5). 

 

 𝑛𝑥 = 𝑔𝑥 ∫
𝑇

0
 (𝑐𝑜𝑠𝜑𝑡 𝑠𝑖𝑛𝜓𝑡)𝑣𝑑𝑡 

𝑛𝑦 = 𝑔𝑦 ∫
𝑇

0

 (𝑐𝑜𝑠𝜃𝑡  𝑐𝑜𝑠𝜓𝑡 − 𝑠𝑖𝑛𝜃𝑡𝑠𝑖𝑛𝜑𝑡𝑠𝑖𝑛𝜓𝑡)𝑣𝑑𝑡 

𝑛𝑧 = 𝑔𝑧 ∫
𝑇

0
 (𝑐𝑜𝑠𝜃𝑡  𝑠𝑖𝑛𝜑𝑡𝑠𝑖𝑛𝜓𝑡 − 𝑠𝑖𝑛𝜃𝑡𝑠𝑖𝑛𝜓𝑡)𝑣𝑑𝑡 
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Figure 1: Angles of vehicular movement in Cartesian coordinates. 

 

Where: 

𝑛𝑥/𝑦/𝑧 is the relation that the motion has on the field readings for each axis [nT-

m]. 

𝑔𝑥/𝑦/𝑧 is the geomagnetic gradient vector along its respective axis [nT]. 

𝜃𝑡 is the pitch angle around the y-axis  [°]. 
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𝜓𝑡 is the yaw angle around the z-axis [°]. 

𝜑𝑡 is the roll angle around the x-axis [°]. 

3.2 Solution for Noise Reduction 

 Once the magnetic mapping experiments had concluded which will be detailed in 

chapter 5, a simple linear phase filter was created in an attempt to minimize the effects of 

the interfering sources that occurred or might occur during a practical mission. The 

window method was used to create this filter, and three different windows received more 

consideration due to desired results in comparison to other windows. The three filter 

windows are as follows: 

1. The Blackman window. The Blackman window is the most limited of the chosen 

window types as it does not have any adjustment parameters. The Blackman 

window has the following characteristics: 

a. Transition Width [Hz]: 5.5/N 

b. Passband Ripple [dB]: .0017 

c. Stopband Attenuation [dB]: 75 

 Where N is the filter length. 

2. The Tukey window. The Tukey window is a modified form of the rectangular 

window where the first and last r/2 percent of the samples are equal to parts of a 

cosine, and overall the Tukey window offers a very low cutoff frequency, lower 

than that of the Blackman window. Unlike the Blackman window the Tukey 

window has a ripple control parameter, β, which allows for trade-off in size 

between the passband and the transition. By increasing β, the passband ripple is 
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lessened and the transition width is increased, leading to higher attenuation. The 

Tukey window with a β of 8.96 has the following characteristics: 

a. Transition Width [Hz]: 5.71/N 

b. Passband Ripple [dB]: .000275 

c. Stopband Attenuation [dB]: 90 

3. The Kaiser window. The Kaiser window allows for sidelobe attenuation and has a 

cutoff frequency lower than either the Blackman or Tukey window. The primary 

drawback to the Kaiser window is the fact that the stopband attenuation is so high 

that important features of the results can be lost during the filtering process. The 

characteristics of the Kaiser window are comparable to those of the Tukey 

window. 

 

 At this stage in the design process, the Tukey window will be used going forward 

as the primary window for filter comparisons as it offers the greatest trade-off between 

accuracy and cutoff frequency. Comparisons for each of the three windows can be seen in 

Figures 2 to 4. The design of the filter with all of its coefficients can be seen in Figure 5. 
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Figure 2: Sample data for Blackman filter. The blue line represents unfiltered data, and 

the red line represents the filtered data. 

Figure 3: Sample data for Tukey filter. The blue line represents unfiltered data, and the 

red line represents the filtered data. 
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Figure 4: Sample data for Kaiser filter. The blue line represents unfiltered data, and the 

red line represents the filtered data. 

Figure 5: Design coefficients for FIR filter using Tukey window. 

 

 The effects that this filter has on the data can be seen in Figures 6-10 where the 

red line represents the signal after being filtered. After the filter was applied to each 

signal, the effects of the motor were almost entirely removed, the portion of time where 
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the motor was active is indicated by the green circles. Because the experiment could not 

be entirely isolated from outside interference, the east-facing test had to undergo 

additional post processing to better understand the ambient field readings. Figure 8 shows 

the east-facing test before the additional processing was performed, and Figure 9 shows 

the east-facing test after the additional processing was performed. 

Figure 6: Results of compass test after filtering (west). The blue line represents 

unfiltered data, and the red line represents the filtered data. The green circle represents 

the portion of the experiment where the motor was running. 
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Figure 7: Results of compass test after filtering (north). The blue line represents 

unfiltered data, and the red line represents the filtered data. The green circle represents 

the portion of the experiment where the motor was running. The indigo circle represents 

the portion of the experiment afflicted by outside interference. 

 

Figure 8: Results of compass test after filtering (east). The blue line represents unfiltered 
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data, and the red line represents the filtered data. The green circle represents the portion 

of the experiment where the motor was running. The indigo circle represents the portion 

of the experiment afflicted by outside interference. 

Figure 9: Results of eastward compass test after additional post processing. The blue line 

represents unfiltered data, and the red line represents the filtered data. 
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Figure 10: Results of compass test after filtering (south). The blue line represents 

unfiltered data, and the red line represents the filtered data. The green circle represents 

the portion of the experiment where the motor was running. 

 

 To mitigate the interference caused by the motor, the recorded data will be 

converted into the frequency domain, and then using a PSD plot the primary frequency of 

the signal can be ascertained and removed with a bandpass filter. After the source of 

constant interference is removed the previously mentioned techniques involving the 

Tolles-Lawson model could be incorporated to compensate for the motion and remove 

the associated interference sources from the eddy currents, which has only been tried on 

UAVs and has not been attempted using AUVs which has to contend with a different 

fluid medium, and is not made with conductive material like some UAVs. However, as 

will be discussed later on Wavelet filtering will be sufficient for our purposes, and 

Tolles-Lawson compensation should be saved for Future work. The use of the PSD plots 

as well as using spectrograms to find key interfering frequencies is also a new approach 
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not before tried in the field. Most research in removing electromagnetic interference 

involves using degaussing coils but this approach only works for the hull and not for the 

DC components, it also only offers a temporary fix, by using gradiometry, the unwanted 

noise can be isolated and mitigated digitally. 

3.3 Introduction to Wavelet Multiresolution Analysis 

 The final solution for noise mitigation presented in this paper is Wavelet 

Multiresolution Analysis. The wavelet transformation is used to analyze time series with 

moving power sources over multiple frequencies [35]. To filter the data, a level twelve 

empirical Daubechies Wavelet Symlet ten was used to reduce the noise produced by the 

DC motor and internal electronics within REMUS. Filtering data with the wavelet 

transformation follows the same basic steps as the Fourier transformation which include 

decomposing the signal, filtering the noise using a low frequency threshold, then 

inverting the new signal in order to reconstruct the original scale. 

 One of the primary difference between wavelet transformations and Fourier 

transformations is that Fourier transformations are localized only in frequency and not in 

time, while wavelet transformations are localized in both frequency and time, thus a 

small change in frequency will have effects on the entirety of the Fourier’s time domain 

[37]. The method by which wavelet’s remove unimportant details or noise is by use of 

thresholding. 

 There are two common types of estimation used in wavelet filtering, Bayes 

estimation and minimax estimation. Bayes estimation minimizes risk to get an optimal 

estimation but is harder to get the correct information to make a proper probability 
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estimation. Minimax estimation uses a simpler model but cannot predict the associated 

risk [38].  

 The threshold or cutoff frequency is used to remove frequencies below the 

threshold and treat such values as noise. Thresholding keeps the local regularity of the 

signal. To decompose  the signal a filter bank of mirror filters bread the signal down into 

a discrete orthogonal basis. After being decomposed the selected threshold attenuates all 

frequencies lower than the magnitude of the threshold. The remaining coefficients are 

then reconstructed to produce the new filtered signal [38].  

 The process used in this project is wavelet multiresolution analysis. Wavelet 

multiresolution analysis is a discrete wavelet transformation that uses a series of 

conjugate mirror filter pairs that projects the signal into a multi-resolution space that is 

decomposed into a lower resolution space and a detail space. 

 Vanishing moments within the wavelet function limit the wavelet’s ability to 

represent the behavior of certain degrees of polynomials. A daubechies wavelet is 

designed in order to maximize the number of vanishing moments, and has vanishing 

moments equal to the chosen level. Because a level twelve daubechies wavelet was used, 

there are six vanishing moments which will restrict the wavelet up to a fifth order 

polynomial.
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 4. Instrumentation 

4.1 Vehicles 

 The vehicle used in this project is a REMUS 100 AUV which can be seen in 

Figure 11, which is designed to operate in a coastal environment [36] up to 100 [m] deep. 

The REMUS 100 can be configured to allow for a wide array of sensors to be added to 

the system depending on the task at hand. The REMUS 100 can also support adaptive 

path planning and multi-vehicle operations. 

 

Figure 11: Remus 100 AUV.
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4.2 Sensors 

 The sensors that will be used for this project are a QuSpin total field scalar 

magnetometer (seen in Figure 12) that will be mounted to the REMUS during operations 

and will be the primary sensor acquiring the magnetic field data that the REMUS will use 

to navigate, and 1 TwinLeaf MicroSAM2 total field vector magnetometer which can be 

seen in Figure 13. The QuSpin has a sensitivity of less than 1 𝑝𝑇/𝐻𝑧1/2and a heading 

error of less than 3 [nT], and the MicroSAM2 has a sensitivity of 20 𝑝𝑇/𝐻𝑧1/2and a 

heading error of +/-5 [nT]. 

 

Figure 12: QuSpin total field scalar magnetometer. 
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Figure 13: TwinLeaf MicroSAM2 total field vector magnetometer.
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5. Experimental Procedure and Results 

5.1 Experimental Procedure 

 This section of the report seeks to lay out the timeline and the experimental 

procedure for each of the three major experiments to be detailed later on. Figure 14 

shows the experimental procedures for the first two experiments, as these were the most 

critical in determining the location of least interference aboard REMUS. The compass 

test was designed to develop a sort of two dimensional magnetic map about REMUS that 

would allow us to infer how much interference is really being put out by the DC motor-

and as will be explained more later in this section-Placing the sensor farther away from 

the motor will reduce the noise load placed upon the QuSpin. The second major 

experiment, denoted as the distance test, was designed to determine just how close the 

QuSpin could be placed to the DC motor before being negatively affected by the resulting 

interference. This was done by placing the sensor at four different locations along the 

bow of the vessel at various offsets past the nose of REMUS, and it was determined that 

the default location offered the greatest balance of resistance to interference and safety to 

the sensor by reducing the offset as much as possible. Figure 15 adds the third major 

experiment to the flow chart which, while not required to determine the location of least 

interference aboard REMUS, was still crucial in making sure that the data from the 

acquisitions could be properly filtered and deciphered. 
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Figure 14: Flowchart for experimental procedure of compass and distance tests.



 

 

27 

 

 

Figure 15: Flowchart for experimental procedure of compass,distance test, and motion 

tests. 
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5.2 Magnetic Field Recordings 

 A series of tests were performed with REMUS being located at the Seatech 

campus, collecting data over the course of several hours. This test was performed 

multiple times and the results of one of the experiments can be seen in Figure 16.  

Figure 16: Recording of magnetic field from Seatech campus. 

 

The need for these tests was to establish a rough approximation of what the average value 

of the Earth’s magnetic field and what the level of natural fluctuation is. This experiment 

was limited by the following factors: 

1. The ferromagnetic metal structure within the Seatech campus itself acted as a 

major source of interference. 

2. The QuSpin took measurements in a fluid medium of open atmosphere and not 

saltwater, which is what REMUS will encounter during practical missions. 


