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Alignment method based on peak’s sharpness degree of correlation
coefficient profile of side-view images for

polarization maintaining fibers

Weng Xiaoquan, Feng Di, Huang Huaibo, Zhao Zhengqi
(Department of Instrument Science and Opto-electronics Engineering, Beihang University, Beijing 100191, China)

Abstract: The side-view-image methods are playing important roles in the location and alignment of
birefringent axes of Polarization Maintaining (PM) fibers. However, due to be restricted by light-intensity
distribution characteristics, almost all of the side-view-image methods were of low applicability. In order
to improve the applicability of side-view-image methods, a new alignment algorithm based on the peak’s
sharpness degree of correlation coefficient profile was developed. Correlation coefficient profiles were
acquired by calculating the correlation among light-intensity profiles, then the peak’s sharpness degree of
correlation coefficient profiles was denoted as characteristic value. Compared with traditional side-view-
image methods, the novel method was not restricted by light-intensity characteristics, so it shows excellent
applicability. To improve the precision of angle orientation, alignment accuracy was measured on different
observation planes in a series of experiments and the observation position with high alignment precision
was acquired. Finally, the alignment precision of these position was analyzed with the help of practical
experiment. According to the experiment result, alignment accuracy better than 0.9° is achieved.
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Fig.1 Principle chart of side-view-image method
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Fig.2 Principle chart of experiment system

3.1 ATHESN

TR BTN A ' R G e B R RE A 7 1 A T
Frreiedr oM, SO SR DG S8 18 ik 5 B 5
W TS 8 T DR Al G T A £V T AR 4% T L ) Y
e it £ o D Fad e v R i D' 7 N 0° W) iR J7 A AR O
ffy, L 0.2°E] i e e 17— B8l o AR 4 3C b s il 7 i 4 3
A A I 0 A R 0° f R AE (B 2R

e Bt B Al 2 b SCrh R S8 B 0 i0E
BTk Al AT AR T BE— 2 T SRR R R L
K¢ CCD 9 WL T 8 55 21 £ 8- 17 B AL, 45 i B T
P2 Hh i) Bl B Ol % K DR D DG 25 94 7 B 0° 07 iz £ A
B R DG ET BL 0.2° 8] ié e — 8l R 4R 15 B 4
AT LA B 5k 2k, MR SC R B T 5 A5 FDE B
J7 S R 0° (4 4 il {5 26, S5 SR N 3 o S8 3
Y S 2k 7R 256 BT A B R AE (R £k, O 2k KR D
JIr A B R A A 1 26

M3 AT LA, RVE i T 7 52 0 2 56

1122001-3



sk TR

% 11 4

www.irla.cn
xeh

% 45 B

ZRAE O0°F 270° B 3T A7 7F — LE R ARV (H , SR 1 55 5
GRS BRI A, W E Y BA = ARk

(1) ZISRAAE 1 2 1 28 10 22 R 30 | R0 R 180° 5
(2) ZIih & AR B X FRE, 6T 0°F1 90° Xt
PR 5 (3) X FEFRAEAH 2R 7E 0°4b 45 g — & 1H .

Sharp degree of peak

400

Rotation angle/(°)

P 3 - T A 52 56 5 iy FLRE AF Rl 2 0 1L A
Fig.3 Comparison of characteristic profile between experiment and

simulation on focus-plane

R 3 o, AR G 2 Bl 6 (AR B0 R R B R 7
AL A AR AT A2 A, B Z R AR 20 5% T O AL AR R
e AN, )P 2% 28 A (L i 2 B0 = A P, T LUOKS 8 15
B 4R 7 LA 0 0 bR R 2, DRIl SO AP T B A
e O 1 56 A G U B3 5 1) RE A R R T AT Y
32 EHBESANFEXF

TR SR E Bl D5 i 09 S B ORS B AT SE B I
HIE, 3CH B i ad S50 6 S [0 I - T 4 S AlORS
PEAT AT U, g R, BL 1 m B9 05 B oA 0L
I TR £B P AT 20 m, % 8h BRSPS 60 wm,
A CCD >R £ A [a] WL - 1 4% J7 057 A1 B4 't 58
2, Horp a2 1 e e TR B A6=0.2° , IR Jim R 4 SC
H DTV A B 5 UL S THT A R AT 1 i 26

TEJGERI7 (0 A B A E b, RS il 2 W (LA ) R
B I R R E G JEE ) i 28 A 21 O R AT A f 2R
O — A B ARGz 5, LA A AR G il 4 0 i A A 2R B
T B2 AR O S AR B IR i A, I DU R AT
# 5O YA BR T e e B2 2 3R E U P 2R B JEE

A B3R 7 3545 B AR AT 20 wm 2 &V 15
60 wm {5 A, 2% 00 I - THT A R O I8 O B0 AR 32, 45
RANE 4 Fros o SCHRL A A S 6 B AR BE A S E il
G P oo A0 Y A9 DT 4 b O X A T o S T RS
50N - A G, e B FTTE 10~19 wm
Fil P9 B A AR A o A 2

Sharp degree of peak

-20 0 20 40 60
Position/pm
P4 AH G W 4 B0t I 0L N0 S T A Ak
Fig.4 Relationship between peak’s sharpness degree of

self-correlation profiles and observe distance

3.3 LREMHBESH

R L 4,3 5 15 wm S W T, X6 SC o iR
SER A BE SEAT SE B gk, S R AR 2 AR A
B 20 & 58 W, 4 S Uy I TR AR IO £F 5 fid
i1 5 0t DB AR ZR G0 T I A5 104 35k o (B A 08, A5 31 a2 b
W25, PHLHECIE R 22 A B 5 1B 6 i, MR

0.20%

Panda type
Sample=58
STD=0.2964

0.15%[

0.10%

Frequency

0.05%

Q1.0 -0.5 0 0.5

Angle-offset/(°)

I 5 55 1 4 ECHE B e il iR 22 4 A A

Fig.5 Alignment inaccuracy distribution of data 1

0.15%f Panda type
Sample=58
STD=0.2894
2 0.10%}
]
o
2
o
2
= 0.05%F
0

-1.0 -0.5 0 0.5 1.0

Angle-offset/(°)

Id 6 35 2 41 ECHE i E il iR 22 20 A 1A

Fig.6 Alignment inaccuracy distribution of data 2
ol AR R 2 TR A A, Hoh i AR AT

WO 2H B B AR ME 22 o 43 B 0.296 4.0.289 4, R E
TE A4 A B 30 HE W -2 99.73% Ay 5% (8 43 A 78 IH 5

1122001-4



sk TR

www.irla.cn
xeh

% 11

% 45 &

- BIECA 3 A o 22 1Y LN - T HE T LD T 2H R0
B 22 Al iR 22 43 51 R 0.889 2° .0.868 2°, W] %1 3¢ T %
A LASRAROE T 0.9° 0 S2 B a2 kS

Z:2% SCHR[10138 B . H A Al 47 /9 52 il 7 5, POL
%5 PAS V5 W SEBRE BlORS B2 1°0~1.5°, TRk ny
SCPRERNRE O 1025 SR SR E T AR T
SCrb s R B T 0 RS B R RAE T AR e A
ARV TR AR Y £ B BURAAE A, by 2 A
ORI 2 A T AR RIS R, M RN RAE
SRR S5Ol i ity G R R B s A RIAE

4 & i

TR R IR A AR 3 B A, SR AR R Al
Z b T T O A O B A G e R A A Rl T %
AT T4 GO0 AR AR 1 B4 MO B i 2 b 4R RURRAE
(B, 1% 75 ¥6 16 S0 Dl ik ith 2k IO O as 58, AT A5 21 4
KMk, H A LA O 2 A U6 6 2 85 i FE AR O R AR
{8 . 51 GO E Bl 7 $5 AR L, 3207 3 X D6 i 01 55 e
AE B A AT AT IR, HA7 53 03 A

SR T B g 3R 5 i AR R e S 6 ) A [
LN - 1T 4 RS B EAT T AR, 5 R 3R T o
LI - v AT 58, AT RE 1 HL AT BEARSE SR R A 0L
ISP THI S B i e e S5 6 0T 23 FL A A 00 00 - gL
18 S B A B HEAT T 43 A S E, 4 SR 3 W 3 3% U ¥R T
BEIIET 0.9°8 52 bR ST BE . SO LE T AL el il 2
W77 3%, 3O IT IR A B e A E TR

S E Sk

[1]  Wu Jing, Wu Hanping, Huang Junbin, et al. Research
progress in signal demodulation technology of fiber Bragg
grating sensors[J]. Chinese Optics, 2014, 7(4): 519-531. (in
Chinese)

[2] Wang Xiaxiao, Qin Yi, Wang Ye, et al. Errors of fiber
delay line polarization crosstalk for all fiber optical current
sensor [J]. Optics and Precision Engineering, 2014, 22(11):
2930-2936. (in Chinese)

[3] Xu Guoquan, Xiong Daiyu. Applications of fiber Bragg

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

1122001-5

grating sensing technology in engineering[J]. Chinese Optics,
2013, 6(3): 306—317. (in Chinese)

Zhang Wei, Wang Lefeng, Rong Weibin, et al. Coaxial
adjustment in PMF alignments [J]. Optics and Precision
Engineering, 2014, 22(1): 125-131. (in Chinese)

Lang Xiaoping, Li Xiaoying. Research on polarization
measurement method of single-mode PM fiber[J]. Journal of
Beijing Institude of Machinery, 2005, 20 (1): 25-27. (in
Chinese)

Gao Hongyu, Chen Caihe, Cui Yuming, et al. Locating the
position of the slow and fast birefringent axes by elasto-
optic effect [J]. Chinese Journal of Sensors and Actuators,
2005, 18(1): 184—187. (in Chinese)

Guo Zhenwu, Ye Wenting, Zhang Hongxia, et al. Analysis
and measurement of alignment angle of PMF devices [J].
Journal of Optoelectronics Laser, 2011, 22(5): 645-648.
Zheng Wenxin. Automated fusion-splicing of polarization
maintaining fibers [J]. Journal of Lightwave Technology,
1997, 5(1): 125-134.

Kenichiroh Itoh. Method of fusion-splicing polarization
maintaining optical fibers: US Patent, 5013345[P]. 1991-05—
07.

Wang Jin" e, Lin Zhehui, Wu Yulie, et al. The auto-
alignment technique of PM fiber of MRI[J]. Applied Optics,
2005, 26(5): 37-40. (in Chinese)

Huang Linsheng, Zhang Jun, Chen Zhe, et al. Simulation and
experiment analysis

of azimuth aligning technology for

polarization maintaining fiber [J]. Infrared And Laser
Engineering, 2010, 39(2): 279-284. (in Chinese)
Zheng Wenxin. Auto-aligning and splicing PM —fibers of

different types with a passive methods [C]//Fiber Optic

Gyros:20th Anniversary Conference, 1996, 2837: 356—-376.
Liu Zhenhua, Accurate

Feng Di, Yang Dewei, et al.

detection technology for polarization axis of Panda

polarization-maintaining fiber [J]. Infrared and Laser
Engineering, 2014, 43(10): 3388-3393. (in Chinese)

Wang Dongyun, Liu Cheng, Shu Xiaowu, et al. Accurate
alignment of PM fiber [J]. Acta Photonica Sinica, 2002, 31

(3): 345-348. (in Chinese)



