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Digital-type fluxgate magnetometers have been developed and installed on satellites and sounding rockets in Japan and
other countries because they have advantages in reducing power consumption and weight compared to conventional analog-
type fluxgate magnetometers. In this study, the frequency characteristics of a digital-type magnetometer are numerically
modeled and compared with those of manufactured hardware. The improvement of the digital-type fluxgate magnetometer
can expand the possibilities for advanced magnetic field measurement in the future space-science mission.

The fluxgate magnetometer measures the external magnetic field strength and direction by the non-linearity characteristics
of magnetic field in a soft-magnetic core in the sensor. Artificial magnetic field is excited by alternating current flowing
through a drive coil wound around the core, and the induced voltage in another coil, pickup coil, wound around the same
core, is detected as the signal corresponding to the external field. For the digital-type fluxgate magnetometer, developed
for use on spacecraft, a Field Programmable Gate Array (FPGA), a digital logical processor, is used to perform most of the
pickup signal processing. Therefore, the weight and power consumption of its circuit can be reduced compared to analog-type
fluxgate magnetometer. 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 suit that condition. 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 in 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 radi-
ation. The reliability and environment tolerance strictly restrict the available device, material and design of the instruments.
The goal of this research is to develop 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 fre-
quency 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 comparing the obtained frequency response of our first
model with the frequency response of the manufactured hardware, there was a significant difference between the model and
the actual hardware. Since the circuit of the digital-type fluxgate magnetometer consists of both analog and FPGA digital
circuit, the model must be the combination of transfer functions for continuous and discrete time-series signals. In our first
model, to implement this combination easily, the digital signal processing in the FPGA was modeled in a simplified form. It
led to the considerable inaccuracy of the modeled transfer function of the digital signal processing, and caused the discrep-
ancy of the overall frequency characteristics. In the next step we revised the model for the digital signal processing, which
accurately expresses the processing in the FPGA and can be combined with the analog data processing model. We constructed
the overall transfer function of the digital-type fluxgate magnetometer by implementing the revised model, and examined the
consistency of its frequency characteristics with the actual hardware.

We will present the frequency response model of the digital-type magnetometer based on our examination of the FPGA
coding in detail, and discuss its characteristics. Moreover, we are investigating the parameter in the FPGA coding to improve
the performance of the digital-type fluxgate magnetometer.

In the future, based on the results of this study, we will design the parameter of the digital-type fluxgate magnetometer that
could detect higher frequency magnetic field fluctuations in the space.

TRV T Z v 725 = MEHEHE 7 Fa 7R THEE S, ER2IZ 6N s w5 FE» 6, ERsT
BIZE. FHBEICEH I TS, KR TRE T XAV T 7 v 7 25— Mg Et o H 240 LoD BEICiE R 5l



EANDORREME DRSNS THRAEZIT> T\ 2,

759 7 R5 — MENFHEZa T DE DBV R IA4 TafL VICRIRERERT I ICE D a7 2L, 455D
SR HANCIE CTALRENZMINT 2 Zeic kb, SBRGZEHIIT 2, FHENOBRE HINCHE I W7
RIVARD 7 7 v 7 A7 — FENEITIER. 79 ZLVEHEFE T D Field Programmable Gate Array (FPGA) TY v 77 v 7
BEEONIDKEEITI T2, 7FuZHRDT7 T v 7 25— MEHFHIHAREBIEOERCHEENZINZ 2 e A TE
%, EFEOHEERM DM L2 X D KGRICBU 2 BEHEEEOHEBSNRDIEN D 00H %, U0, —DDFHHE
W REZAR LB 2 BT 2HANC D 5, /NUL - BEIML LTV ENVT Ty 7 25— MEJEHE, Bl O 1E
. ANUEDE T EDFHETOBINE L TV, L L, FHISICHBE T 2 88 CEH T 2 5@ E 2 St
DER SN, F B HEHRE ORISR FHBRRICH 2 2 8B H 2 Z e b, #FENEHNERZT 2, ZofliERIRL
DO, ERE D bERER M LB MIE 2T 2 L AR DREINZEETH 5,

AR TIEEN T 7 v b SS-520-3 BHICHEH I N T ZVART 7 v 7 27— FEIET OGN — 2 12H5 & B
HEITS WHDAINII T 285 O NG EH O B IEBUKT T 2720, ANEECHT 2 HNESDIEEDE
BB ERE LFHMEis 2 22 kD oh b, 22 TR OGEBRBESEH T I 21— 2 Y LTRD, FEK
R EET MU LT, Z LT ORI ET AV EERORIRERE e R L1z 2 A, B0 & EE O R
WEKREREEEL D o2 7T v 7 RF7— FMEHFTOBEKIE 7 FaZHEEY FPGA WX 3T ZILVEENEELTED.
EFILTIREF I R R EE S O RZBE © BRI 2R EEB O ZBM e A S LE 20BN D %, HAEDLEERS
AT S DI ETADTF Y ZLEEEOEIER Bt L. FPGA THEEEIZIT > TWAEEUEZ BB IC KM L T Wik -
Pl DICTREEDRE - EZ N5, 72T, FPGA 2fTo TWAEE R FMEICETF ML L ET7 F a2 Eg e o
AEDLEDPTRELRFEROGERBEZEH L, FYRVART I v 7 25— M 2BROGERBEERT 2 Ick
D, BTN EROREEBIFIEO—BE Eh o T2,

SEOFERICBVWTIE FPGA ®a—7 4 V7R FMNCHE L. 22 KM L =2 BEEN o T L 2R L, BT
%, Fl. TEERNVAERT Z 9 7 27— MEHFTOMREEZR X 272HD, FPGA 2 —F 4 Y ZIZBIF 337 X — &K
FHEMETT 3,

FERANCIE, RFEDORERZTCIS, TYXNVGKT Z v 7 25— MENFT DT X = Z3EH 2TV X D @R OIS
EEFeHZ 25 2BET,



