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Research on character and modeling method of noise in fiber optic current transducer (FOCT)
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Abstract: Focusing on the problem of random noise in fiber optic current transducer (FOCT) , this paper discusses systematically
the noise category, influencing factors on noise, and methods of restricting noise based on the structure and principle of FOCT by
reference of fiber optic gyroscope(FOG). Noise in FOCT shows different time domain coherence and various frequency domain features.
According to the character, different types of noise are identified and quantified by introducing Allan variance and modeling theory to
FOCT noise analyzing system, and FOCT performance is evaluated comprehensively. Results of Allan variance and modeling theory
used in FOCT data processing show that FOCT output data display different random noises such as angle random walk, bias
instability, etc. At the same time, the feasibility of Allan variance theory used in analyzing and modeling FOCT noise is proved.
This work is supported by National Natural Science Foundation of China (No. 51007007).

Key words: fiber optic current transducer(FOCT); random noise; power spectrum density; modeling

RS ES . TM452  SCERBRIAE: A S 1674-3415(2011)01-0062-05
0 3= il W S LA A FEL I Bl 2 W N S5 Ak AN T A e )
(=

KT Farady 0N R BE L B0 MG 5 b 3
e AR )% #F B B JK #%  (Fiber Optic Current
Transducer, FOCT), el T FE X L3 T J86 s
% J0r 4 Bl MG ' 3 35 4 o, o R A A HE A
J3E 5l PRl A B L 0 825 5 1 ) R R, AR
(LI B, i HL L DA R A5 O AR RE A
i, AAZSEGE. ASraelr MRS %
PLat, nTLIH e Re T . AR TR, PRy

EEWME: YEHMEEHAFALTIRA (20100471357);
BRAABZEALAE (51007007 ); T4 % AHAE) 2010
A

ok, AR T HUR RS IR R TT 1) o DGAT LR L
s B A LRSI (Fiber Optic Gyroscope, FOG)
AL TS BT A [ TR (R B BLIE 75 o, 1% ) i
JSCA BRI GET L HL R 7 F B T P (1)
F2 Pl AT i R B AL A RIS AT
TR L DU R I R O FLERI S O R L
TR R IABEME A L AR S AR S A I P
SR AR Y RS, HES
FOCT & 5 AL B 7 A0 55 4 B 5 A AL 1) T8AE 5
HATUEP . ¥, (F9 P2 5, FOCT %t 2
T AR I SR PR AR AR 32 A0 H5 AT A B AL A M 75
Pl AR E PE T3 AR BEATLIE A e 5 | SRR e 7
AR AR 2 e A, b, A R B L



TS, 5F

DL FRLIAE LI A PRI B R AR T A5 -63 -

P RN P R AR e S A K. T
FOCT 7E&5H4) I B A5 5 T 34 A [r) 1 Ha fid =G rL v
SRS AP H R RS, R, IR T
P X R U R A U e R O JBA T M 7
AT SRR T B S ANEH T FOCT.

I R BE S RS S5 TTIHKE, FOCT &5
FEEF B 1R R IARAYE,  #E S A G T
JR BEIEA L IRB R (P RS, HAT, AT P
ASCERIE P 23 BT A0S BB ), i T FOCT
WAL R IR A . AR S S OCRESE Jy i)
X 5T FOG, Ht, XF FOG Mg AR K /b7
A SE AT T FOCT . A A% FOG [IPERESY
Wik, MWERE L RGH 4T FOCT BTt & B LI
FEIIARE . SRR B IR, 256 M s T I 3 S s,
FRAE, SINME S M 5k iRl S FOCT f1ERE
PRGOS SRR

1 FOCT [REE K ME A 4F1E

1.1 FOCT JR1E

H6 4T HL U B RS S i ST AE Farady #4620 K
Sagnac Z N EEAl b )G AE AR By, Gl I P ER RO AR
238 SISO S DY U AE B B AL 2 SRS IR DG I 0 AR
th, Gt AE 5 A R HAR B 5, SRS AR S,
AEASE B EE AT 5 28 B4 I LA AR

MR 2T A% L 4544, FOCT 43 b I3 o
FOCT 3B FOCT, —# BARGSMANSAH A, H 2
FEPAL BRI A5 T A PR FEIRARL, BRI (1 g
FRRFAEARIEAAH ], A SCRLR S FOCT AR50t
%, HIR PSSR 1 Fros. B 2 3T OCT 4
. AT FOCT S 4 FE nl Hidk o R,
YRR DL A28 T iR asd i, B gk
Rt efmPeytll 45° MAEANRRICLT, #13
FENPRARYCEF ) X PR Y Sl AL 240X R I E AT
KPPDCEIS A/a P Ja, o0 A Ry 2o Jie fiAa g i
R R AN ) e e A £/ ) e e R B 1
FRLUI ™ AR 32 (PR S5 0N, 3K 9 R[] i 4 06 AAS
[) PRI S At A PR A% SO 2 i 11T PR B 1T S S )i
P SRR e ' P Al e A X 48 CRAT g 68 hy 2 e
s BTN, PR FICL, R
DAL= A2 G I A ELAE D A= A= AR A % 5
PRAO G GE I A /4 W E, IREA SR, I
TECE i s Ak e AT

PIN 't FRS I 200 5 (1) 00 FR AR 5 o«

I=1,-[l+cos(D + D +D,)] (D

Hrf: @ Jy Farady Wil AR 0% DN

TiBAm EAINL £ /2 s @y Ry SEIN SRABHAHAT .
TETBRIEE, & =n/2, TS
TN
I, = A[l -sin(@, + D)] (2
TETTRTE R, @ =-n/2, T H
EREPSF
I, = A[l+sin(@, + @,)] (3
£ FOCT W55 b3 R Ge, #07 i ik 2 i
5 RAR K G 5 AR AT 45
Al = 2A4sin(D, + D)) D)
i (4) FTLUE Y, Gl A R Gl @ = -
ATCARIE AL = 0, 1174 AT # O B, {8 w22 5 AT AE
N R LA R AT SN B B R A BB BR
PAEIEIIY BO™ AL e B, 1 R O
R @ W e KR (4D, TE I FHFR S it il i 244
D +D, =0, EHTHHARGILBFH, FOCT
DRI G I ) T 5 A o, R
JiE 8B, FOCT %t (0 L 374 o

R
252 W 2

18 Bt

g TR D/A B
i HUAS BN

A/D R Bl g
1 RS FOCT B&5H &
Fig.1 Structure of FOCT with reflection mirror

Y

i W, [ G| g
[ianf e G ST DARH ] g0 i

2 IRF FOCT BYLEH4E
Fig.2 Structure of FOCT with fiber loop

1.2 FOCT MEA434E

SEBRRGeH, FOCT 52 WfE. BT,
JCHLERE AL WU AR S A 2 TR 25 S 5 2 2B 2L
NI EEME, FOCT i £ v A 15 7 R 4 5ok i
P OEYEAENT R B R L R LT IR A R i
FERIFAGE I P, XSO L IR I, HAHRS & Hk



- 64 - YRS R LR

ARG, FOCT W 56m 3 FOCT
EHL T RGP, AR DR A T ARk
FIaJFErE. LA Allan J7 22 BRGSEAL, MRPEHE TR
Gixl FOCT PEAEMIEESK, FOCT $id i ng FsF ik
BRI R LK.

(1) MR EM: % (Angle Random Walk,
ARW)

£ EEBEA LI EME 75 AT T FOCT AR B B2,
M IFOG M S /K EE R br. FOCT HtH
FRMEs (PIND J6FHUk B A 32 FOCT (¥ Farady
ARSI A7 AEANf 5 M, AT it I AP A — MR,
ROk R P 5 RS PIN JI B O A% PRV — H R s st B
Pr L bE LR, FRBENLEK 5 FOCT 1)
th Farady A%, 01 IFOG /M B EENE, YoE
T FOCT *55 . ARW SR 73 i 7 1 6 D) 263 235 B 1Y)
SEOL, MRS BT BRI AR ORI S L JBOK
PR HL T AR B P R — S DG I [ b SRR R
[ 52 1) Ry AT 75, ARW (1977 96— /N1 10 Hzo 18
ik 2R G5 T LAV B A 5 I 1) b SRR B 1) e ) e 4
R, BEFOC G ' BRI 245 L 234,
DR i vt AT P (R R Mt vl A7 23 ARW L,

(2) fWfEAFEEVERE S (Bias Instability, BD

PRAEANTE 2 PEE 5 AR T FOCT )i B KA
3o BI KYET FOCT st gl it &5 B 1447804
FEL BRI | PRI I e DL R A o] B AR B AL A AR 1
HAE, X FOCT MEAT AT HENE LT IR Y. (1989
J7E AT BL.

(3) HEFEHLUEM: A (Rate Random Walk,
RRW)

TACER BEAT LU A T AR T AR S [l R FE H0AH
I 75 (AR FRAR 0 o RRW A2 L I AR A4 5 [ A AR A A
DREBE IR AR, %M CEBE TR 2 1 K
WY, AR R A JE e AR . B A
2N AT LA RRW .

(4) JHER M (Rate Ramp, RR)

R BHAEAT e — R i 2, A ERE
BLiZZ . RR 42 FOCT JU o S AR NS () 5 i AR
I RFEEI A KT 5 1S 11, A SRS il 5 Ak
Sl RR. PRUEYGHARPELL K FOCT TAEMEIMK
WS I, B T o VT B AR TR A o 1 2 M
AT AME, AT ABR{IE RR.

(5) #EALME (Quantization Noise, QN)

FALME AR T FOCT A HL A S /N
K, FOCT BHTHLMER, F¥WAE 5 FRFEHE H
A/D B4 B RBIX N FPGA (0¥ DSP) #H (5
AR, AR R R TR Y, FOCT Wl & 1) FEL A,

FLREA AR A S AP KBRS , {55 R R
IR T3 AL, LT B2 . R 2L
SRR N AL, 25 IO QN, $emrkde
RGIRERE S AE AT RAE RS ) AT LS/ QN

(6) 1F%M:A (Sinusoidal Noise, SN)

IEGEME R R PE iR 22, HINERIE% R
JUANA IR RAL . = A 75 02 BT OGO I
R IRG = A, AR P R T IR I )
HE AR A T 5 I & RS s s R . 4
IEGZ M S BAT Z W (E E X IR TE I, D%
P B 5 5 e B SN,

2 FOCT FEHIEE D HriEE

Allan J5 ZE15 K I A M AR, 76 4 1)
FOCT ¥ it b e et AT v 4557, 2307 FOCT
BEALIE 75 KRR, e SO B A R R I A 26 1K)
FER Ay B RHEN A TBE L 2 R K LS4
Allan 7 22 X KB,

1 _ _

O =5{(E.0-E@))  ©

o, () AR R ECF B

¥ oW

= w, 1%
Ek+m (Z') — k+2m . k+m

E(r)="0en "M pisentiiic=m-z,, 7, hig
T
INTRERI: w, b ez, 102057 B0 (.

=5 (B 0-EE))-
(6)

1 2
2_1_2<(Wk+2m +w, —2w,,, ) >
Allan J5 ZE 0] LARIR A :
N-2m
62 (T) = 1 z (Wk+2m + Wk - 2Wk+m )2 (7)

22X (N-2m) &

FOCT JREAEE Y, Allan 77 22 50 5 (1) oy 223
R (PSD) S (f) Z Al (8) HAEK R

(1) =4S (/) F(/)df =

o sin® (nft)
4L&Aﬂ(ww d
K (8) T, YU ORI (8 56 K F ()
(I BT, Allan 77 % 5 BEHUE S 04 A B L,
JEIE A A I A OGS 1) 7, 183 1 15 AH DG [)
T CHR RO o7 LRI K
BUSREL, Allan J7 24053 (T3 BE B 415

(8




TS, 5F

DL FRLIAE LI A PRI B R AR T A5 - 65 -

[[0E =T

FOCT AN [F) 2 20 (1) i AL 7 i3 2 1 LR IRAE AN
[F) (P AH DG IS T) 7 358, AN TR 270 [y i s B AR B HH 1 3
SRR N S ARG ] 7 1R O RIGAH I, R
WA AR ZE U Ge vk i S R T, w194
#0 Allan 522 ol (7) AN

2
O-tzotal (T) = Z Anz-n (9)
=2

Hrp, A (n=-2,-1,0,1,2) 5350 BT B A0 e
FPRERENLEE  MmE R TE AR BEALIT L A
RIS T 7 A R IR AU 2 TR A

2
2
Gtotal(r) = Z AnTn =
n=-2

2 2 2 2
3Q2 +N—+—21r12 B’ +K—T+R—12
T T T 2

X 10 F: O HEMEEFREG N BT
ERH: B WWEAREMNEREG K N ENLE
EREG R IR AL

RERPSHY (I P R 25 AE Allan 5 75— AH 5% 5 TR) XY
X BRI IR, A AR REA L
N IM(EAFEE M HORBEALIEE S R Y
HIBO HR B IR 2 -1, -0.5. 04 0.5 1.

Allan J5 Z 0 HTEEAE FOCT W s ot K A it
TP R -

1) A7 R AE 0] [ B T Ay 2 1) m /SRR AR
L(i=1,2,--,n);

(2) X n ANWILEREA & S 5 s AT UK
BE, RFEW N c=kty , 2 W B 7 % T
ty, 2ty kty,(k<n/2), %L (1) Khfg—r
K JE A 7 i P38l

_ p+k-1
I(t)==> 1(t,) (11)
i=p

1

k4
(3) MABALT B H 2 AL Rt

W

M={I,()-1,(t),p=L-n—k}  (12)
(4) REEIA R A M T 2

n—k—-1___
&*(r) = —

Tk & 1= 2la @+ (0]

(10

2

(13
(5) EHAFK T, 587 ~o(r) RN K
o

3 HES5XW

EHL A B IS (K] FOCT, 782> P )i,
S FOCT e TABIRES T By% s 5, v Allan
07 2= WA X 1% 05 FOCT R BEAIL I 7545 1k 3k 47
PEREVEAY, ISR HHE ith 22 S RORHECPEAL 2k 23 5l an
K 3. K 4 fros. B 3 Allan J7 259 Ak 2 v st
AN A P (R R RS T 4 SR T LR Y, A AL
FOCT I BB AE « W EASTR e PR P e e
PR ZEYR, TR AT AL A 2 R e 7 ) i
M99, HE 4 Allan J7 2 53 AR rhon A [R] 26 7Y
W 7S R T S5 T LUE B 145 FOCT 11
AL AR . TR BE DL AE M R e
FERZEI, IREATRE T HOR R 5
M) SO AT

40

0 2000 4000 6 000 8000
PRERII

AllanJj % o (f)

107! 10° 10' 10° 10° 10*
GEES BN
E 3 ABS FOCT Mt EUIR R E Al lan HE M2
Fig.3 Data curve and Allan variance log-log curve of A type
FOCT

44

43.5

FOCT/#fiith
i
W

: :
4000 6000 8000
SKREIR ) /s

L
0 2000

AllanJj 7% o (t)

IO{B" 160 16‘ 162 163 10*
IS [8)/s
E 4 BEIS FOCT i BB R EH Al lan FE#ZE

Fig.4 Data curve and Allan variance log-log curve of B type
FOCT




- 66 - HEREP DR

4 25t

FOCT #&m T ) Rgidxihil. Ay, WA
HUERTE . SERPE, AR T R AN, BT
HEA RV B 5T LR FOCT
RGN K B BRGSO M6
T AL R B R A B AR G AR, B AR BB
FOCT #h B h & 7 2 Fh R F5 2k s . AR
P 7 [ DR AT RS R AR TR, 2947 FOCT &
BT 7 R, AR Th 2R B R R i T
FOCT Mg AR 2= My, 6 45 SR W, Allan J5
ZE 53 KT 715 SR AR AT Rk 2 IR 5
FOCT F§ & ¥ LI 3= ZEREATLE 75 (2R, @ o iy
b 2 T DA S A N s e R ZE A, TT DAk
bXF FOCT (HEREME A I VEAS, 594k, ik
T AR 2R e s el XOnT BASE A FOCT M e iR
ZEPRZEPRENL, WEA A T3 FOCT W A f
(IvERE, XAFIT FOCT T2 rb () ks g 0 5
TEN o
S LRk
(1] EIHE, Wk, BUIE, & BCr s er i ok

BRI E SRR, XBR2AIR, 2010, 31(8):

1890-1895.
WANG Li-hui, YANG Zhi-xin, YIN Ming-hui, et al.
Simulation and test of dynamic performances of digital
closed—Iloop fiber optic current transducer[J]. Chinese
Journal of Scientific Instrument, 2010, 31(8): 1890-1895.
(2] &S TR RSP B RGRY5 #il,
2008, 36(15): 1-5.
GUO Zhi-zhong. Review of electronic instrument
transformers[J]. Power System Protection and Control,
2008, 36(15): 1-5.
[3] &, BLLE, T30, . st = KRG R REHR[I].
W R R S, 2009, 37(11): 130-134.
LI Jing, YANG Yi-han, YU Wen-bin, et al. Review of
electric energy metering system[J]. Power System
Protection and Control, 2009, 37(11): 130-134.
[4] Bohnert K, GabusP, NehringJ, et al. Temperature and
vibration insensitive fiber-optic current sensor[J]. Journal
of Lightwave Technology, 2002, 20 (2): 267-276.
[5] IEEE standard specification format guide and test
procedure for single-axis interferometric fiber optic
gyross[S]. Gyro and Accelerometer Panel of the IEEE
Acrospace and Electronic Systems Society, IEEE Std

952-1997.

[6] IEEE standard specification format guide and test
procedure for single-axis laser gyros[S]. IEEE Aerospace
and Electronic Systems Society, IEEE Std 647-2006.

[7] Klaus Bohnert, Philippe Gabus. Fiber optic current
sensor for electrowinning of metals[J]. Journal of
Lightwave Technology, 2007, 25 (11): 3602-3609.

[8] Allan D W, BarnesJ A. A modified Allan variance with

ability[C].
//Proceedings of the 35th Annual Frequency Control
Symposium. 1981, 5: 470-475.

[9] HOWE D A. The total deviation approach to long - term

stability[J]. IEEE
Transactions on Ultrasonic, Ferroelectrics, and Frequency
Control, 2000, 47 (5): 1102-1110.

(10] F¥ge, gk, Wibr/F. bR OG LT BE iR R L
B IE[]. AR Ras 9 TR 4L, 2006, 25(11): 73-76.
ZHOU Hai-bo, LIU Jian-ye, LAI Ji-zhou. Research on
IFOG random noise[J]. Transducer and Microsystem
Technologies, 2006, 25 (11): 73-76.

[11] BRT, XE, 45, 5 HiGih mgESE Sl
BOR W07 BT[], O R GRS 46, 2000,
37(18): 80-82.

MA Da-qian, LIU Jun, LI Yan-song, et al. Simulation

increased oscillator characterization

characterization of frequency

research of the signal detection of DC optical current
transducer[J]. Power System Protection and Control,
2009, 37(18): 80-82.

[12] ¥ZER, BTN, Bk FET 007 ZTERDG LT IR
BEALER ZERFPERF U], WK M R A% 244, 2007,
39 (5): 708-711.
HAN Jun-liang, GE Sheng-min, SHEN Yi. Research on
the random error properties of FOG based on total
variance[J]. Journal of Harbin Institute of Technology,
2007, 39 (5): 708-711.

Yk HEA: 2010-01-10
fEEE N

EZHE (1979-), B, thE, T BTG @A AL EIHE
BAFBRITF A%, AAUAERBAAF B ELRESF.
E-mail: wlhseu@!163.com

EEM (1973-), B, ZLBIEIF, TEHRFEOHE
HEG AL, BRLNF,

AR (1978-), B, ZB/IEF, TEHRITEOAG
hitEF.



