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Peak Detection of Fiber Bragg Grating Spectra Using Even-Odd Function for
Spectral Decomposition
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Abstract In this study, a peak detection algorithm based on an even-odd function to decompose fiber Bragg grating
(FBG) spectra is proposed and experimentally demonstrated. An FBG spectrum is a function of wavelength A and
light intensity P (A), which is moved along the A axis point-by-point and intersected with the P (A1) axis. The
maximum value of the odd function used for the FBG spectral decomposition under each moving point is defined as a
characteristic value. The A value corresponding to the minimum characteristic value is used as the central wavelength
of the FBG spectrum. A theoretical model of the FBG spectrum is established using an asymmetric Gaussian model
and additive white Gaussian noise superposition. Linearly increasing axial strain is imposed on an FBG sensor in
turn. The central wavelengths of the theoretical model and experimental FBG spectra are calculated using the

proposed algorithm. The results show that using proposed algorithm, the central wavelength of the FBG spectrum

can be obtained more quickly and accurately than conventional algorithms.

Key words measurement; optical fiber; fiber Bragg grating; peak detection algorithm; even-odd decomposition
OCIS codes 120.4630; 280.4788; 060.3735; 060.4230; 150.1135

1 531 7

BT P o ST L AT A R el (FBG) A% Jf 4%
iR FBG 63 O 4 B 28 A o R I 3l L
WEAR AEAS N R AF A B . H AT A FBG
HOL R A S R B 9 LR JLZE : DFBG i i
PN ERZ GRS E (RPN S 4 (- RPN S Bl VA N RF
(B ) e KA By 2 WP 5, £ TG R A5 42
TR Steger BUGAE IE e RAE Y9 J7 15 X B R 4R L

(Y Fg KA HEA T 1 — 20 BB IE L LA 32 U FBG Stk
HL PR T P BE 115 B G G . 2) v i ek B0k
Dt A B0 R R T b 2 O 2 BT LT
PR AHIZ 7 0 % 08 FBGOLIE MBIk, Br
3 AT R P AR X R e AR LA A I A
TSR D FBG O % A8 X K A9 [R) B2, fd 15 52 R
FBG 03K B ST BT A XS AR BE ) 45 23 5k . 3)
SRR B MNZTT vk R PR g 5 315 FBG Ot
PR L HIE R AN

Wfm HE: 2019-09-25; 1EE HHA: 2019-10-10; RABHY. 2019-11-13
HETH. BEARB%IEA (11774432) 914648 B SRR 223 4 (2018CFB788)

* E-mail; tsyj98@163.com

0304009-1



th i

i ot

FE G £F B B F 5 AR, 3 B 2k B 55T O ) R
B 0 EOAE R R g K IR B T
A B SRR O B B G T R R A L
AL F Gl 1B, H Dy S 1% 2 R 43 i 1) AT oR B0 B K
/N CSF O ARLEN R B EbBO™, nTLUE
0 S B YN 1 20 8 S R G0 T B 1 D) R 0% B A
PRI B e KA 1 SR /MBI — — XTI E R . FEA Ok
R IR 5 FBG G 26, 2] 3k
XoF R v 5T oA 0 S G AR L b, AR SRR
it T3 R BB FBG Y6 47 bR B0 K AH Y it
AME R E FBG GG “ .07, IF 8 HAE S FBG
ORI 2 SO 3= R 3107 S = R i R e 3 = T I
SRR PR R EO I A IE, IE B AR X
Pk 1 35T R ST AN G R R T ) 2 R

AR SR FHAE X Bk 5 307 o 500 i v 397 11 R R o T
FBG Gk e, 5 FLA5 R i Bk I8
AXIFRBE I T 545 KU M s i A 0k, 85 1
FE X Bk e AR AR B B R AR BE A TSR R R A
AR XS FR A TR SR 2 T Wi LR . B
B4 B4R L B T FBG AL GBS A I, Sy
ZERR W] LB LR 5 MR 22 (RMSE) & /b, I
Hb N R BE K TR, AR SCSR AR T oy O B R B30 vk R AR
X R e A TR B L TORG B O T SRR B SR

2 AT R B oy D PR S L St
21 [RIE
SR AR X #5401 pR O 37 FBG 6 % B 6 A5 7Y
COLIE 1) ] AR Rk N
exp|:— 41g2 o (AMABJZJ s A< g

P(;{): 1 1 ) s
exp[4lg2- [ AN Bj ]9 A=Ay

(D
A RO S KAE R B A s AdL AT AR, 53 5]
N e KAB W 3 dB 22 A5 00 AT %ok iz ) 30 K
POQOIEKESh I ZER 3 A5 P QO YNHIAHAS , B 3h

JFHGIE P OO IE 1) s, BB a2
P.(Q)=P(Ar+2A), (2)
X P () AT A R P, () A AL P (1)

A3 CULIEL 2) 5% Bz A pRE R TR 20

P.QA P.(—2
P.(Q) =P . (—2)= ()+2 ( ), (3

P.()—P.(—=X)
5 o

P,A)=—P, (=)= 4

PO} @

(b)

1 Al % i s TR BB L OGS . () PQOs (D) PO
Fig. 1 Spectra simulated by asymmetrical Gaussian
model. (a) P(A); (b) P.(A)

FBG Wik RS F S B T Wit T, 4
POOWKER A A BF, P Q)R P (A,
PP, P,Q)F P, A)JE P, Q)KL
IR DL 2(b) ], B 2 AT 25 R 55 1
FBG il 1 & ok 8 e R & /NI A P, (A)) =
—P,QA)=P.,A)=—P, Q) =P mno WH¥H
R A AN A, IEWITR Y AL A R K
B P oA P s 24 AL A RN, P, (X)) >
Pomne WL, HAEY P, A)=P.,Q) B, ZHIF
BTk 1) 2 R B KA A e/
® P,

/5\/12 Ay .
A

Bl 2 PO RE 2R K AT R i
(a) P.QOFI P.(—X); (b) P, (X)
Fig. 2 Function curves of P.(1) and odd function of its

decomposition. (a) P.(A) and P.(—2); (b) P,(1)
FBG Ot % /2 & W5 5 16 50 B A 338 i k.
PO RIS L, Kb i BN 158 N,
REEEAN P(A) WP OH P.(A)—P . (—A) i
BEL, P, Q) W KERES R B, K Hash
PoQ) o EFEIFENM N D P L) o PAIERN
B 7 2 N PoQ) o BB X R F

FEKEHN N ) FBG ik 55 x(n) ZETEHZ
S A T8 A R 8 H 10 & L A T B9 R A L S x ()
B R TC R AR AL F 3 7 50 89 1IE AP A &L DL »

0304009-2



th i

i ot

W& R s FBGOLIEROGIE T 5 » MitHsE. AR5
XiF BT A R AT R U R e KA A FR R L AT A
W FBG Bk, B R IERREI T .

BRI RS 5 . A SOl ST TR
BT, FIW x GORKE N 2 MEE Zard, &%
HIFAR LG i =1,

BR 2. QR N A WIAE x Go) B9 HIF I Ab 78
N—=2i +1 4%, HFEIH y(@FER. iy @) 8
Feolt yo(a)Fm ., K y(a) —y () PR R iR
B, H c(OFR, AL Aghin 1,

B 3 AT AT 2. 1 F i>%o T N2

A G HIEH BT e (b)), BHE i=1,

W2 AL B 3 BT i 3 () R,
x(OFE y B N1 B N/2, a5 x Goakig
x(—n), PRECHY A oK BT AT DL S x (n) —
x () R GX AT EPATEAE/27) . A
x GO x (—n) BRI E A —F, EATR6E H 3%
HEAT U . PR, 78 x G (0 T I 4D 2, A B2 T 2
Y y (@) BRIE y () Ry (—a) AT LA 35 PR 708018
AR,

B A 20 — 1 AFHARE xGOREIH ., #
AN 2 (O FIR L 2 () I 2 () FR,
Rz (o) —z (O IR MK, H d G EIR,
MEFRAE R ¢ Fshn 1,

BB 5 PATHE 4. 7 F i>%g A N2 A

d () I XL T8 d (b))
ABE A5 R 5 AETR 2 3 0 R A [R]
(@) v

CO
x(-m): AL Cx(m)

j;L .A.L '.‘;
0 n

(b) ""x 2t
]
xm) ;|

o' n

* x(-n)

3 LIRS xGOREIEAE . (0 << N/2 i,
T xGORIAME; (DY i >N/2 B 18 x5 E
Fig. 3 Zero filling before and after spectral signal x (n).
(a) Before x(n), when i<CN/2; (b) behind x(n),
when i >N /2

[ILIE 3(b) ],

W 6. F L ¢ (o) A1 d (o) BB F A,
Ce (o) d (o) IR, IR BT I /N TE R, X I
Fi/NTCRE PR Rie S ITR A O .

[ 2, N 2 A5 F ) R vT LLAR A9 FBG Sk iy
DK HH MATLAB B 5 BB L m 2 - 4
Jis

3 i H

3.1 FBG 3i% A X FRE X Hol il KB &2 I

PEFE AN 1531.5 nm.n ZEEYE R 1530.0 nm
% 1533.0 nm, I & £ K K 0.00025 nm, AX, K
0.25 nm,AA KR % A4 0.250,0.265,0.275,0.300,
0.325,0.350 nm ([ b, = B7 A A 9 A X FR BE R 0,
5%,10%,20%,30% ,40%)

5 FT7s b B S R Bk e T R Ak
Xof A e TR AR ARV R AT A 0 A A A A AR X
PR B AL ) FBG Gk bk . & 5 A, Ak
Xof A e TR AR (18 A SR A R K e R Bk A Y
K 5 1531.5 nm MW EE B R, S RY
SR T 0 L P A 52 O A8 A0 1 52 e B KL A X
P v S S d /S o A A O3 i s S e AR R B
12252 WOR 2 A0 52 Wi (72 2 A T 52 4 R B S0k R AR XF
PR Wi A Bk 2 )

T3k BB 5 AT SRR B R A Ot
O FVE AR A SR AR O R SR TR R R
T S X6 R R R N T ) )l 2 AR R OK
3.2 FBG HERE AT HEI O KK

ApdE#E 1531.5 nm,n ZZFLIEHISH 1530.0 nm &
1533.0 nm, i & 2 K K 0. 00025 nm. Ax, N
0.2750 nm,AX, K 0.2500 nm, P (1) 32 k& i (A
Mg 75 (0 5% W) A T (SNRO R IR 26 #% 0.5 dB.
1.0 dB.5.0 dB.10.0 dB. %> SNR T 0 K
THA 5 W, ISR 25 R A e R, 5 R &) 6
Fis

M6 A LA s e i B R s AR
RMSE fe/IN , A% B o 357 458 780 550 32 0 58 e 5 R 1k
3 RMSE &b F [/ — 7K -, 38 X Bk e 27 5 0 54
PR T B AS KRR A ] 80, (H DG 3 T e 6E TR
Ji PRl 2 32 B3 V6 AR T AR 2 R rp R BRI FBG Gk
B RAE B KAEAR 45 5 52 3 M i 52 w4 1 40
S E T H ) RMSE /T 58 55 R B LR X AR =
L. R TR RV . 4R b A A R R AE T
MR B8 ) 75 AR T 52 R BRI A X AR e B 4T R AR

0304009-3



it

|

i ot

original
spectrum signal

l x(n)

smoothing the signal

v

determining the length N of x(n); i=1;

A 4

Is N even number?

A 4

y(a)=[zeros(1,N-2i+1) x(n)];

A 4

c(¥)=max{y(a)-fliplr[y (a)]};
i=i+1;

y(a)=[zeros(1,N-2i+2) x(n)];
C(i)=max{y‘(a‘)—lﬂipllf[y(a)] 15
i=i+1;

Yes Yes
i=1; 1=1;
¥ v

z(c)=[x(n) zeros(1,2i-1)];

z(c)=[x(n) zeros(1,27)];

P d(i)=max{z(c)-fliplr(z(c)]); d(i)=max{z(c)-fliphtlz(@)]}; |
i=i+1; i=i+1;
No @ @ No
Yes Yes
o R Jmminlle @ L) 5 oy oinleo- 1) ;flr[x%}_ 12)));

4 P 5k i A 8
Fig. 4 Flow chart of the proposed algorithm

—=—Monte Carlo

—a—asymmetric Gaussian
v even-odd decomposition

aussian

AL=02500 A1,-0.2625 A4,=0.2750 A4,=0.3000 A1,=0.3250 AZ,=0.3500
AL,=02500 A1)=0.2500 A4}=0.2500 A4=0.2500 AZi=0.2500 AZ,=0.2500

Variation of 3 dB width on the left and
right sides of FBG spectrum /nm

o 1531505
B 1531.500F
E o 1531495}
gog 1531.490 F
< E 1531.485|
§ ‘g 1531.480
7 7 15314751 oM
E 1531470}
O 1531.465}
5

SR A [a) B 32 30 0 A 6 i 38 A6 2 114

FBG i o K
Fig. 5 Central wavelengths of the FBG spectra of

asymmetrical Gaussian models with different algorithms

AR s L 22
4 5 i

B FBG & %A% 1 W1 i [8] € 72 W 8 38 b 23k

Sk T 2 L AR T S L T . BT Z R )
IGKE L 25 em, JOK A K HR ST CASE) SR A A
HOGEUE, AT AR C P B . Bk (COSA) #5 h
Yokogawa AQ6370D(/r#E#.0.02 nm;sens/F = .
high3; BURE ] B : 0.001 nm) ., 20748 L, 38 5 Y6 3% A%
it st FBG i,

L s AL AR CHUE 0,0.25,0.50,0.75,
1.00 mm, RHAAFBEETESD L Ty FBG )t
WD IR AT RS (LK 8, KRG
R 5% B E A RMSE Wk 1 iR, R RP Bk,
e ST RS AR B 1 A X R ey S R AR B 1 A A 0 A B
TR FBG YGi% O I K E LA 1) RMSE 4>
24 0.010553,0.009718,0.008245,0.005564 nm, %
FER P B AR A, S U AR A BT
Han 7B ETT A AR XS RR S I A B T S B A T
Wr ks MBI RMSE /N 7E1% 52 56 v el
A H T FBG Jeik i ok .

0304009-4



h =] 74 ot
= Monte Carl —a—Monte Carl
@ - Gattstan OG ® o Gangsimn OG
N tri z A tri i -
o 163154} - erend écc?:]fégﬂi-on 2 i‘ggigi + even-odd decomposition R
) \ Ssdl
BO1B3LE2p e & 153153 el 0aand
S o 1531.50 ¢ 2 £ 1531.52 0.00811]
£ £ 153148} %S 153151
5 £ 153146} 5 E 153150 -
£ ¢ 163144} algorithin RUSE_ % g 1531.49 f 3 )
¥ .057 F A
S : 153142} [Gaussian 0.00195 ; 2 iggiig I / \\\
| [asymmet 0.01779 :
§ 153140 e OTas £ 1531461 ~.
g 153138} ' g 153145}
© 153136 . : ' : 1531.44 ' ; :
1 2 3 4 5 1 2 3 4 5
Computing time Computing time
—=—Monte Carlo —=—Monte Carlo
© *- Gaussian (d) » Gaussian
—4— asymmetric Gaussian —a—asymmetric Gaussian
o 1531.510 [+ even-odd decomposition v 1531505} v even-odd decomposmon
0 1531.505 T _— [2a)
[ - ~— L
Sl - % 1531.500 * \,,,‘
cEimas) = N~ — = £ 1531495 } )
o0 / _——— 0= 2l
= 1531.490 v 0 k314
< £ 1531485 | ’ %jé 5314901 N\
§ Rt L] N — § $ 1531485 o
f=% / oril 1] RMSE
= B181475 1/ ome 001247 < # 1531480 | Miﬁ?e 00812
I = E e
é 1531.465 | even 0.00485 g 1531.475 r ¥ e 100056
1531.460 1 . L ) 1531.470 - . . )
1 2 3 4 5 1 2 3 4 5

Computing time Computing time

Bl 6 SRAARRBEITRE AR SNR T LSRR BRGSO K.
(a) SNR:0.5 dB;(b) SNR:1.0 dB;(c) SNR:5.0 dB;(d) SNR:10.0 dB
Fig. 6 Central wavelengths of spectra of asymmetrical Gaussian model under different SNR

with different algorithms. (a) SNR: 0.5 dB; (b) SNR: 1.0 dB; (¢) SNR: 5.0 dB; (d) SNR: 10.0 dB

F 1 H£HEE LUK EE M RMSE (H
Table 1 Residual value of central wavelength and RMSE value of each algorithm
) Residual value /nm
Algorithm RMSE /nm
AL =0 mm AL=0.25 mm AL=0.50 mm AL=0.75 mm AL=1.00 mm

Monte Carlo —0.00120 —0.00920 0.00880 0.0148 —0.01320 0.010553
Gaussian —0.00143 —0.00822 0.00848 0.01343 —0.01226 0.009718
Asymmetric 0.00028 —0.00845 0.00635 0.01155 —0.00973 0.008245
Even-odd 0.00120 —0.00660 0.00360 0.00780 —0.00600 0.005564

| L=25cm  displacement 1541.5

Monte Carlo
A FBG .. A . % 1564101 T Gaussian
fixed point ~ adjusted point = —a— asymmetric Gaussian
index S _ 154051 . even-old decomposition
matching ag o
3 dB coupler ind.ex gel E) S .
3 matching gel % E 1539.5
, 2
K7 LI RGHER E % 1530.0
Fig. 7 Block diagram of experimental system g 15385
. 1538. A ) .
5 4% 1w P89, 0.25 0.50 0.75 1.00

Changing of displacement /mm

P8 2% Bk Y vl P R P 2 R

Fig. 8 Linear fitting results of central

A S DA T AR E DT FE 7 1 A SR T —
ML FBG S 0 K 1925 8 23 i 50k L R VR4
N TR R ST . RS S
GUAE (G R P L R R R L FAR S AR e i FBG BIERERR PEO AL S0 . B A SE I 45 R,
BRI O THA AR X AR i R B9 FBG DL JF AT SRR AR DA RO A FBG G i O

0304009-5

wavelengths by each algorithm



h =] 74 ot
5 2 ) B 1] 35 50 52 Fe B S 1% 43 A b i R LT b O
=z ik Jt, 2010, 37(2): 477-483.

(1] Pei HF, Zhang S Q, Borana L, et al. Slope stability [8] Negri L, Nied A, Kalinowski H, et al. Benchmark
analysis based on real-time displacement for peak detection algorithms in fiber Bragg grating
measurements [J]. Measurement, 2019, 131: 686- interrogation and a new neural network for its
693 performance improvement [J]. Sensors, 2011, 11

[2] Bieler G, Werneck M M. A magnetostrictive-fiber (4): 3466-3482.

Bragg grating sensor for induction motor health (9] Zhang M, Zhang W, Zhang P, et al. Parameter
monitoring[J]. Measurement, 2018, 122: 117-127 optimization in particle swarm algorithm for spectral

[3] Liao Y B, Yuan L B, Tian Q. The 40 years of optical shape multiplexing demodulation of fiber Bragg
fiber sensors in China[J]. Acta Optica Sinica, 2018, grating[J]. Chinese Journal of Lasers, 2019, 46(7):
38(3): 0328001 0706001
RS, FY HE. EGEAE 40 5 1], % By, G, BB, 5. CLECM I B I 98
222240 2018, 38(3): 0328001 TREEN SR TR0, 2019, 46(7):

[4] Zhang W F, Li Y W, Jin B, et al. A fiber Bragg 0706001.
grating interrogation system with self-adaption [10] Chen Y, Yang K, Liu H L. A self-adaptive peak
threshold peak detection algorithm [J]. Sensors, detection algorithm to process multi-peak fiber Bragg
2018, 18(4): 1140 grating sensing signal[J]. Chinese Journal of Lasers,

[5] Wang Q N, Yang Y H. A FBG spectrum peak 2015, 42(8): 0805008,

W Al A & 4 Sk N = (2 L
detection technique based on Steger image algorithm BRI, WABL, XU 2 W CET A ftts S e A 5
[J]. Acta Optica Sinica, 2014, 34(8): 0810004. iy B G R 5w g FLI]. b O, 2015, 42(8):
TG, WAL 3T Steger B R Y K £F A i 0805008
WS M 506+ R [J]. e 2% 4R, 2014, 34 (8): [11] Chen Y, Yang K, Liu H L. Self-adaptive multi-peak
0810004 detection algorithm for FBG sensing signal[J]. IEEE

[6] TengF C, Yin W W, Wu F, et al. Analysis of a Sensors Journal, 2016, 16(8): 2658-2665.

FBG sensing system with transverse uniform press by [12] Schuma R F, Killian K M. Superluminescent diode
using genetic algorithm[J]. Optoelectronics Letters, (SLD) wavelength control in high performance fiber
2008, 4(2): 121-125 optic gyroscopes [ J]. Proceedings of SPIE, 1987,

[7] WuF, Kuang M M, Zhao J, et al. Application of ant 719: 192-196.
colony algorithm in analyzing of traverse uniform [13] Burns W K. Optical fiber rotation sensing [ M].
strain reflective spectrum of fiber Bragg grating[J]. Cambridge: Academic Press, 1994: 303-336.

[14] Lefevre H C. The fiber-optic gyroscope [ M].

Chinese Journal of Lasers, 2010, 37(2): 477-483.
SeTR, TR, B, . WOBESELIR AR AR A B A

0304009-6

Fitzburg, MA: Artech House, 2014: 327-331.



