%43 3% 22 81/2023 £ 11 B/RFE¥R

’

Je TR AE T R VS A i A 57
KRR EERS, TA"

VPR A I R AL TR A B A R AR R A RS O AR S R =, U] RGHER 6105005
“ R Tl 2= B R e 2= Be, U RS 611730

TE BT AR AN IR T AR b T LR R T R R i B LA B A8 D A {6 FEE 3R 45 PR BRO0S O T i R R 4 2R A S R i e — il
ZRIEAAT FRE T RTTIE 256 5 T8 GRS I8 LA B — G DL FE IR R BSOS it 9 ROCR 10 5 o, 7 0 Ly 1 353 2 AR
A2 38 3R 0 FUAR AL I ) R C, 52 B filg PR 45 R 9 iR 22 4 o SR SRR 2 GLIE SR S Rl & THIE O 15 dloste 1 A figt 34
S5 R AR LM I BT A S Dl Ok B VR 4 SR T B 2k OR8] — 90 dB, [ I A VA 25 SR AS 90 L ik ) 84 dB L ZR S T
F T H T A B MO A 3 0 R A A C LA B PR 5 T A T R 94 4% T A ) 0. 88 purad / VHz B AR R R A K
5 T AR A VR 2 R (O SE IR AR E A 072 A7, 5 H R B i 45 R A LL L BT R 2 E SR S A T X TR S A

HATH G S
ES a0

RESES TN29 NEIRERS A

1 5 5

Gy A SOGCEF T 5 A5 AR A B DG & R AR
RHARZS AR Z —, B YR BT DUk
WAFEMRZE 5, HATE &2 b 22 k0 3 K
LR =5 i NG = R R = W e 9 g (R
T LT A% B He A1 P 5 4 ol W A% G £F 1 D AR v A
A6 TR I o T A 9 R 7 A8 Ak R SR B SR A B e T
BT o AR A BB U (PGC) f# 8 7 ¥4 IR &
ZEfR VAT IR — B B ROE RIS K
45 TR R A R AR B Y . PGC i
J7 1k B F P FR - 343 28 A 3 PGC(PGC-DCM)
AR IE VIR PGC(PGC-ARCTAN) 8:°1 DL by
T AE S 1 TP B 27 1 ) 201 AR A 2R 5R DL R
il T I ML VR 30k B0 A R ), DA 3 A R A S 0
TR U 2 L A A I, DRI SRR R 2 R I R £
FIE R 52 MR AR B8 AN R E T R AR R R R G e e M RS
FEREEALS

N TR AR A A T RE R R 5 R A A 5
Hou %5 "W L A Bk MR /R B uk il g & 42 T
AEL PR B S BT R R R (H D PR P 2 il AR
A0 183 400 5 R A 22, O HL AR 045 5 e (i ok /N TRl A 2
B 0L A 45 SR 2 B . 5 IR B g R AR R R R
Chen 85" 3 3 114 B3 fife 1 245 5% v 15 AF 037 208 38 1 98 o % 2

eEFests JeeF IR AR AALA BB s AROL AR s ARALAESR 5 IR TR

DOI: 10.3788/A0S231270

AH ST, S PR 5 00 W f R L %O R TR R L (H 2
W& T v B DL ZE R BRBOS A Y I X i 45 SR Y
e

Marin 2548 H— ok 282 Ik 000 5 0 16 VR 4 U
W 281k A1 A SR KT O HL R R O &, 7E R TR B R
2.63 rad MIH LT M F R — A% 45020
PGC-ARCTAN J5 vk , H T $2 05 75 1 75 98 L (SINAD)
Al K F] 106. 05 dB( =A% 4 ) F1 102. 31 dB(PUAEH) ,H
Wil 5 R ) R B R, AT A AR D AR S Bl A
Volkov %5 Hy —Ff il A 10 By DU S IR o 55007 il 8 2
TR AN G e, S 5 R 3R L 2 A A TR A
0. 025 rad B, Bl 0 AH A7 A7 5 114 108 {5 Bl 95 43 T 5 1)
A /INT 106 52 1 R G R S, A A 7 9 TR
BE A B o 0. 4~1. 4 rad, % T EUEW T 0 A 5
By DU ZE 7R bR B TT DA RS (B A A, 1 2 i 2 dme i T AR
B[] If 25 5 51 AR A . Ma 26 R = [ D1 22 K bR 4L
T8 5 e 05 ) R R L Ao ) 5 S £ R L D e A R T
ik 56. 15 dB, G I I M A8 2k 0. 13 % (B Z 18
4] 1 VR A5 5 i (8 2 R IR FE AR AR RS2 i . Xie 174
Y — R DU B 1 52 28 I8 02 A A fidf R R R A B
FE 2. 03~3. 23 rad ] il ¥ BE VU BBl PN £ 0 45 5 19 SINAD
KT 65 dB, H 1% 575 1 38 FH 8 o U8 R A B, BLAE T
SRR AR FE AR IR I 2y g | A MRS | S B0 45 R
sl UL, I A AR DL RS B DL ZE R pR B

Wi B 2023-07-17; EEHHE: 2023-08-16; KA BH: 2023-09-04; MEEHLZBH: 2023-09-22

EE£WB . WA RHE ZEITRI(2021YFSY0024)
BIEEE . "td1840451816@163.com

2206005-1


https://dx.doi.org/10.3788/AOS231270
mailto:E-mail:tdl840451816@163.com
mailto:E-mail:tdl840451816@163.com

FE S ik R 45 R0 TR B A Sk R A5 SR ST T R R
P, TG IA T — 7 i AR 2 b 2k 30, I FLBE 5 1 % 9 o
TR BB BURREE o e Ah 256 400 R DL ZE K bR BRI A [
W Ewa =R FE MR, /T, #E A8
114 28 I8 A5 R A R 5 2 1 1 DL ZE R B 50K G e fe R s
WEEM

BT LR, A EZIRT 2055 U
WEANIE YT OaN SRR I/ R Uil E s
A R DA B = B DL SR pRBUIN 2 G IE AR A T Rl
(MOSF) i35 J5 i, F 47 T IF i EC# ek, 7 B/
SCU A5 W T R ARk ST TR T R VR B C AR
7 JE R 6 7 A2 Al 2 1 S50, B4 R R B v T A R 4 R
1) SINAD JF 803 1 S0 Bk B, 4 1 i 0 g 5

%43 % £ 22 #1/2023 £ 11 B/RFFR

B
2 MOSF %3k 5

2.1 PGCHRAHOMCIINHIELEIRE

— R, T A A S 2 R L KR B R
W AR KRR N
I(Z)ZBCOS[CSin(sz‘+ 19)+Dcos(a)z)+ga*(z‘ﬂ,

(1)

A BN WAE 5 s D MRS5S IR ; 00 N
BN IR 0 HIRENE S HIHE 0 (0) M AE
SAGRE SRR i A S R SR AR 25 DL SRS L fy
M5 N e(t)=Dcos(wt)+ ¢ (1), (1) 2 N FEIR b
BRI 15 )

I(t)=

2 T, 1(C)sin(2m + 1)(woz‘,+ 6)
m=0

()42 1,.(C)eos(2m)(wit+0)
m=1

T

{ Beosg(t) } (2)

—2Bsin ¢(¢)

T AR T () 53 905 — R P 1 5% A5 5 A AR e A% 5% A5 5 A e , 28 A1 g 30 2 T 45 31— 3 H 55 3

TR S A A7 S1E IR R AR 5 A G Y TE LA T

—BJ,(C)sing(t)cos0

L]
{LJ{BJZ(C)cosgp(z)cos(Zﬁ)} (3)

K HE PGC-ARCTAN & 4k, 7] U155

L,
Y, ()= arctan = arctan

~2

sin[Zgo(zﬁ)}

—1,(C)sing(z)cos @ }
J,(C)cosg(t)cos(20)

arctan{ tang(¢)+

cos[ 2¢ (1) |+ (1+ pg)(1— pq)

}:gD(Z)JFJV[gD(Z‘)J, (4)

K p=rcosg/cos(20); ¢=1,(C)/7.(C) s N[o(1)]
Fe R WA m AR L 2% OF H R (1+ pg)(1—
pq) < oo WAFTE . M 0= kn 8 C=2. 63 rad A , JE 28
‘@iﬁ’e%N[gp(Z)]:Oo
2.2 PGC#iA®F 0fn CHitES M2

JIT 4 Y 22 GE SEAF S A B i ELAR U AR A i
BRAN P 1R 7R o %0 Al o Al A = B i T ik
THE AL LE IR | 5K J5 X5 T W A5 5 247 A8 r 4 5 15 3
IS 41 5 NG N AN, F5 B BT 388 08 40 i 0RO
il R BE i e v EAA e AE A7 JE AR 0 AR R C N
SR R AR LS S o
2.2.1 ABARIER Ot L Ae b4k

Zhang 55" R H R A% 5 B H A0 Bk 00 7 20k 5
O 1 IE VI3, A0 25 A5 5 M7 22 ¢ (2) 3530 805 T

T T sin@sin ()

K\E\glﬁ’cosﬁsingo(z‘)
B TE V) BRE B ANFRE BE RS o X B R AE M IR 45 SR

A ANTRRE , N % 5 i 23 3

IR WOV A R E IR A AR B, AT Bk
N TR A IR T8 5 X = G AT A R O
W 45 BT Ty, NN AT B — X i 26 K T 0 H e IR (6 &b T
[0, — 2= JIX A AYIE A 1] Bk o JLTEAR IR AT

Bl TS RS S RIE RS SR
52U, I 28 AV E D8 U A B, T UAS ) 6 4
48 A5, B

[P, _*AJl(C)singo(z)cosﬁ

P,|=| ALL(C)cos¢(t)cos(20) |, (5)
LP:] | —AT(C)sing(1)cos(30)

[Q,] 7—AJ1(C)singp(z)sin0 ]

Q. |=| —AIL(C)cosg(¢)sin(20)], (6)
LQ:] | —AL(C)sing(¢)sin(30) |

AP A NF R AE S IR . X PR Q. By, AT A
[P{}:{—AL(C)COSga(z)cosﬁ-go’([)} 7
Qi —AJ(C)cosp(t)sinG-¢(t) |
HYR ) 35— X5 0 [ AE A TE AR 5

2206005-2



%43 % £ 22 #1/2023 £ 11 B/RFZFR

Cl

N Beacuiare PP

A

P o .
;hase delay caculation éell)ntﬁ?:g?;iggon
e -
Bl 1 MOSF 5 2
Fig.1 Schematic diagram of MOSF algorithm
Zsﬁ—&@—P@»ﬂwgszMMwMﬂ%nmcmﬁﬂﬁ+ﬁ“ﬂﬂﬁﬂ’ (8)
Zzz(fp2pg+Q2Q3)2+(P{)2:A2Coszﬂo{A4J§(C)J§(C)sinzgp(l)+J?(C)[@'(I)T}o (9)

DR AV SR AT LA R 7R h

Sign[QJ é
sign[ P,] - Z,’
ﬁ*ﬁmmﬁﬁﬁﬁwﬁ&ﬂﬂjwﬁ%gwgﬁ@
RS AL, L S R AR A 3E 3R W 2 5 2 5 3 (R A 4
M 2 . M 2=0H#, sign[z]=1; 24 <0 K,
sign[ z]=0.

0 cacute = arctan (10)

Zy
EAHE RIS 2 o (2)7E O~2r BT ,?{E‘ra

2

KT 0, T BRI A 3 48 B0 6 5 1 T (0)
AFAE L Ooscae RATTE T VH 1575 B0 2520 MBS A REMER 52

6 H AR L 4 3 0 A EAT MR L S
U AF 5 4 B A sin(@0f + O )« co8] 2(wot +
Occcue) | sin[3(@0t + Orcuac) ], 53 30 5 F 5 15 5 A
e, 26 A 380 3 U 2% I 45 1) 30T 00 5 A 37 42 5R T G g
WA 5 1

N;

\] 71(1‘)'Sln(w()f+ 6(‘:\(‘\1]:«!9)

Ny

A\/2:| == FLP I(f)' COS|:2(CU‘)Z+ 6(&\(u|alt‘>:| -
71(1‘)'511’][3((1}()1‘4’7 emrulm&)J

AJ(C)sing (1)
AJ,(C)cosep(t)],
AJ,(C)sing (1)

(11)

Ao PR RGE DR P AR 00055 . =l (8 m] LA 31 55 A0 067 SiE 38 JC 5% 1 BT I B 8, (B B9 Dl BB T
52 A AR 32 0 3R 90 Bl 23 A7 /D e gl T i — € iR 22 o X IR ZE T KR

E(V:):

AJ(C)cosi(Oueume —
AJ,( (j) CoSs 7( 6caculaw o

0y — 0)sing(2),
O — ﬂ)cosgp(z‘),

i=1,3
1= 2

A2 00 TR A AL ZE R TF AR R 22 s B B R AR
081 ( Qe — 0 — 0)(i=1,2,3)7E L % T 1,54
M0 52 B W AR AR Op s O st — O — 0 RGBS, A
M5 3 cos i ( Qe — Op — 0) FIEE T TE 1 FF AT 52 100%
o GRS 0 B B AR LN N IR AR
22 E(N,) 5t 0T LAFE [ 52 0 /N1 [P 0% sl , 7 244 ff 3

R LIS o N T R R — L AR SR A A
i FH FIR UE B 4% , o7 DLBA PR 7™ 4% 1 AL, I, &2
T R AV RN BRI RS U 3 S R R R RIS SR
XK, 0] DAk AT e 2 ah B
2.2.2 CHyit B Aaibiz

N T ARG A TR R X A A 4 SR A R e, e X (1)

2206005-3



&5 43 % % 22 H1/2023 £ 11 B /%3340

320 BB i NN, N R T Y, 15 5

N/ | AT(C)cosp(2)-¢(1)

N/ |=|—AJL(C)sing(1)-¢(1)]. (13)
Nl [ AL(C)cos g(2)- /(1)

Bz =1 A= (13) ,75 2]

[\[117\/1, J12<C)
N —1,°(C)
=A’sineg(t)coso(t)e(t °
N, N/ p(1)cosp(1)p(r) 1,5(0)
lVlf\[g/ Jl(c)-]g(c)

(14)
7 FE 4B = B D JE R R B 6 & T, ()4

4
J71+1(C):EJ,,(C%E%EU\J:%ER/%@J

c / — 16N, N/
e N,N/+ N,N{+ 2N,N."’
FH 2 Clourne 278 VT AT B 14 I8 ) DR
[RIAE s, A H AR 41 = By D1 ZE R pR A O &R, i 3K (1 1)
A 74

(15)

N, +N;,  J(C)+71,(C) sing(r) 4
= . =~ tangp(7) .
N, 1,(C) cosgp(z) C

(16)
Bz 3 (15) A (16) i nl 753 2 15 0045 5 g9 2k ik 50
]\/vl + J\[.S Ccarulme

o

9] ( z‘) = arctan[tan go( z‘)} = arctan

j\fz 4'
(17)
AT, (17) BlA T =03 L &% = B I 28K
§ R o N, + N,
@ﬁ%%ﬁgﬁgﬁﬁgam%,lv*@ﬁT
N2

A*sing(t)cos (1) /(1) — T, B M5 o (¢) B IR

@ﬁ%ﬁtﬁmwméﬁﬁﬁﬂﬁgﬁ%@cmmm

k
m%ﬁﬁ@ommgﬂuﬁﬁﬁ¢m=§%aﬁﬁﬁ

PEATAMZ  DRAF Cncunnne B AE , DT PR T8 1) R J5E 114 4 15
THEE L oAb, BT ER SR 0 R EARE () 7 0, 75 )
SFEFFNGESRE, W T o()=015, 7] LAl
Aok 63 9D o) % PR R DG A Tk HEA T A O

3 MOSF fjj 5 Hr

U AL C Y ER S A TSP Ry SRV TSIN
AP PR . X F LA E AR 2R OB AL 8 E IR
5T R RGN BLEU 4, DL & PIN DO HL 3% 402 0
155 B AT 5 R0 R 2 15 5 7 2R AR AL AE IR 1Y 32 2
PR 2R, R B DU 5 28 I A 5 1 i JRE R 5 4 o 4 1Y)
SHCA K R T ITAR X 28 S ECEE A [R] it R A AR b X
fife V8 25 J 0 R ), AR B 9T 3 O O X R A5 AR
SINAD (Rgnap) PA B B3 B 2k B (doy) 3547 53 HT -

SINAD L4} THD iy 23500
drup = (18)
Rsian = (19)

A A R AR T 0 R R A s AL RS n UG I Y
WEAEL ; Py Ay 5 0 By 28 5 Py ol W A5 1 T 325 Py, i 34
55 H R ELRG A (R Il ) A IR

THD {8 RAEE TIEL MR BN S E, R
Fif VRS 5 18 U 43t A 2 5 SINAD AN AN AT DA S i i
G W2 I AT DA S M O i R AR S B S e . 2R
G PSS E0RT LLITAR ik 98 580 3006 80 1 TR B LA S o7 SiE
RIS R .

BT L EE AR AE MATLAB 34 o itk 47
iE . JFESEAT KRR 200 kHz, 207 4 %
20 kHz, #5480 £ I 1F 5% 15 % B9 45 % 28 800 Hz, R {H K
5 rad; % & # f£ 4 B ¥k (2.37 rad PGC-DCM I
2. 63 rad PGC-ARCTAN) X & il V4 & 1l B 5k, 158 B
HIRE My E b 1. 5~3. 5 rad, [B] fE 4 K M 0. 1 rad;
TR GE AR HE IR () 520 15 R A6 A AR Y T Ry 07~
3607, [ pF 20 &Kl 10°,

3.1 MOSFE %15 S SINAD & THD 43 #7
311 EHRIRE AR R R

M E 2\ LA F . PGC-DCM & i Fl PGC-
ARCTAN 58 () i W5 5 25 AR R R 2R SINAD
) A8 A R T R, HL % B3 24/ F MOSF 837k
1 SINAD i [l ; PGC-ARCTAN % ¥ (9 i 1 5 5
THD 78 [l 55 K, H 36 3 8l 8K PGC-DCM 5%
MOSF % 5 fif 4 45 5 i THD 5 ¥ 52 & 76 [ 5 8
i, H MOSF 8309 THD(—90 dB)fH & /).

PGC-DCM & # PGC-ARCTAN %12 37 7 il
FE R, V(S 5 A ER R, i MOSFE 535 78 A [7] 97 il
T TR 15 5 19 SINAD B %€ 1 84 dB BT, B4k
fH7E C=1.9 rad VA & C=2.9 rad &b 45 /NG B % 5 , (A
AR B i B Y /N T 2. 4%, BEAL I Bl % R R R FE T
WK CHF i = (1) 51 A B9 S 30E I 7 2 . MOSF
AR R A 5 09 THD {E A€ £ 89 dB Mt i , H. )% 2h 1R
I E A AR R BE /N T 0. 4%, THD AE Ry i 358 i 2k &
M) 245, b i THD i1 45 52 e e A0 18 % 53 1 3 g
B, Wi, 5 PGC-ARCTAN % v M [t , MOSF & 1
1) i 1 45 AR A KA THD, 32 IR T PGC-ARCTAN
AL R AR R Ak L ) [ B A i Y SINAD, 2
i AR RO B R
3.1.2 AafnE Rt R 4 R

WK 3w, PGC-DCM il PGC-ARCTAN % &
FEAA A ZE R 90°F1 270° R}, SINAD i1 THD {4 4= W i
Wedh, RAMIGE SRR O KA E R, HZ
BRI W R R U0 5 )

2206005-4



&5 43 % % 22 H1/2023 £ 11 B /%3340

@
80 2o ’
% 60 w_.‘.—--—*-"-‘.‘
% —— MOSF
Z —=— PGC-DCM
w40+ —— PGC-ARCTAN
T M

15 2.0 2.5 3.0 3.5
Modulation depth /rad

®)
-20 | %
40 +
g —— MOSF
= —=— PGC-DCM
z-60r —4— PGC-ARCTAN
5]
-80 F
00099000009 g 00-0°
-100 |

15 2.0 2.5 3.0 3.5
Modulation depth /rad

K2 PGC-DCM.PGC-ARCTAN MOSF 5 /5 A [A] 9 # & B2 T (19 SINAD . THD 22 4L #a %5 . (a) SINAD 5 (b) THD
Fig. 2 Variation trend of SINAD and THD of PGC-DCM, PGC-ARCTAN, and MOSF algorithms under different modulation
depths. (a) SINAD; (b) THD

@
90 +
3220203093230 232220,53,23095953%
60 |-
3
E 30
0
(U —a— MOSF
—a— PGC-DCM
. . +IPGC-ARICTAN

160 240 320 400
Phase delay /(°)

0 80

® 0
=30
3
8-60
E
-90F
—a—MOSF
§ —=—PGC-DCM }
—— 5
0 80 160 240 320 400
Phase delay /(°)

3 PGC-DCM PGC-ARCTAN MOSF BEAEA AR LR T 9 SINAD \ THD ZZ L% . (a) SINAD; (b) THD
Fig. 3 Variation trend of SINAD and THD of PGC-DCM, PGC-ARCTAN, and MOSF algorithms under different phase delay.
(a) SINAD; (b) THD

A F PGC-DCM 5 3£ fil PGC-ARCTAN # 3%,
MOSF 892 i 7 45 J i) SINAD ([ #a E A 84 dB &£ 4
JF EHLAE RS2 A BE 0°.90° . 270° 1), SINAD & A 77 4 5 K
e 3h ,AXAE 150°,240° K 260° i 3T H 38 /N i B ik 2, HL
e K% S /N F 4. 3%, 3% J& 76 1T A A R i AR
L 30 (5) AR (6) I T 45 5 1 (¢) 51 A B 2 9338
e ME A TR R . I Ah , MOSF 8 i 8 45 5 59 THD
i 52 & £ —90 dB £ £ , fk F PGC-DCM, PGC-
ARCTAN 57519 THD {8 , % B MOSF .3 7] DLAR 47
A o A O R 2R O

i DL b A B 45 5 0] A, MOSFE &3 i T [6) i 2% &
T =G LA R — B DL JE IR eR BN At R 445 SR 1 e [R) s
Wi, ST X R B C R g I AE AL T R A o A
FIVRME: | FH E A G i 98 T, GG 9 o R B LA B AH A6 4
IR AL H A e e EAR G s o T2 R L
L PEiR 2%,

3.2 ELHMESH

T DU 0 28 B b 5 S ) o R v R R RS o
X 4 3l 15 5 1 R S ik [a] EL A 4 v 25K, 7 S B g
b R SR AR AN R R AZ A B IR 2R Y 52 A 2 S X6 AH A S
IR I Bl DT T RCR B AR Bh 15 5 B AE AT 5
BF IR 25 0 BR85S 0 A 7 2B R R 22, BRI

5 55 AR5 S e A 2 T8 %) A A7 25 (38 48000 AH A2
%) R RAFEFIE BT o A% HEAS [R) B8k ) SE
N5 3 0k AH A0 E 3R 3 BB 1% E 0°~360°, [l B ok 107, 433l
TSR B 7R R R AR A ZE 3R T AR 22, 25 L n 4] 4
fi 7% . PGC-DCM 8 ¥: 5 PGC-ACTAN % ¥k iy 41 iz
HIE IR R 22 U Bl Bl 34 — 3°~3°, MOSF 5.9 i I 25

AR SR B E AE O° A A, A SR IR 25 T /N . 3 3 X
LU 43 B A T 35035 A0 67 22 8 80 1 130 5 i 22 (E s ) 11 7
FRI5% 2 (Ewgs) » 18 3] MOSF 55 3 09 3 7 1% 220 K
PGC-DCM #3119 0.02% , 3 PGC-ARCTAN Bk 1Y

3+
-
o
< o}
8
=)
5]
g - MOSF E,,=0.00166, £, ~0.04702
A - PGCDCM  E'S-444609, E°°=2,10857
—4— PGC-ARCTAN E=2.65828, Ejp=1.63042
_6}

0 80 160 240 320 400
Phase delay /(°)
B4 7 FAR A FE I i 15 22

Fig.4 Simulation phase delay demodulation error

2206005-5



0.062% . LA 455 £, MOSF % v (1 i 14 I 4E P
B SRR BE A O U b R A SRR 15 S i A A
PE A5 B, X X T o 52 A5 5 B 1) {5 B B9 R A7 LA G
,f/lz}zﬁo

4 SZuGFNgE R

Shy 36 U T 4R A R B4 OB A T D -
IRT WA G I AT 925, 92507 65 19 s LR B P

interferometer

signal generator

LE52
MATLAB, MOSF
DAQ

isolator :

%43 % £ 22 81/2023 £ 11 B/RFFR
F5 TR o S8R FH o A 3R 5t (DFB) S £F SOk 48 1
KOGUE K E M 1550 nm, T IXSEE AR
i B & (PZT2) N#% 20 kHz (9 E (55 (558 F W
PZT1 4% 800 Hz i IE 5% F M5 5 o f F R 5 445 B 1k
Bty A J 1) EBCSS e P X U 7 A R AR i A
5RO HL RN R (PD) I 5 28 5 B U8 0% 2% R
% PR B U AR T R A B Y A B AR S5 3
1o 7 P A R S AR A5 S, FUR ARSI Ry 200 kHzo

€Y

coupler coupler

reference arm

Mach-Zehnder interferometer

() PZT1 ( “’ Faraday
: I rotator
/ sensing arm mirror

coupler \, PZT2 m I Faraday
rotator
reference arm mirror

Michelson interferometer

Fig. 5 Schematic diagram of experimental environment construction

A S0y B ) o AR 2 5 T AR A R As CRP
PZT2) JT Jin 48 ity e 4B 52 300 98 6 T8 B 049 4 1 42 1l
A 38 I8 A S R R S R U E 3% A5 5 5 R E S Z A
AEAS 22 , DT S 30T AR 57 ZE 315 790G i 42 1 o
4.1 MOSFEXIEEMES

3 Bk E O AR A7 SiE 3R DL K AR B e A A IR B C
T A R AT o B el P LR A R T 4 i) an L6 AR 7 R
Ne ATLLEF],PGC-DCM 5 8 i 8 45 /) SINAD fix
5,5 %) 36.34 dB, PGC-ARCTAN 2 3 f# 1 45 5 1
SINAD 4 12.82 dB, MOSF 5 32 fift 8 25 3 (1) SINAD
h16. 34 dB, J B H AR G 04 i JR BB o DAL Ath R b A
RS AT LLE Y, PGC-ARCT AN 2432 4 i 8 45
RO A BRI 3h, RWAE 8 2 AR K
P AEL MR B . HAR — 102, PGC-DCM 5% it
25 L1 SINAD fe i, U B 19 A 4tk 2k B/, BB O 7
I AR PR B 2. 37 rad T AR UL T A . SR
T, 52 Br 2 R v o i R B TR 32 Z2 T T PR 2R 5 i 45 )
B g, AT B R AR A e . Rk, MOSF
SR AR T A R 0 P B B T R AR

Sy i — A WF G AN ) Bk B AR e P R AT T X IR A
5o FEMINLIER A O rad, PHHIRE C R 1. 5~3. 5 rad .
BB 20 R 0. 1 rad B B0, 15 B i I 245 S Bl 18 il T8

JEE A Ak ) X6 BE S BG | ] B 7 o A A TR B, A A7 B SR AR
BT A 0°~360°  fal B A K R 10 2 F I & g R
4 SR A A7 R SR AR A A X BRSE 8 . FE LA B AR HR AR
T3 B AE S (] R TR B C R [R) 28 0k A A SE AR
B SINAD A1 THD , 25 5 qn & 8 # & 9 FiR .

W 8(a) Urzn : MOSF 5.7 ) SINAD A 13 dB A
HUGE , 7F 8 dB~15 dB i [l 19 I 8l ; PGC-DCM . 1
76 V& R R B K 2. 37 rad W) SINAD ik 3| % K AH ; PGC-
ARCTAN 57 SINAD W — B 7F 14 dB LI A FL
Wedho [ 8(b) Jas T R il B B A AL R 3R Bk
THD 22 fE 4% i . MOSF 5534 1 PGC-ARCTAN % %
B THD 43 9 %4 5 75 — 96 dB F1 — 12 dB, I 3h I Ff 1R
/N5 PGC-DCM & & (19 THD {8 X 76 ¥ #) % & N
2. 37 rad B 35 B d5e /NI, 78 F At 7 R B R 5 40 A A
KA uE gl o w1 UL A6 R R R R S A A S DL
MOSF 85k ¥ 47 fe ey H R3O (19 SINAD i D) ) e %
B THD A, 3% 356 B MOSF % ¥ 1 4 48 ) 78 & 28 b A
U

Wi 9 Fr s, B & AR A7 48R 19 48 4k, MOSF 59k 1)
SINAD fH & %€ 7E 10 dB~15 dB J& Bl , PGC-DCM . 1%
LI J PGC-ARCTAN 875 ) SINAD {8 43 il 76 A1 437 4iE
R Ry 307k K 6 AR A HE 3R B AT fe K SINAD A, 78

2206005-6



&5 43 % % 22 H1/2023 £ 11 B /%3340

@ 9 C=2.63, Ry,,,=12.82 dB, d,,; =-12.96 dB
-
S 1
g
E O
g 4
1 1 1 1 ]
0.155 0.160 0.165 0.170 0.175 0.180
Time /s
®) E C=2.37, R,,,=36.34 dB, d,, =-98.92 dB
5 4
£
E 0
g -4
1 1 1 1 ]
0.155 0.160 0.165 0.170 0.175 0.180
Time /s
(©_ 10 C=237,Rg, =1634dB,d  =-92.61dB

Amplitude /rad
=}

_1 0 1 1
0.160 0.165 0.170
Time /s

0.175

0.180

6 3FPET oA M 45 R L (a) PGC-ARCTAN S35 5 (b)PGC-DCM $1% 5 (¢)MOSF 3%
Fig. 6 Time domain diagrams of demodulation results of three algorithms. (a) PGC-ARCTAN algorithm; (b) PGC-DCM algorithm;
(¢) MOSF algorithm

@ o ®) d ©
-20 -20 0
g g -40 T 20
s S 60 o P
- [ -40
g E ~sop A M‘f WW '[E M\ Pfr
2 S .-100 2, -60 VW\\
£ — |5 5 ) o
W
100 - -100
- -160
-180 -120
0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000
Frequency /Hz Frequency /Hz Frequency /Hz

7 3Fh vk A A 25 A4 B L (a)MOSF 8355 (b)) PGC-ARCTAN #1225 (¢)PGC-DCM H 7k
Fig. 7 Spectrum diagrams of demodulation results of three algorithms. (a) MOSF algorithm; (b) PGC-ARCTAN algorithm; (¢) PGC-

DCM algorithm

@
30

SINAD /dB

—a— MOSF
—=—PGC-DCM
—4—PGC-ARCTAN

15F oo

THD /dB

-100

2 3
Modulation depth /rad

—o—MOSF
—=—PGC-DCM
—4—PGC-ARCTAN

2 3
Modulation depth /rad

I8 30 IA i U 25 SR ) SINAD A1 THD Bt 8] i % B2 1 28 K #a %o (a) SINAD 3 (b) THD
Fig.8 Variation of SINAD and THD of demodulation results of three algorithms with modulation depth. (a) SINAD; (b) THD

b A 7 48 3R 1 0T 2 B R Bl HL S R K A F
MOSF 83 1) SINAD Y {E o 5 & %3 e E 9(b) s

2206005-7

[ B vk B9 THD 0] LA & B, B 25 AH 47 2 38 59 28 1k,
MOSF 8 3% 89 THD fa 22 76 —96 dB A= 4 , 1 PGC-



30 —o— MOSF
—=— PGC-DCM
—4—PGC-ARCTAN
20
S
% 10
Z,
75}
0 L
_10 =

0 100 200 300 400
Phase delay /(°)

&5 43 % % 22 H1/2023 £ 11 B /%3340

—o—MOSF
—=—PGC-DCM
ok —4—PGC-ARCTAN
% -30[
=
I3
-60
-90 ! A

0 100 200 300 400
Phase delay /(°)

PO 3FhAREk i R 45 R ) SINAD Il THD Bl AR £ 5838 1972 fb %5 . (a) SINAD 5 (b) THD
Fig.9 Variation of SINAD and THD of demodulation results of three algorithms with phase delay. (a) SINAD; (b) THD

ARCTAN & % # PGC-DCM & i i THD ¥ i 91 %
KA B, H R THD i Bl ¥ & T MOSF 8 ik /9
THD {H , X # Bl MOSF 58 32 A %5 F Ho A 8 vk fig 0 4
e R ARk H

LR ST A5 R LA PR, Bt 3 R R LA KRR A
FESR 148 46, MOSF 834 1 SINAD {B ¥ 52 € 75 13 dB
Lk, HTHD MR E A —96 dB &2 A . 5l i &
25 BN AT DL & B, MOSF 353 78 7 [m] 8 6108 B L )%
AR JIE 38 8 A5 LR, SINAD M 2 84 dB &1k =
13 dB, 1fii THD A M 1 B 45 5 (1 — 90 dB Z& 47 B AL &
—90dB~—96 dB, H THD ¥ {# R E K F. fEH
IS 06 235 5L B R 22 B IR R, MOSTE 8032 i Hie 11 (1]
R 2 R A B IR BE X T A5 T v R R RN A A AE R
X T A EL AR S B0 R A S B S T A B
AL HE X6 VA5 S 0 MR R 2 P M S A
T T A5 S 8AR, Bz hn vk e s 76 203 i iR & 08 0 4%
Wb SRS AT SR AEAE T WL T S B0 45 SR 1) STAND 4% (KR AIG
F 10 dB~15 dB,, 17 H A 53035 52 04 W8 5 i) 5 ), FEAR
A AR 6 S 80T IE W ff 08 . THD A8 10 iR R
K, BT LA B A o W i I A S e AR 2R O B
FE MR AR ZIN At 150 BH 2 e e s 2 0L v T I R, LIRS U
i, WNEEIKSRE  MOSF B @i R ILie 2w
2 RN e S ER RE AR FERRUE L X 5 25 T MOSF ik %
T T B LA B AR S SiE 3R FR 5 M AR /DN Bk AR E TR
4.2 REAZERIHESHT

AR S 58 fifk 8 A5 5 Bl AR 037 3iE R AR Ak A 3R 22 A 10
BT o bl 25 2 0 AR A7 28 3R 19 28 b, MOSF 5836 59 A1 47
FEIR R ZE R AE 022 A, W BB B /N, 1 PGC-DCM
B PGC-ARCTAN 536 19 AH A0 2E 38 15 22 3 i 30
BCR B UE Bl o 38 5 X5 B 3 B A R 58 3 A 6 B 3R 152 25 U1
Bl ¥ 5 1R 22 X 5 R R 22 )5 1T L& B, MOSF 8k
i R 45 SR 38 0 1% 25 N O MR AR 25 3 3 /N F PGC-
DCM &3 ) J2 PGC-ARCTAN &3 . B It , MOSF
2 AN R R T B A A AE R B 5 BRI DA I
Ak B MOSF 538 A% 33 15 A5 5 40 2 A5 5L 10 52 1if
PEARGF B % 45 5 SRl SCse it M 45 Ry T ke, &

B MOSF Bk g 45 B ¥ iR 22 /8 F 0. 12% , i/
F PGC-DCM % 3% (2. 7% ) A1 PGC-ARCTAN 5. %
(2.7%) W ¥ 7 15 22 iz 45 S A vt B MOSF 53k 1) 52
it A2 280 R 32 A0 0 B 7S A S e AR /N

S [\V]
T T

Delay error /(°)
o

|
'S
T

|
(=2}

0 100 200 300 400
Phase delay /(°)

—o~ MOSF E,=0.00158, E,, =0.040722
—= PGO.DCM ~ En=4.3259218"F 2079885
4 PGC-ARCTAN Ey=2.5864347, E=1.608239

P10 SEo8 i R 45 5 A i SiE 3R 1 22

Fig. 10 Experimental phase delay error of demodulation signal

4.3 EEARRBREUERENER

1L T Ry 3 T 5 1k figp R0 45 SR 110 T S5 33 A SC 5
CMOSF 532 19 A% JiE W s ok 24 i 8 R G0 A i A
S AR R Gu i A S MR KO R, R GO
K52 2R 58 R FEMT R K FET MR 4y B R 45 [N & 1)
P, fEARSI Rt LI FET R AE 5% 399999 1 & 48
RN AR 200 kHz Ry 1], Hi M 75 KSF  — 121, 74 dB @
800 Hz(0. 88 prad/ v Hz @800 Hz ), # %% T Hifts 2 b &
2 2 B A B MR R SR T B R R 2 BT R R
FAA 4> B3] L3k 51 0. 88 prad/ v/ Hz @800 Hz.,

W Sh BVEEE SUHERS AN REEMELT , R85
FE A I 10 J5e KAF S0 1B . AEAR S50 op, sh 23 [l e
A LAk F 120. 59 dB@450 Hz Bh K 114. 9 dB@
800 Hz.
4.4 EXEHAMEIERSH

Ry — 2 B I B B BT R 0 0E A R R R B
Z T T R I - AR R WA R 3 S E P TN, S

2206005-8



B 43 % 20 H9/2023 £ 11 B /K2R

-100 X 66712.2

Y121.74

XT71751.4
Y -99.9995

X 67540.7
Y -108.424

Frequency /(10* Hz)

01 23 45 678 910 0123405 67178910 0123405678 910
Frequency /(10* Hz)

Frequency /(10* Hz)

1T 30Tk i e 45 2R 2 50 % B T (a)MOSF 55325 5 (b) PGC-ARCTAN 532 5 (¢ ) PGC-DCM 55
Fig. 11 Power spectral density (PSD) diagram of demodulation results of three algorithms. (a) MOSF algorithm; (b) PGC-ARCTAN
algorithm; (¢c) PGC-DCM algorithm

B2 B AN & 5(h) FroR o A ) R R 1 B AT
SR fi VR 25 SR AN 1] 12 B R o D 12 i, AS ) 8 il 9
TRV 5 RE NS AT DR A5 B, LV ) ARl X
it A 5 B IR AR R /N . S A2 LRI T v B
INT A IR 25 5 1 STAND 5 THD ¥ 5 5 k-3 48 /K
T 5 AU A VR 5 SR AR T A AR B TR TR AR B A TR B el
PATE IR AR LR 26 BC . LA B R 90 AU T s S

ap (D R, R, PSSk i JHLAR B T gt 6 7 ol
PSSR 45 SR AR I A SR 5 (@] I 300 5 BT A T
FIAERLSS B B8 LA B I 4 A a1 TR
W A S A5 e B 249 32 B2 W, TR I, 12 TR 3R 2 3 )l P vl
VS R A S N i NI S-S I = 8 5 O ol T IS
MOSF 53k 0] 3 5 A [/ 85 AX A FF s D i 4, (R
BT WAL I A S i

0.0256  0.0258  0.0260

09} ---C=18 ---C=28
c=21 - Cc=3.1
----C=2.37 C=3.3
0.6 I —C=2,63
I TR I
E 0.3
2
g 0
-0.3 I g I , '!
' s = T
-0.6 - i
0.021 0.024 0.027

T/s

0.030

B 12 s AT A MOSF 5135 fif 6 45 2R

Fig. 12 Demodulation result of MOSF algorithm in Michelson interferometer

F1 BILHIN AR S H 1) SINAD A1 THD
Table 1 Michelson interferometer demodulation results of
SINAD and THD

Modulation depth /rad SIAND /dB THD /dB
1.8 13.22 —98. 86
2.1 9.87 —97. 26
2.37 12.46 —98.41
2.63 12.99 —97.94
2.8 13.27 —96.77
3.1 12.33 —96. 56
3.3 11.43 —97.64

5 4k 1w

Bt X e G 0A 1 32 i ) R LA B AR A7 S 38 5 ] Y (1)
AR — R MOSF 3%k o 1201 nl i o #5280

A FE SR DA K 98 1 R B, AR 1 G MR 7 A R O AL
R ) A DL R SN 3 A O B ik ) S 6 X
M 45 B % W], MOSF % 3 #1 4 0. 88 prad/VHz @
800 Hz By A iKWt 75, JF H ¥ A 5 K 114. 9 dB@800 Hz
B0 B o A A TR IR RE DL KA 7 SE R R
MOSF % ¥ fi# 8 15 5 19 SINAD Al THD 43 31 i% %]
84 dB F1—90 dB, 3 Bl MOSF % 3 fi# 8 15 5 52 VA i 1%
FE AR AL 52 W AR /N, T DAAR 47 M v i £ 5 AR 2Rtk 2k &L
HTE & Y SINAD 3% B 3% A5 80 0 58 %% ; [ i, f#
TR 235 SR R A7 A SR R A FE O, A T /N B AR AL 25 fig
SCHF PR SR . A] UL, MOSF 85 2R T T A A7 1 37
R R R E Pk AT SR RN SR AT L) b 2D
ST BE T 64T K T B8 LA B I 1 TR 435 bt e 0
S5 R 55 45 5 R v

2206005-9



&5 43 % % 22 H1/2023 £ 11 B /%3340

[11] Marin Y, Velha P, Oton C J. Distortion-corrected phase
Z £ X W demodulation using phase-generated carrier with multitone
mixing[J]. Optics Express, 2020, 28(24): 36849-36861.

(1] Dong Y S, Hu P C, Ran M, et al. Correction of nonlinear [12] Volkov A V, Plotnikov M Y, Mekhrengin M V, et al. Phase
errors from PGC carrier phase delay and AOIM in fiber-optic modulation depth evaluation and correction technique for the
interferometers for nanoscale displacement measurement[J]. PGC demodulation scheme in fiber-optic interferometric sensors
Optics Express, 2020, 28(2): 2611-2624. [J]. IEEE Sensors Journal, 2017, 17(13): 4143-4150.

(2] Ashry I, Mao Y, Wang B W, et al. A review of distributed [13] Nikitenko A N, Plotnikov M Y, Volkov A V, et al. PGC-Atan
fiber-optic sensing in the oil and gas industry[J]. Journal of demodulation scheme with the carrier phase delay compensation
Lightwave Technology, 2022, 40(5): 1407-1431. for fiber-optic interferometric sensors[J]. IEEE Sensors Journal ,

[3] Chang T Y, Lang J P, Sun W, et al. Phase compensation 2018, 18(5): 1985-1992.
scheme for fiber-optic interferometric vibration demodulation[J]. [14] Ma T, Zhao L G, Gao H, et al. An improved PGC
IEEE Sensors Journal, 2017, 17(22): 7448-7454. demodulation algorithm for optical fiber interferometers with

(4] PN, TA%, WKL, A AR LA AR D AR T g (7). O insensitive to carrier phase delay and modulation depth[J].
TR, 2018, 47(8): 0806004 Optical Fiber Technology, 2022, 74: 103121.

Sun W, Yu M, Chang T Y, et al. Research and improvement [15] XieJ D, Yan L P, Chen B Y, et al. Extraction of carrier phase
based on PGC demodulation method[J]. Acta Photonica Sinica, delay for nonlinear errors compensation of PGC demodulation in
2018, 47(8): 0806004. an SPM interferometer[J]. Journal of Lightwave Technology,

[5] Hou C B, Guo S. Automatic carrier phase delay synchronization 2019, 37(13): 3422-3430.
of PGC demodulation algorithm in fiber-optic interferometric [16] Zhang L S, Kong W X, Wang M B, et al. An interferometric
sensors[J]. KSII Transactions on Internet and Information vibrometer using phase carrier generated by liquid surface
Systems, 2020, 14(7): 2891-2903. acoustic waves and an improved phase demodulation scheme[J].

(6] J™HI~F, AT, WK, & T RR2IEMEHPGC ik Optics Communications, 2021, 495: 127114,
PRI T] PO, 2020, 47(9): 0904002. [(17] ARG, AT, b fl, & 404 3 P A5 B 2 45 v 1Q it 8
Yan L P, Zhou C Y, Xie J D, et al. Nonlinear error TS R & [T]. 624, 2023, 43(14): 1428001.
compensation method for PGC demodulation based on Kalman Zhao 1. J, Zhang X Z, Xu Z N, et al. Influencing factors of 1Q
filtering[J]. Chinese Journal of Lasers, 2020, 47(9): 0904002. demodulation method in distributed acoustic sensors[J]. Acta

[7] Hou C B, Zhang J, Yuan Y G, et al. Reliability demodulation Optica Sinica, 2023, 43(14): 1428001.
algorithm design for phase generated carrier signal[J]. IEEE (18] £, SARAAE, WM, 2 . ) AL i 45 22 0518 1 SPR A
Transactions on Reliability, 2022, 71(1): 127-138. ik R A AR SE (). a2 4R, 2023, 43(20): 2024003.

[8] Chen B Y, Jiang J C, Lou Y T, et al. Active linearized PGC Zhu Y H, Hu M S, Deng S, et al. Phase jump correction of
demodulation with fusion of PGC-Arctan and PGC-DCM surface plasmon resonance based on phase unwrapping method
schemes for nonlinear error elimination in SPM interferometer [J]. Acta Optica Sinica, 2023, 43(20): 2024003.

[J]. Optics Express, 2022, 30(13): 22999-23010. [19] Zhang S H, Chen Y P, Chen B Y, et al. A PGC-DCDM

[9] Yuan Y G, LiJ, Zhu Y, et al. A high-stable self-referenced demodulation scheme insensitive to phase modulation depth and
PGC demodulation algorithm for fiber-optic interferometric carrier phase delay in an EOM-based SPM interferometer[J].
sensor[J]. Optical Fiber Technology, 2023, 76: 103249. Optics Communications, 2020, 474: 126183.

[10] 455, SRAAT . ot AL AR AR D DR TEOLS 2215 & & [20]  PINGT, A0 &5 B, S5 O 65k O o) RS 25 T ) RS2 A i 28 0 A
GErp i R HIT). Jtar i, 2022, 42(16): 1607001, FE] 6T, 2022, 51(6): 0606003.
Hua X B, Zhang R Z. Application of improved phase generation Sun K, He M Y, Han Y. Phase generated carrier demodulation
carrier demodulation method in laser heterodyne speech system method  eliminating modulation depth influence[J]. Acta
[J]. Acta Optica Sinica, 2022, 42(16): 1607001. Photonica Sinica, 2022, 51(6): 0606003.
Phase Demodulation Algorithm Based on Quadrature Signal Synthesis
Calculation
Song Xianchen', Tang Donglin', Ding chao"”
'MOE Key Laboratory of Petroleum and Natural Gas Equipment, School of Mechanical Engineering, Southwest
Petroleum University, Chengdu 610500, Sichuan, China;
*School of Intelligent Manufacturing, Chengdu Technological University, Chengdu 611730, Sichuan, China
Abstract
Objective  Conventional phase generation carrier (PGC) demodulation methods include two main approaches of

differential and cross multiplying PGC (PGC-DCM) and arctangent PGC (PGC-ARCTAN). Their correct demodulation
requires the carrier phase delay and modulation depth to be maintained at specific values. However, in practice,
propagation delays in the optical path, analog-to-digital conversion in the signal acquisition system, and interference caused

by the PIN photodetector can introduce phase delays between the carrier signal and the modulated carrier signal.
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Additionally, the modulation depth C is related to the amplitude of the carrier signal and the parameters of the phase

modulator, and it changes with the optical wavelength, temperature, and humidity in the actual operating environment,
resulting in random drift and fluctuation of C value. These unstable factors directly affect the operation of the entire
demodulation system, causing harmonic distortion of the demodulated signal and even demodulation failure. Therefore,
solving the instability problems of C value and phase delay is an important task to improve the stability and accuracy of the
demodulation system. Nowadays, many scholars have calculated the modulation depth and phase delay by employing
different octave carriers compensation to solve this problem and yielded some results. However, the high-order Bessel
function and high octave carriers are prone to introduce high-frequency harmonics in the demodulation results, which
causes certain nonlinear distortion. Meanwhile, as different multicarriers and different orders of Bessel functions also affect
the demodulation results, it is very important to determine the appropriate carrier multiplicity and Bessel order for accurate

demodulation.

Methods  Considering the influence of different octave carriers and different orders of Bessel functions on the
demodulation results, we propose a multistage orthogonal signal fusion (MOSF) computation method that synthesizes the
triple-octave carriers and the third-order Bessel functions. Firstly, the phase delay of the interference signal is calculated
and compensated, then the modulation depth is calculated based on the compensated signal, and finally, the compensated
demodulated signal is obtained. The signal-to-noise-and-distortion (SINAD) and total harmonic distortion (THD) of the
MOSF algorithm and the traditional algorithm in demodulating signals with different phase delays and modulation depths
are verified by simulation and experimental comparisons. The linear errors and nonlinear distortions of the demodulation
results are analyzed in detail, and then the phase delay errors of the demodulated signals of the different algorithms are
compared and analyzed to characterize the real-time performance of the different algorithms. Finally, the ground noise

level and the maximum detection range of the demodulated signals of the MOSF algorithm are experimentally analyzed.

Results and Discussions We conduct controlled experiments to study the stability of different algorithms. Under the
different modulation depth changes, the demodulation results are shown in Fig. 8(a), and the SINAD value of the MOSF
algorithm fluctuates up and down in the range of 8 dB-15 dB with the center value of 13 dB. Fig. 8(b) shows the THD of
the demodulated signals, and the THD of demodulated signals of the MOSF algorithm is stabilized at —96 dB with a very
small fluctuation. It is very small, and under different phase delay variations, the demodulation results are shown in Fig.
9(a). The SINAD value of the MOSF algorithm is stabilized between 10 dB-15 dB with the variation of phase delay, and
the harmonic distortion THD of different algorithms in Fig. 9(b) also shows that the THD of the MOSF algorithm is
stabilized at around — 96 dB with the variation of phase delay, possessing very low nonlinear distortion. Fig. 10 shows the
phase delay error of the demodulated signal, and Fig. 11 shows the power spectral density plot of the demodulation results

of the MOSF algorithm, which indicates the ground noise and the dynamic demodulation range of this algorithm.

Conclusions We propose a multilevel orthogonal signal synchronization computation method to address the problem of
traditional algorithms that are affected by the modulation depth and the phase delay. The algorithm accurately compensates
for the carrier phase delay and modulation depth, which makes it more robust and real-time compared with the traditional
phase demodulation schemes. An experimental comparison of conventional demodulation algorithms shows that the
MOSF algorithm has the lowest noise floor and the largest detection range. The SINAD and THD of the demodulated
signal of the MOSF algorithm under different modulation depths and phase delays reach 84 dB and — 90 dB respectively.
This indicates that the demodulated signal of the MOSF algorithm is little affected by the modulation depth change, which
can overcome the nonlinear distortion of the signal well. The higher SINAD means more complete waveform information.
Meanwhile, the demodulation results of the phase delay stabilize at 0°, which has a smaller phase difference, and thus the
demodulation results are more robust and real-time. Additionally, the phase delay of the demodulation results is stabilized
at 0°, with smaller phase difference and better real-time demodulation. In summary, the MOSF algorithm improves the
stability, reliability, and real-time performance of the phase demodulation system, which can be widely adopted in weak
signal detection in fiber-optic accelerometers, fiber-optic hydrophones, and structural health monitoring of ocean

engineering.

Key words fiber optics; optical fiber vibration sensor; phase generation carrier; phase demodulation; phase delay;

modulation depth
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