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High Precision Fiber Length Measurement Technique Based on Modulation
Phase Shift Method

7ZHU Xing-bang,SUN Quan-she, ZHENG Xiang-liang, HAN Zhong, LIU Zhi-ming
(The 41st Research Institute of CETC, Qingdao, Shandong 266555, China)

Abstract: In order to overcome the defect of narrow frequency band and low accuracy exist in the
traditional modulation phase shift method, a single mode fiber length measurement technique based on
modulation phase shift method was proposed. The single mode fiber length measuring device was
designed and developed using the high-speed modulation signal synchronization and high-frequency signal
phase difference mearuring technology in the integrated vector network analyzer. An auto-control and
data processing software based on VBA plug-in of vector network analyzer was complicated, then an
automatic processing method of phase variation was illustrated. Single mode fibers with the length of
2 km, 40 km and 150 km weretested using the developeddevice at different wavelengths, the results show
that the standard deviation of 2 km fiber length measuring value is better than 0. 2 mm, and the standard
deviation of 150 km fiber length measuring value is close to 0. 01 m. The fiber distance can be precisionly
measured by this device at 1 310 nm, 1 490 nm and 1 550 nm. The proposed device can be expected to
provide a new technical approach for precisionly measuring of fiber length.

Key words: Single mode fiber; Length measuring; Modulation phase shift; Phase difference; Vector
network analyzing
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Fig. 2 Flow chart of test software
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Table 1 Test data of the 2 km fiber length (A=1 490 nm)
Frequency Phase Averange STDEVA
range/ MHz Range/ (") length/m /m
0.1~1 354~3 544 2 021.3 0.6
1~20 3 544~70 880 2 021.43 0. 05
20~40 70 880~141 760 2 021. 430 0.003
40~60 141 760~212 640 2 021. 430 0.002
60~140 212 640~496 160 2 021.429 7 0.000 8
140~220 496 160~779 680 2 021.429 7 0.000 2
220~300 779 680~1 063 200 2 021.429 5 0.000 1
300~380 1063 200~1 346 720 2 021.429 4 0.000 1
380~460 1 346 720~1 630 240 2 021.429 38 0.000 07
460~540 1630 240~1 913 760 2 021.429 31 0.000 07
540~620 1913 760~2 197 280 2 021.429 24 0.000 07
620~700 2 197 280~2 480 786 2 021.428 87 0.000 02
700~780 2 480 786~2 764 316 2 021.428 78 0.000 02
780~860 2 764 316~3 074 836 2 021.428 66 0.000 02
860~940 3 074 836~3 331 354 2 021.428 50 0.000 02
940~1 020 3 331 354~3 614 874 2 021.428 65 0.000 02
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Fig. 3 The relation of the phase change and frequency

modulation
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length of 150 km and frequencymodulation
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Table 2 The test value of difference FM range

FM range/MHz Average value/m STDEVA/m (7]
0.01~0. 853 150 058. 8 26.0
0.854~1.706 150 060. 36 0.45

1. 706~2.559 150 060. 47 0.28 (8]
2.56~3.41 150 061. 15 0.17
3.41~4. 265 150 061. 17 0.14

4.265~5.118 150 061. 51 0.11 Lo}
5.119~5.97 150 061. 32 0.10
5.97~6.82 150 061. 36 0.08
6.82~7.68 150 061. 15 0.07
7.68~8.53 150 061. 29 0.06

8.53~9. 38 150 061. 34 0. 06 [10]
9.38~10.23 150 061. 34 0.01
10.23~11.09 150 061. 29 0.01

4 Fit
[11]
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