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Telemetering System of Extremely Low Frequency
Magnetic Field Intensity
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Abstract

In this paper, we designed and implemented the system for telemetering ELF(Extremely Low Frequency) magnetic
field intensity. The magnetic field measurement system used a 3-axis magnetic field sensor to measure the magnetic
field with isotropy and the equalizer to compensate the frequency characteristic in band. By multiplexing three output
signals of the magnetic field sensor in time domain, we got the uniform gain and frequency characteristic among three
axes. This system was designed that the magnetic field measurement level range was 0.01~10.0 uT and the
measurement frequency band was 40~180 Hz. The control system would access to the magnetic field measurement
system with RF and the maximum access distance was 1.0 km. We confirmed that the measurement level error of
the fabricated system was within 5 %. The fabricated system was installed to a golf practice range where a high voltage
power transmission line was crossed.
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Table 2. System design specification.
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Fig. 2. Block diagram of the magnetic field measure-
ment system.
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Fig. 5. Simulation response of RIAA equalizer.

o4 gegel gAgs waEs gAds 9g
P ASE A2H0E BEE XE, Y2, 13 A
NEZ 7490 ok Aol 204 349 2F
A4 W BY AHAL 2 5209 JRAE T
$3 99 FH5E Y A9, 4 ()% 7o) &

ek

B(t) = v 2B,sin(wt)% + v 2B,sin(et + @)y +
V2B sin(ot + B)z @

B.B,.B., . 37329 £ 2 A 4EY A
F[Wbm ]

%92 & % 4% 99 ¥y

a, f ;. x2y& 9 x222 79 92FxHradian)

O: f F9l[radian/sec]

AA B AFXE B WA 15:7)9] g 3
TOEN, 4 ()E AEAZ WEIE 4 (3)3 7o)
AxEh 4 Q)M AA B AR e 4 749
QA 3tA §3 74 & A2 HEaX 93
A 239 Ag veplz g

B.B.B. . 47 3%9] £ = AA AE9 4
Ei} [Wbm —2] (3)

1% 29 Aolrlk, UAYR AR XF, Y3, Z
2] RMS AR 4 () ol§3tel AR A A
719 AEABm)E FHHLE F@oh



23 H|O] AIAE U (ED EHd(Panel

Aoy AR FFE S HA 23U FAH
o, Ab2A = BX] 23# 9 GUI(Graphic User Inter-
face)= A A"l A Z(access)gH}. Alo] A2EL o
A A7ttt A £3718 &3 FAE AA g
< LED #do] AA 3t} T3 GUIS F3lA &4
AAZE T s AR A Fo] Fhsaigl
I9 62 GUI 3t9 w5 FA o]t

B 5 74 Bde 77
Table 5. Spec1ﬁcatlon of RF MODEM.

g5 T4
Foe WY 424.700 ~424.950 MHz
eI PLL 4]
Ad 5 21 A
4 Wz 9 BPSK
Ad 74 125 kHz
RF 29 10 mW
1§ ID Abo)R 1 u}o] E(0x00~0xFF)
A ID Ape] X 1 u}o] E(0x00~0xFE)

AT SF "X

SAFH A A7E 94 S5 A
24 XA 2y A

AA B e A R3¢ 5L AFE)
7] A AAZA, AHEAY] 276 wet AA ¢ F
oot 2718 M Ae A B FH ol
WA wg AA e 74 29 73 2o, 44
FALS & 63} 7”’/}

A8 ForE MAsE Ao T LAY
(function generator)-»] FaFE 2R, A4 A7)
£ WAtk Agde g 2479 2L FE7
(audio amplifier)e] Hd& ZFgch AA 24 Y

Function Generator

J8 7. AR 24 24 ZX
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Table 6. Specification of the low frequency magnetic
field generating system.
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Fig. 9. Circuit unit of the magnetic field measurement
system.
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Table 7. Test result of a fabricated magnetic field
sensor.
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Fig. 10. Frequency response of a fabricated magnetic
field sensor.
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Fig. 13. LED display panel.
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Fig. 14. Control system.

V. AlLE AH

AZE A= T8 49 A 2 FR] 879
A AA Az g Fog gg i £ i Al
etk Aol Az AA FAH/NE dAsT
3l Wandel & Goltermannjit Al =91 EFA-300A S

712802 A it g5 “3 7](function genera-
g ZAsA AA FHFE 7PEAT Y, LY
Z7)(audio amplifier)] 015% ZA43to] A A
£ AT F 82 AA T AR o)A 60 Hz A
AE FANA A71E 7PANFIEA S E Ftold,

-—r

E 8 Aze 319 A A7) 23
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EFA-300 28 ““ZEZ;;TM o
0.05 uT 0.05 uT 0.0 uT
0.10 uT 0.10 uT 0.0 uT
0.50 uT 0.49 uT 0.01 uT
1.00 uT 1.01 uT 0.01 uT
2.50 uT 2,52 4T 0.02 uT
5.00 uT 5.05 uT 0.05 uT
750 uT 7.56 uT 0.06 uT
10.00 uT 10.15 uT 0.15 uT
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Fig. 17. Installation environment of the fabricated re-
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Fig. 18. Installed magnetic field measurement system
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