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Method of Measuring Fiber Length Based on Optical Pulse Delaying

Zheng Xiangliang Sun Quanshe Zhu Xingbang
(The 41st Institute of China Electronics Technology Group Corporation, Qingdao, Shandong 266555, China)

Abstract Using the method of optical pulse delaying. a novel fiber length measurement method is proposed. The
method is that the modulated light source is divided into two parts by the optical fiber coupler and goes through the
measured optical fiber and the reference optical fiber. The frequency of modulation signal is regulated so that the two
signals can coincide, and then the measured optical fiber length is calculated by analyzing the modulation frequency.
Compared with the traditional optical time domain reflectometer, the measurement precision is improved from the
meter scale to the centimeter scale. Compared with the optical frequency domain reflectometer, optical coherence
domain reflectometer and frequency-shifted asymmetrical Sagnac interferometer, the requirement of stability and
coherence properties of light source is lower and the system is more easier to be achieved. The experimental result
indicates that fiber length measurement method based on optical pulse delaying has a large dynamic range and a high
precision. The maximal multimode optical fiber lengths measured by this method at 850 nm and 1300 nm are 10 km
and 20 km, respectively, and the measurement accuracy can reach centimeter magnitude.
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Fig.1 Schematic diagram of the fiber length measurement
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Table 1 Relationship between the frequency and optical fiber length under unconnecting reference optical fiber

Modulation frequence /kHz Time delay of fiber /pus Fiber length /m
45. 660 21.9010 4497. 094
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Table 2 Relationship between the frequency and optical fiber length under connecting reference optical fiber

Modulation frequence /kHz Time delay of fiber /pus Fiber length /m
45. 661 21.9005 4496. 995
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Table 3 Relationship between the width of pulse and the values of the measured optical

fiber length under unconnecting reference optical fiber

Time delay of Measured value of fiber
Number of measurements ~ Width of pulse /ns  Modulation frequence /kHz

fiber /ps length /m
1 20 45.659997 21.90101 4497. 094
2 20 45. 659977 21.90102 4497. 096
3 20 45. 660018 21.90100 4497.092
1 50 45. 660018 21.90100 4497.093
2 50 45. 659997 21.90101 4497. 094
3 50 45. 660018 21.90100 4497.092
1 100 45. 659977 21.90102 4497.096
2 100 45. 659997 21.90101 4497. 094
3 100 45. 659957 21.90103 4497. 098
1 200 45. 655992 21.90293 4497. 488
2 200 45. 656048 21.90290 4497. 482
3 200 45. 656048 21.90290 4497. 483
1 300 45.653003 21.90436 4497. 783
2 300 45.652972 21.90438 4497. 786
3 300 45.653003 21.90436 4497, 782
1 400 45.653003 21.90436 4497. 783
2 400 45.652972 21.90438 4497. 786
3 400 45.652952 21.90439 4497. 788
1 500 45. 653003 21.90436 4497. 783
2 500 45.653023 21.90435 4497. 781
3 500 45.652962 21.90438 4497. 787
1 1000 45.652018 21.90484 4497. 880
2 1000 45.651978 21.90486 4497, 884
3 1000 45. 652008 21.90484 4497. 881
1 2000 45.650993 21.90533 4497. 981
2 2000 45.651024 21.90531 4497. 978
3 2000 45.650963 21.90534 4497. 984
1 4000 45. 649988 21.90581 4498. 080
2 4000 45. 650029 21.90579 4498. 076
3 4000 45. 650052 21.90578 4498. 073
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Table 4 Measured results of different optical fibers under the same width of pulse at 850 nm waveband

Number of Width of Modulation Time delay of Measured value of Measured value of
fiber pulse /ns frequence /kHz fiber /ps fiber length /m fiber length by OTDR /m
1 100 95. 486 10. 4727 2151.925 2152.0
2 100 45, 660 21.9010 4497, 094 4497.1
3 100 32.912 30. 3841 6243. 308 6243. 3
4 100 24. 588 40.6702 8356. 890 8356. 9
5 100 21.629 46. 2342 9500. 178 9500. 1
6 100 17.766 56. 2873 11557. 882 11556.5

5 AE 1300 nm P B[R] 56 LR AE K i 58 2 AR [] 15 50 Ao B 45 2R

Table 5 Measured results of different optical fibers under the same width of pulse at 1300 nm waveband

Number of Width of Modulation Time delay of Measured value of Measured value of
fiber pulse /ns frequence /kHz fiber /ps fiber length /m fiber length by OTDR /m
1 100 95.523 10. 4687 2149.615 2149.6
1 100 45,819 21. 8250 4481. 487 4481. 5
3 100 32.922 30. 3748 6237.079 6237.1
4 100 24.596 40. 6570 8348. 399 8348. 4
5 100 21.636 46. 2193 9490. 546 9490. 6
6 100 17.784 56..2303 11546. 178 11546. 2
7 100 12.639 79.1202 16246. 534 16246.7
8 100 9.7519 102. 5441 21056. 129 21056. 3
9 100 7.94881 125. 8050 25832. 459 25832. 8
10 100 6.30903 158. 50297 32546.572 32547.1
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