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Fig. 1. Experimental setup for fiber torsion sensor.
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Fig. 2. Transmission spectra of the AIFG.
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Fig. 3. The steps of enhanced self-integration algorithm: (a) Using CCD to read the field image; (b) gray

field image; (c) self-integration distribution of field image; (d) integration of self-integration distribution of

field image.
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Fig. 4. CCD output of the mode field distribution when the filter depth is (a) 0 dB, (b) 2 dB, (c) 4 dB, (d) 6 dB,
(e) 8 dB and (f) 10 dB.
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Fig. 5. First order self-integration and the distribution of self-integration in LP11 mode with different angles: (a) First

order self-integration and the distribution of self-integration along z-axis; (b) first order self-integration along z-axis.

WE G, 70 %KM T —Fr @ R85 e B =
B B AR S pR . T B L SR IA AR A 2] 0
T2, B 6 7R T AR XS S A5 37 e e AR T e okt
L) H AR AT B, LA X R 3 AR A B
2k 1) B ARRRIE 70 AT Ag. G (a) AT LR
R T =k BRI sk U, AR AT B 3
KT LPyy B 7E A FEBE AR X, o il ST )
AR AAITHE 1R 7 0 21 9 7 21 f 2843 I, B4 A
FER B A B 7R X 5, IF H B3 BURHIE 5>
i A VPAAFESE, TE& TR A EAR 1. K6 (b)
WA B AR TR 7 90°, FH T3 H g il R 5 1) BR)
oy An, v LLE oy Hl B B B0 B3R L
5 o S A B, ANHGE B B 43 i
Bl &AM, B 6 (c) Rik T & PIBEAFE S 2] it
P2 J5 IR B o Bl 5y Bl 10 5 AVRRAE 20 AT Ag, 7T LA
BHLE W ARG SRJE o Sy B e A 2]
H =285 x 10° — 1.83 x 10/1.83 x 10 = 56% i&
T A BRI AT

T 7€ LP 1y 15 1) H BRUAF AR 20 A J5, 24 Jie % 7
& 72 3 6 4 e i) 5 2 CCD Bl i3 B 4k, R
B AU A AL B RN BB 5 R UK S
ol 5y B B BE S B BRURE 23 Al B X
e e Mg Ko6(d)—E) N4k = 30
B 2k = B AR 3 5 5 o J5 45 I R A A
B ] LUE AR AR 23 AR T RN B A AR AE A
B (PR AIE DX ) B8 K, o Bl Ry Bl 93 9% LAk B
H =2.84x10" —1.16 x 10'3/1.16 x 103 = 145%,
EE i R AE 1 558 o 55 R R0 /N AR EE AR AL U

A E RIS A B AR R R E U RN
— i R o o 0 R R T OB X AR R ),
A A I R AR 3G 5 KA ), JEVR AT AR R AR A
WA

W 7, TR RV 6 e 1 SUNARTE
1R (BT 3% 1 & B e % £ BE R 22 8 0) B 26 A T
PATIAR T 10 Wi ~F 5 LLRERD 10 PR e % 1 B N
0° F1] 180° Jie i Hh 4% Jik 2 48 6F f1 Il & R4 25 1 49
bb, 45 AR IR RGEA R A B iR 2 VG 53
e, MRS SN R A B DX ) R R 22 AN R 3 2
JRPEA AN — S PR A BRAT T ] (1 ORI 284 H 1)
LPy, B AR B0, S 80IE B 6 AR A
AF AL B AR AE 0°—90° 5 90°—180° A —F; —
J2 DR N B A B 1) 3 EE B S i T AR RS B, X
I3 A5 T8 0 350 0 RS . S8 oh SR P B 84
SRV RN = 38 5 B 43 ) e A o K 2 i3 22 3 B
(B — 1 BT IE ) 22 e KA 0 1) i 22 e KAE 2
ZWZESHE) N T 28% FI/NF 11%. MBI 7 (a) BE
t, £ 45° 5 135° iz fe R & R ZVE H K, 18
B 24%, X & KNI 43 A7 e 7 B 7 o Sl A g Bl |
(i pH TE ) R TS T IR D BR ERPE 45° 5 135°
I AE 5 BURK, B DLS S0 R i 22 BOK. BT (b) H
ATCUE H, =B AR o s b P o 3 s vk
()R 22 VR B /N — 28 KR 2 AE 45° 55 135° P I &
i 22t B 5k X, A R AR AR TR AR A AN B S 1) 2%
PER, R AE 5 5 1) SRR B T 3w R RS B
.

014208-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 1 (2018) 014208

AN 1B
— ol EBYE
X 107
14
19| @
10
8
: %
1)
2
0 Q
0 50 100 150 200

x/pixel

BB i B
— YR EBUE S,

%107

14 (b)

12

10

8 A
6

4 Poc)
9 -

0 S
0 50 100 150 200
y/pixel

%109
3.0 T T T T
(©) — ahmEBYf

2.8F — yhliBBYUE f

2.6

24r

221

2.0

1.8

0 20 40 60 80 100 120 140 160 180
/()
6 LP1y MRS N M 5= BB A5 B RUE

AR B
— oA TRE fo
X 1011
147 (d)
12
10 '
8
. "
4 "
2
0 Q
0 50 100 150 200
x /pixel
AR B
— yhlEFE f
x 10t
14 (e)
12
10
3 /
6
/N
4 e
2
0 S
0 50 100 150 200
y/pixel
x 1013
3.0 T T T T
f .
2.8 ® — HEBBME S,
— YAl EFRE f

2.6
2.4t
2.2
2.0
1.8
1.6 |
1.4 ¢
1.2

1.0 1 1 1 1 1 1 I 1
0 20 40 60 80 100 120 140 160 180

/()

(a) ¥ = S =B BB 5 BEUE; (b) Wy a6 S

ERRE; (c) o fiiS y B =B B BVE; (d) i 2 S8 = AR 5 BFE; (o) Wy M= B4 S BRE; (D a5y

H =k APE
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(a) Second order self-integration and the distribution of self-integration along z-axis; (b) second order self-integration and

the distribution of self-integration along y-axis; (c) second order self-integration along z-axis and y-axis; (d) third order

self-integration and the distribution of self-integration along z-axis; (e) third order self-integration and the distribution of

self-integration along y-axis; (f) third order self-integration along z-axis and y-axis.
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Abstract

Mechanical parameter monitoring based on optical mode detection benefits from its low cross sensitivity and inex-
pensive instrument. The key to improving detection accuracy is to generate high-quality detection light and use efficient
algorithms. We present a strain-independent torsion sensor based on acoustically-induced fiber grating (AIFG) in the
dual-mode fiber (DMF) and use the enhanced self-integration algorithm to improve the sensing accuracy. By tuning
the radio frequency of driving signal, the LP11 mode generated by the AIFG can be exploited to measure the dynamic
torsion variations. Without the complex device such as fiber interferometers and photonic crystal fibers (PCFs), the
simple structure built by mode converter and charge coupled device (CCD) can track the dynamic variations and has less
cross sensitivity of strain along the transmission direction. The AIFG driven by a radio frequency as a mode converter
at specific wavelength does not participate in sensing but generates the high-purity LP11 mode that accounts for more
than 90% of total power. With the twist from the rotator stage, the DMF keeps rotating and CCD records the spatial
distribution of mode profiles. The features of optical mode is enhanced based on matrix analysis and then the relationship
between twist angle and mode features is obtained. Based on image processing, the dynamic variation of spatial beam
detected by CCD can be easily tracked and quantified. In experiment, the rotation angle can be obtained by calculating
the feature value of the optical mode. Our image detection algorithm is specially designed for the optical fiber mode.
Compared with traditional image recognition based on feature learning, it is simple and fast because it is needless to use
image segmentation and stochastic processing. Through a series of experiments on angle rotation and parallel strain, we
verify the correctness of the enhanced self-integration model and analyse the computational uncertainties that influence
the stability of experiment. In the 0° to 180° measurement range, the maximum range of measurement error is less than
11%. When the axial strain is between 100 pe and 1500 pe, the sensor is strain-independent. Thus, it is verified that
the torsion sensor based on AIFG has high sensitivity and can overcome the cross sensitivity of strain along a certain
direction. The pertinent results have significant guidance in designing the multi-parameter sensor. The optical mode
detection, instead of the traditional spectrum measurement, enables the whole structure to have the potential to be

rebuilt by inexpensive devices that work in visible wavelengths.
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