¥ 43% 1o
2016 4 10 A

SR G

CHINESE JOURNAL OF LASERS

Vol. 43, No. 10

October, 2016

Je T By S A ta e SR S B o

R ORWE' Rmt' Ex#g 7 &7

HIERTHR R A E B TR OB A A E A TR E . LR 100876

FAEEUE B WOL H R BE . kst 100018

KA

ML GG BTSRRI T ik

MECARIRES A

Based on Digital Phase Detector
Li Yun' Xi Lixia' Zhang Xiaoguang'

Tang Xianfeng'
Telecommunications, Beijing 100876, China
Abstract

*Beijing Information Technology College, Beijing 100018, China

Key words

120.7000; 060.2330; 060.2300; 060.2430

that of the commercial CD analyzer in metropolitan area network environment.
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noise ratio and FFT length on digital phase detection accuracy are also analyzed. Experiments on verifying the
OCIS codes

accuracy of the measurement system are carried out. Experiment results show that the accumulated chromatic
dispersion uncertainty of G.652 fiber with different lengths at 1550 nm is less than 10 ps/nm, which is better than
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Experimental Research on Chromatic Dispersion Measurement
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In order to improve chromatic dispersion (CD) measurement accuracy and reduce cost, a chromatic
dispersion measurement method based on digital phase detector is proposed. The traditional analog phase detector is
replaced by an analog to digital converter with low sampling rate and a digital phase detecting algorithm based on all

phase fast Fourier transform (FFT), and a particle swarm optimization (PSO) algorithm is applied to the process of
curve fitting. High accuracy chromatic dispersion measurement is achieved. The effects of sampling rate, signal
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Fig. 1 Schematic diagram of the experimental system for CD measurement by the modulation phase shift method
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Fig. 2 Flow chart of data processing
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Fig. 3 (a) Phase detection error as a function of sampling rate under different signal-to-noise ratios;
(b) phase detection error as a function of signal-to-noise ratio under different FFT lengths; (c) probability density of

phase detection error when f,=0.5 GS/s; (d) probability density of phase detection error when f,=4 GS/s
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Table 1 Accumulated dispersion of G.652 single mode fibers with different lengths

Parameter value
Fiber length /km 10 50.2 50.4 60.2 100.6
Fitted dispersion /(ps/nm) 164.9 855.1 850.8 1015.2 1706.3
Theoretical dispersion /(ps/nm) 170 853.4 856.8 1023.4 1710.2

I AT I ek 9 20 85 o g B EXFO FTB-5700 45 H B PEREFS 4508 - 1550 nm Ak 100 km JE 47 2
R A I B AN 72 28 210 ps/mm, AR B B9 07 A BOANBRSE FEOL T 10 ps/nm., i3 1 WAl LU H 52
56 v 0 1 25 AN R D2 RS BHE E AR 2229/ TF 10 ps/nm.

4 4 ©

S 95 1 D 4 HE RS B € B i AT T B L R T A6 FET MO0 B %A FE T PSO 3K
b T 9B T R B 3 S X B R AR PR 22 00 007 LA T B U 4 R
FE R A0 BR 5l 8 S PR FRT S0 K B N KSR RS 7E AR R o O B0 758 575 125 10 A A7 00 4 45 1, B
K JVEG WA A6 SRR 3 1 A /D B e st 7T 52 B0 25 K6 JEE O AT B2 3. 523673 81 1550 nm 4k 100 km G652 H4F
fry A B AR /N T 10 ps/nm 25 S 0E T L B35 9 5F 55 F 19 7 F €2 SO0 X EXFO FTB-5700
(910 pstghT. 1% BT 545 52 56 0 I 190 B0 5 o (06 A | 0 € SO AL 0 O ) A 76 8 MO 5 3 7%

1004003-6



H = # ot

10

11

12

13

14

15

16

17

18

19

20

2 % x M

Neumann N, Herschel R, Schuster T, ez al. Dispersion estimation via vestigial sideband filtering using an optical delay
line filter[J]. J Opt Commun Netw, 2011, 3(2): 155-161.

Galle M A, Mohammed W, Qian L, et al. Single-arm three-wave interferometer for measuring dispersion of short lengths
of fiber[J]. Opt Express, 2007, 15(25): 16896-16908.

Grosz T, Kovacs A P, Kiss M, et al. Measurement of higher order chromatic dispersion in a photonic bandgap fiber:
Comparative study of spectral interferometric methods[J]. Appl Opt, 2014, 53(9): 1929-1937.

Hlubina P, Ciprian D, Kadulova M. Measurement of chromatic dispersion of polarization modes in optical fibres using
white-light spectral interferometry[J]. Meas Sci Technol, 2010, 21(4): 045302.

Hlubina P, Szpulak M, Ciprian D, er al. Measurement of the group dispersion of the fundamental mode of holey fiber by
white-light spectral interferometry[J]. Opt Express, 2007, 15(18): 11073-11081.

Lee]J Y, Kim D Y. Versatile chromatic dispersion measurement of a single mode fiber using spectral white light
interferometry[J]. Opt Express, 2006, 14(24): 11608-11615.

Lu P, Ding H M, Mihailov S J. Direct measurement of the zero-dispersion wavelength of tapered fibres using broadband-
light interferometry[]J]. Meas Sci Technol, 2005, 16(8): 1631-1636.

Fortenberry R, Sorin W V, Hernday P. Improvement of group delay measurement accuracy using a two-frequency
modulation phase-shift method[J]. IEEE Photon Technol Lett, 2003, 15(5): 736-738.

Niemi T, Uusimaa M, Ludvigsen H. Limitations of phase-shift method in measuring dense group delay ripple of fiber
Bragg gratings[J]. IEEE Photon Technol Lett, 2001, 13(12): 1334-1336.

Zong L J. Reliable chromatic dispersion measurement method for installed optical fibers[J]. Appl Opt, 2015, 54(26):
7973-7977.

Wang Zhaohua, Huang Xiangdong, Yang Wei. The measuring phase method of all-phase FFT[J]. World Sci-tech R &
D, 2007, 29(4): 28-32.

EIRAE, WO, B R MG FET A EL (D], AR 5k &, 2007, 29(4): 28-32.

Huang Xiangdong, Wang Bo, Du Yubin, ez al. Variance of all-phase FFT measuring phases and its Cramer-Rao lower
bound[J]. Journal of Data Acquisition & Processing, 2013, 28(2): 160-165.

HHIAR, £ OB, HTEH, & &HAL FFT WAHJ7 22 2 H Cramer-Rao TR [J]. B R&E 543, 2013, 28(2): 160-
165.

Huang Xiangdong, Wang Zhaohua. Anti-noise performance of all-phase FFT phase measuring method[J]. Journal of Data
Acquisition &. Processing, 2011, 26(3): 286-291.

B, EIRAE. AL FET ARG L i PR MERE (T . B R S ALBE, 2011, 26(3): 286-291.

Qi Guoqging. Error analysis of frequency and phase estimations based on phase difference of segmented FFTs[J]. Journal
of Data Acquisition & Processing, 2003, 18(1): 7-11.

FrENE . R FET AH AL 28858 1E A5 5 SR Fg AR Al 3+ i i 22 20 B L] B R & 5403, 2003, 18(1): 7-11.

Tan Siwei, Ren Zhiliang, Sun Changcun. Improvement of phase difference correcting spectrum method based on all-phase
FFT[J]. System Engineering and Electronics, 2013, 35(1): 34-39.

W, AR R, ANVEAT. @AM FET AR 2208 A ik ek [J]. ARG TR S THR, 2013, 35(1): 34-39.

Hui R Q, O'Sullivan M. Fiber optic measurement techniques[M]. Burlington: Academic Press, 2009: 401-403.
Al-Asadi H A, Al-Mansoori M H, Hitam S, et al. Particle swarm optimization on threshold exponential gain of
stimulated Brillouin scattering in single mode fibers[J]. Opt Express, 2011, 19(3): 1842-1853.

LinJ, Zhao H'Y, Ma Y, et al. New hybrid genetic particle swarm optimization algorithm to design multi-zone binary
filter[J]. Opt Express, 2016, 24(10): 10748-10758.

Zhang X G, Zhang J Z, Duan G Y, et al. An experiment for obtaining DOP ellipsoid using particle swarm optimization
algorithm[J]. Chin Opt Lett, 2005, 3(6): 316-318.

Zhou Y, Zeng G J, Yu F H. Particle swarm optimization-based approach for optical finite impulse response filter design

[J7. Appl Opt, 2003, 42(8): 1503-1507.

1004003-7



