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(57) ABSTRACT

This invention relates to a measurement equipment and can
be used to create means of measuring coordinates and
angular values of an object freely moving in space with six
degrees of freedom. The invention can be applied in human-
machine interfaces as a coordinate input device, particularly,
in training systems, in robotics, in augmented, virtual reality
and mixed reality systems. The technical result is to increase
the measurement accuracy by eliminating the measurement
error of the gravity vector direction caused by the movement
of the platform with sensors. There is the claimed device,
wherein it comprises an inductance coil placed stationary in
a horizontal plane, a power supply of the inductance coil, a
computing unit, and a platform with sensors placed on a
moving object, including a three-component magnetometer,
three-component accelerometer and three-component gyro-
scope, with the power supply of the inductance coil includ-
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ing a coil current regulator controlled by a clock generator,
and the computing unit is arranged with phase-locked loop,
ensuring clocking of the magnetometer and synchronization
of the magnetometer measurement phase with the phase of
magnetic field pulses generated by the inductance coil.

9 Claims, 3 Drawing Sheets
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DEVICE FOR DETERMINING THE
POSITION OF AN OBJECT IN SPACE

FIELD OF THE INVENTION

This invention relates to a measurement equipment and
can be used to create means of measuring coordinates and
angular values of an object freely moving in space with six
degrees of freedom. The invention can be applied in human-
machine interfaces as a coordinate input device, particularly,
in training systems, in robotics, in augmented, virtual reality
and mixed reality systems, and also in the gaining industry
(as manipulators, game controllers, etc.), production sector
(systems of positioning industrial equipment working parts,
process control), CAD design (input systems, design process
control).

BACKGROUND OF THE INVENTION

There is known a device for positioning object in space
(patent RU2542793, Chernyshov E. S., GO1C21/08, publ.
27 Feb. 2015). This invention on the essential features set is
the closest to the claimed one and adopted for the prototype.
The known device consists of an inductance coil (field
source), a controlled current regulator, a digital three-com-
ponent magnetometer, a digital three-component accelerom-
eter and a computing unit. The known device determines the
position of the object by measuring the gravity vector by the
accelerometer and measuring the induction vector of the
Earth’s magnetic field and the magnetic field induction
vector of the inductance coil located stationary in the
horizontal plane by the magnetometer.

The disadvantages of the prototype can be attributed to
low dynamic accuracy due to the presence of measurement
errors by the accelerometer of the gravity vector direction
caused by the presence of its own acceleration at the
platform with sensors as it moves. In addition, the presence
of the communication line between the computing unit and
the current stabilizer negatively affects the ergonomic design
of the device, and may limit the freedom of movement of the
object.

SUMMARY OF THE INVENTION

The object of the invention is to create a simple by design,
easy to use device for determining the position and orien-
tation of a moving object that differs from the prototype by
increased dynamic measurement accuracy, increased ergo-
nomics and enhanced functionality (extensibility and modu-
larity).

The technical result is to increase the measurement accu-
racy by eliminating the measurement error of the gravity
vector direction caused by the movement of the platform
with sensors.

The elimination of the error in measuring the gravity
vector direction is achieved by the fact that the mobile
platform with sensors is additionally equipped with a three-
component gyroscope, the measurements of which are then
used to correct the accelerometer measurements.

An additional effect achieved with the claimed invention
is the elimination of the requirement for a communication
line between the computing unit and the power supply.

The elimination of the requirement of a communication
line between the computing unit and the power supply is
achieved by the fact that the power supply additionally
equipped with a clock generator, which using a given
frequency supplies the controlled coil current regulator with
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a current reversal signal, and the computing unit is addi-
tionally equipped with a phase-locked loop unit for the
magnetometer clocking and ensuring synchronization of the
magnetometer measurement phase with the phase of the
magnetic field pulses generated by the inductance coil.

The claimed device comprises an inductance coil placed
stationary in a horizontal plane, a power supply for the
inductance coil, a computing unit, and a platform with
sensors placed on the moving object, said platform com-
prises a three-component magnetometer, a three-component
accelerometer and a three-component gyroscope, wherein
the power supply for the inductance coil comprises a coil
current regulator controlled by a clock generator, and the
computing unit is configured to provide a phase-locked loop,
ensuring clocking of the magnetometer and synchronization
of the magnetometer measurement phase with the phase of
magnetic field pulses generated by the inductance coil.

In a particular embodiment, the computing unit of the
claimed device may include a magnetic field frequency
components selection unit, a unit for providing a phase-
locked loop for magnetometer measurements, a unit for
calculating orientation angles of the platform with sensors,
a rotation compensation unit for the platform with sensors,
a unit for calculating coordinates of the platform with
Sensors.

In another particular embodiment, the output of the clock
generator is connected to the input of a current regulator, the
outputs of which are connected to the terminals of the
inductance coil.

In another particular embodiment, the output of the mag-
netometer is connected to the input of the magnetic field
frequency components selection unit.

In another particular embodiment, the first output of the
magnetic field frequency components selection unit is con-
nected to the input of the phase-locked-loop frequency
control unit, the second output is connected to the first input
of the rotation compensation unit, the third output is con-
nected to the orientation angle computing unit.

In another particular embodiment, the output of the phase-
locked-loop frequency control unit is connected to the input
of the magnetometer.

In another particular embodiment, the output of the gyro-
scope is connected to the second input of the orientation
angle computing unit.

In another particular embodiment, the output of the accel-
erometer is connected to the third input of the orientation
angle computing unit.

In another particular embodiment, the output of the ori-
entation angle computing unit is connected to the second
input of the rotation compensation unit, the output of which
is connected to the input of the coordinate computing unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1—The device schematic structure.

FIG. 2—The graph of the inductance coil current versus
time.

FIG. 3—Topology of a system containing several field
sources and several independent positioned objects.

DETAILED DESCRIPTION OF THE
INVENTION

The claimed device consists of inductance coil 1 (field
source) placed stationary in a horizontal plane and con-
nected to controlled current regulator 2, which receives a
signal to change the current polarity from clock generator 3
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with a gjven frequency. Controlled current regulator 2 The time constant of induc

together with clock generator 3 form the power supply of characteristic, since it dete
inductance coi] 4.

tance coil 1 is also an important
rmines the duration of the coil

current polarity switch, which, in turn, affects the maximum
Digital three-component magnetometer 5, gyroscope 6 achievable measurement frequency of the device. It is nec-
and accelerometer 7 are located on platform §, Platform with 5 essary to reduce the time constant, i.e. reduce inductance

sensors 8 is rigidly fixed to the moving object. Magnetom.- and/or increase the active electrical resistance of the coil to
eter 5, gyroscope 6 and accelerometer 7 interact with com-  reduce the duration of polarity switch.

puting unit 14, which contains: magnetic fielq frequency The control part of current.reguiatorZand _clock generator
components selection unjt 9; phase-locked loop unit 10; 3 can be assembled on discrete electronic components

orientation angle computing unit of the platform with sen. 10 according to known schemes, o implemented sing a

5 n e 15 netoresistive sensor, Hall effect sensor), made in the form of
selection unit 9, the first output of which 1S connected to the a chip with a digital output, using MEMS technology
input of phase-locked loop unit 10, the second output is i i ;

connected to the first input of rotation compensation unit 12

ing unit 11, the output of accelerometer 7 is connected to the are STMicroelectronics LIS3MDL, MEMSIC
third input of orientation angle computing unit 11, output of MMC34]6xPJ, and similar ones.

orientation angle computing unit 11 jg connected to the 75 Gyroscope 6 and accel
second input of rotation compensation unit 12, the output of nent sensors, made
which is connected to the input of coordinate computing unit the form of a chip

erometer 7 represent three-compo-
according to the MEMS technology, in
with a digital output.

In prime cost and mass and size terms, the most preferable
Inductance coi] 1 can be made by winding an insulated option is to use g combined sensor made in the form of a

WIre onto a cylindrical base, or it can be made in the form 3 single digjtal MEMS chip, including a three-component
of a planar cof] manufactured with concentric turns of g magnetometer, a three-component gyroscope and a three-
conductor on a printed circuit board, or in another method. component accelerometer. Such a sensor, for example, ig
Wherein it is undesirable to use a ferromagnetic core, since STMicroelectronics LSM9DS1
this will lead to significant local distortions of the Earth’s Platform with sensors 8 re
magnetic field. However, this ig permissible if the coj] is 35 on which magnetomete

ing digital sensors made by MEMS tech-

during device operation. nology, platform 8§ can have dimensiong less than 15x15x3
The diameter of inductance coj] 1, the number of turns mm.

and the conductor section are determined on the basis of the Computing unit 14 can be represented by a microcon-
problem to be solved, to ensure the nhecessary radius of the 49 troller or personal/single-board computer, while interna]
device working area, POWer consumption and weight and units 9, 10, 11, 12, 13 of the
size of the coil. In the general case, an increase in the subprograms. the com

puling unit implements an algorithm
diameter and number of turns, wrthoutapropomonal reduc- for determining the coordinates of an object based on
tion in the coj current, will lead to an Increase of the information about the value of the artificial magnetic field

working area, simuhaneously with a decrease in weight and 45 vector at a given point i
size and an increase in power consumption caugeq by a for determining the orientation of an object.
i i There are various methods of organizing the deyijce

The working area means the area of Space around induc- is represented by ap
tance coil 1, ip which the positioning of platform with i
sensors 8 is performed. The size of the working area depends computing unit can a]

» Power supply 4 The claimed device operates ag follows.
and magnetometer 5, as well as op the required measurement 55 Controlled current regulator 2 supplies coi] 1 with a

» the measurement error current signal i(t) of alternately positive and negative polar-
I8 proportional to the Square of the distance from the ity (FIG. 2). The pola

rity of the signal i(t) is determined by

asurement frequency frnag Of magne-

tometer 5 muyst satisfy the following condition for correct

US 10,540,021 B2 :
5 unit 10, in which the algorithm for
operation of magnetic field frequency components selection phase-locked loop

i d measured
: inimizing the error between t'he specified an
unit 9 and phase-locked loop unit 10: ’T“rr‘;{u;ﬁgfe is performed by adjusting the frequency of the
sig

tometer measurements (for example, the PID control
magne

5 dlcpith). Id be started in the single mea-
tometer shou e :
2 %’ e magn(t’;de with an external signal of the measurement
Surememshzzh case the computing unit will be able to changfi
i SAIG e i hanging the signa
where T, is the signal period of inductance coil 1 (see FIG. its measurement frequency flexibly by chang g g
0

. asurement start.
2) 10 generation period for th?t rlllg Speifon, e frequency mah
‘Th easurement frequencies of gyroscope 6 and accel- As a result of the un S measurements will comespond
b t standardized, and can be any, suitable for B e ncioneter S m he inductance coil 1 signal.
L S [r)llo For example, for efficient digitalization to the frequency and phase Oflt 4 ls the induction vector
S?lt\img e p(f\(/)el'rel::;ts a measurement frequency of 200 Hz At the next stage of calculations,
OI human m ’

ﬁ
i is transferred from
| | 4 Earth’s magnetic field By is ;
e o e o the' i ing unit 11, which also
The readings of sensors 5, 6 and 7 in digital form are e onentationt angl;:y(rzggtcigggr;gand i i
. | S i surements o .
i to;(gmi?;g%;?y e oorfinaik aysterint reclf’llgssgizl:lnents of accelerometer 7 representfti}lle grav(i)tr)sz
5 ' e - haracteristics of the sens
o Ol tor. Due to the low accuracy ¢ : |
o i ok e e s influence of various disturbances
: . 5 tform 8. Otherwise, the g B e Al . . *
associated with mobile plaf h : 140 used, : :  of various disurbance
uting unit 0 ¢ e
of the sensors should be presented in (;o(rin;‘))v = gthe i e . R 1?
o, T e e ated movement of the platform with sensors), the v E
' i i easure-
" comn ‘ : o oisy. Therefore, to improve m sut
Computing unit performs the‘ follqwmg o]pc:f st g e 6 e ve_r{] ntreyducmg fr 10 mprove e
determine the coordinates and orientation of platfo mentabeiee ¥

nts of
of the device, it is necessary to use measureme
sensors 8.

Magnetic field frequency componentstselecticérﬁ ;xriist09f
lation of measurements on ea ' .
produces an accumu > ! i i
petods (o Test one p H'lt%%er ?lzl?sgrft:;:]ems . SORSTALIRY an(\ji\guse rotation matrices [3] to rotate vectori atLartlgtl}?Z
nponent of he megnete e . . i i i roscope measurements. Lel
periods ( f the magnetic field—the induction vector of obtained by 1ntegratmg gy p ssurements, Let the
R measurement period of the gyroscope a

%
gyroscope 6 for complementary filtering of the vectors B E

. B iable compo-
the Earth’s maghede field B, atl,nd alsontelliecv?iz:lld induction eriod of the vectors 1?; and G be equal to T,. Then the
nent of the magnetic field—the mag s complementary filter [4] will have the following

% . -4
. : r transform, in 35
vector of the inductance coil Bg. The Fourie Fotifts

is, i d for

i tions [2] serve as the basis, is use
which the Walsh func [ o il e o et . i g TO)E;F&?;

i ose. Other transformation _ s
thIIS\PUI’P li of the transformation, we obtain the amplitude =

S aresu . -
onents o
values of each of the three comp > ; RZ(WT)a’FBa
xle(ijgrrl);?zeﬁeld variable component, corresponding to the 40 3,:(1—8)RX(WXTO)Ry(Wy DR(W.T,
three axes of magnetometer 5 measurements. .

In this case, the component phase characterizes its sig .
follows: if the phases of the two measured cgmnqr;etril )
coincide, then the components have the same mgr;sihave .

i iod), then the compone
hases differ by 7 (half period),
gpposite signs; a phase jump of 7 corresponds to a change

B, filtered induction vector of the Earth’s
s tili%el(ti}‘le&—ﬁlter coefficient, 8<<1; W,, W,, W_—the
- d r(;scope rotation speeds around the x, Yo Z axes.,
rospooti lgy T,—the measurement period of tne gyroscope;
g e Ot ix of rotation about the x axis through an
Rx(Wfo(Q‘; T nRy(W T,)—matrix of rotation about they
5 il n o ; = ix of rota-

i ector Bg can have ang x le S0 W Tt R.AW.Toy gt o
et '(t)f t(}ilierecccgggg n?.t{aﬂghf)hfs Vdetermifiation the ?21; ;Ei)(l)ittlgtﬁea;l ;?1% e Y S

two opposite . ;

=2 igui 50 i tor. .
direction of the vector By is hampered by i 2%mblgfutllz graThvlty \1I‘ie:ntation angles afc CRCUE SIS kO manner
associated with the uncertain location and orientation o =3 ion of the vectors By and G,
: in the direction of th : i
SCI;)S;) S Spﬁ(i:gerlity can be removed in several ways. [3]1,\1(15“ the obtained orientation angles of the object are
ase am >

; : init i i it 12, for converting the
In particular, a coarse priori information about th(e; mi?zg <5 used i rotation compiaat i NG IN
i i j known (locate
iti tation of the object can be
position and orien

=>
n i i i tor of inductance coil Bg from
i i i ion). I field induction vec .
in a given sector of coordinates, has a given onent:ition) ) magnetlcl 10 etder t. e o
e et T e O K e i ith fixed inductance coil 1. The vector
acly e the . hase-locke tem associated with
ately after the start of measurements. Then P ked sys

; les opposite to the
; g ' hase as ]ong as platform i this urpose by the. ang ;
loop unit 10 \évill .tratclllcetllfazlngerz?cl geld of inductance coil 1. 60 B gt1§ r:;:s(giligrof thelz)bject orientation. The vector rotation
with sensors 8 is in obtain

; y : . i trices:
Another option is to use a specific time pattentlailgnuéﬁz is performed by using the rotation ma
- - i lows an unam!
signal of inductance coil 1, whlch allo . The stmplest >
determination of the measured signal phase. ﬁ:Rz(—w)Ry(—e)Rx(‘q’) £

pattern can be, for example, a different duration of the . ool .
5 . > 1 - .
positive and negative signal pulsest-h e components of the ~ where BS,Ofthﬁ magcr)lredinate system associated with induc-
The phase value of each of the : ?SE ihen emaiited to tance -coil in the ©
; iable componen
magnetic field varia
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tagce coi'] 1 (at 9=0=y=0); ¢, 0, Y—obtained angles of locked-loop frequency control unit unsynchronization when
object orientation (angles of bank, pitch, and yaw, respec- an object is moved from the working area of one inductance

tively); R_(—y)—matrix of rotation about the axis through coil to the working area of ano

an angle of —ys; R,(—=6)—matrix of rotation about the y axis signals of the cojl power supplies must be synchronized with
through an angle of —6; R (—$)—matrix of rotation about the 5 each other to eliminate this problem.

ther inductance coil. The

X axis through an angle of —¢. The most suitable way to achieve this goal is to connect
=2, . . the inputs of the controlled coil current regulators (pos. 18,

The vector By is then traf_s)mltted to coordinate comput- 19, 20) to the outputs of one common clock generator 21,
ing unit 13. Let the vector By, have the following form: which provides the signals generation of the required fre-

10" quency and phase.
In the general case, alternation of field sources with at

Biox least four different frequencies (at frequency division) or
Bog = / Bso, |, phases (at time division) of a signal is required [6] to create
By, a working area of arbitrary size and shape. However, if the
15 presence of “dead” zones is acceptable, then alternation of
field sources with two or three different frequencies/phases
Since inductance coil 1 is located horizontally, the azi-  is also possible,

—>
muthal angle of the vector Bgy direction in the spherical

A DESIGNATIONS USED IN THE DRAWINGS
coordinate system (the angle between the vector projection 20

on the x0y plane and the x axis of the inductance coj 1 pos. 1—Inductance coil;
coordinate system) coincides with the azimuthal coordinate Pos. 2—Controlled current regulator;
¢ of the object being positioned: pos. 3—Clock generator;

pos. 4—Power supply
25 pos. S—Magnetometer;

p= amn2( 55&). Pos. 6—Gyroscope;
0 pos. 7—Accelerometer;

pos. 8—Platform with Sensors;
The remaining coordinates (radius vector and zenith POS. .9—Magnetic field frequency components selection
angle) of the object can be obtained analytically [1], or using 0 unit; .
a table-specific function [3]. In the second case, the table pos. 10—P hfise-lqcked loop unit; R .
Tepresents an array of points of the vertical plane passing POs. ll—Onen_tatlon angle cqmputlpg ae
through the vertical z axis of the inductance coj] 1 coordinate pos. 12— Rotatlpn compensa'tlon s
system (the coil axis of Symmetry). Each point is associated POS. 13—Coord1n_ate computing unit;
with a magnetic induction vector generated by an inductance 35 POS. 14—Comp oiie wnit,
coil at that point. Calculation of vectors can be made using Pos. 15—Inductance co?l L
the Biot-Savart law. It is necessary to find the magnetic Pos. 16—Inductance co?] 2;
induction vectors in the table closest in magnitude and pos. 17—Inductance coil N;
pos. 18—Controlled current regulator 1;

- 19—Controlled current regulator 2;
determine the coordinates of an object. Then you can pos. 20—Controlled current regulator N;

determine the desired object coordinates, for example, using pos. 21—Clock generator;

bilinear interpolation [5]. pos. 22—Platform with sensors 1;
The described structure and principle of operation of the pos. 23—Platform with sensors 2;

device allows flexible increasing in the number of positioned 45 pos. 24—Platform with sensors M;

objects and expansion of the device working area. FIG. 3 pos. 25—Computing unit 1;

shows an option of the system topology, which includes pos. 26—Computing unit 2;

several field sources and several independent platforms with pos. 27—Computing unit M.

Sensors.
The state of the art of computer technology allows the use 50 DATA SOURCES

of a separate miniature Computing unit (pos. 25, 26, 27) for

each platform with sensors (pos. 22, 23, 24). This approach, 1. Raab F., Blood E., Steiner O., Jones H. Magnetic position

together with the lack of a communication line between the and orientation tracking system//IEEE Transactions on

computing units and the power supply of the inductance coil, Aerospace and Electronics Systems.—Vol. AES-15 , No.

allows the number of positionable objects to be increased 55 5, September 1979.—P. 709-717.
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Several inductance coils (pos. 15, 16, 17) can be used, fields—M.: Science. Ch. ed. phys.-mat. lit., 1989.-496 p.
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i i unit for calcu-
ishi tion unit for the platform with sensors, a

—Tambov: Publishing house of Tambov sall i e
13 parts. Part 8~_ T(a)m Oizatiorl Business-Science-21:) lating coordinates of th.e platforr_n v; i T
Sodiety, 2015, 14r7gir‘118 3. The device according to claim ;lw‘ g

Yarostaysky L. P, ducti igital image process- the clock generator is connected to the input o
> YarOS]aySké' L. Rdl'mr?g;gmlg S (li)lgltal e 5 regulator and outputs of the current re?lgulator are connected

Dhamsii M. V. i es. ‘ ion of a he terminals of the inductance coil. .

" pottionin e for ocal navigation i enclosed 3 tO; ?I‘he device according to claim 2, wherein the output of

itioni igation in enclosed spaces// \ of
ositioning field for local naviga e/ . 2 el mbesile o
[I\)/Ieasurement Techniques.—2014.—No. 7.—p. 40-45; the magnetometer is connecte
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i i- tion unit.
Zhelamskii M. V. Features of the construction of a posi field frequency compone_nts Selecl o 1. ey e Bt
- field for local navigation in enclosed spaces// 10 5. The device accordmg to claim 4, s celcaion
e r:ent Techniques.—2014.—Vol. 57.—No. 7. P. output of the magnetic field frequency components idine 2
g/lge]as;gg unit is connected to the input of th§ unit izrtegrz)vthe f%rst
-199. . nn
The invention claimed is: o b phase-lockedloog, the second ogg;lutl lr?itcothe third output is
1. A device for positioning an object in space, comprising input of the rotation compensa ’

: < - - i ientation angles.
an inductance coil placed stationary in a horizontal pl.étlﬂ;lg 15 connected to the unit (ggr c?lcullagtrl;l% valltfl::rein e 0%1 gt of
; oil, a computing unit, 6. The device according to claim 4, !
ower supply for the inductance coil, - : i C. o S is connected to
5 platforrrr)l with sensors placed on the moving object, said the unit for providing a phase-locked loop
platform comprises a three-component magnetometer, a - input of the magnetometer.

’ : i rein the output of
hree-component accelerometer and a three—componer}t 7. The device according to claim 2, wt}e L ur[1)it -
three-comp, ; ly for the inductance coil 20 ope is connected to the second input o
o e o DoV Pl Ouie by a clock e BYroscope is conne angles

i coil current regulator coni . calculating orien d - . of
Cerlr::Ir)arllti)? aid the computing unit is configured to provide a 8. The device according to claim 2, vr:-hzr?;n liftli)? t:lltlgu;njt
ﬁhase—loc,ked loop, ensuring clocking of the magnetometei e erometer is copneCted] to the third inp
and synchronization of the magnetometer measuremen for calculating orientation angles.

. i i i ein the output of
phase with the phase of magnetic field pulses generated by 25 9 The device accor dmg o ilam; Zél‘g’shfsrcomectedit’o o
. : it for calculating orientation an (

2 e devis a . : - o o i sation unit, the output of

2. The device according to claim 1, wherein them cpoomng:llzs seEomdsinstaE thedf?taaon;%fsfszl sl i o
ing uni i etic field frequency co Hidh g vl o he
Hli; utril(l)tnct(l)rrl?tp f;S;C;i? ?c;?gpr;oviding a phase-locked loop for Z:)or Tiaies,
lsr?aeg(;letomete; measurements, a unit for calcula_ting orienta- 30 e e
tion angles of the platform with sensors, a rotation compen-







