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Determining the location of objects using inertiakensors
in mobile devices

At the present time the increase of interest tooty@ortunity of determining
the location of some object is observed. The infdiom about the location en-
ables to increase quality of service for the cBeifthe tendencies of mobile de-
vice development constantly bring to a great amofimew functions and capa-
bilities in mobile devices. One of such resultsnisdernization of a great num-
ber of new devices with inertial sensors whichaidely used in different info-
tainment applications. However there is a posgibild use this hardware to
solve the problems of navigation indoor which beeamore and more urgent
because of the expansion in the number of builgigects with difficult infra-
structure. The present work objective is the ingesion of accuracy of deter-
mining the location of objects with inertial sersan mobile devices [Saleh
2010: 49-52].

To track the location of an object with the helpaafobile device the algo-
rithm of step detection based on the thresholdésiuThe point is that a step has
occurred whenever a value above the threshold valdellowed 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 accaydm the sensor and the
given value a step has occurred is the following:

stefi,T) :{ 1ifa(i) < g 2?Sdea(i—1) >T

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

Assuming the number of steps is known, determinimgy distance moved
and consequently the new location of the objec matter of determining of
movement given by each step. Mathematicallynfsteps with lengthd,,d,,..., d,
the total distance movdd can be calculated by:

D= Zin=1di '

Determining the step length by looking at the amweheter output is diffi-
cult. It is much easier to estimate the length sfep by a constadtcorrespond-
ing to the average step length of the current akdre system. Though there are
two problems with this: first, the average stepgtbnmust be known. It can be
calculated, for example, by having each user waflkked distance once, and
divide this distance with the number of steps. &dcohe stride of a person is
anything but constant [Grewal, Weill, Andrews 2Q00]

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

Pic. 2. Position of local system of axes
The local system of axes referred to the positigrirea is shown in the pic-
ture by the lines of black colour. The system x&di in such a way on purpose,
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according to the experiments the movement ran fitensouthern point of the
building to the eastern one. The result of usinthsal coordinate system is that
the movement was strictly in the positive directafy-axis that simplifies ap-
praisal of calculations for accuracy.

During the experiment a person moved in the wag shiove holding the
phone on his palm in front of him in such a wayt thi@xis of the phone coin-
cided with theY-axis of the local coordinate system, he tried ¢ek up this
position while walking the whole distance. The meliog started before the
moment of movement and was over after the full .sTdge real corridor exten-
sion and consequently the distance covered arectérsn

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

All sensors have measures of inaccuracy limitingsaneement accuracy of
real value. The gyroscope value can be presentéukirfiollowing way [Hans-
son, Tufvesson 2011]:

;i = K,owe + b, + N + R,

wherewye is the true value that is desirdl, is a scale factoh, is a constant
bias in the sensol\; is a random noise in the sensor &da model for bias
instability. Similarly for the accelerometer measuentsy;:

3 = Kadyue + ba + Ni + R,
Error indexes were calculated for our sensors:
Ko= (KonoKoys Koo)' = (1,037 0,989 0,
Ka= (KaxKay Ka)' = (0.975 0.985 0.9367)
.= (B,.0,y, b,2)" = (0.00636, —0.00473, —0.00051)
bo= (Dajbay, bas)' = (0.29685, —0.3553, —0.02
If the measured sensor value (for a gyroscope ) is:
w;i = Ko,Wtrue,
the real value is respectively:
wi = K, 0ye.

The formula for an accelerometer is similar.



wi—h,
Ko

If value measured by sensors is equal (for a gpesc

Wtrue =

i = K,ocr,
the true value is respectively equal:
Wycr =.

For the accelerometer the formula is similar.

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

Accelerometer readouts
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Pic. 3. The diagram of accelerometer readouts aftgrocessing

For the implementation of our model three classeiewvorked out:
DataSample.java- is a sensor measurement, it contains the samgnaas
a line in the file and the algorithm of the linengersion to the number format.
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InsModelUtil.java— keeps different functions needed for the worlaofal-
gorithm. They are: vector magnitude finding, mditiation of two matrixes,
multiplication of a matrix by a vector, multiplicah of a matrix by a number.

InsModel.java- implementation of the algorithm based on dimettosines.
It has two main methods:

updateAtt(double]] sample, double dt)

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

/
[

{ start ‘
b ' Refresh rotation

/ vector value

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

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];
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;
| mAm - composition of 2 matrixes;

eye — unitary matrix
tmpl = ModelUtil. mXd(skew, srA);
tmp2 = ModelUtil.mXd(ModelUtil.mXm(skew, skew), srB);
dcm = ModelUtil. mAm(eye, ModelUtil.mAm(tmp1,tmp2));

( end
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Pic. 4. Realization of the algorithm of orientationtracking

updatePos(doubl €[] sample, double dt)
It takes accelerometer outputs and refreshes thiggo(pic. 5):



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

compensation
of gravity;

‘ tmp = ModelUtil.mXv(dcm, sample);

tmp[2] -=9.81;

| refresh the speed;

velosity[0] += tmp[0] * dt;
velosity[1] += tmp[1] * dt;
velosity[2] += tmp[2] * dt;

| refresh the position

position[0] = velosity[0] * dt;
position[1] = velosity[1] * dt;
position[2] = velosity[2] * dt;
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Pic. 5. Realization of the algorithm of position tacking

Besides these classes realizing an algorithm thgr@m has a mechanism of
reading data from files, it imitates data streawiag from real sensors.

The model with the realization of the step deteci@dgorithm consists in
changing only a part of the movement tracking modiee algorithm to follow
with every new accelerometer output is shown itupe6.

As the result of the experiment of walking a fixdidtance and counting the
number of steps made the stride length is fourimetequal to 0.75 m.

To estimate the work of the model a number of diagr reflecting some
change of calculated model indexes with the tingejsicted.

The course diagram is shown in picture 7. Coursa iangle of system rota-
tion aroundZ-axis or to put it otherwise it is a system ori¢iota in the plane
XY. At given conditions of experimentation this indexdeterminative for sys-
tem orientation tracking.

The diagram shows that the course value changdsimanner of a sinu-
soid within the range of 0-10 degrees, however atferage value remains al-
most invariable during the whole walk that corrasimto reality. Vibrations can
be explained by the nature of system motion.
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A4
flag = true
A 4
flag = false
double[] step ={0.0,0.75,0.0}
double[] distance= INSModelUtilmXy dcm, step)
positior{0 ] += distance[0]
positior{1 ] += distance[1]
positior{2 ] += distance[2]
l
h 4
End
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 diagrathe object position on
three axes is shown in picture 8 (the positiohalocal 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 & thoment of a full stop
the indexes had the following value (table 1):

Table 1
Final outputs of the model without using the step etection algorithm
AXxis Speed Position, m
X 7.312 42.663
Y 136.949 3332.214
4 —24.990 —475.173

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

The diagram of the position change on three axgwén in the picture 9.

One can clearly see in the picture that theredsrdie behavior of position
change caused by the specificity of the algorithHimwever, the position change
approximately corresponds to the real one. To pnétrthe derived result better
let us turn to the path based on the calculateeesl (pic. 10).

272



The path almost fully corresponds to the real ot the exception of the
fact that there is a deviation angle that appeacaise the local coordinate sys-
tem does not ideally coincide with the directiontleé corridor where the walk
took place and the local system is the startingnbation of the phone but it
changed a little bit at the start of recordingtidgé 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 thase of the step
detection algorithm

Trajectory in the local coordinate system
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Pic. 10. The motion trajectory
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Table 2
The final model outputs without using the step detion algorithm

AXxis Position, m
X —4.943
Y 63.227
Z —3.633

The number of steps is 88.

Conclusion

Having run the experiments with the model usingdata got while walking
along a straight 66 meter corridor the resultslaedollowing.

The shift from the starting course has occurreldetan the limits of five de-
grees and that is an appropriate index even if mg maccurate alignment of
the starting orientation. It is evidence of comipidity of gyroscopes set in the
phone to solve this kind of problems.

Distance calculation based on inertial navigatias kiven deplorable re-
sults, the final value is 3366.2 m, that is 51 8mas much as the real value. Such
a great error is caused by first of all acceler@msetvith poor accuracy set in the
device; they are not able to give accurate dataermimg acceleration influenc-
ing the device.

However, the further research of possibility ofngsaccelerometers shows
that they are good as motion sensors especially ¢aa precisely detect the
number of steps made. Using even the simplest timtealgorithm the calcu-
lated distance is 63.524 m, that is 96% from tte ome and goes into the ac-
ceptable error 5%.

Within the frame of this work the research of positfinding capabilities of
phone sensors was done. For the further developaigahis area usage of im-
proved orientation and stride length algorithmgedad of given in the present
work can be offered.
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Abstract

The article is devoted to questions of developno¢mertial navigation sys-
tem for handheld devices and development of nawaigatigorithms on the basis
of using accelerometers and gyroscopes in a mbitme to track the move-
ment of a walking person.

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

OnpenesieHne MeCTOMNOJIOKEeHUSI 00bEKTOB € HCIOJIb30BAHUEM
HHEPIHOHHBIX JATYUKOB B MOOMJIBLHBIX YCTPOICTBAX

Pe3iome

CTaTI:SI IIOCBAIIICHA pa3pa60TKe PIHeleI/IaJIBHOﬁ HaBI/IFaLIPIOHHOﬁ CUCTCMBI
JJIA MO6I/IHBHBIX YCTPOP’ICTB U HaBUTallUOHHBIX QAJTOPUTMOB Ha OCHOBC
HCIIOJB30BaHMs aKCEIEPOMETPOB W T'MPOCKOMOB B MOOHWIBHOM Teje(oHE s
OTCJIC)KUBAHUA IIEPEMCIUICHUA YCJIIOBEKA.

KiroueBble c10Ba: MOOMIBHOE YCTPOHCTBO, MHEPIMOHHBINA JATYMK, HHEPIUAIBHASL
HaBUTALIMOHHAS CUCTEMA, aKCEIEPOMETP, THPOCKOIL.

Ustalanie lokalizacji obiektow wykorzystujacych czujniki inercyjne
w urzadzeniach mobilnych

Streszczenie

Artykut poswigcony jest rozwojowi systemu nawigacji inercyjneg dirz-
dzer przendnych oraz opracowaniu algorytmow nawigacji w opargiwycie
akcelerometréw izyroskopdéw wbudowanych w telefon komérkowy zgjcych
do $ledzenia ruchu osoby pieszej.

Stowa kluczowe:urzadzenia mobilne, czujnik inercyjny, inercyjny systeawi-
gacji, akcelerometgyroskop.
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