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Abstract— Two kinds of configuration schemes about eight
and ten single-axis vector magnetometers are put forward
on the basis of describing the principle of underwater
magnetic field localization. The measurement equations of
magnetic field magnitude and gradients are educed on
condition of two configuration schemes, and that the
calculated precisions of both magnetic field magnitude and
gradients are compared and analyzed. The relationships
between the length of measurement baseline AX and the
errors of magnetic field magnitude, gradients and vehicle
position relative to target are simulated numerically, and
that the results show that these errors will increase when AX
is lengthened. The calculated precisions of both magnetic
field magnitude and gradients on condition of ten single-axis
vector magnetometers are both largely higher than that on
condition of eight ones, and things are the same for the
localization precision of underwater vehicle. So, the ten
single-axis vector magnetometers configuration should be
selected in the magnetic field localization experiment of
underwater vehicle.

Index Terms—magnetic field localization, magnetic field
gradient, magnetometer, configuration scheme

1. INTRODUCTION

Geomagnetic aided navigation is a novel passive
navigation method aroused at the end of the twentieth
century, whose navigation precision can be achieved to
be very high, and its applications about small satellite
orbit determination and missile guidance have been
reported [1-4]. Because geomagnetic aided navigation
belongs to navigation method based on transcendental
maps, its navigation precision would be affected by
mapping accuracy of transcendental maps. However, the
effective geomagnetic maps are usually surveyed and
mapped on the marine surface or in the air, and they can
only describe the geomagnetic field on the surveying and
mapping surfaces, but can’t describe the geomagnetic
anomaly produced by geologic structural changes and
ferromagnetic object [5-6]Your goal is to simulate the
usual appearance of papers in a Conference Proceedings
of the Academy Publisher. We are requesting that you
follow these guidelines as closely as possible.
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In order to automatic geomagnetic localization under
water, a solution based on magnetic anomaly is put
forward: the magnetic anomaly is inversed a magnetic
dipole target and the position of underwater vehicle
relative to the target is determined by measuring
magnetic field magnitude and gradient of the target, and
then the exact position of the vehicle is achieved by
SLAM (simultaneous location and mapping) algorithm
[7-9]. So, a lot of magnetometers installed on the vehicle
are used to measure magnetic field magnitude and
gradient of the target. In this text, two kinds of
configuration schemes about eight and ten single-axis
vector magnetometers are put forward and compared, and
the measurement equations of magnetic field magnitude
and gradient are educed on condition of two
configuration schemes. Both the calculated precision
about magnetic field of the target and localization
precision of vehicle are compared and analyzed in these
kinds of configuration schemes. It is important for the
researchers to select the configuration scheme about
vectors magnetometers reasonably in the experiment of
underwater vehicle magnetic localization.

II. PRINCIPLE OF UNDERWATER MAGNETIC FIELD
LOCALIZATION

The underwater magnetic target comes from geomagnetic
anomaly and ferromagnetic object, whose magnetic field
is only several hundred nano-Tesla or less, which is less
than earth magnetic background field by several
magnitudes. The target can be treated as a magnetic
dipole when the measuring point P (X, Y, Z) is far away
from it, which can be described by six unknown
quantities such as three-dimension position parameters
and magnetic moment (my, my, mz). The parameter ¢
represents the magnetic field magnitude of the target in
the measuring point P, and its five independent magnetic
field gradient components are respectively chosen as
a=gxx=0Bx/0X, b=gyy=0By/dY, d=gyx=0ByldX,
e=g,y=0B,/dY and f=g,x=0B,/dX, By, By, B; represent the
X, Y and Z components of magnetic induction intensity of
the point P respectively. Combined with the harmonic
field property excited by magnetic dipole, the magnetic
moments my, myand mycan be eliminated, and then the



vehicle position parameters X, Y, Z relative to the target
are calculated, respectively [9]
Z=+31[(akg+dg+f)+(dkq+bgte) +(fkqteqtc)’ ] (1a)
X=kqZ (1b)
Y=qZ (o)
where,  c=g=0B/0Z=(a+h),  q=[d(k*~1)—(a-b)k]
/[(ek=f)(K*+1)], and k is a parameter determined by a six
order equation with one variable as follows
AF A+ A A+ AR+ A Ay =0 2)
where, the coefficients 4; (i=0, 1, ..., 6) of the six order
equation are Ae=d"(a+2b)—e*(a—b)+2def,
As==2d[(a—b)(a+2b)+d+e 1],
A=(a-b)(a+2b)+d(4a-T1b)-(2*—F) (a—b)+6def,
Ay=—4d[(a—by'~d'+e*+f],
Ar=(a-b)(a+2b)-d(Ta—4b)—(*—F) (a-b)+6def, A\=—As,
A=d*a+by+f(a—-b)+2def, respectively.

III. Two KINDS OF CONFIGURATION SCHEMES AND THEIR
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Fig.1 Two magnetometers configuration sketches

The configuration scheme with eight and ten single-
axis magnetometers is shown in Fig.1(a) and (b) , and the
point P lies in the center of cuboid. In Fig.(a),
magnetometers are respectively installed on the vertexes
of a cuboid, whose length, width and height are
respectively AX, AY and AZ. In Fig.(h), magnetometer
team with X sensitive axis (1, 2, 3) and (4, 5, 6), team
with Y sensitive axis (7, 8) and (9, 10) are placed around
P symmetrically along with X and Y direction.

The measurement equations of magnetic field

gradient and magnitude in eight magnetometers
configuration are shown in Equ.(3a¢) and (3b) ,
respectively.

(1)_HB(1) (3 )

M= [(81+B3+86)2/9+(BZ+B7+B’8)2/9+(B4+85)2/4]”2 (3b)
where, g"=[a", BV, dV, &V, V] and BV'=[B,, B,, B;,
B4, Bs, Bs, B;, Bg] are the vectors of magnetic field
gradients and components measured by eight
magnetometers, respectively, and the symbol 7 means
transpose operation. H=[H;] (i=1,2, ...,5; j=1,2,...,8) is
measurement matrix of magnetic field gradient in this
eight magnetometers configuration, whose elements are
Hy=-Hy3=-1/AX, H,= Hi4= H s =H s =0, H 7= —H 5=
—AY/IAX’;,  Hy= Hy=  AZ/[AX(AZ-AY)],
Hy=AYNAZ-AY?), Hy= —Hys=AZI(AZ*-AY?), Hye=0,
Hy=(AZ—AXP)AYI[AX*(AZ*-AYY)), Hog=
—AYAZH[AX(AZ-AY?)); Hy = Hy= Hy= Hy= Hys = Hg
=0, Hy= —Hy=1/AX; Hy=—Hyu=AYAZI[AX(AY—-AZ")],
Hi=AZ(AY—AZY),  Hu=—H,;s=AY(AY'-AZ"), Hye=O0,
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Hy=(AY—AXP)AZI[AX*(AY*-AZY))],
Hys=AYAZI[AX(AY* —AZY)); Hs=Hs;=H s;=H 55=0,
H53: _H56: —1/AZ, H57: —Hsg: AY/(AXAZ) .

The measurement equations of magnetic field
gradient and magnitude in ten magnetometers
configuration are shown in Equ.(4a) and (4b) ,
respectively.

g(z):CB(Z) (4a)

(D=[4(B\ By +(By+BstBrtBo) +(BstBg+BstB1o)]" /4
(4b)
where, g?=[a®, b, d?, ?, f¥] and BP'=[B,, B,,
B3, By, Bs, Bg, B7, Bg, Bo, Byg] are the vectors of magnetic
field gradient and components measured by ten
magnetometers, respectively, and C is measurement
matrix of magnetic field gradient in ten magnetometers
configuration whose elements are Cy1= C3o= Cs3= —C4=—
Cis= Cse= — 1/AX, Cy= Cys=—Cro=C 4,0=—1/AY, and

others are all zeros.

1IV. SIMULATIONS AND DISCUSSION

The simulation parameters are: the magnetic dipole
target is located on the origin of space coordinate system,
whose three components of magnetic moment are
mx=100A-m%, my=20A-m” and m,;=10A-m’, respectively.
The center of device measuring magnetic field gradient is
located on P, whose positions in the X, Y and Z directions
are X=100m, Y=50m and Z=30m, respectively. The
measurement lines are selected as AX=AY=2AZ and
AX=AY in eight and ten magnetometers configuration
schemes, respectively.

Fig.2 Curves between the relative error of magnetic field gradient
and magnitude and AX

The symbols ¢, as, bs, ds, es, fare respectively the
theoretical values of magnetic field magnitude and
gradients in the point P.n"=|(1"—t.)/t| (i=1,2) represent
the relative error of magnetic field magnitude in eight and
ten single-axis magnetometers configuration schemes,
respectively. " =(a”"-as)/ay, n® —|(b<f>—bs)/bs|

"~ d"—d"yd), 77(1) =|(e"—e)/ey| andn(‘) =/ (=1
2) represent the relative error of magnetic field gradlents
(a, b, d, e, f) in eight and ten single-axis magnetometers



configuration schemes, respectively. 7y =|(X=XJ)/Xj,
N=(Y=Y)/ Y and 0, =[(Z-Z)/ Z| (i=1,2) represent
the relative error of vehicle position parameters in eight
and ten single-axis magnetometers configuration schemes,
respectively, where X, Y and Z are respectively the
vehicle position parameters relative to the magnetic target
calculated by equation (1).

Fig.3 Curves between the relative error of calculated vehicle
position parameters and AX
The curves between the relative error of magnetic field

gradients and magnitude (n(l)ua 77(1)1» n“)d, n“)e, 77(1?/;

1) s (1% 1% 1% 1% 1 1) and the length of
measurement line AX are shown in Fig.2 (a) and (b) and
(c), respectively, when the range of AX is 0. 1m<AX<10m.
From Fig.2, the relative error of magnetic field gradients
and magnitude will increase with AX in two kinds of
configuration schemes, but the relative error should
increase rapider in eight single-axis magnetometers one.
In other word, the relative error of magnetic field
gradients in ten magnetometers configuration scheme is
much smaller than in eight magnetometers one on
condition of the same measurement line length. It is
because, the connection lines of magnetometer teams
with 7 and 8, 1 and 3, land 6, 4and 5, 2 and 7 all don’t
get across the measuring point P in eight magnetometers
configuration, and their magnetic field differences aren’t
all related with magnetic field gradients of the point P.
However, in ten magnetometers configuration, the
connection lines of magnetometer teams with 1 and 4, 7
and 9, 2 and 5, 8 and 10, 3 and 6 all get across the
measuring point P, so their magnetic field differences are
all related with magnetic field gradients of the point P.
M 1V 1), 1%y 1%y, @) and the length of
measurement line AX are shown in Fig.3 (a) and (b),
respectively, when the range of AX is 0.1m<AX<10m.
From Fig.3, the relative error will show a rise trend when
AX lengthens in two kinds of configuration schemes, but
the relative error should increase rapider in eight
magnetometers one. In other word, the relative error of
calculated vehicle position parameters in ten
magnetometers configuration scheme is much smaller
than in eight magnetometers one on condition of the same
measurement line length. For example, n%, n%y
andn®; are only 1.12%, 0.83% and 0.08% of 7"y, n"y
andn'’, respectively when AX=2m.

57

From above analysis, we can know that the calculated
error of target magnetic field magnitude and gradients is
larger in eight magnetometers configuration although its
cost is lower due to lack of two magnetometers, and the
calculated error of vehicle position relative to the target is
larger, too. So, the underwater localization precision
based on magnetic anomaly is low. On contrary, the
magnitude and gradients of target magnetic field can be
calculated accurately in ten magnetometers configuration,
and its localization error is small. And thus, ten single-
axis magnetometers configuration scheme should be
selected in the experiment of underwater magnetic field
localization.
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