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An ultra-low power optical current transformer based on four-level coding and
weak-light communication

XU Wenhao, XU Qifeng, XIE Nan
(School of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract: The existing busbar energy extraction and laser energy supply methods on the high-voltage side of a
light-transmitting current transformer suffer from the problems of power supply dead zones, low energy conversion
efficiency, and insufficient service life. Thus an ultra-low power optoelectronic transmission system scheme based on
four-level coding and weak light communication is proposed. First, a three-state gate circuit is designed to encode the
sampling clock and data signal of the signal sampling module into a four-level signal. Then, the four-level signal is
converted into an optical signal and transmitted to the low-voltage side through an optical fiber using an ultra-high
brightness and ultra-low power LED. Finally, the signal is decoded at the low voltage side using a high-sensitivity
avalanche photodiode detector for weak light detection and then input to the decoding circuit. The ultra-low power system
is applied to the light-transmitting current transformer for experimental verification. The results show that it can meet the
requirements of 0.2-level accuracy, and the average power consumption of the high-voltage side can be reduced to
3.91 mW. Because of the ultra-low power consumption of the system, the high-voltage side can adopt a reliable energy
supply scheme such as a large-capacity battery or low-power photovoltaic system. This solves the problem of power
supply and improves stability and reliability.
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Fig. 9 Signal waveforms
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Fig. 10 Ultra-low power optical transmission system
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Fig. 11 Photograph of the experimental site
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Table 5 Experimental data of error

BiE FIAL A 4 EE/% L 2/% FEN)
120 -0.0348 -1.109

100 -0.0437 2277

20 -0.0426 1.369

5 -0.0428 1.305

3.2 HFEESHRAREMAZBEIEIRNE

ADC KI5 5 RFE R AEUTE 548 Sl R Bk
T#41155 CONVST Ml SCLK #i%, SZhrES i
Bl 9(a) I 9(b) AT, {55 M2 ] pH /R P As 3 H

HTEES SN AN, Hfdk—X& ADC
KFE, 1 ADC FIRFER AN 20 kHz, KEEFEE N 16
7, PG 5L HE 2N 320 Kbit/'s. F) H
MSOX3024T 71~ 2% S bRl & 145 5 R AR R A E 7
SRR RN 6 FiR.

%6 EERMENFESERER

Table 6 Signal sampling rate and signal transmission rate

e Wit Hix SR
&5 K% /kHz =20 20
A5 5 AR i R/ (kbit/s) =250 320

Ak, O R AR R GRS FR AT PRGSOk,
BRGNS, 2B ADC FERAEUE A,
I 2 SRR 52 K AEIGAR L 22 R A ZE R
HHI R o A IR S0 AR ASGE 22 I I 2R 48 2 h,
HIAR B e i A, BN SR B R, W]
Ui WO (8] Y e 105 A o B IR G 2, 0
BEAEE 12 h, WASEIEIER 7 Fis.

= 7 RGHIR IR MR
Table 7 BER detection data for systems

YRV il Hbs S Rl i W 8] /R
FHisr <10% 0 2
PR <8.0% 0 2

JE R <0.2% 0 2
LS ERLES <1x107 0 12

RGRIGH 0 /& T RGUE S = 5610 itk
ITINK, FEIIAEGE PN, 5 S Rid s
HILRIG AT RE. BXHME SHIE), RGN
1 MHz, Rt 1 A $ALA]F (unit interval, U 1 ps,
FI 7R PR 2 R GRS 5805 0.076 ps.
3.3 ESEMThFEMIK

FERE NI, S BRBTE T & FH I R i
T, RN T SIS R TR R . S
eI DIFENER 8 s, 1E3R 8 HidRe AL
77 5 I Bt 75 R AT T DR . AHECT 2
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Table 8 Comparison of high voltage side power consumption

between different designs

JrEHT BRI A mW
{5 5 KA GhY e e
SCHR[16] 20 17.4 37.4
SCHR[17] 40 1 41
SCHik[23] 7.3 25 323
AL 3.14 0.77 391

3.4 BOENE
KAREA T E R TR AR R I B & R
TSR 8 R A v 7 v A% e X LI LR B AT
REHEM £, [F)ISIASCEAS [ 200 F 1 29 bE T sk
A AL F R R AT LI, AR BRI R WER 9 Fros.
£ RENSER

Table 9 Data of measurement

HE B WM 20 fir 1** H it/
Ao/ % HE/V  Hfi/mA  mW
120 0.014 1.55 3.502 0.702 2.46
100 0.013 3.12 3.502 0.723 2.53
20 0.038 14.06 3.502 0.855 2.99

5 0.019 20.84 3.502 0.896 3.14

HHER 5 FIER 9 v, RIS R 5% 22505
AL, TEAIE BN 5% 20%[0) A 2= 50dE -
BRARMZERR, ZiRZEFERE LB BBk
FEIRFIRENR G d I E 8, (SRS R GF. 1%
SR LRSS ) = RSP 3 DR T 3 mW, 7E
PRUES TR PR I RTEE T, KR FERRAR T Zh#e.

4 LEip

AT IR AR AR H A i R G LTy S8
T e A, w] A R e A M
it 1207 SR A5 5 RERILY SCLK A1 DOUT 15
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i 5E LED B OGS 5485 RS M, AR
i PR AR AN [T R AT AR S RS . RIS SR v
s AT DE ) APD AR UGB B, S5O E
LT AREEBANUE ELES RSBSOS . st
B0 56 UE RS vEE N B, ARG v IR S D RE N T
5mW, SRR 0.2 FHEMEER, ERFE
B TAERI 2 h N, TEiRAS R B, /55415179 0.076 ps.
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