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Evaluation of input-output frequency characteristics for digital-type fluxgate
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Recently the target of space exploration is expanded to the wider area in the solar system. As a result, observation
instruments of wider variety are installed on a single spacecraft and the technology for the in-situ observation has been
developed to design the feasible spacecraft. Digital-type fluxgate magnetometer, which is small and power-saving compared
with the conventional analog-type, is more suitable for the future exploration by spacecraft, on which more various and
smaller observation instruments would be installed. Meanwhile the devices and materials used for instruments on spacecraft
require a high degree of reliability and must be tolerant of the severe space environment, e.g., high and low temperatures
and radiation. The reliability and environment tolerance strictly restrict the available device, material and design of the
instruments. A Field Programmable Gate Array (FPGA), a digital logical processor, is used for the most processing of
the pickup signal from the sensor of the digital-type fluxgate magnetometer. The goal of this research is to develop the
processing in the FPGA of a digital-type magnetometer with improved performance over conventional one while overcoming
these limitations.

This study and development are based on the design of a digital-type fluxgate magnetometer developed for the SS-520-3
sounding rocket experiment. Since the output data from the magnetometer to the magnetic-field input depend on the
frequency of the magnetic field time variation, the frequency characteristics of the response of the magnetometer should be
evaluated with high accuracy. We numerically simulated and modeled the frequency characteristics and derived the overall
transfer function of the digital-type fluxgate magnetometer. When the frequency response of the model was compared with
the actual breadboard device designed similarly to the digital-type fluxgate magnetometer installed on the SS-520-3 sounding
rocket, differences were identified. These differences are supposed to be caused by the disagreement of characteristics of the
modulation process of the signal, particularly a phase detection unit. The fluxgate magnetometer modulates the AC pickup
voltages into DC signals corresponding to their amplitude. In the numerical model, the phase detection unit’s computations,
performed in the FPGA, may not be exactly simulated by the model due to the shortage of accuracy in the numerical
expression of the frequency characteristics of the modulation operations. Therefore, to conduct a more detailed comparison
between the actual device and the model concerning the FPGA’s operations, we established a new evaluation method. This
method involves generating a simulated pickup signal within the FPGA and extracting the phase detection output. This
allows us to obtain the frequency characteristics of the phase detection unit in isolation, enabling us to compare and revise
the frequency characteristics of the model and the actual device for just the phase detection unit. By modifying the model
based on this comparison, we aim to achieve better agreement between the frequency characteristics of the model and the
actual device.

In this presentation, we will show this new evaluation method for a more detailed investigation of the frequency character-
istics of the FPGA-based phase detection unit and discuss its results. Furthermore, we will discuss the suitable scheme to
define the FPGA parameter design to enhance the performance of digital-type fluxgate magnetometers.
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