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Abstract

Purpose:Localization and positioning of movable objects in air space are one of the main navigation tasks. In our
research, we consider the application of accelerometers and gyroscopes sensors for finding the position of the object in
space using the personal pocket device. The personal pocket device is plugged to the object body and location of an
object is associated with the pocket device location. The personal pocket device includes sensors and performs
measurements, but localization function is performed at the remote ground station. The data exchange between the
pocket device and computation service is supported by WiFi network. Methods:Object position detection is grounded
on inertial navigation approach.Also, we use experimental research and statistical analysis of the obtained data.
Results:developed math model is applied in software that supports data exchange with android compliant personal
pocket devices.The software initiates measurements of acceleration and object orientation in space at personal pocket
device side and estimates object position in a local Cartesian coordinate system by inertial navigation
approach.Discussion: the proposed approach can be used in new positioning systems structure for tracking of small

movable objects in air space.

Keywords: navigation; inertial navigation; positioning; sensors; gyroscope; accelerometer; personal pocket device

1. Introduction

Object localization in space is of the most import
task of navigation and surveillance. Nowadays,
there are multiple methods of movable object
localization are used to detect position as a
specific coordinate system. The most useful of
them are Time Difference of Arrival (TDOA),
Time of Arrival (TOA), Angle of Arrival (AOA),
AOAJ/TOA and inertial. Practical implementation
of these methods has found at numerous systems.
Today a Global Navigation Satellite System
(GNSS) is the most commonly used positioning
system, because, in comparison with other
systems, it can guarantee the high level of
accuracy, availability,and continuity of position
measurement in airspace [1]. However, the effect
of multiple factors such as ionospheric delays [2],
tropospheric errors [3], the interference of radio
waves or unintentional jamming of signals
degrades the performance of positioning at some

volumes of airspace [4,5] or may cause a positioning
lock [6].

Positioning by a ground-based network of
beacons is commonly used in civil aviation in case
of GNSS lock [7-11]. Special interrogation sensors
(Distance Measuring Equipment) or direction
finding equipment (VHF omnidirectional range,
Automatic Direction Finder) are required to be
installed on board of flying object to support
positioning. These sensors make the impossible
implementation of this positioning principle for
small fly object due to valuable weight and size of
Sensors.

Inertial  navigation approach is  another
positioning algorithm that may be used for
coordinates  determination [12, 13]. Inertial

navigation approach is implemented in Attitude and
heading reference system (AHRS) on board of
airplane or may be integrated into GNSS receiver to
improve positioning performance. Inertial navigation
uses measurements of acceleration and orientation of
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the body in space to estimate changes in coordinates
between iterations. Inertial sensors may be fixed on
the tracked object, but position estimation can be
performed remotely in order to reduce the weight
and size of moving equipment.

Today AHRS became very popular at
variousapplications. AHRS is used in aviation,
astronautics, cars, ships, robotics, and even
medicine. According to the modern tendency, design
of independent and cheap positioning technology is
a key element of movable object navigation.

2. Aim of work

Aim of work is to use inertial navigation approach
for position detection of the remote object, that is
equipped with a set of accelerometers and
gyroscopes.

3. Positioning by Inertial Navigation

An inertial navigation approach for position
estimation grounds on force measurement that
interrogate with research inertial mass. Force action
can be a result of acceleration changes. Position
detection of moving an object in space uses a
calculation of path components by the axis of some
coordinate system, that is the result of integral from
velocity or double integral from acceleration by the
time between iterations [13]:

5(t;) = J?_ . Venp (2 )dt = .Ur?_ . Ayt )dt?,

where V is velocity; A is acceleration.

We consider East-North-Up (ENU) coordinate
system. Axis X is directed to the geographical East.
Axis Y is directed to the Noth. Z axis is up by
normal to the horizontal axis. The reference point of
the Cartesian coordinate system is placed at the
point of initial measurement (Fig.1).
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Fig.1. Basics of inertial navigation

In general case,an accelerometer is a sensor for
measuring components of acceleration of an object

to which sensor is attached. According to Newton’s
second law (F=mA) sensor for measuring
acceleration (A) is based on the definition of force
(F), acting on a mass (m). Zero acceleration occurs
when the force F has no effect on weight.
Acceleration is directly proportional if the force has
constant  weight. Methods of construction
accelerometers are many, but common to them is
based on usage inertial mass in their structure.

If we can measure the vector of accelerations by
axis, we will get components of the path:

ti .
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, (1)
where Aenu=[ax, ay, a;]is a matrix of accelerations
by the axis of the coordinate system; Venu=[Vx, Wy,
v.]is a matrix of velocities;At = &; —£;_.

Position of an object can be estimated by simple
adding a path component by each direction to the
previous location:

Xewy (t:) = Xeyy (t_1) + 5(t,), 2)

where Xenu(tii) and Xenu(t)) are coordinates of
object location at previous and current iteration
correspondently; S=[sx, Sy, S;] IS a matrix of path
component by each direction.

Using (1) in equation (2) object location can be
obtained as follows:

Xewu(t:) = Xepp(8i-1) + AtVepy (80 +

Al
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We consider a strap-down inertial navigation
system architecture. In this case, accelerometers
assembly is properly fixed on the body of an object
to sense applied components of acceleration. All
sensors are measuring in the body Cartesian
coordinate system. Also, an assembly contains a set
of gyroscopes to measure object orientation in space.
Orientation matrix includes pitch, roll and yaw
angles. All of these angles are used for
accelerometer data transformation from the body to
the ENU coordinate system [13, 14]:

Aenu=[T1,T2,T5] A, (4)
sinrcos B
T, = |cosdrcos H],
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T, =

where Apis a matrix of acceleration in the body
reference frame; y is a yaw angle;o is a roll angle;0
is a pitch angle.

Obtained acceleration matrix A, after the
measurement is transformed by (4) to Aenu With the
help of a rotation matrix. Than Aenuis used in (3)
for position updating from previous to the current
iteration.

4. Sensors of personal pocket device

Widespread of multiple pocket devices in our life
makes simple access to motion data remotely.
Common examples of the personal pocket device
are smartphones, tablets, watches, bracelets,
glasses, and others hold all required accelerometers
and gyroscopes for position tracking.

Nowadays at the software level operation
system of the device makes possible to access the
live data from sensors. Depend on device type
different communication technology (WiFi,
Bluetooth, 3G) can be implemented for data
transfer. In our research, we will consider network
supported by WiFi, that uses one access point, one
cable connection to computation facilities and
multiple remote terminals in a wide range of
communication covered volume (Fig.2).

Network
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Fig. 2. Data exchange level

Each device has his unique IP address in the
network that makes possible to easy access to any
device in the network.

A sensor assembly in a smartphone may be used
for measurements in different location of body
systems that depend on operation system type and

version. The common body reference frame is
represented on Fig. 3.

Various software can provide a different
possibility for orientation and inertial data. Some of
them can provide raw data with rotation velocity
around the different axis from gyroscopes, other
makes possible to use pitch, roll and yaw angles.
Also, some software supports clear acceleration
matrix in body frame, other includes components of
gravity that can degrade data.

Fig.3. Body coordinate system
5. Numerical demonstration

In the beginning, our work with sensors of our
pocket device, have set up the connection between
the computer and mobile device with the help of
Matlab software on our computer and smartphone. It
is important to notice that for the successful
realization of our experiment, on our computer we
needed to install the version of Matlab package not
earlier than the 2014 year of release. Next, we set up
the secured connection between sensors of our
mobile device with the computation facility (Fig. 4).
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Fig. 4. Sensor data sharing screen in Matlab mobile
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Matlab environment served connection to remote
terminals with Matlab mobile software.For example
function mobiledev() allowed to read data from
remote sensors, and manage these sensors, for
instance, using the command
AccelerationSensorEnabled chooses acceleration
sensors, OrientationSensorEnabled chooses pitch,

roll, and yaw sensors. The measurement process can
be logging at the file or received live.

Results of directional acceleration measurement
are represented on Fig. 5. Elements of the rotation
matrix are represented on Fig. 6. Results of path
calculation by (1) are represented on Fig.7. The
estimated trajectory of moving an object by (3)
indicated on Fig. 8.
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Fig. 5. Acceleration by axis
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Fig. 7. Elements of the path at each iteration
5
6. Conclusions
4
The widespread of personal pocket devices in our
: S i life makes the possibility to use acceleration and
€ . . . . .
N orientation data of an object easily. Wireless

X,m

Fig. 8. The trajectory of moving an object

communication data lines help to share results of
raw measurements with any type of devices in
airspace and modern network connects remote
services located in millions of NM from the sensor
assembly. All of that makes possible to use multiple
pocket devices as a source of raw data that can be
processed remotely in a different application. In our
research, we used a simple wireless network for
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sharing access for results ofacceleration and
orientation measurements in order to localize an
object in air space.
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3acTOoCyBaHHSI CEHCOPIB KHIIEHbKOBOIO IPHCTPOIO VISl MO3MIIOHYBAHHSI 00’€KTa, IO PYXAETbCA Y

NOBITPAHOMY IPOCTOPi.
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Mera: Jlokamizamisi i TO3MLIOHYBaHHSA PyXOMHX OO'€KTiB Yy MOBITPSIHOMY MPOCTOPi € OXHUM 3 TOJOBHUX
HaBirauifHUX 3aBOaHb. Y HAIMX JOCHIIKEHHSAX MH pO3MVIAJAEMO BUKOPHCTaHHS aKCeIepoMEeTpiB i
TPOCKOMIYHMX JATYUKIB sl 3HAXO/DKEHHSI MOJIOKEHHS 00'€KTa y MPOCTOPi 3a JOMOMOTOI0 TIEPCOHATIBLHOTO
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KHALIEHBKOBOTO MpHUCTPOor0. llepcoHanbHmMii KUIIEHPKOBUN MPHCTPIH MKOPCTKO 3aKPIMIIOETHCS HA00'€KTi, a
MICIICTIOJIOKEHHSI PYXOMOT0 00'€KTa 3B’SI3Y€ThCSI 3 MICIIEM pPO3TalllyBaHHS KHIIEHBKOBOTO IMPHCTPOIO.
[lepconanbHuil KWIIEHHKOBUH TMPHUCTPiId MICTUTH JAaTYMKA 1 BUKOHYE BHMIPIOBaHHS, ane (QyHKIis
JIOKaJTi3allii BAKOHYEThCS Ha BifJajeHid Ha3eMHil craHilii. OOMIH TaHUMHU MiX KHIICHBKOBHM IPUCTPOEM i
OOYHCITIOBATIBHUM CEPBICOM MIATPUMYETHCS OJHIED 3 MEPSKEMHUX TexHojorii. Meroau:BusHaueHHs
Mmo3uLlii 00'€KTa TPYHTYEThCS HaiHEpHiaJbHOMY HaBiramiiHOMy NpUHIHIY. TakoX MH BHKOPHCTOBYEMO
EKCIIEPUMEHTAJIbHI JTOCITI/DKCHHS Ta CTaTUCTHYHHI aHaji3 OTpUMaHuX NaHuX. Pesyabrarn: Po3pobiena
MaTeMaTHYHa MOJENb 3aCTOCOBYETHCS B NPOrpaMHOMY 3a0e3ledeHHi, M0 MIATPUMYE OOMIH TaHWMH 3
aH/IPOIN-CYMICHUMH KHUIICHHKOBUMH TpUCTposMHU. [Iporpamue 3abe3nedeHHs iHINIIOE BHUMIpIOBaHHS
MIPUCKOPEHHS 1 OpieHTaIlil 00'eKTa B MPOCTOPi 32 JOMOMOTOI0 MEPCOHATBLHOTO KHIIEHBKOBOIO MPHUCTPOIO 1
OI[IHIOE TIO3UIIIF0 00'€KTa B JIOKAJbHINA JIEKAPTOBIM CHCTEMI KOOPAHMHAT 3a JOMOMOTOI0 iHEpIiaIbHOTO
HaBiraififiHoro migxomy. OOroBopeHHsi: 3anpONOHOBAHMH TMiIXil MoOXKe OyTH BUKOPUCTAHHWN B HOBIH
CTPYKTYpl CHCTEM TIO3UI[IOHYBaHHS JUIsS BIJICTEKEHHS HEBEIMKHUX PYXOMHX OO'€KTIB Yy MOBITPSIHOMY
MPOCTOPi.

KurouoBi cioBa: Hapiraiisi; iHepiiajibHa HaBirailis; MO3UI[IOHYBaHHS; CEHCOPHU; TIPOCKOII, aKCEIepOMeTp;
MIePCOHATBHUI KUIIEHHKOBUH MPUCTPIit

n. B. OCTpoyMOBl, 2. K. l'[pouemcoz, M. 1. Py;[emc03

IpuMeHeHne CEHCOPOB KAPMAHHOIO YCTPOMCTRA ISl TIO3MIIHOHMPOBAHUS 00beKTa, KOTOPBIii ABUIaeTcsl
B BO3IyIIIHOM ITPOCTPAHCTBE.
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Heun: Jlokanuzanus ¥ NO3ULIHUOHUPOBAHUE IOABMKHBIX OOBEKTOB B BO3IYLIHOM IPOCTPAHCTBE SIBIISETCS
OIIHOI W3 IVIaBHBIX HAaBUTAllMOHHBIX 3aJady. B Hammx uccnenoBaHMsIX Mbl pacCMaTpUBaeM IpPUMEHEHHE
aKCEJIePOMETPOB U I'MPOCKONNYECKUXJATUMKOB JJII HaXOXKIEHUS IIOJIOKEHUSI OOBEKTa B NPOCTPAHCTBE C
IIOMOIIBIO IIEPCOHAIIBHOIO KapMAaHHOTO ycTpoiicTBa. IlepcoHabHOE KapMaHHOE YCTPOWCTBO MOAKIFOYAETCS
K O0BEKTy, a PacCHOIOKEHHE OObEKTa CBSI3SBAETCS C MECTOM DACIOJIOKEHHUS KapMaHHOIO YCTPOWCTBA.
IlepconanbHOEe KapMaHHOE YCTPOWCTBO HMEET [aTYUKH M BBHIIOIHSIET HW3MEPEHUs, HO (YHKIUS
[IO3ULIOHNPOBAHU BBIMOJIHACTCS Ha yAAJIEHHOH Ha3eMHOH craHiud. OOMEH NaHHBIMU MEXAY KapMaHHBIM
YCTPOICTBOM M BBIYUCIMTEIBHBIM  CEPBHCOM  IIOIACPKUBACTCS 0ecrpOBOIHONM  CETBIO.
Metoabi:Ilo3unnonupoBanue OOBEKTa OCHOBBIBACTCS Ha WHEPIHMAIbHOM HABUTALIMOHHOM IPHHIIMIIE.
Taxke MBI HCHOIB3YEeM 3KCIIEPUMEHTAIbHbBIE HCCICNOBAHHUA W CTATUCTUYECKUH aHaIU3 IOTy4EHHBIX
naHHbeIX.PesysabTarbl:  Pa3paboranHas MaTemaTHyeckas MOAENb HPHUMEHSETCS B  IPOrPaMMHOM
obecrieueHNM, MOJAEPKHUBAIOMIEM OOMEH JaHHBIMM C  AHAPOUI-COBMECTHMBIMH  KapMaHHBIMU
ycrpoiictBamu. [IporpammHoe obecrieueHre HHULMUPYET U3MEPEHUSI YCKOPEHHS U OPUEHTAaLUN OOBEeKTa B
MPOCTPAHCTBE C IMOMOLIbIO MEPCOHATIBHOIO KapMaHHOI'O YCTPOWCTBA M OLICHUBAET IMO3UIMIO OOBEKTa B
JIOKAJbHOW JEKapTOBOW CHCTEME KOOPAMHAT C IOMOLIbI0 HHEPLHMAIBHOrO HABUTALIMOHHOTO MOAXOJA.
Oocy:xnenue: [lpeiokeHHBI TMMOMXOA MOXET OBITh WCIIONB30BAaH B HOBOH CTPYKType CHCTEM
MO3ULIMOHUPOBAHHUS TSI OTCIIEKUBAHUS HEOONBIINX MTOJBM)KHBIX OOBEKTOB B BO3AYIIHOM IPOCTPAHCTBE.

KioueBble ciioBa: HaBuranus; MHEpUUalbHAs HABUTALMS; HO3ULMOHMPOBAHHME; CEHCOPBI; T'MPOCKOIL;
aKceJIepoMeTp; NePCOHATFHOE KAPMAHHOE YCTPOHCTBO
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