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Wireless monitoring of AC current using passive magnetic
sensor tags: Measurement and calibration
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Abstract : The sensor tag in this article uses passive wireless sensing technology to transmit data and energy. It uses the built-in sensing
module to detect the magnetic field intensity around the cable, realizing cable current measurement without battery maintenance and
cable connection. However, due to the limitation of microwatt power supplied by radio frequency waves, the number of sampling points
of the sensor tag is restricted, the sampling frequency is low and the nonlinearity of the magnetic field sensitive element makes the
mapping relationship between the sensor data and the cable current complicated. Hence, it is difficult to calibrate and measure the sensor
tag. To solve this problem, this article proposes an optimization algorithm combining particle swarm optimization and interior point
method to extract the characteristic values (frequency and effective value) from the sensing data by Fourier series fitting and calibration.
During the measurement, the characteristic values are obtained by Fourier series fitting of sensor data groups. Then, the characteristic
values are substituted into the sensor model established during calibration. The constant amplitude current measurement with the
frequency of 47~60 Hz and an effective value of 5~45 A is realized, and the relative errors of current frequency and effective value are
less than 0.4% and 1. 9% , respectively. The experimental results show that the measurement system equipped with the sensor tag can
not only realize passive wireless measurement of cable current, but also can realize the maximum current fluctuation measurement allowed
by domestic power system standards.
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Composition of the passive wireless cable

current measurement system
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Fig.2 Input-output relationship of magnetic field sensitive element
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Fig. 3 Diagram of cable current measurement

1.2 FEBHEBRRZER PWCCMS B IIERTE

PWCCMS 4G MR 38 8 T AR, LU (R 1% A
25 56 70 L PRI e 0 )R IR IR . RS TAR AR
FH P 2l 48 BEER T B - A AT 55 %A 55 9



5512 1

MOLAR 45 SR CIRRE 1 JBbR 25 1 S Fi I TC 2k il - 00 i e 273

TR T A B AR B AR A B A A
A 95 2 A 405 o IO P Dl 2 3, B 3 45 2 A 81 00 A
%, FRG TIRL IR, LRSI E 184 )5 T iR
I, A TSI A ), DSt ) A AR A8 1 A AR
GRS R I PR R IR C RO A L I ol e e ]
TR o D AR R A SRR R 17 14 00 I [R] 4% 25 B 122 4%
B ALK, i A I PP )RR X e i AR 4G
IR B AT I A T R A B

2 fERIREIRE SN ERE

ARSGE AR HE5 N SR A A LA SR A B
i AT P A B AR Ao R ot 2 50 I X LA SR BBUCRRAE AL, T
ST ARFAIE 55 15 00 P I A8 6 A M 174 2 SRS R | S i
S I HL A P U D
2.1 fEREBIES

1 RS SR P el TS/ -~V T 2 B/ 2 v i — W03
SEF AR R BT AL G S U OT . TR B R
AR HATIRE , LABEAR A A% A M R 15 598 L
LSRR FEONM RS AUl BETH AR
TP AR ARG RN, FEAR A% S Pt s 5 R I i 3 K
/N DG 2R 58 WU A 23 52 BN MR G 32 25 1) TP 1 N A
TR, i LA 5 0 R 00 H O 5 4% S 28 i S E AT B A o
TEREAPRE R FE AR H A U5 1 SRR I 1 TE 5% F O, A
PWCCMS J& T 525 Wa I, f=¢ 00 rl 38 09 A0 067 15 2 4 A 7
g,

A IR 25 i H A5 5 A7 T 1 T W A2 T A% b 28 1Y
R 2R, FUTT T W 0 AT H 3L Y R 3R SR IR SRR A 174
BRI I AR R B R Y 5, AR
UGB g 2 TR AR 2 I AR L Pt it U 2R L
TUAEFE G AR SR E AL BRI

1) Ko A TS 147 T B AR UL R A5 55

2) MHEIE A5 5 v AR AR R

3) 3 I B0 o A% SRR T SR AR5 B AR S 1R R O
AR BR A DG FR AR B vh B 15 5 1 A e S5 R
LA R AR 2 DG 2R, an=X(2) 1 (3) IR,

£ =6"(f) (2)

[ =G(4) (3)
K. £, 1 RN s R AR R L f, A AR R
BEP AT W AR R R

h ARG A v BRI AF S R f A RUE A, A
SCH A OGS R G SR A T AL SRR SO B P 8
JEFrE, = (4) Fos

y(t) =x, + x,c08(x,t) + xysin(x,t) (4)
Ko, ,x, 05,0, BNRERAR, UG TEEH «,,
w0y, %, HATINEC(5) FI(6) From By Ab BB AT AR AL Ik al

HIEI AR S R f AR A

fea (5)
w
P (6

0 B X R £ U BRI LA S

FETFSR, WA B0 v (1) 52U £(1) MIE0F 7

RISA TR A AL FAR, W1 (7) B,
o] = agmin [y A0l ()

K ) R, BOER/ME 2 R x, BIERORME,  SiE kL
FHER R LR e Bt Y REMLAR , BR R T, BEHLAT R 1k
BEARLF RO B AL XTSRS w0y
VTR VR R RS (A o i TR 6 O B A R R AL
B PR YO R R L A R e
(A RACER h A B R VA W 2 1 R v 3 N5 e (U LS
125, an SRR 20k 25 K ST 0 4 S dee A A
R S BTG e, 8 PN SR D Ak T 8 47 oK i 0T
SEUHURLTE 0 67 5 R A0 B 6 20 2 AR AT L B e
2k &
2.2 HRNEZE

FED R PR A 4 28 RS R e EL A S48 2 iEAS
— 3, T SOE BRI 2o AR v A SR R L A 2k
Vi) P 5 s BTN — B, Ay e ke b 3R DI DR s g 0 AN
TR )R, RGP 28 T AR RS | A BB IE REE,

m=(8) PR,

k=" (8)
s o 5300 R NI A% SRS e 5 AR 0 P, 4 4G
Z Al

SR PRUE I S 0 V1, X AL BB AT o A B
XFTFIESZAF 5, 172 JE 30 00 A% a7k 52 4 D i 45
B BB AT— A% b 2 7 B U I a3 o, A DU R 3 Y
SRR ANAR | b BRI AL B AL BRI R

1) 5638 35 P A AR X A SRR AT A 4 L R B L
PSRBT, 0120 Ak T F A% SR 1 00 I 3 5
JEI 1 5

2) PR IERE IR VEA T4 2, 5 4 % 7 ) s ) B 24
JEIR —2F 350k n AN, B e —4Loh, A B e
— AR N4 R A5

3) X AT — A% IR 2o O A vk TR BT 7 ) e B
ORI, sk (4) BR B Bl an= (5) #1(6)
T oAb B AR IR A A% TSl mh SR UM 5 R f, AN
FRUE A, i HZAHEIR g

K £ A, B AR HEST AL A AL SR A
B B X IO o I FL A AR, I SR 1, , BT S B
HL I E



274 o W ok ¥ R H a4k
0,015; —=— 47 Hz

3 hESXW 0.010 Izg Ei
R 0.005

3.1 EEBIESEERRE S & o} gt

IR ERRRAE O B AT S 7 2L X £ gﬂw-

FECHCAR TUAL B 0 P P9 I £ RRCHR ) (L L 0 #0010

FEA AR T THE , th T (R 0 L -ops|

P AL BRSSP 4 ~0.020F

RPN 50 Ha AR 5 A FL I B f BRI 0 iAot P — L —t—L—

s, B 4 i) LU AR IR B B 50 Hz Wisroh i —
YGEDE 100 Hz A43, {5 2 R % B4 1B R A2 36 9% 19
1710, A4k b3 A RSO Y 330 % 2H A X (9) BT i
Ui EAR S T3 #T

y, = asin(2mf,t +¢) +Bsin(4nfit +¢') +n(t) (9)
A o, B 40 5k i R UGB B AR IR L, A
Hoo,0" AR YPGB RIAR  n () MR,

3000
2500 |-
200
2000 | 150
g 1500 f+ g 100
1000 30
0
500 H 50 100 150
/ P /Hz
0 A 1 1 1 [
|
50 100 150 200 250
BiFE/Hz

Pl 4 AR I i it i

Fig.4 Amplitude spectrum of sensing data
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proposed in this article and the peak-to-peak method
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