Hadi SALEH, Dmitriy ALEKSANDROV, Vladimir MUZYCHENKO
Vladimir State University, Russia

Determining the location of objects using inertial sensors
in mobile devices

At the present time the increase of interest to the opportunity of determining
the location of some object is observed. The information about the location en-
ables to increase quality of service for the clients. The tendencies of mobile de-
vice development constantly bring to a great amount of new functions and capa-
bilities in mobile devices. One of such results is modernization of a great num-
ber of new devices with inertial sensors which are widely used in different info-
tainment applications. However there is a possibility to use this hardware to
solve the problems of navigation indoor which become more and more urgent
because of the expansion in the number of building projects with difficult infra-
structure. The present work objective is the investigation of accuracy of deter-
mining the location of objects with inertial sensors in mobile devices [Saleh
2010: 49-52].

To track the location of an object with the help of a mobile device the algo-
rithm of step detection based on the threshold is used. The point is that a step has
occurred whenever a value above the threshold value is followed by a value
below the threshold.
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Pic.1. Visualization of step detection algorithm
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The function which helps to determine that according to the sensor and the
given value a step has occurred is the following:

) 1,ifa(i)) < Tand a(i-1) > T
step(i, T) = 0, else ’

where a(i) — is a readout of the accelerometer.

Assuming the number of steps is known, determining the distance moved
and consequently the new location of the object is a matter of determining of
movement given by each step. Mathematically, for n steps with lengths d,,d.,..., d,
the total distance moved D can be calculated by:

D= Z?:ldi ’

Determining the step length by looking at the accelerometer output is diffi-
cult. It is much easier to estimate the length of a step by a constant d correspond-
ing to the average step length of the current user of the system. Though there are
two problems with this: first, the average step length must be known. It can be
calculated, for example, by having each user walk a fixed distance once, and
divide this distance with the number of steps. Second, the stride of a person is
anything but constant [Grewal, Weill, Andrews 2000].

As a range for performing the main experiment the corridor of the second
block of Vladimir State University was chosen. Its location in the global system of
axes is depicted in picture 2. Axis direction is shown by the lines of white colour.

Pic. 2. Position of local system of axes
The local system of axes referred to the positioning area is shown in the pic-
ture by the lines of black colour. The system is fixed in such a way on purpose,
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according to the experiments the movement ran from the southern point of the
building to the eastern one. The result of using such a coordinate system is that
the movement was strictly in the positive direction of Y-axis that simplifies ap-
praisal of calculations for accuracy.

During the experiment a person moved in the way said above holding the
phone on his palm in front of him in such a way that Y-axis of the phone coin-
cided with the Y-axis of the local coordinate system, he tried to keep up this
position while walking the whole distance. The recording started before the
moment of movement and was over after the full stop. The real corridor exten-
sion and consequently the distance covered are 66 meters.

During the experiment two files with data containing accelerometer and gy-
roscope outputs respectively were recorded. The recording duration was 51.7
seconds. The number of recorded gyroscope value was 3455, and accelerometer
one was 2588 that shows the average recording frequency equal to approxi-
mately 67 Hz and 50 Hz respectively.

All sensors have measures of inaccuracy limiting measurement accuracy of
real value. The gyroscope value can be presented in the following way [Hans-
son, Tufvesson 2011]:

w; = K(owtrue + bw + ]\]I + R,‘,

where @, is the true value that is desired, K, is a scale factor, b, is a constant
bias in the sensor, &, is a random noise in the sensor and R; a model for bias
instability. Similarly for the accelerometer measurements a;:

a; = K,ayye + by + N; + R;.
Error indexes were calculated for our sensors:
Ko= (Koo Koy Ko2)' = (1,037 0,989 0,
K= (KynKay Ka2)' = (0.9750.985 0.9367),
b= (buybery bwz)' = (0.00636,-0.00473, -0.00051)",
o= (Basbay ba-)T = (0.29685,-0.3553, -0.02
If the measured sensor value (for a gyroscope ) is:
®; = Ko®yue,
the real value is respectively:
w; = K, 0y

The formula for an accelerometer is similar.
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w; — bm
Ko

Wirye =
If value measured by sensors is equal (for a gyroscope):
w; = K,wcr,
the true value is respectively equal:

Wycr —.

For the accelerometer the formula is similar.

The next stage of processing is smoothing, the aim of which is to get rid of
abrupt readouts. Smoothing was done by the method of a floating average value
with the interval width equal to 11 [Internet]. As the result the data is as shown
in picture 3.

Accelerometer readouts
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Pic. 3. The diagram of accelerometer readouts after processing
For the implementation of our model three classes were worked out:

DataSample.java — is a sensor measurement, it contains the same margins as
a line in the file and the algorithm of the line conversion to the number format.
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InsModelUtil java — keeps different functions needed for the work of an al-
gorithm. They are: vector magnitude finding, multiplication of two matrixes,
multiplication of a matrix by a vector, multiplication of a matrix by a number.

InsModel java — implementation of the algorithm based on direction cosines.
It has two main methods:

updateAtt(double[] sample, double dt)

It takes gyroscope outputs and follows the following steps to recalculate the
orientation (pic. 4):

start
) Refresh rotation
‘ _,-" vector value

rotVector[0] += sample[0] * dt; |
rotVector[1] += sample[1] *dt;
rotVector[2] += sample[2] * dt;

s

| V4 Temporary calculation
‘ /" for DCM generation

rotNorm = ModelUtil.getVectorMagnitude(rotVector); |
srA = Math.sin(rotNorm)/rotNorm; ¥
srB = (1-Math.cos(rotNorm))/Math.pow(rotNorm,2);

skew[0](0] = 0;
skew([0][1] = -rotVector(2];
skew[0][2] = rotVector[1];
skew[1][0] = rotVector[2];

skew[1][1] = 0;
skew([1][2] = -rotVector[0]; [ 1
skew[2][0] = -rotVector[1); getVectorMagnitude() — shows vector length;
skew[2][1] = rotVector[0]; | mXd = multiplication of a matrix by a number;

skew[2][2) = 0; mXm — multiplication of 2 matrixes;

‘ f// mAm = composition of 2 matrixes;
o eye — unitary matrix
tmp1 = ModelUtil.mXd(skew, srA); y/d

ra
tmp2 = ModelUtil.mXd{ModelUtil. nXm(skew, skew), srB);
dem = ModelUtil. mAm(eye, ModelUtil. mAm(tmp1,tmp2));

l

end

Pic. 4. Realization of the algorithm of orientation tracking

updatePos(double[] sample, double dt)
It takes accelerometer outputs and refreshes the position (pic. 5):

269



Convert the vector to the global
coordinates multiplying by DCM matrix
mXv—is a function of multiplication of a
matrix by a vector;

S
~
/ /
/
e

'/
-
-

start

-

/ :
i v compensation
tmp = ModelUtil.mXv(dcm, sample); of gravity;

tmp[2] -=9.81; [ —

| ' /// refresh the speed; ‘
s
velosity[0] += tmp[0] * dt; 4{.//'
velosity[1] += tmp[1] * dt; ©
velosity[2] += tmp[2] * dt;
l ' /" refresh the position ‘

position[0] = velosity[0] * dt; | /-~
position[1] = velosity[1] * dt; *
position[2] = velosity[2] * dt;

|

end

Pic. 5. Realization of the algorithm of position tracking

Besides these classes realizing an algorithm the program has a mechanism of
reading data from files, it imitates data streams going from real sensors.

The model with the realization of the step detection algorithm consists in
changing only a part of the movement tracking model. The algorithm to follow
with every new accelerometer output is shown in picture 6.

As the result of the experiment of walking a fixed distance and counting the
number of steps made the stride length is found to be equal to 0.75 m.

To estimate the work of the model a number of diagrams reflecting some
change of calculated model indexes with the time is depicted.

The course diagram is shown in picture 7. Course is an angle of system rota-
tion around Z-axis or to put it otherwise it is a system orientation in the plane
XY. At given conditions of experimentation this index is determinative for sys-
tem orientation tracking.

The diagram shows that the course value changes in the manner of a sinu-
soid within the range of 0—10 degrees, however, the average value remains al-
most invariable during the whole walk that corresponds to reality. Vibrations can
be explained by the nature of system motion.
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Pic. 6. Realization of the step detection algorithm
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Pic. 7. The diagram of course change
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According to the accelerometer outputs the diagram of the object position on
three axes is shown in picture 8 (the position in the local coordinate system).

Position in the local coordinate system
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Pic. 8. The diagram of the position change

Without using the algorithm of step detection at the moment of a full stop
the indexes had the following value (table 1):

Table 1
Final outputs of the model without using the step detection algorithm
Axis Speed Position, m
X 7.312 42.663
Y 136.949 3332.214
VA -24.990 —475.173

The same data were used when calculating using the step detection algo-
rithm. As the orientation tracking algorithm has become invariable, so it has no
sense to give the course diagram and it completely corresponds to the derived
one (pic. 7).

The diagram of the position change on three axes is given in the picture 9.

One can clearly see in the picture that there is discrete behavior of position
change caused by the specificity of the algorithm. However, the position change
approximately corresponds to the real one. To interpret the derived result better
let us turn to the path based on the calculated indexes (pic. 10).
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The path almost fully corresponds to the real one with the exception of the
fact that there is a deviation angle that appears because the local coordinate sys-
tem does not ideally coincide with the direction of the corridor where the walk
took place and the local system is the starting orientation of the phone but it
changed a little bit at the start of recording. At the moment of full stop the model
indexes were as follows (table 2):

Position in the local coordinate system
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Pic. 9. The diagram of the position change with the use of the step
detection algorithm

Trajectory in the local coordinate system
T T T I

Pic. 10. The motion trajectory
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Table 2
The final model outputs without using the step detection algorithm

Axis Position, m
X —4.943
Y 63.227
VA —3.633

The number of steps is 88.

Conclusion

Having run the experiments with the model using the data got while walking
along a straight 66 meter corridor the results are the following.

The shift from the starting course has occurred to be in the limits of five de-
grees and that is an appropriate index even if we omit inaccurate alignment of
the starting orientation. It is evidence of compatibility of gyroscopes set in the
phone to solve this kind of problems.

Distance calculation based on inertial navigation has given deplorable re-
sults, the final value is 3366.2 m, that is 51 times as much as the real value. Such
a great error is caused by first of all accelerometers with poor accuracy set in the
device; they are not able to give accurate data concerning acceleration influenc-
ing the device.

However, the further research of possibility of using accelerometers shows
that they are good as motion sensors especially they can precisely detect the
number of steps made. Using even the simplest detection algorithm the calcu-
lated distance is 63.524 m, that is 96% from the real one and goes into the ac-
ceptable error 5%.

Within the frame of this work the research of position-finding capabilities of
phone sensors was done. For the further development of this area usage of im-
proved orientation and stride length algorithms instead of given in the present
work can be offered.
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Abstract

The article is devoted to questions of development of inertial navigation sys-
tem for handheld devices and development of navigation algorithms on the basis
of using accelerometers and gyroscopes in a mobile phone to track the move-
ment of a walking person.

Key words: mobile device, inertial sensor, inertial navigation system, acceler-
ometer, gyroscope.

Onpeneneﬂne MEeCTOIO0JI0KEHUSA 00HEKTOB C HCI0JIb30BAaHHEM
HHECPUUOHHBIX JATYUKOB B MOOHJIBLHBIX yCTpOﬁCTBaX

Pe3iome

CraThsi mOCBsIeHa pa3pabOTKe WHEPIUANBHON HABUTAIMOHHON CHCTEMBI
JUIST MOOWIIBHBIX YCTPOWCTB U HABUTAIIMOHHBIX QJITOPUTMOB Ha OCHOBE
UCIOJIb30BAHMS AKCEIICPOMETPOB U T'MPOCKOIOB B MOOMJIBHOM TenedoHe s
OTCIICKUBAHUS MTEPEMEIICHUS YEIOBEKA.

KnioueBrble ci1oBa: MOOMIBHOE YCTPOICTBO, HHEPIIMOHHBIN TATIUK, HHEPIUAIbHAS
HABUTallMOHHAS CHCTEMA, aKCEIEPOMETP, THPOCKOIL.

Ustalanie lokalizacji obiektow wykorzystujacych czujniki inercyjne
w urzgdzeniach mobilnych

Streszczenie

Artykut poswigcony jest rozwojowi systemu nawigacji inercyjnej dla urza-
dzen przenosnych oraz opracowaniu algorytmoéw nawigacji w oparciu o uzycie
akcelerometrow i zyroskopow wbudowanych w telefon komoérkowy stuzacych
do sledzenia ruchu osoby piesze;.

Stowa kluczowe: urzadzenia mobilne, czujnik inercyjny, inercyjny system nawi-
gacji, akcelerometr, zyroskop.
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