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Accelerometer and Magnetometer Based Gyroscope Emulation
on Smart Sensor for a Virtual Reality Application

Baptiste Delporte, Laurent Perroton, Thierry Grandpierre

and ' Jacques Trichet
Université Paris Est, ESIEE Engineering, Marne-la-vallée, France
Freescale Semiconductor, Inc. Toulouse, France

Received: 16 November 2011 /Accepted: 20 December 2011 /Published: 12 March 2012

Abstract: In this paper, we propose two methods based on quaternions to compute the angles of
inclination and the angular velocity with 6 degrees of freedom using the measurements of a 3-axis
accelerometer and a 3-axis magnetometer. Each method has singularities which occur during the
computation of the orientation of the device in the 3-dimensional space. We propose solutions to avoid
these singularities. Experimental results are given to compare our model with a real gyroscope.
Copyright © 2012 IFSA.

Keywords: Smart sensor, Sensor fusion, Accelerometer, Magnetometer, Angular velocity, Gyroscope.

1. Introduction

The computation of the angles of inclination of a device and its angular velocity has many applications
for aeronautics, transportation systems, human motion tracking, games and virtual reality. Classical
methods use accelerometers, magnetometers and gyroscopes. For some particular angles, there are
singularities for which it is impossible to compute neither the orientation of the device in the
3-dimensional space nor its angular velocity [8, page 407].

Our goal is to design a smart sensor magnetometer based virtual gyroscope, i.e. a method to compute
the angular velocity based on the measurements of a 3-axis accelerometer and a 3-axis magnetometer,
without any gyroscope, and with 6 degrees of freedom: 3 degrees of freedom are provided by the
accelerometer and the others are provided by the magnetometer. It is easier to implement, less
expensive and has lower power consumption than the classical gyroscope solutions. Our target is small
motion tracking with embedded devices like cellular phones, with application fields like virtual or
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augmented reality. Moreover, it is possible to create a virtual gyroscope with a magnetometer and an
accelerometer, whereas it is not possible to create a virtual magnetometer or a virtual accelerometer
using only a gyroscope. Methods with accelerometers only have been already proposed in [2, 3, 6, 7].

A well-known method to compute a strap down gyroscope output simply consists in differentiating the
angles of inclination of the device, but we want to compute the total angular velocity, which is the
addition of the angular velocities about the three axes of the fixed frame.

Two methods with two different approaches have been developed. They are proposed in this paper.
The method that uses the angles of inclination of the device has been implemented. The method that
uses the rotation matrix will be implemented and the two methods will be compared in order to find
the method which offers the best precision on the target architecture. This work is a collaboration
project between Freescale and ESIEE Engineering School which started in June 2010.

In Section 2, we introduce the platform and the sensors. In Section 3, a first method to compute the
angular velocity using the absolute angles of inclination is presented. In Section 4, a second method to
compute the angular velocity using the rotation matrix is presented. In Section 5, experimental results
are given and a virtual reality application is presented.

2. Hardware and Smart Sensors

We use the new Freescale MMA9550L smart sensor (Figure 1). This motion sensing platform can
manage multiple sensor inputs. It includes a 3-axis accelerometer and a ColdFire V1 32-bit
microcontroller unit (MCU) with an integrated Multiply and ACcumulate module (MAC module) for
DSP-like operations. An additional Honeywell HMC5843 3-axis magnetometer is mounted on the
MMAO9550L board so that the two sensors are strictly parallel and their frames are aligned.

HMC5843 3-axis

magnetometer
L

oI
o —— ——— ——— — 1 .
I 34 i 1 Coldfire ! | rs232/use
I accelear‘zlri‘leter I 1 H PC
[ H :. V1 VICU =
Freescale MMA9550 Smart Sensor

Fig. 1. Hardware board.

This paper focuses on the mathematical model which provides the angular velocity and the angles of
inclination of the device in the 3-dimensional space. The algorithms have been implemented in the
form of MATLAB scripts for testing purposes and the curves show the results of these
implementations. Once validated, the algorithms have been implemented in C on a Windows 32bits
platform for the virtual reality application presented at the last section of the article. In the future, the
algorithms will be directly implemented on the MMA9550L, since it includes its own microprocessor.
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3. Virtual Gyroscope Based on the Angles of Inclination of the Device

In this section, the angles of inclination and the angular velocity are computed from the accelerometer
and the magnetometer measurements using Tait-Bryan angles and quaternions.

3.1. Parameterization of Rotations with Tait-Bryan Angles

In order to describe the orientation of the device in the 3-dimensional space, 2 right-handed Cartesian
coordinate systems are used: a fixed reference frame with %> = North, ¥» = East and £ = Down

(NED convention), and denoted by the subscript " , and a moving frame attached to a mobile device,

denoted by the subscript @ . The reference frame and the device frame are aligned when the device is
flat and aligned with the ¥z axis pointed to magnetic North. Rotation angles are positive when
clockwise viewed along the relevant axis vector in the positive direction.

The orientation of the device in the reference frame can be described by Tait-Bryan angles: © , & and
¥ . ¥ is the angle of rotation about the Z» axis (yaw).  is the angle of rotation about the Y- axis

(pitch). @ is the angle of rotation about the X» axis (roll). Any rotation of the device can be expressed
as a composition of these three rotations in the reference frame, as shown in Fig. 2.

N
_iN*.........
Na

Fig. 2. Tait-Briant angles.

A rotation about the £» axis, the ¥» axis or the X axis can be respectively described by a rotation
matrix Ba8), B0 or B (@)

- (cos@) sln(h) n) 2@ (cosi:ﬁ'} o —sin{a-})
z = |- &n & - = i 1 ]
W ) coe 2} T dn(f) 0 cos{f)
1 ] 0
R (g} = (’él coatal sin{@a)
0 —snf{g) cos(d)

The composition of the 3 rotations about the £- axis, then the ¥» axis and finally the X» axis, is
described by the rotation matrix Rig, 6,10) = R, R, (@R 08

It is possible to compute @ , & , ¥ and the angular velocity @ from the Earth’s magnetic field E,
expressed in the device frame, and the Earth’s gravitational field 82, expressed in the device frame.
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The magnetic field is measured by the magnetometer. On the other hand, the accelerometer measures
the total acceleration including the gravitational field, the acceleration provided by the user and the

acceleration due to the Coriolis force. Consequently, an extraction of the gravitational field 3z needs
to be performed with a filter.

The expression of the Earth’s magnetic field in the reference frame is given by
By = (B-coo{d) @ F-oin{@) where B denotes the strength of the magnetic field (in Teslas), ¢
denotes the angle of inclination of the magnetic field, which depends on the location on the Earth, and
3T denotes the transpose of (717,

The expression of the Earth’s gravitational field in the reference frame is given by &= ® @ @)

where @ denotes the strength of the gravitational field, i.e. the acceleration (in Newtons).
The computation process is shown in Fig. 3.

w0, 0,
5 - - »| Quaternion
Cnmpntntlpn b, 0, q
+ of ¢, 0, q
Bd L {
. . Angular
. Extraction | _ Smgu]a} ity Velocity|—pm o5
aq—" of gy b Detection @,
: 9d

Fig. 3. Computation process 1.

3.2. Extraction of @4

Since @z is a constant offset in the measurement of @z, it can be extracted with a low-pass filter. The

resulting vector 82 contains sensor medium frequencies and spurious noise. In order to keep only Fa,
a sliding median filter and a sliding average filter are used, as shown in Fig. 4. The same delay is

applied to Bz to make sure they are in phase.

Computation of g,

_ L p Sliding Sliding .
ag—pm MR A55 —— Nedian —® Average > Ja
Filter [ . .
Filter Filter

Fig. 4. Computation of .

3.2.1. Low-Pass Filter

The frequency of 8z equals 0. Consequently, the gravitational field can be extracted with a first-order
Butterworth low-pass filter. The Z-transform transfer function of the filter is given by:

e} _ byt kg2t
gz 1+ @zt
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The default coefficients have been computed with MATLAB by synthesizing a low-pass filter with an
experimentally determined cut-off frequency f: = 0.02.F. | where F- denotes the sampling frequency.

They are given by [Pas Py, @y] = [0.0305, 0.0305, —0.9391] . If a variation of the norm &l exceeds a

threshold, the cut-off frequency of the Butterworth filter increases of %%z and the coefficients
[8e. D4 @4] are computed again. If the cut-off frequency reaches - = D& Fs | the filter waits for the

norml@zll to stabilize. Then, F: decreases of 0.05.F until it reaches 0.02-F . Then, F: is kept, until

1 —
the norm l&zl exceeds again the threshold. A threshold of dga = mlﬁ zll has been experimentally
determined.

3.2.2. Sliding Median Filter

A sliding median filter is used in order to eliminate the highest frequencies sensor spurious noise,
which creates variations of the norm of #z. Since this norm should be constant, we need to eliminate
the samples that have an erroneous norm. As we will see in section 3.3, &= directly impacts the
accuracy of the entire computation process, hence the need to get Tz with the least error. The sliding
median filter uses a sliding window of ™ norms. At the beginning, the window contains the first

norms of the first m samples. Then, the norms of the window are sorted. Finally, the median value of
the window is extracted, and the sample whose norm is the median value is output from the filter, as
shown in Fig. 5.

=1 2 3 4 5 6
Measurements §(7)|7(1)|g(2)|7(3)|7(4)|g(5)

Al Al A7 Al g
X X X k | ki

Norms ||g()|||2.1]2.2]2.6|1.5]2.3

+

Extraction of a window of norms
Sorting of norms

1.512.1(2.2]2.3(2.6

Median norm extraction‘

Extracted Norms ||1-3‘_,a’r (3) ” 2.2

Filtered Measurements g7 (i) d(2)

=1 2 3 4 5 6

Fig. 5. Sliding Median Filter.

Let = @= & 82)7 be the input vector,8r = @Wrx &y 8r2)" the filtered vector and ¢ the index
of the sample. The expression of the filter is given by:

Fr()= F(Jsuchthat |[F@)] = medm:rl( ||§{z -—n+1 £}||;I
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Then, the window slides to the right and the norms of &G —# +2.i +1) are extracted. A sliding
median filter creates a delay oft —1 samples.

The gravitational field filtered with the sliding median filter still has variations, a sliding average filter
is used to smooth it.
3.2.3. Sliding Average Filter

The sliding average filter uses a sliding window of n samples. At the beginning, the window contains
the first # samples. Then, the average value of the window is extracted and output from the filter.

Let §= @~ &5 £2)F be the input vector,@r = @ 8Fy 87207 the filtered vector and  the index
of the sample. The expression of the filter is given by:

:

am——t 1 —t

QJEQ=E- z 5(k)
Kmiomt1

Then, the window slides to the right and filters the values8¢ — % + 2. +1). A sliding average filter
creates a delay of =1 samples.

3.3. Computation of the Angles of Inclination

The Earth’s magnetic fieldZs, expressed in the device frame, results from the rotation of the magnetic

field E-', expressed in the reference frame.
By = Bo($):R, (@) G0 E (1)

The Earth’s gravitational field ,Eer, expressed in the device frame, results from the rotation of the
gravitational field = , expressed in the reference frame. Since & remains unchanged after a rotation
about the Z- axis, B2 Ty = G». It follows:

E#. = B, (@) H}'{'?J-E: (2)

It is possible to compute the roll angle @ from the gravitational field by developing Eq. 2:
& arctani ‘&;’— 3
- 3)
34

arctan2 denotes the arctangent on the domain [,

Once @ is known, it is possible to compute & :

~Hax
g = arl::tau.(gd}_. An(@) + g, cos 95:}} 4)
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™
arctan denotes the arctangent on the domain [_f'gl .

If Tz is aligned with the ¥z axis, the denominator in Eq. 4 becomes 0. Please see Table 1 for the

detection of this singularity.

Table 1. Table of Singularities.

Garx | ey | Bawe | Fawy @ g P
1 0 sin(8) | cos(®) | _T _r 0
2 TZE T
0 -= 7
= | 7| o«
2 5 T
T _ E 2
2
1 0 sin(d) | -cos(®) | _T _r 0
2 % T
0 _ —
T 2 2
— T T
2 "z | I
m T z
2
0 -1 | cos(®) | -sin(@) | _T 0 0
-n'z m T
2
0 -1 | -cos(®) | -sin(@) | _T 0 T
2
-1 0 | -sin(8) | -cos(8) | _& T 0
2 2 T
o | 2|
— - TT
2 T T
T % )
2
-1 0 |-sin(8) | -cos(®) | _T T T
2 2 T
g T Tz
2
2 T T
T ;E_r 7
2
0 -1 | -cos(®) | sin(d) | _T T 0
2 T
m
2
0 -1 | cos(d) | sin(d) _I T 0
2
T T
2

Once @ and @ are known, it is possible to compute ¥ by developing Eq. 1:
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_ ran2 ( EEE' ﬂﬂ(ﬂ;ﬂ - Ed}" CUS":':;'} }
W = arctand \ e @+ By, in{@) . snf{f) + B, .sin(F).cos(@)

3.4. Singularity Detection

A table of the singularities is given in Table 1. The normalized gravitational and magnetic field in the
device frame are denoted respectively by

Fom = @arx Gamy Gawa)¥ = S5
g1
and

By

51

If a singularity is detected, several compositions of rotations give the same result. Consequently, there

R'_Dhr = {E.dﬁﬁ' Edﬁ_‘.r' Eﬂﬁn‘)r =

are two methods. The first method consists in keeping the previous values of @ , & and ¥ . The
second method consists in finding the appropriate case that allows the accurate determination of & , &
and ¥ .

3.5. Parameterization of Rotations with Quaternions
The quaternions are hypercomplex numbers, i.e. 4-dimensional mathematical objects, used to describe

rotations in the 3-dimensional space [5].

3.5.1. Definition and Properties of a Quaternion

A quaternion 9 has 4 coordinates in a 4-dimensional vector space and is denoted by
g=0 9 s Fa)¥ with @2 % 9= GeleBR* [t consists of a vector part 8= — s Ta )
and a scalar part &= = . It can be expressed in the following form:

g=Gu i+ Gz -F+qa-k+qa (5)

In Eq. 5, i, / and k are imaginary numbers: #*=jf =k¥*=-1 and i-f=-f-i=k
frlom=lc-fmi kel=-i-k=] Therefore, it is possible to compute the product of two quaternions
g=0 9 95 Fa)" and@'=(§1 92 92 9a}7, denoted by -4, using the properties of the
hypercomplex numbers. It can be noticed that the product between 2 quaternions is not commutative:
G G g -q

The inverse of a quaternion ¢ = @1 93 93 947 jsdenotedby §*=Cq2 —9z —Gz )"

3.5.2. Euler-Rodrigues Parameters

A quaternion §= @ 92 @3 )T can be used to describe a rotation by an angle @ about a unit
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vector @= (@ b €)¥ that is the axis. @ is a unit vector, so &l =1 . The Euler-Rodrigues parameters
corresponding to the rotation are given by:

ql=ﬂ-sin{:§j ¢g=ﬁ-sin£;£jliil :33=:1-31n{§j :3.;=cos{§j

3.5.3. Rotation

=5 » . —+ . = _ r Z.F
Let 7= ¥ 2)¥ be a vector. The quaternion g transforms ¥ into another vector ¥ = €7 ¥r )
by rotating it by angle & about an @ axis. A fourth null coordinate is added to ¥, so it becomes

Ty=@ ¥ Z 07 The rotated vector ¥ corresponds to the vector part of ¥7¢ given by:
Tre=q-Tp-q* (6)

The scalar part of ¥fe is 0, since ¥fz is a pure vector in the 3-dimensional space.

3.5.4. Composition of Two Rotations

Let 4= be a quaternion describing a rotation by an angle # about an axis @ and 95 a quaternion
describing a rotation by an angle 5 about an axis b. The composition of the rotations about the EI'axis,
then the @ axis, is given by the quaternion & = TFa*%a. Let #=& ¥ 2} pe a vector. The
quaternion 98 transforms ¥ into another vector =@ ¥ I by rotating it by angle 5 about
an axis , then by angle @ about an axis &. With Ta = @& ¥ £ 07 the expression of Eq. 6 becomes
Tre = (@a-96) %2 - (@™ ~ 9™} The rotated vector ¥r corresponds to the vector part of Pre . The

scalar part of ¥re is 0, since ¥ is a pure vector in the 3-dimensional space.

3.5.5. Computation of the Angular Velocity

The instantaneous angular velocity @-G) of the device at the instant  , expressed in the reference
frame, corresponds to the vector part of “rz ¥ given by [4]:

Ty =12- gy L2

The scalar part of g @) s 0, since @€Y is a pure vector in the 3-dimensional space, which finally
gives:

cos(@) - cos@i) - él-+ elnll)- &

) = | —cos(@)- sinlb)- & + cosGh)- &
Hn(@) - ¢+ 1
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3.6. Computation of the Quaternion @ From the Angles of Inclination

A rotation by angle ¥ about the Z» axis, by angle & about the ¥» axis or by angle ¢ about the X»
axis can be respectively described by the quaternion

w=(o o waf?) m(;:)):,
oo =lf) o )]
oo =(se(3) o o cor(g))

The quaternion describing the composition of the rotations about the Z» axis, then the ¥- axis, and
finally the ¥+ axis, is given by = G& " 4¢ " @

=+

or

The method described above has 8 singularities. Consequently, the computation of the angles @ , &
and ¥ cannot be accurate if the detection of singularities is not efficient enough.

4. Virtual Gyroscope Based on the Rotation Matrix

In this section, the angles of inclination of the device and the angular velocity are computed from the
accelerometer and the magnetometer measurements using the rotation matrix and quaternions.
Although its computation cost is higher, the major advantage of this method is that it reduces the
number of singularities to only 2. Furthermore, this method does not require the explicit computation
of the angles. The computation process is shown in Fig. 6.

Quaternion
) > q
Computation ? +
B, »( of The Singularity
Rotation Detection
o Extraction > Matrix M q
ag—w of ¢ P Angular
d Velocity_pwjn
Wr
Computation
ofe 0. | =0V

Fig. 6. Computation Process 2.

4.1. Computation of the Rotation Matrix M

Let =& ¥ ZI¥ be a vector. The rotation matrix M transforms ¥ into another vector
Tr=@F ¥ HF by rotating it by an unknown angle & about an unknown axis a. The coordinates
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of the resulting ¥ are given by:

T=M-F (7

Once ¥ and 7 are known, it is possible to compute M . Consequently, we will be able to deduce &
and 4.

—r
— — B

Fav = ga Bax

Let 221 be the normalized gravitational field in the device frame, "E"\nl " the normalized

magnetic field in the device frame, €z = Sz % Bz the cross product between the gravitational field and
the magnetic field in the device frame,

—

—
Con = —=
l<al,
Tos = Baw % Can
and
Taz = Pav % Car |

On the other hand, let

-

gr

o =
Izl
be the normalized gravitational field in the reference frame,

g
5]

the normalized magnetic field in the reference frame, {» = B % E- the cross product between the
gravitational field and the magnetic field in the reference frame,

—_— £,
Lo = .

"E:i"l " , Tgr = By 2 Coy
and

Tgr — Gri X Gy |

The expressions of &mv and B are respectively given by Fm=€@ 0 1) and
By =(cos@ 0 #m@)™.  Consequently, Cr=@@ g-B-cosf@) 0F CTy=@ 1 0,
Tor = (—ainf@) 0 cos(@))T and Tr =1 0 0F

The general expression of the matrix M is given by:
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My Mg Mg
M= My Mz My
3 ME: PFfEH

Since Taa = M =Ty Can =M -Cry and Taw =M - Bew, the matrix M can be deduced from Faa | Cax
and fax :

M=lTwa Cavw Gawy

“Toar  Camx Em‘q‘x]
Toéz Came Sanz

Since Tza = M -Ta and Baw = M =B there is another method, which is to deduce the matrix M

from Tea , Faw and Baw:

M = [u(B,@Nx - cos(@) - T,Bdx - sn(@)&C,dN¥&B dNx - sin(@) + T Bex - cos(d)@E,dNy - cos(@) —!

= TBdy »eln(@ )&C | ANYEE Ny sInfd) + T Bdy cos{)@E

4.2. Computation of the Quaternion 4

Once the matrix M is known, it becomes possible to compute @ . The four possible cases are given in
Table 2 [1, page 15]. The comparison of #11, M2z and Mas gives the appropriate case that allows the

computation of 4 .

4.3. Computation of the Angles of Inclination

Once g isknown, @ , & and ¥ can be computed:

Gy Gat 92 G
1-2.{g.% + q.*)
& = arcaln (2 (gs - Ga— gz - §u))
(s~ Ga + 2" 93
1-2.(gz% + g5%)

g = arckan?

W = gretand

T
With this method, there are only 2 singularities left: 2. They are known as the gimbal lock. If
such a singularity is detected, the previous value of & is kept.

§= 4

5. Experimental Results

5.1. Extraction of $d

The Fig. 7 shows the results of the computation of & . First, the X« axis has been aligned with the Z»

axis, then the device has been shaken by the user, who created accelerations of about £ & . Then, the
¥z axis has been aligned with the Z» axis and, finally, the Za axis has been aligned with the Z» axis.
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We can notice that the norm of the extracted gravitational field equals 1 & and that the highest
frequencies due to the fast shakes of the user have been eliminated.

Table 2. Computation of @ From M.

o 1+ Myg — Mag — Mg
E(MTyg -+ May)

Mg € =g L V14 Mgy — Mag — Mg
Mag > Mg | g= z L{MTgy +Myy)
bag > Mag ‘f'l -+ My — Mg — Mg

F@"ﬂ:a - Maz}ff e }
1My — Mag — My

Mg + Mi.l.}(f
1= Myq T Mag — Mag

Mog = Mag 1 -\-‘E'J.—Mu— Man — Mgy
Myy = =Mz | g= 7 E(M ] g -+ Ma:}({
Haa < ~ie ¥ 1o My = Mg = Mag
k\zﬂf’ﬂn — M) f ‘}
1My — Mg — My
E(M gy + Myg)
L+ Myy — Mg — Mgy
Mo < Mag (M g5 + Mag)
Mg = =Mz | g= < S My = Mg = Mg
Hag = Mo V1= Myq = Mg + Mg

kﬁf#ﬂu — May)

EiMHEE - MEE::[
1+ My — Mag — My

y1+Myy =My - Maa)

Moz > =Mag EiMIgy — Myp)
Myg ¥ Mg | g=
M:I.:. > 'ME:

1My — Myg — My

b | =

ECM Iy — Mg

th
k\ *v‘i"f'M:u.‘M::—Maa)
1+ Myy + Mg + My

5.2. Angular Velocity

Experimental results of the angular velocity computed with our first method virtual gyroscope (top)
compared to the one from a real gyroscope (bottom) are given in Fig. 8. The real gyroscope is tied to
the accelerometer and the magnetometer and their frames are aligned to get a 9 degree of freedom
system. The similarity of the two measures confirms the accuracy of our model.
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Fig. 8. Angular Velocity Computed with our Virtual Gyroscope (top) vs. a Real one (bottom).

5.3. Virtual Reality Application

In order to evaluate the precision, the latency and finally the usability of our smart sensor we have
developed a basic virtual reality application. This application has been developed using OGRE 3D
(Object Oriented Graphics Rendering Engine) [9] which is an open source library toolkit. It allows
building quickly virtual environment where you can move your view through the control of the camera
position. The 3D scene has to be created previously with a classical modeler tool such as 3DS Studio
Max or Blender for example. In our implementation, the smart sensor values are used to modify the
orientation of the camera or any virtual object of a simulated environment. Hence it replaces the
keyboard/mouse. The raw data of the 6 sensors (3 for magnetometer, 3 for accelerometer) are collected
by the Freescale MMA9550L hardware (presented in section 2) which forwards these data on a serial
over USB connection to the host PC without any processing. Then we implement the equations of
section 4 in a processing thread that continuously takes these raw data as input, computes and produces
the 3 gyroscope angles as output. Finally these 3 computed values are continuously sent to the OGRE
application as shown on Fig. 9.
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On the photo of Fig. 10, we can see the sensor board behind the 3D scene computed and displayed in
real-time. Moving the board on the 3 axis makes the virtual object (here a model of a plane) moving
the same way. This experiment proves the usability of our virtual gyroscope algorithm. Moreover,
angles computation can be executed in real-time leading to an almost instantaneous interaction with
the virtual environment.

ﬂ

Sensor computing -

& sensors usb thread Ogre thread L, |
board

Fig. 9. Software architecture.

Fig. 10. Software architecture.

6. Conclusion and Future Works

In this paper, we have presented two methods to implement a virtual gyroscope that only uses the
measurements of an accelerometer and a magnetometer, with 6 degrees of freedom.

The two methods have their own advantages and drawbacks. The method which uses the angles of
inclination is easier to implement, but there are 8 singularities, which need to be solved. Moreover, the
computation of ¥ depends on the computation of 0, which in turns depends on @ . If there is a
singularity on @ , the computation of the angles is not possible. On the other hand, the method with the
rotation matrix has only two singularities but its computation cost is higher. The second method has
not been completely implemented and validated yet; this is our current work.

The precision of both methods and their limitations must be investigated and will be our main future

work.
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Finally, we plan to optimize the implementation of both methods on the MMA9550L. This will allow
us to provide the angular velocity and the angles of inclination of the device and use them for several
applications, like a 3-dimensional mouse, a virtual joystick, a human motion tracker. The MMA9550L
board can communicate with the PC with a Bluetooth connection. Consequently, the board can become
a portable device with its own power supply.
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Aims and Scope

Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and
application specific papers, short notes, letters to Editor and sensors related books reviews as well as
academic, practical and commercial information of interest to its readership. Because of it is a peer reviewed
international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high
publicity. The journal is published monthly as twelve issues per year by International Frequency Sensor
Association (IFSA). In additional, some special sponsored and conference issues published annually. Sensors &
Transducers Journal is indexed and abstracted very quickly by Chemical Abstracts, IndexCopernicus Journals
Master List, Open J-Gate, Google Scholar, etc. Since 2011 the journal is covered and indexed (including a
Scopus, Embase, Engineering Village and Reaxys) in Elsevier products.

Topics Covered

Contributions are invited on all aspects of research, development and application of the science and technology
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to:

e Physical, chemical and biosensors;

e Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and
transducers;

Theory, principles, effects, design, standardization and modeling;
Smart sensors and systems;

Sensor instrumentation;

Virtual instruments;

Sensors interfaces, buses and networks;

Signal processing;

Frequency (period, duty-cycle)-to-digital converters, ADC;
Technologies and materials;

Nanosensors;

Microsystems;

Applications.

Submission of papers

Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 8-14
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript
are available from the journal’s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors
must follow the instructions strictly when submitting their manuscripts.

Advertising Information
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Digital Sensors and Sensor Systems: Practical Design will greatly benefit undergraduate and at
PhD students, engineers, scientists and researchers in both industry and academia. It is especially
suited as a reference guide for practicians, working for Original Equipment Manufacturers (OEM)
electronics market (electronics/hardware), sensor industry, and using commercial-ofi-the-shalf
components, as well as anyone facing new challenges in technologies, and those involved in the
design and creation of new digital sensors and sensor systems, including smart and/or intelligent
sensors for physical or chemical, electrical or non-electrical quantities.
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