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ABSTRACT

four possible orientations of the sensor allows one to calibrate and align the
fluxgate sensor completely. Transformed into the theodolite coordinate system,
each set of magnetic field and angle readings provides the complete field vector in
the geographic reference system, which leads to a welcome redundancy. With
this redundancy, random errors can be minimised, and systematic effects can be
separated during data processing. This should ease some of the difficulties of
precision In the measurement procedure with a one-component sensor. Such a
simplification of absolute measurements is highly desirable for observatories
without permanent, well-trained staff where laypersons perform the
observations.

DI-Flux instruments, used for absolutely determining the Earth's magnetic field
components, consist of a non-magnetic theodolite usually equipped with a single-
axis fluxgate sensor.

Because of recent space missions, three-component fluxgate sensors are small
enough to fit on the telescope of a theodolite and can measure the Earth’s
magnetic field with an adequate linearity. One can presume that the additional
magnetic information should contribute to an improved measurement result.
Performing the standard procedure of declination and inclination readings in the

the measurement set varies between 1nT and 5nT. By increasing number of
measurements per sequence, the confidence for the mean value increases.
Performing a standard DI-Flux procedure, in contrast, causes random errors to
accumulate becauseeachreading isnecessaryto calculate D andl.

INSTRUMENTATION AND PROCEDURE

We mounted a vector-compensated fluxgate sensor, provided by TU Braunschweig
controlled by a Magson digital fluxgate electronics on top of a Zeiss 020B theodolite (see
Figure 1), and performed a measurement procedure similar to the traditional one.

Without exploiting the angle readings, we can 2. Fatal errors like typos of angle

readings can easlly be detected, and those
measurement points can be removed
without losing the absolute measure-
ment. This makes the procedure less
vulnerable to errors of less trained
observers.

" Calibrate the sensor completely (i.e. determine
offsets, scale values and orthogonality) by
turning it about two independent axes (cf.
Auster etal (2002)).

" Calculate the field along the direction of

rotation by using three measurement positions. 3. Systematic errors, such as field

gradients between upper and lower
sensor positions, can be separated by the
DI3 method. With the standard DI-Flux
method field gradients in only one , |
direction can be discovered. To prove this, [oifon uing = Hemholiz fystem where b0t colk are connected
we took measurements with additional e dentcldrecon

artiticial field gradients (see below).

Perturbing field gradients can be easily detected.

" Derive the rotation matrix to transform the
magnetometer readings into the coordinate
system defined by the theodolite by aligning
one magnetometer axis (Z for D-rotation and X
for | rotation) with the rotation axis.

W

Thus, every single measurement position (comprised of
angle readings and magnetometer outputs) becomes an
absolute measurement. Measurements can be taken at

FIGURE 1: Zeiss theodolite equipped with a three-
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The use of a three-component magnetometer for a standard DI measurement has 4 8 12 16 20 24 28 32 36 40 44
numerous advantages:

4. Preferred angle adjustments can be determined after the azimuth mark
reading automatically because the approximate orientation between the pillar /
azimuth mark system and the magnetic field vector is fixed. Therefore,
measurement angles can be predicted by the sequence control automatically for
each pillar. Thisisafurtherstep to makethe measurement more error tolerant.

1. The large number of absolute measurements during one sequence can help
reduce random measurement errors ( e.g., angle reading errors). Figure 2 shows the
result for all three components derived from one measurement procedure where
variation reduction is already included. When a Zeiss 020B the standard deviation of

East0 ) ’ . N 5. Finally, with implementing a 3D fluxgate sensor we offer no disadvantage to
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= e - observers who prefer the traditional method. By using only one axis, the DI tlux
i . method can be applied as usual.
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discrete (rounded) angles.
The requirements on the theodolite quality can be relaxed as well. Measurements with
Zeiss 020B theodolites equipped with a 3D fluxgate sensor are competitive.

FIGURE 2: Results of all 44 absolute measurements during one sequence (shown in red) performed on May 22, 2008. Blue and green triangles indicate the Z
component calculated from the rotation about the vertical axis. The solid lines indicate the mean value, dashed lines the standard deviation. The background
color represents the measurement steps: declination with sensor up and down (D, D,) and inclination (l,, I,) readings.
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