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Abstract. The article represents the methodology for estimation of the Earth’s magnetic field characteristics for a
particular area. It is proposed to use a group of sensors inside of a tablet or a cell phone as a measurement device. We
used typical sensors raw data like pitch, roll, yaw (from gyros); components of magnetic field intensity vectors (from
magnetometers); latitude, longitude, altitude (from global positioning sensor). We represent the result of intensity
vector components estimation for particular area. It is stated that the most important characteristics of magnetic field
are horizontal and vertical components of intensity vector and inclination and declination angles. In addition, we

compared the received results with magnetic field forecast, according to the world magnetic model.
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1. Introduction

Global Earth’s Magnetic field is one of the most
important things in planetary structure. Magnetic field is
also one of the key elements for navigation purposes. Its
parameters are extremely important for direction
detection and other applications. For example, in inertial
navigation systems global magnetic field is used for
sensors calibration. Characteristics of magnetic field are
also used for rotation detection and angular speed
calculation. Typically total magnetic field in some point
of atmosphere is the sum of thee different components:
main magnetic field, which is a result of geomagnetic
process inside of the Earth core; external magnetic field,
which is a result of sun influence, depends on current
solar activity and usually is less than 5% of total
magnetic field; anomalous — a result of influence of
different ground anomalous areas, which contains some
ore deposits with magnetic characteristics in the Earth
crust. However, some of magnetic anomalies are can not
be described by ore deposits, for example “Big Atlantic
anomaly”. Nowadays it is possible to detect influence of
different human-made structures to total magnetic field.
This is the result of wide metal construction usage in
city building. Definitely, this type of influence is a part
of anomalous magnetic field, but it is directly connected
with results of human changing. In this case we can
access natural and human based components of
anomalous field. With human-based part we can also
include different electrical devices which can result in
magnetic injection.

2. Analysis of research and publications

Nowadays different international programs investigate
and monitor characteristics of magnetic field. National
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oceanic and atmospheric administration (NOAA), U.S.
Geological Survey (USGS) [1], Swarm earth explorers
by European Space Agency (ESA) investigate this
problem, but in common way all of them are focused
on global scale of magnetic field.

3. Aim of the work

Modern navigation devices and sensors grounded on
magnetic field characteristics use magnetic field
models which do not contain data about human-
based part of magnetic field. As a result, non
accurate model produce errors, which will be in
result of positioning or heading error. In some cases
influence of human-based field is very valuable for
navigation purposes. That is why the aim of this
work is to describe methodology of local magnetic
field parameters measurement through the use of
typical users equipment.

4. Sensors

Usually magnetic field is characterized by intensity
vector. Intensity vector “T” is the sum of the vectors
strengths of several fields [2]. Typically, the vector
T is estimated from its projections, on the some
Cartesian  coordinate system (Tx, Ty, Tz
components). In addition, two angles are important:
declination(D) and inclination(I), which indicate
position of intensity vector in space, horizontal TH
and vertical Tz components of T.

Declination is positive for an eastward deviation
of the field relative to true north. It can be estimated
by comparing the magnetic north/south heading on a
compass with the direction of a celestial pole.
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The inclination is given by an angle that can assume
values between -90° (up) to 90° (down). In the
northern hemisphere, the field points downwards. It is
straight down at the North Magnetic Pole and rotates
upwards as the latitude decreases until it is horizontal
(0°) at the magnetic equator.

Fig. 1. Components of magnetic field intensity vector

All sensors which we need can be found inside of
typical tablet or in modern cell phone [3]. That’s
way it is need 3 magnetometers (they will sense Tx,
Ty, Tz components of intensity vector), 3 gyroses
(to detect angular position of tablet) and positioning
sensor — GPS (Global Positioning System) receiver
(to data composition).

With the help of GPS receiver we measured:
Height — a scalar value, in meters; Lat — scalar
geodetic latitude, in degrees, where north latitude is
positive and south latitude is negative; Lon - A
scalar geodetic longitude, in degrees, where east
longitude is positive, and west longitude is negative.
With the help of Magnetic Field sensors — Tx, Ty,
Tz — components of magnetic field vector in
nanotesla (nT), usually. With the help of Gyroscope
— rotation angle data.

During an experiment were used a cell phone
Samsung Galaxy 19300 and free Android application
"Data Recording" (for data collecting and storing).

As a result of software measurement we obtained
text files with measured data. Pitch, roll and azimuth
— these variables determine the position of device in
the space. Azimuth serves as a compass, returning a
value from 0 to 360 degrees, where 0 is north. Roll,
which defines the "looks" screen phone in the
ground or in the sky returns a value from 0 to 180
degrees, as you turn the phone to the right (180
degrees when the screen looks down), and from 0 to
-180 as you turn your phone left. Pitch determines

the angle of the phone in an upright position, returns

a value from 0 to 180 (when tilted to the right) and

from 0 to -180 when tilted to the left.
Trajectory of measurement and

positioning is represented on fig. 2.

result of
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Fig. 2. Experimental trajectory by GPS data
5. Data transformation for the same time

Unfortunately different sensors inside mobile phone
have different time of measurements [4]. It means that
each sensor measures in some specific time scale. For
example, in experiment GPS module provides us 1
result per second and other sensors 10 times per
second. To make this time problem clear it is necessary
to interpolate coordinates in order to unify sensors data
time. The easiest way to do this is to use polynomial
approximation. Let’s use polynomial interpolation with
mth order of the polynomial:

y=A,+ Ax+ A+ A +...+ 4, x",

where Ai are polynomial coefficients with i=0...m.
As a result of measurement polynomial coefficients
will be calculated.
In this case the least square method will be used for
calculation. But at first let’s compose system of math
equation which helps to calculate polynomial coefficients:

AS, + A4S+ A4S, +...+ 4,5, =B,
A4S + A4S, +485+...+A4,S,.,, =B
A4S, +AS;+ A4S, +...+A4.S,.,=B, ,

A()Sm + AiSm+1 + A2Sm+2 t...t AmS2m = Bm

where S, :f‘,x,.", k=1...m,
i=1

S, =n+1, n-number of measurements,
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By :Z(yi xlk)
i=1

Let’s represent it in matrix form:

Then, polynomial coefficients will be calculated
by the next formula
A=Bxinv(S) .

AXS =B, These coefficients will be inserted into the main
where formula of the polynomial to calculate position for
A:|A0=A1a---Am > required time. Result of interpolation for different
S, S, S,...8, B, coordinates has been represented on figure 3 and 4
S8 858, B, for time closed to 1500 second.
§=15855.-8u | B=|B, To increase computation time it is possible to use
olynomial with less order, but in this case
Sm Sm+l Sm+2 i ‘SZm Bm p y . i ’.
interpolation errors increase rapidly.
| O GPS data
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Fig. 3. Longitude Interpolation of GPS data
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Fig. 4. Langitude Interpolation of GPS data

6. Transformation of coordinate systems

The input data are the result of measurement of sensors
that located in the device. All measurements are
performed in “Body” coordinate systems. Body
coordinate system refers to the body of cell phone frame.

Center of Body coordinate system is usually located
in the center of mobile phone. Axis X directed in front,
Y- go to the right and Z- up by normal.

In result let’s represent measurements in East-
North-Up (ENU) coordinate system. The ENU
coordinate system is a local system specific to any

sin(y)cos(0)

sin(0) —sin(¢)cos(0)

cos(q))cqs(w)+sip(¢)sin(\|})sip(6)
Tovy =| cos(y)cos(8) —cos(o)sin(y)+sin(d)cos(y)sin(0)

point on the Earth. It is formed from a plane tangent
to the ellipsoid model surface at this point. The axis
E is directed to the east, N to the north and U - up
orthogonal to the tangent plane.

The coordinates transformation between Body and
ENU is realized with the help of angular coordinates of
device: pitch (0), roll (p) and yaw (w). Roll is the
rotation around the front-to-back axis. Pitch is the
rotation around the side-to-side axis. Yaw is the
rotation around the vertical axis. Coordinates in ENU
frame will process with transformation matrix by
following equation [5, 475 p.

—sin(¢)cos(y)+cos(¢)sin(y)sin(0)
sin(¢)cos(y)+cos(d)cos(y)sin(0) |X7,

—cos(¢)cos(0)
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T, All of these parameters are important for
where T, = T); » | — matrix of magnetic field navigation and other magnetic field applications.
T, That’s why let’s calculate declination, inclination
components in body coordinate system; and intensity for all input data. After that we will
T ’ have these data across trajectory of mobile phone
XENU -
Toyy =| Topyy | — matrix of magnetic field movement (fig. 5-8).
U The “V4” method has been used to interpolate

components in ENU coordinate system.
7. Evaluation of the magnetic field

At any location, the Earth's magnetic field can be
represented by a three-dimensional vector. A typical
procedure for measuring its direction is to use a
compass to determine the direction of magnetic
North. The intensity (7) of the field is proportional
to the force it exerts on a magnet. Its angle relative
to true North is the declination (D) or variation:

)

Facing magnetic North, the angle the field makes
with the horizontal is the inclination (/) or dip:

T;ENU]
Tyeny

Horizontal component of intensity vector of
magnetic field:

— 2 2
THENU _\/Y;ENU +7;/ENU .

J;EN U

D= arccos(
HENU

1= arctg(

values of declination, inclination and intensity for
area which is close to movement trajectory.

The “V4” method is much like a radial basis
function interpolate. These methods are distance
based methods, so we will have a single radially
symmetric basis function around every data point.
The “V4” method will form a linear combination of
these basis functions, so it must formulate and solve
a linear system of equations, of size the number of
data points. It is apparently a Greens' function
approach. It uses a full matrix composed of all of the
interpoint distances. This will be slow for many
points, and extremely memory intensive. In result
surface which fit to the data has been calculated
(figures from 9 to 12).

For data verification international world magnetic
model has been used. The predicted state of intensity
vector of magnetic field for local area of investigation
has been calculated by NOAA data with the help of
MATLAB specific software on the same date and time
of real data measurement. Result of Intensity vector
forecast in terms of declination, inclination and
intensity are represented on fig.13-16.
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Fig. 7. Vertical component of intensity of Magnetic field vector
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Fig. 8. Horizontal component of intensity of Magnetic field vector
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Fig. 11. Horizontal component of intensity of Magnetic
field vector surface interpolation

Fig. 12. Vertical component of intensity of Magnetic field
vector surface interpolation
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Fig. 13. Declination surface interpolation
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Fig. 15. Horizontal component of intensity of Magnetic
field vector surface interpolation

8. Conclusions

Results of work indicate that mobile phone sensors
can be wused for real time magnetic field
characteristics estimation. Parameters of Earth’s
magnetic field: declination (fig. 9), inclination
(fig. 10), intensity, horizontal (fig. 11) and vertical
(fig. 12) components are extremely important for
navigation purposes. Represented methodic of these
parameters evaluation shows the cheapest way to
improve navigation equipment functionality. Result
of interpolation has been verified with forecasts by
international world magnetic model.
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I. B. Octpoymos', O. O. Muponiok’, M. B. Huuak’. O6po6Kka 1aHHX JOKAILHHX BHMIpIOBaHb MATHITHOrO
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CratTio NPHUCBSYEHO PO3pOOILII METOIONIOTIT OLIHIOBAaHHS XapaKTEPUCTUK MArHITHOTO MOJIst 3eMITi [UIsl IEBHOT'O PETIOHY.
VY 4KOCTI BHMIPIOBAIBHOTO IIPUCTPOIO 3alpONIOHOBAHO BHUKOPHCTOBYBAaTH TPYIy NAaTYMKIB PO3MILICHUX YCEpeauHi
IUTAHILIETHOTO KOMIT 10Tepa abo MOOUIbHOTO TenedoHy. Y poboTi Oyio BUKOPHCTAHO THUIOBI AATUYHKH, SIKI BUMIPIOIOTH
KyTH TaHTaXy, KpeHy, pUCKaHHs (TipOCKOIH); KOMIOHEHTH BEKTOPIB HANPY>KEHOCTI MarHiTHOTO IOJIsl (OTPUMYIOTHCS
Bil MarHiTOMETpiB); MIUPOTy, IOBIOTY, BHCOTY Hax piBHEM MoOps (Bi TIOOANbHOI CHCTEMH CYITyTHHKOBOTO
MO3UIIOHYBaHHs). HaBeneHo pe3ynbTaTH OLIHIOBAaHHS KOMIIOHCHTIB BEKTOpa IHTEHCHBHOCTI MArHITHOTO TOJS UL
meBHOI TepuTopii. HalBa)IWBIMMMK XapaKTEPUCTUKAMH MArHITHOTO TIONS € TOPH3OHTANbHI W BEPTHUKAIBHI
KOMIIOHEHTH BEKTOpa HaIpyXKEHOCTi, a TAKOXX KyTH MarHiTHOIO HaXwWwiy Ta cXwieHHA. OTpuMaHi pe3yibTaTd Oyiu
MOPiBHSHHI 3 IPOTHO30M XapaKTEPUCTUK MarHiTHOTO IOJIS 32 MOJEJIUII0 MAarHITHOTO IOJIS.
Kuro4oBi ciioBa: akcenepomerp; alipoOKCUMAIlis; TipOCKOI; IHTEPITOJIALIS; MATHITHE 110JIC; MarHiTOMETpP; MOOUTbHUIA
Tene(oH; IUIAHILIET; TTOJIIHOM.

M. B. Octpoymos', E. A. Muponiox’, M. B. Huuak®. O6pa6oTKa JaHHBIX JTOKATBHBIX H3MepeH il MATHUTHOI'O TOJIS

23 HanronanbHbIil aBHAIHOHHBIH yHHBEpCHTET, mpocit. KocMonarta Komaposa, 1, Kues, Ykpanta, 03680

E-mails: 'ostroumov@sciary.com; “alena_mironyuk@mail.ru; *djmikemi6@gmail.com
CraThsl TIOCBSAIICHA Pa3pabdOTKe METOAOJIOTHU OIEHKU XapaKTEPUCTHK MArHUTHOTO MOJS 3eMIIH JUIsl ONPEICIICHHOTO
pervoHa. B xadecTBe M3MEPUTENHHOTO YCTPONCTBA MPEIJIOKEHO MCIIONB30BATh TPYIITY JAATYUKOB PACIOIOKEHHBIX B
CepeIMHE TUIAHIICTHOTO KOMIBIOTEpA WM MOOMIBHOTO TenedoHa. B paboTe HCIOIh30BAMCH THUIIOBBIC JATYHKH,
M3MEPSIFOIIUE YTIIBI TaHTaXka, KPeHa, PHICKaHUS (THPOCKOIIBI); KOMIIOHCHTHI BEKTOPOB HAIPSIKEHHOCTH MArHUTHOTO
moJist (moJdy4aeMble OT MarHUTOMETPOB); IIMPOTA, JOJTOTa, BBHICOTA HAll YPOBHEM MOps (OT MIOOAIBHON CHCTEMBI
CIIyTHHKOBOTO TIO3WUIIMOHUPOBaHMs). [IpencTaBieHsl pe3ynbTaThl OLIEHUBAHNS KOMIIOHEHTOB BEKTOpPa MHTEHCHBHOCTH
MarHWTHOTO TIOJSI [UIS ONpeAeleHHOW Teppuropuu. Hamboree BakHBIE XapaKTEPHCTUKA MArHUTHOTO IIOJISL:
TOPU3OHTAJIbHBIE U BEPTUKAJIBHBIE KOMIIOHEHTBI BEKTOPA HANPSKEHHOCTH, @ TAKXKE YIJIbl MATHUTHOTO HAKIOHEHUS U
ckioHeHus. [lomydeHHbIe pe3ynbTaThl OBUIA COTIOCTABUMBI C IIPOTHO30M XapaKTEPHCTUK MAarHUTHOTO IOJIS IT0 MOJETH
MAarHUTHOT'O HOJIS.
KiroueBble cjI0Ba: ammpOKCHMAITNS; aKCEIEPOMETP; THPOCKOIL, WHTEPIONALMSA; MAarHUTHOE II0Je; MAarHiTOMETp;
MOOHMIIbHBIN TeJIC(OH; IUIAHIICT; TOJTHHOM.
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