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Abstract: Avionics systems of micro aerial vehicles (MAV) pose unique problems in system design, sensor 
signal handling and control. This is evident in micro-rotary aircraft as their whole body rotates with the sensors 
of the flight control. The precise calculation of attitude and heading from magnetometer readings is complex due 
to the body rotation. It is made even more difficult by noise induced in the geomagnetic signal by fluctuating 
magnetic field of the closely positioned motors. Filtering that noise is challenging since the rotation speed of 
motors and the vehicle can be very close. This paper presents analysis of motor induced noise, based on 
experimental data of brushless micro motors. A novel time domain filter is proposed, designed, implemented in 
FPGA hardware, tested and compared to other filters. This filter provides good performance even when the 
rotational rate of the motor and vehicle are close and traditional frequency domain filters would perform poorly. 
Copyright © 2015 IFSA Publishing, S. L. 
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1. Introduction 

 
Rotary body aircraft is unique since it is both a 

rotary wing and fixed wing aircraft, which produces 
lift by spinning like a maple seed. The Papin-Rouilly 
Gyroptère [1] built in 1915 as a manned airplane is 
the first example of a “monocoptor”, a type of rotary 
body aircraft. While the Gyroptère did not fly it is the 
basis for contemporary designs of rotary body 
unmanned micro-aircrafts. Fig. 1 shows some of the 
latest developments of such micro-aircrafts in 
industry and academia [2-5].  

The interesting property of the rotary body 
aircraft is that the core set of sensors of the flight 
control system, the inertial measurement unit 
containing magnetometer, is always rotating as it is 
affixed to the body of the aircraft.  

While this is not a problem for the sensors, it is an 
issue for calculation of the attitude and heading of the 
vehicle since this rotation must be filtered out of the 
geomagnetic signal. This is compounded by the 
relatively high rotation rate of these vehicles of up to 
10 Hz [6-7].  

As the scale of a monocoptor decreases, the speed 
at which it rotates needs to increase if efficiency of 
flight is to be maintained [7-8]. In a fast spinning and 
small aircraft the on-board magnetometer placed 
close to the motors is exposed to high level of 
magnetic noise generated by the motors which rotate 
with speed close to the spin. Filtering that noise with 
traditional frequency domain filters is difficult since 
frequency separation between noise and signal is 
small, necessitating a complex high order filter, and 
raising a question if a standard frequency based filter 
could be effective at all.  

http://www.sensorsportal.com/HTML/DIGEST/P_2749.htm
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Fig. 1. (a) Lockheed-Martin Samarai prototype [2];  
(b) Lockeed –Martin patent drawing [3]; 
(c) University of Maryland aircraft [4]; 

(d) University of Queensland aircraft [5]. 

 
 

This paper presents an alternative: using a 
recoded or constructed signal to null the signal 
generated by the motor. 

The most widely used motor for micro aerial 
vehicles is the BrushLess Direct Current (BLDC) 

motor. The brushless DC motor is a permanent 
magnet synchronous motor designed to be used with 
a square wave input generated by a DC powered 
speed controller [9]. The motor is comprised of a 
permanently magnetised “rotor” that rotates and the 
electro-magnetic “stator” that remains stationary. 
This paper focuses on the most popular out-runner 
motor type where the rotor is positioned around the 
outside of the stator as shown in Fig. 2.  

 
 

 
 

Fig. 2. 1- BLDC simplified configuration;  
2 - Illustration of localised demagnetisation (not to scale). 

 
 

The out-runner motor has a number of magnets 
arranged with the poles alternating on the faces of a 
ring outside the stator, the ring is then connected to a 
centre shaft that runs inside the stator (stator 
sandwiched between the rotor and shaft) [10-11].  

As the motor rotates, the magnets are presented to 
different parts of the stator. By energising the 
windings to pull the magnet towards the winding or 
inverting the power to winding to push the magnet 
away, torque is applied to the rotor [12]. 

The same movement of the magnets generates an 
alternating field outside the rotor. This field is used 
by some speed controllers to sense the position of the 
rotor to determine the optimum way to energise the 
stator at that instant. This field also is measured by 
magnetometers as noise superimposed on the 
geomagnetic measurements. 

The strength of the field is dependent on the 
construction of the magnet, size of the magnet, 
construction around the magnet and distance to  
the magnet.  

Permanent magnets exhibit a tendency to 
demagnetise over time. Demagnetisation exhibits 
relationships with temperature, time and subjected 
magnetic fields [13-14]. However it has been noted 
that there is behaviour where regions of the magnet 
will demagnetise in preference to surrounding 
regions resulting in poles with non-uniform strength 
within the pole region.  

Localised demagnetisation is of interest for 
sensing applications as it adds higher frequency 
components to the signal generated by the rotation of 
the motor. Frequencies of these components are 
approximately odd multiples of the number of poles. 
As each magnet may not deteriorate identically, this 
frequency may not be an integer value (but as it is a 
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periodic signal, will be a waveform with an even 
number of poles). 

This paper is structured as follows: in Section 2 
analysis of the noise generated by motors is provided, 
in Section 3 we analyse options for filtering and 
outline the design of time domain inverse filter, in 
Section 4 filter performance is discussed, in Section 5 
design options and limitations are examined, 
Section 6 details several position sensing methods, in 
Section 7 ways to make the filter update on a live 
system are investigated and finally in Section 8 we 
conclude and outline possible extensions to  
this work. 

 
 

2. External Magnetic Field of Permanent 
Magnet Synchronous Motors 

 
Before a method of correction could be 

attempted, the properties of the interference due to 
the motors needed to be determined. To do this a 
motor was operated with a moderate load and the 
resulting magnetic interference recorded by a 
magnetometer in close proximity. First the effects of 
the motor were measured at various speeds. During 
this test it was noted that the noise was fairly constant 
across the different speeds. The results of 
measurements are shown in Fig. 3.  

 
 

 
 

Fig. 3. Raw measured magnetic field of rotating motor. 
 

The external magnetic field with the motor 
running (for the tested motor) is approximately 
0.05 gauss. The field generated purely due to 
permanent magnetic field is also approximately 
0.05 gauss for this motor. The above observation 
indicates that the field measurements can be 
performed with the motor rotated by an external drive 
e.g. a stepper motor. Such an arrangement allows for 
much better control and more precise measurements. 

The result of the magnetic field measurement is a 
periodic waveform presented in Fig. 4. It can be 
observed that the motor appears to have a higher and 
lower frequency components. 

Closer analysis using the Fast Fourier Transform 
identifies three dominate frequency components, as 
shown in Fig. 5.  

 
 

 
 

Fig. 4. Example magnetic field measurement  
with a rotating motor. 

 
 

The lowest frequency component f1 corresponds 
to the speed of the motor. From this it can be 
established that the motor forms a pair of strong 
poles, possibly due to imbalances in the magnets. 
This pair of poles forms the strongest field present in 
the motor when considering only the permanent 
magnetic field. 

The medium frequency component f7 corresponds 
to the magnets embedded inside the rotor of the 
motor: The motor under test was a 14 pole motor, 
with each poll corresponding to either a north or 
south orientation. As the motor is rotated the polls 
will result in a waveform with a number of peaks 
equal to the number of poles and a frequency equal to 
half the number of poles. 

 
 

Fig. 5. FFT analysis of magnetic field of rotating BLDC motor. 
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The high frequency component f35 is due to 
localised demagnetisation. Owing to the fact that the 
demagnetisation is not the same for all magnets, the 
spectrum had a wider distribution. Different motors 
exhibited different centre frequencies and 
distributions, but were all around the 35 times 
rotation rate. 

 
 

3. Selection and Design of Filters 
 
3.1. Frequency Domain Filters 
 

Frequency domain filters are the current choice 
for filtering noise for sensors on UAVs.  

The low pass filter is almost universally used on 
all sensors (typically 2nd or 5th order) to remove high 
frequency noise from the desired signal. Low pass 
filters perform poorly when the desired signal is close 
to the noise and unfortunately, that is the case when 
the vehicle rotational speed is close to the  
motor speed.  

A more sophisticated method to allow the speed 
of the vehicle to approach the speed of the motor is to 
use a combination of tracking notch filter and a low 
pass filter. Assuming that the motor and vehicle 
rotation speed don’t overlap for long periods, 
tracking the motor speed, and centring a notch filter 
on the motor speed may provide a filter of superior 
performance. A low pass filter would remove high 
frequency noise outside the maximum vehicle 
dynamics. 

We developed and tested a novel method based 
on combination of the notch filter tracking the motor 
and the band pass filter tracking gyroscope 
measurements of the vehicle. This is based on the 
observation that if the gyroscope signal is 
approximately correct then the gyroscope data can be 
used to estimate the frequency of changes in the 
geomagnetic field directly related to the motion of 
the vehicle. We used a notch filter tracking  
motor speed (4th order Butterworth) and a band  
pass filter tracking gyroscope measurements  
(4th order Butterworth).  

 
 

3.2. Inverse Filter in Time Domain 
 

The principle of inverse filter is that for periodic 
noise signals, such as generated by motors, a period 
of noise signal known not to contain the desired 
signal is recorded and applied as an inverse signal 
super-positioned with the measured signal in time 
domain. The expected result should be the desired 
signal with only residues of the noise components. 
This approach has been used in magnetic tape 
playback [15].  

In our application, this method has the potential 
of providing optimal results assuming that the noise 
is only dependent on the angular position of the 
motor’s rotor. The noise signal can be divided into 
position dependent elements that are stored in a look 

up table. Each element corresponds to a small arc of 
the motors motion; as the motor rotates, successive 
elements in the table are used to provide a correction. 
As this method requires accurate position of the rotor, 
an optical encoder is added to the motor. The encoder 
used for experiments generates a signal twice every 
1/800th of a rotation (two edges, spaced apart by 
1/1600th of a rotation). This signal is used to estimate 
the position of the rotor and to step to the next 
element in the look up table. 

The design shown in Fig. 6 is the core of the 
filter. The index is the current lookup location, Din is 
the sensor input and Dout is the corrected output. The 
filter was implemented on an FPGA, and is optimised 
to make use of the available resources. The BRAM 
(Block RAM) acts as the look up table and is loaded 
with the correction values.  

 
 

 
 

Fig. 6. Inverse filter structure. 
 
 

Half wave and Quarter wave symmetry were 
applied to reduce the BRAM usage. Symmetry 
requires that the index value needs to be folded into a 
subset of ranges and an offset is needed to shift the 
waveform. This makes the control part of the design 
more complex and taking into account the looming 
accuracy issue in case of asymmetry of the 
waveform, as shown in Fig. 7, makes the approach 
less attractive.  

 
 

 
 

Fig. 7. Waveform of half wave symmetric table. 
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Table 1 shows that the logic size doubles when 
symmetry is used, however as the filter is a very 
lightdesign, the utilisation of FPGA resources is  
very small. 

 
 

Table 1. FPGA implementation resources. 
 

 Used 
Spartan 3e500 total 

available 
Logic Slices  

(no symmetry) 
33 4656 

Logic Slices 
(symmetry) 

61 4656 

Block Ram 
(1024x16bit) 

1 20 

 
 

The throughput of the filter is very high, requiring 
only 5 clock cycles to perform a correction. The 
correction time is as follows: 

• 1 cycle to load in the sensor data and  
index address. 

• 1 cycle to convert the index address to  
LUT address. 

• 1 cycle to fetch the correction from the LUT. 
• 1 cycle to add the correction and sensor data. 
• 1 cycle to output the result. 
This filter is comparable to the simplest frequency 

domain filter (2 point window filter) in both speed 
and implementation size. Compared to the band 
stop/pass filters the implementation size is 
significantly smaller as it requires at most 3 addition 
operations rather than iterative addition and 
multiplication operations. Given a moderate 50 MHz 
clock speed the latency is 100 nanoseconds, which is 
more than adequate for this application, where 
filtering in the range of kilohertz is required. 

 
 

4. Filter Performance 
 

For all filter designs except the look up table 
approach, the frequency separation between signal 
and noise is important. The performance was 
compared for several conditions: 

1. “Traditional” separation that could be 
expected for most vehicles; vehicle rotation is 
significantly slower than the motor speed (Typically 
Fn/Fs > 10). 

2. Narrow separation where the vehicle 
rotation is still slower than the motor, but they are 
with in an order of magnitude. (10 > Fn/Fs > 1). 

3. Reversed separation where the motor speed 
is slower than the vehicle rotational velocity. This 
would only likely be seen if the motor power was 
reduced to slow the vehicle (Fn/Fs < 1). 

The results in Fig. 8 show that the low pass filters 
perform poorly when vehicle and motor rotation 
speeds are close. 

Both the band pass and notch filters worked well. 
Their difference in performance, as shown in Fig. 8, 

is explained by the fact that the notch filter handles 
motor rotations which have some variance while the 
band pass filters vehicle rotations which are much 
more stable due to larger inertia. Their main 
disadvantage is much larger cost of implementation 
than the inverse filter.  

 
 

 
 

Fig. 8. Results of filters at different noise to signal 
frequency factors. 

 
 

The look up table based inverse filter has showed 
good performance and the exceptional performance 
was achieved with the addition of a low pass filter for 
filtering the f35 component. 

Another advantage of the look up table based 
method is constant latency and linear phase delay, 
which would be achievable with standard FIR filter 
but at much higher implementation cost. 

 
 

5. Inverse Filter Considerations 
 
As Fig. 5 shows, the spectrum of magnetic noise 

from the motor contains high frequency component 
f35. In a straightforward approach the look up table of 
inverse filter would need to have sufficient number of 
samples/elements to cover that spectrum. A more 
efficient method is to augment inverse filter with a 
simple 2nd order low pass filter (LPF in Fig. 8) to 
filter out that part of the spectrum. 

Results presented in Fig. 8 were obtained with the 
highest resolution implemented for the inverse filter, 
however depending on the platform it may be 
desirable to decrease the number of elements in the 
look up table. Tables with 800, 400, 200, 100 and 
50 element were tested to determine the impact.  

The results in Fig. 9 show that for 800 to 200 look 
up elements the deterioration of performance is 
limited, while 100 and 50 element table causes 
significant decrease in effectiveness. The x axis is the 
rotor position error measured in the number of 
elements miscounted by the rotor position encoder. 
The larger the number of samples, the lesser is the 
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impact of the position error since the angle which 
each sample represents is smaller. FPGA BRAMs 
make implementation of look up tables very efficient, 
even if large number of elements is required.  

 
 

 
 

Fig. 9. Heading error due to rotor encoder miscounts. 
 
 

Our experiments with a number of motors show 
significant variations in the rotating magnetic field 
patterns, even for the same type of motor. This is 
caused by manufacturing imperfections, 
demagnetisation and/or wear and tear. The magnets 
vary in strength (or over time loose strength at 
differing rates) resulting in the waveform being 
compressed for a portion of cycle and expanded for 
another portion, and the individual peaks having 
varying magnitude. The localised demagnetisation 
effect adds a high frequency component that does not 
have an instantaneously constant frequency. 

The above phenomena mean that the look up 
table must be prepared for a specific motor and 
updated with the aging of the motor. This can be 
done automatically with help of an additional  
calibration module in the aircraft control system that 

is activated in the start when the vehicle is  
stationary [19].  

 
 

6. Motor Rotation Positioning 
 

The 1600 count optical encoder, used in the rig 
for testing the motors, provided test instrument 
accuracy and performance, but unfortunately it lacks 
compactness, robustness and low cost factor required 
in the micro rotational vehicle. Several alternative 
sources of motor rotation position were investigated 
to identify a low cost alternative: 

• Position extrapolation from a low resolution 
encoder. 

• Brushless motor speed controller’s estimated 
position. 

• Magnetic or Capacitive encoder. 
 
 

6.1. Position Sensing Using Extrapolation 
from a Low Resolution Encoder 

 
With an assumption that the speed of the motor 

does not significantly change or oscillate from one 
rotation to the next, it should be possible to estimate 
the rotational position by the time passed since the 
last encoder signal.  

As shown in Fig. 10, in practice there is some 
variance in speed and oscillations after a speed 
change, but it will be dependent on the speed 
controller and motor power compared to the rotating 
inertia so would need to be assessed case by case. For 
Fig. 10 one combination shows very good damping 
and position extrapolation would work almost 
immediately after a change, while the other 
combination has some oscillations that would need to 
decay before accurate position estimates could be 
made (in practice this will be on the order  
of a second). 

 
 

 
 

Fig. 10. Speed of the same motor controlled by two different ESC [16]. 
 
 

6.2. Position Sensing Using the Speed 
Controller’s Internal Estimate 

 
Brushless motor Electronic Speed Controller 

(ESC) must maintain an estimate of the motors 

current rotational angle to correctly energise the 
winding of the motor [17]. The ESC identifies three 
key points in one rotation cycle based on Back 
ElectroMotive Force (BEMF), where the un-
energised winding’s voltage crosses zero. Using this 
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estimate for addressing the filter look up table is 
similar to using the position derived from the low-
resolution encoder. The main advantage is that no 
additional sensors are required since the information 
is already available from ESC and estimation of 
angles between the key points is straightforward, 
assuming stable speed during one turn of the motor.  

Several problems were identified that would 
require solving before this method could be used: 

The position is based on back EMF and might not 
be a stable point for all speeds and throttles. 

The position estimate quality would be dependent 
on the ESC’s internal update rate.  

The location is not unique; it is only the position 
in the current cycle (for the common 14 magnet poll 
motor, there are 7 ESC cycles to one rotation). 

Following Pt 3, if the motor is unpowered or let 
freewheel, the location would be lost and un-
trackable as there will be no measurable BEMF. 

While points 1 & 2 may be resolved with careful 
implementation, points 3 and 4 are likely to not be 
easy to resolve without some form of external sensor 
or some form of online filter updating where the loss 
of position would only be a short term issue while the 
filter updates. 

 
 

6.3. Position Sensing Using a Magnetic  
or Capacitive Encoder 

 
These encoders are essentially a drop in 

replacement for an optical encoder but without a 
large and fragile disc; magnetic or capacitive encoder 
offers the possibility of a smaller and more robust 
package. Some encoders such as the CUI inc 
ATM103 [18] provide 2048 encoder counts per 
rotation at a maximum velocity of 7500 RPM or 
15000 RPM with a reduced count.  

It is expected that results would be identical with 
any encoder given the same counts per rotation and 
maximum velocity limit so choice would be down to 
weight, size and robustness. As the capacitive sensors 
are sealed and can be mounted behind the motor, they 
might have been a better choice than the optical 
sensor used. 

 
 

7. Online Filter Tuning 
 
Adjusting the filter to match the motor while in 

operation offers the possibility of minimising the 
motor magnetic noise over longer periods of 
operation without the need for manual intervention. 

Several methods for automatic adjustment of the 
filter were investigated and can be further developed: 

• Baseline offline correction 
• Updating correction on power up of vehicle 
• Attempt to minimise difference of 
magnitude from local geomagnetic field. 
• Fitting measured signal to a sinusoid. 

7.1. Offline Correction 
 

As detailed in Section III, offline correction is 
performed by collecting magnetometer readings for 
each encoder location and removing DC bias from 
the AC waveform formed by the alternating magnets 
of the motor (the DC bias contains the geomagnetic 
field signal). This method assumes that the 
measurement platform is stationary and separated 
from other time varying magnetic fields so that only 
the motor based magnetic field varies. 

This method is not suitable for real time 
correction as the method used to remove dc bias 
relies on the geomagnetic field (and hard/soft iron 
error sources) to remain stationary: as the method 
will take any time varying magnetic field as an error 
to correct, movement will result in the geomagnetic 
field being interpreted as an error source. 

Online methods will need to account for the 
possibility that the vehicle might be moving. 
 
 
7.2. Power-up Correction 
 

To allow for correction without user intervention 
a power-on measure and correct routine was 
developed. The start-up routine automates the offline 
method so that when the system is powered on and 
relatively stationary, the motor’s magnetic field can 
be measured and an up to date correction generated.  

 
 

 
 

Fig. 11. Modified filter to allow online updating. 
 
 

This method relies on the platform to be 
stationary (strictly speaking, only rotation needs to be 
as low as possible) and the only time variant signal 
being due to the rotation of the motors. The process 
for generating the correction is as follows (Fig. 12).  

The first step is to have the motor under test 
(remember there might be multiple motors) 
accelerate to a stable speed. It is important that this 
speed be sufficient for the ESC to maintain a constant 
speed but not too fast that the vehicle is likely  
to react.  
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Fig. 12. Software flow for power-up correction. 
 
 

Once the motor has reached the stable speed, 
measurements are made for each LUT index. This 
may be difficult on slower processors, so the LUT 
can be used a sample and hold buffer if the write 
enable to port one is enabled. Ideally several readings 
for each index should be made and an average taken. 

Removal of the DC bias can be performed a 
number of ways, but the simplest method is to sum 
all the LUT index values and subtract the result from 
all elements. 

Updating the LUT was done through the second 
port of the Block RAM in the FPGA. This simplified 
the updating process and reduced the logic required. 
A single port RAM could have been used at the 
expense of some logic being needed to swap between 
rotor index and software index. 

The performance of the Power-up correction was 
identical to the offline method (800 elements) as they 
are identical in operation. While only the full LUT 
method without symmetry was attempted, it is 
expected that there would be no issue with using the 
methods with symmetry.  

 
 

7.3. Correction Based on Geomagnetic Field 
 

Correction based on the magnitude of the 
measured magnetic field compared to the mapped 
local geomagnetic field (geomagnetic field either 
measured at a site or taken from a geomagnetic field 
map) was attempted. The idea was to take the 
difference between the measured field and the 
mapped field for each motor encoder index and apply 
this difference as a correction. 

Rather than taking the full error as the new 
correction, a proportional change where the error was 
scaled and added to the existing correction value was 
used to attempt to prevent movement (and thus 
changing magnetic fields) from significantly 
changing the correction. This should results in the 
filter being driven over time towards an error 
minimum. In practice, this method only worked away 
from any external sources of magnetic field and any 
deviation away from the geomagnetic field would 
cause the correction to deviate.  

 
 

7.4. Sinusoid Fitting Correction 
 

A promising method for online correction is curve 
fitting with sinusoids. The correction is produced as a 
superposition of sinusoids with frequencies 
corresponding to the motor induced signal. An 

approach is to perform an FFT, remove all frequency 
components away from the motor based frequencies 
and take the IFFT as the new correction. 

As the motors tend to change slowly over time, a 
solution would not need to be calculated under a 
strict time constraint and could be completed over a 
period of time. In a vehicle with some form of 
multitasking, this may prove to be a good approach 
as the calculation can be done in otherwise idle time. 
 
 

8. Conclusions and Future Research 
 

We analysed and experimented with the motor 
induced noise in magnetometer measurements on 
board micro body rotate aircraft. Methods of filtering 
that noise were investigated and properties of various 
filters assessed for this application. An inverse filter 
in time domain, based on look up table principle, has 
been designed on FPGA. The filter was tested and 
proven to have superior performance in filtering 
signals and noise of very close frequencies. This filter 
demonstrates a small implementation cost while 
offering speed either matching or exceeding the 
performance of optimised frequency domain  
based filters.  

The research presented in this paper focused on 
steady state operation of the motor. This was justified 
as the motor speed of a rotary body vehicle does not 
vary significantly during operation. However for 
some applications where the motor speed need to 
change rapidly, further research is needed to assess 
applicability of our filtering method. 

A possible application of our research is also for 
assessing the health of a motor by monitoring the 
spectrum of motor induced noise in magnetometer 
readings. It has been demonstrated that as a motor 
ages or is subjected to high loads, the localised 
demagnetisation increases, changing its noise 
spectrum. This relationship could be possibly used to 
estimate the health of the motor. 
 
 

References 
 
[1]. W. Pearce, Papin-RouillyGyropter (Gyropter), 

[Online]. Available from: https://oldmachinepress. 
wordpress.com/2012/09/06/papin-rouilly-gyroptere-
gyropter/ [Retrieved 03/06/2015] 

[2]. K. Fregene, C. L. Bolden, Dynamics and Control of a 
Biomimetic Single-Wing Nano Air Vehicle, in 
Proceedings of the American Control Conference 
(ACC), Baltimore, MD, USA, 30 June -2 July 2010, 
pp. 51-56. 

[3]. S. M. Jameson, B. P. Boesch, E. H. Allen, Active 
maple seed flyer, United States of America Patent 
US7766274 B1, Lockheed-Martin, 3 August 2010. 

[4]. E. R. Ulrich, D. J. Pines, J. S. Humbert, From Falling 
to Flying: The Path to Powered Flight of a Robotic 
Samara Nano Air Vehicle, Bioinspiration and 
Biomimetics, Vol. 5, No. 4, 2010, pp. 3-16. 

[5]. Pounds P., Singh S., Samara: Biologically inspired 
self-deploying sensor networks, IEEE Potentials, 
Vol. 34, Issue 2, 2015, pp. 10-14.  



Sensors & Transducers, Vol. 193, Issue 10, October 2015, pp. 161-169 

 169

[6]. C. Hockley, B. Butka, The SamarEye: A Biologically 
Inspired Autonomous Vehicle, in Proceedings of the 
29th IEEE Digital Avionics Systems Conference 
(DASC’10), Salt Lake City, October 2010,  
pp. 5.C.1-1 - 5.C.1-9.  

[7]. H. Youngren, S. Jameson, B. Satterfield, Design of 
the SAMARAI Monowing Rotorcraft Nano Air 
Vehicle, [Online]. Available from: 
http://www.atl.lmco.com/papers/1628.pdf [Retrieved 
14/04/2015]. 

[8]. A. R. S. Bramwell, G. Done, D. Balmford, 
Bramwell's Helicopter Dynamics, Butterworth-
Heinemann, 2001. 

[9]. Microsemi User Guide, Field Oriented Control of 
Permanent Magnet Synchronous Motors, [Online]. 
Available from: www.microsemi.com [Retrieved 
03/06/2015]. 

[10]. G. H. Jang, J. H. Chang, D. P. Hong, K. S. Kim, 
Finite-Element Analysis of an Electromechanical 
Field of a BLDC Motor Considering Speed Control 
and Mechanical Flexibility, IEEE Transactions on 
Magnetics, Vol. 38, No. 2, 2002, pp. 945-948. 

[11]. N. Bianchi, S. Bolofa, F. Luise, Analysis and design 
of a brushless motor for high speed operation, in 
Proceedings of the Electric Machines and Drives 
Conference, Madison, Wisconsin, 2003, pp. 44-51.  

[12]. J. Rais, M. P. Donsión, Permanent Magnet 
Synchronous Motors (PMSM). Parameters influence 
on the synchronization process of a PMSM, in 
Proceedings of the International Conference 
Renewable Energies and Power Quality 
(ICREPQ'08), Santander, March 2008, pp. 409-413. 

[13]. M. Ooshima, S. Miyazawa, A. Chiba, F. Nakamura, 
T. Fukao, A Rotor Design of a Permanent Magnet-
Type Bearingless Motor Considering 
Demagnetization, in Proceedings of the Power 
Conversion Conference, Naqaoka, 1997, pp. 655-660. 

[14]. S. Touati, R. Ibtiouen, O. Touhami, A. Djerdir, 
Experimental investigation and optimisation of 
permanent magnet motor based on coupling boundry 
element method with permeances network, Progress 
in Electromagnetics Research, Vol. 111, 2011, 
pp. 71-90. 

[15]. R. W. Kruppa, Method, and apparatus and article of 
manufacture for filtering periodic noise from a 
magnetic read head, United States of America  
Patent 5,887,075, 23 March 1999. 

[16]. B. Tefay, FPGA-Based Electronic Speed Control for 
Brushless DC Motors, Bachelor of Engineering 
Thesis, School of Information Technology and 
Electrical Engineering, University of Queensland, 
2011. 

[17]. D. Torres, AN1160: Sensorless BLDC Control with 
Back-EMF Filtering, 2008. [Online]. Available: 
http://ww1.microchip.com/downloads/en/AppNotes/0
1160A.pdf [Accessed 12 September 2015]. 

[18]. CUI Inc, 14 September 2015. [Online]. Available: 
http://www.cui.com/product/resource/amt10-v.pdf 

[19]. N. Unwin, A. Postula, Filtering of Magnetic Noise 
Induced in Magnetometers by Motors of Micro-
Rotary Aerial Vehicle, in Proceedings of the 8th 
International Conference on Advances in Circuits, 
Electronics and Micro-electronics (CENICS’15), 
Venice, Italy, 23-28 August, 2015, pp. 17-22. 

 
___________________ 

 
2015 Copyright ©, International Frequency Sensor Association (IFSA) Publishing, S. L. All rights reserved. 
(http://www.sensorsportal.com) 
 

 

http://www.sensorsportal.com/HTML/BOOKSTORE/Magnetic_sensors.htm

