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Abstract—Magnetic imaging is an non-destructive testing
(NDT) method which leads to an inverse problem if the under- e 1456 mm
lying current density should be determined. The current density -
permits either the determination of the geometry or the conduc-
tivity of an electrical conductor. For analyzing novel electrically
conductive materials, the uniformity of the conductivity is a
critical characteristic. This paper presents a deconvolution bas® xJ/vZX o
method to determine the current density distribution within an
inhomogeneous electrical conductor from the resulting magnetic Figure 1. The right image shows a schematic of the specimen. &he |
field measured with a state of the art GMR magnetometer. image shows the field componeht, (zo,y), 0.6 mm above a homogeneous
Index Terms—Conductivity measurement, Deconvolution, In- specimen obtained from COMSOL.
verse problems, Magnetometer
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The methodology to determine a not directly observable
parameter via a measurable physical quantity is known dg9. 1 shows the magnetic field componéiff(zo,y) along
solving an inverse problem. An inverse problem arises whéfey—direction for a specimen with homogeneous conductivity
the current density within an electrical conductor shoutd Pbtained by FEM simulation. In agreement with the measure-
determined via the resulting magnetic field. Using the arrement setup the field component was simulated for a constant
density, characteristics of a conductor such as its gegmegtirrent of3.482 A in negativez—direction,0.6 mm above the
or its conductivity can be determined. The conductivity iSPecimen.
an important parameter for analyzing novel electricallp-co
ductive materials, which allows to draw conclusions about . MEASUREMENTRESULTS
the homogeneity of the material. This paper presents a deThe magnetic field compone#i,(x,y) was measured using
convolution based method to determine the current densityNVE AA005-02 magnetometer. The magnetometer output
within an inhomogeneous and anisotropic electrically emnad voltage is proportional to the magnitude of the magnetic
tive material from the magnetic field measured by a GMReld component along its sensitive axis. A 3—axis precision
magnetometer. Furthermore, a deconvolution based proeeduanslation stage was used for spatial sampling of the megne
to improve the spatial resolution of the used magnetic fiefaeld in increments ofAz=2 mm and Ay=0.5 mm, while a

sensor is presented. constant current 08.482 A was applied to the specimen in
negativez—direction. Fig. 2 shows the measured field com-
Il. PROBLEM DESCRIPTION ponentH,(x,y), 0.6 mm above the specimen. At=—5 mm
Fig. 1 shows a schematic of the specime.n consi;ting of 27, T e AT ' 1oa
strands (each with a triangular cross—section) which exterz F "o l g
in z—direction. Due to the manufacturing process and ths "/ , Hi uzs £ ‘ il IH’ 1163
material composition, the conductivity of the specimen is '| " | 10.9§ e l " g
inhomogeneous. 8 17 ; 1065 §a1 ' | 0§
Basedﬁon ohm's law/ = kE ang the continuity equa- | “ ! 10.32 a4 i 1 1045
tion V-J=0, the current density/ inside the specimen - _]ilzcoord%ate(:rﬂ) 3 T I T

is deflected by spatially varying conductivity(z',y/,2"), _ - _ _

where =/, ' are coordinates located inside the specimdpfu'® 2. Measured field componef, (z,y) (left side) and estimated
volume V7'. éince the law of Biot—Savart (1) couples rnagnetic():riginal field componentd, (z,y) (right side) obtained via a deconvolution.
fields and spatial current density distributions, variagiof x and y=—14 mm a small field inhomogeneity is visible. The
are recognizable by measuring the magnetic field. measured field is smaller and spatially smoother than the FEM



results in Fig. 1. The inherent spatial low—pass filteringes to computefﬁ(xo,y) within a homogeneous specimen via
from the sensors flux concentrators. In order to reverse ttieconvolving (4). Fig. 3 shows the resultili;(:co,y). Since
impact of the internal structure, the sensor is modeled Jn (2@ homogeneous specimen was modeled, the current density
as a linear space—invariant (LSI) system. Jx(wo,y) _must be constant with /A =12.926 kA/m2. The

~ ratio of .J,.(zo,y) and the constant valug,(z(,y) determines

Hy(wy) = Hy(2,y) * G(zy) + N(zy) @ the correction factor ta”(xo,y) :Jw(xo,y)/jw(xo,y). The
ﬁy(ay) is the measured (distorted) field/,(x,y) is the calculatedC'(zo,y) models the impact of the triangular geom-
original field, N (z,y) is additive noise and3(x,y) is the etry and eliminates boundary effects caused by the height of
sensitivity function aka. point spread function (PSF) oé ththe specimen, sincdz'=d presupposes a thin structure. By
sensor [1]. To determinél,(z,y), the convolution must be Multiplying C'(z¢,y) with each scan line of the preliminary
reversed taking into accoun¥ (z,y), this process is called current densityJ,(z,y) (in Fig. 3) an improved estimate
deconvolution [2]. The sensors PSF can be determined #y(x,y) can be computed, shown in Fig. 4.
deconvolving the measured field above a rectangular cooduct
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with its analytical solution via a Wiener filter [3]. Based e ¢ E 2 “ 00 £
£ 17 1303 £ 17 * 2
PSF an estimate of the original field ,(z,y) was computed 3 | s 5 ! ; b >
from H, y(z,y) using a Wiener filter, see Fig. 2. The overalls ¢ 255 £ o ‘ h ' ‘ 2005
distribution of H,(x,y) agrees significantly better with the - 1208 §o17 \ / 0§
FEM results. ‘ o i 6000
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IV. SOLVING THE INVERSE PROBLEM y-coordinate (mm) Y-caordnate (i

According to [4], the field componenHy(x,y) at the Figure 4. The left image shows the estima@g(x,y) obtained from

. . : «(z0,y) with th ion f ,y). The right i h h
distance resulting from a current density componehi(z,y) 2= (%0:¥) With the correction factoC’(zo,y). The right image shows the

deviation ofAJz( ,y) within the specimens base area due to variations of
within a thin 2D structure of thicknesgcan be expressed byihe conductivity.

z,y

// —Jz y) Ay, @) A small inhomogeneity is present at=—5mm and
(z—a2")2 ) + 22) y=—14 mm, which is also visible in Fig. 2. At the inhomo-
which is derived from (1) or by an equivalent convolution 9eneity, the current is deflected sidewards and into the comb
structure. Therefore, strands are partially visible in ridgion
Hy(zy) = — Jo(2,y) * Gaiot(x,y). (4) close to the inhomogeneity. To further reduce the influerfce o

e specimen geometry and the measurement setup (e.g. an

Equation (4) represents an inverse problem that can bed;olt f lianment) linear trends extendinasiadirection and
by deconvolution. Fig. 3 shows the current density compbne que alignment) linear trends exte gardirection anc
the mean value of(z,y) have been removed. The resulting

Jo(z,y) computed fromH. y(z,y) (see Fig. 2) via a decon- "~ "~ L -
volution, using the Lucy—Rlchardson algorithm. Experirtmendev'at'on.AJI(x’.y) shown n (Fig. 4) indicates changes of the
&qnductlwtyA/s in the specimens base area.

with other samples [5] have shown that the Lucy—Richards
algorithm provides better results than a Wiener or a reqaer V. CONCLUSION

filter for the computation of/, (x,y). We have presented a method to estimate the current density

8.0 8 within an inhomogeneous electrically conductive matelial
z % ge measuring the resulting magnetic field. A specimen with an
75 . .
E > 3 inhomogeneous conductivity and a non-rectangular cross—
g 705 54 section was used to demonstrate the method. Finally, conclu
8 s E, sions were drawn on the conductivity within the specimen
) s 9 based on the estimated current density distribution.
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