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Abstract: To improve the efficiency and accuracy of calibration in frequency domain for a distributed e-
lectromagnetic receiver, a calibration method based on multi-frequency pseudo-random signal was pro-
posed and the generation and detection of the signals were investigated. According to the analytical
expression of multi-frequency pseudo-random signals, the amplitude and distribution characteristics of
the main frequency were analyzed, and a high-precision bipolar calibration source was produced
through a Field Programming Gate Array(FPGA) to achieve the encoding synthesis of pseudo-random
signals. Based on the noise suppression principle of correlation detection, an iterative method with
multiple times for the amplitude and phase of a noisy multi-frequency calibration output signal was

given, then it was validated by a simulation. Finally, the acquisition channels of the distributed dual-
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channel electromagnetic receiving system and a magnetic field sensor were calibrated actually. The re-

sults indicate that the amplitude error and the phase error are less than 2% and 1°,respectively, while

the outside noise is not greater than the calibration output signal. The calibration method is fast, ac-

curate and can be used in the frequency-domain calibration of distributed electromagnetic receiving sys-

tems in various field environments.

Key words: electromagnetic detection; multi-frequency pseudo-random signal; frequency-domain cali-

bration; magnetic field sensor; correlation detection
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Fig. 1 Block diagram of distributed receiver calibration
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Tab.1 Amplitude and energy of multi-frequency signal
n=3 n=>5 n=17
k=1 0.900 3 0.631 7 0.477 6
k=2 0.636 6 0.588 1 0.473 8
k=1 0.636 6 0.543 4 0.466 5
k=8 0 0.477 5 0.453 2
k=16 0 0.477 5 0.430 8
k=32 0 0 0.397 9
k=64 0 0 0.397 9
15 0.810 5 0.748 1 0.688 9

2" Jy AR BENLAE 5 FZRR R n A A
AR Z LR 2, 76X Bk bR - BAT 355 0 A
Ao R B B R R AE 25 AN K AR AR [ L RE
WML T REEE MK S, BT 2 A OB
BT 5 LA 22 00 46 s X 50 45 ) Bl 40 A (0 45 05, 5
TF 52 0% 0 AR LS — B o A X e R I R
GEATE AR E O A S
3.2 BIRHBEHLREEE K

STl g 1 TFES] (FPGA) 2k Hl VHDL
W E W T AR HURR P 52 30 2 40O B AL 1) 4 5



% 8

SRICT5 A <A 2R R FR AR B8 22 WU E A 5 197 AR 5 A 1865

I R R AL S AR 25 5 45 ) 0l I e o A
WA I3 W g 7 A I A R O o AR 22 O e g
BRI 2 AR IR S Ky 22 00 T 23 DX 1) 4> B0 €
ARSI A8 & A AE S0 st B 0 T 4
8 T I 0 b R AT TR AR
THRUE P E RS A A R 56 8% . L =IO B AL
) GO 1 Hz I, 2R s <k 8
Hz GRS BB T DX AN 4, = 3R T a0 8
SFT EAEC3. B2 S = BE AL g S

BRI
TN

! .
iJr’é&ME%%O D
it

7
iHE{E=8

ol

. i

=4

/>ﬁ;s5zﬁ<s
WIS

Bl 2 =HthBENLIE A SR A
Fig. 2 State diagram for triple-frequency pseudo-ran-

dom waveform synthesis
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Fig.3 Schematic of bipolar calibration source
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Tab. 2 Detection results of multi-frequency pseudo-random signals with noises

W 7 W 2 G AL ECE DAY GG S5/

/v k=1 BRE/V k=2 WRE/W k=4 RE/N k=1 k=2 k=14

0 0.9003  0.0000 0.6366 0.0000 0.6366 0.0000  0.0000 0.0000  0.0000
0.1  0.8999 —0.0339  0.6358 —0.0502 0.6373 0.0438  0.0869 0.0184 —0.0690
0.3  0.9049 0.4112 0.6277 —0.5670 0.6377 0.0699 —0.1114 —0.0103  0.254 6
0.5  0.8993 —0.0917 0.6335 —0.1986 0.6456 0.5758 —0.1582 —0.1465 0.3104
0.7 0.9177 1.5630 0.6394 0.1782 0.6435 0.4371  0.1275 —0.616 8 —0.5837
0.9  0.8957 —0.4131 0.6396 0.1907 0.6393 0.1726  0.8389  0.2705 —0.189 8
1.0 0.8900 —0.9286  0.6272 —0.6015 0.6290 —0.4860 —0.0979  0.5616 —0.990 7
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