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on fractional Fourier transform
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Abstract: In this paper, the integrated mode measurement and control method based on fractional Fourier
transform is proposed. The fractional Fourier transform optical system is used to modulate the spatial and phase
distributions of the fiber mode coupling states so that the mode decomposition can be realized effectively. Compared
with dual Fourier transform (F?) method as well as spatial and spectral imaging (S?) method, the fractional Fourier
transform method adopted in this system is easier to decompose high-order modes by changing fractional order
parameters, and controlling the spatial distributions of modes as well as the superposition states between modes. The
mode measurement method based on the fractional Fourier transform can be studied in the spatial and phase
superposition of modes in a wider range of space, and it can also be degenerated to F* and S* methods.
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Fig.2 Transverse light intensity distributions corressponding to the central coupling and the offset coupling
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Fig. 6 Relation between the fractional Fourier transform order and the modal decomposition
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Fig. 7 Influence of the emission distance and the detection distance on the mode field distributions and the MPI
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Fig. 10 Modes measured by the fractional Fourier transform method ((a)~(d)) and S>method ((e)~(h))
P10 SR 43 509l R A 4 v A S 0 115 3 P

i 25 WA A | BN & 23 ()07 8, DA S BB i S5 o o 2205 1 A D0 A 7 T 208 e s e o B s s
RSB IRAS, TEAR S M B . YN B0 1 I, AT S F2 ks Y50 5N B0 2 I, ATEG 7 0 S k.

S % 3k

(1]

(2]

(3]

(4]
(5]

(6]
(7]

(8]
(9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]

Zhao Yongliang, Su Delong, Li Yongxi. A multi-parameter sensor based on cascaded photonic crystal cavities filled with magnetic fluid[J]. Optics and Photonics
Journal, 2020, 10(7): 183-196.
Schulze C, Briining R, Schréter S, et al. Mode coupling in few-mode fibers induced by mechanical stress[J]. Journal of Lightwave Technology, 2015, 33(21):
4488-4496.
Randel S, Ryf R, Sierra A, et al. 6x56-Gb/s mode-division multiplexed transmission over 33-km few-mode fiber enabled by 6x6 MIMO equalization[J]. Optics
Express, 2011, 19(17): 16697-16707.
Willner A E, Huang H, Yan Y, et al. Optical communications using orbital angular momentum beams [J]. Advances in Optics and Photonics, 2015, 7(1): 66-106.
Li Guifang, Bai Neng, Zhao Ningbo, et al. Space-division multiplexing: the next frontier in optical communication[J]. Advances in Optics and Photonics, 2014,
6(4):413-487.
Hansen K R, Alkeskjold T T, Broeng J, et al. Theoretical analysis of mode instability in high-power fiber amplifiers[J]. Optics Express, 2013, 21(2): 1944-1971.
Eidam T, Wirth C, Jauregui C, et al. Experimental observations of the threshold-like onset of mode instabilities in high power fiber amplifiers[J]. Optics Express,
2011, 19(14): 13218-13224.
Jauregui C, Eidam T, Otto H J, et al. Physical origin of mode instabilities in high-power fiber laser systems[J]. Optics Express, 2012, 20(12): 12912-12925.
Proctor J, Kutz J N. Nonlinear mode-coupling for passive mode-locking: application of waveguide arrays, dual-core fibers, and/or fiber arrays[J]. Optics Express,
2005, 13(22): 8933-8950.
Yun S H, Hwang I K, Kim B Y. All-fiber tunable filter and laser based on two-mode fiber[J]. Optics Letters, 1996, 21(1): 27-29.
Gruner-Nielsen L, Sun Yi, Nicholson J W, et al. Few mode transmission fiber with low DGD, low mode coupling, and low loss[J]. Journal of Lightwave
Technology, 2012, 30(23): 3693-3698.
Yan Wei, Xu Xiaojun, Wang Jianguo. Modal decomposition for few mode fibers using the fractional Fourier system[J]. Optics Express, 2019, 27(10): 13871-
13883.
SRIEIRR, HEDE, R, BT AIAATR IR B AR P R EF AR o o (D). 324, 2016, 65: 154202, (Zhang Shulin, Feng Guoying, Zhou
Shouhuan. Fiber modal content analysis based on spatial and spectral Fourier transform[J]. Acta Physica Sinica, 2016, 65: 154202)
T, A, RS, AF. SELFHOR AR E R 1], 5ROt SR 5R, 2021, 33: 031001. (Feng Guoying, Zheng Shijie, Tan Jianchang, et al.
Progress on mode field distribution and characterization technology of the optical fiber laser[J]. High Power Laser and Particle Beams, 2021, 33: 031001)
Nicholson J W, Yablon A D, Ramachandran S, et al. Spatially and spectrally resolved imaging of modal content in large-mode-area fibers[J]. Optics Express,
2008, 16(10): 7233-7243.
Zhou Hailong, Zhu Qiuchi, Liang Wenhai, et al. Mode measurement of few-mode fibers by mode-frequency mapping[J]. Optics Letters, 2018, 43(7): 1435-
1438.
Lohmann A W. Image rotation, Wigner rotation, and the fractional Fourier transform[J]. Journal of the Optical Society of America A, 1993, 10(10): 2181-
2186.
R, 2R, EIAR, 25 AR B AR b A - IR AR (1] SO SRR, 2005, 17(12): 1787-1790. (Wu Ping , Li Bo, Chen Tianlu, et
al. Transformation properties of a Cosine-Gaussian beam in fractional Fourier transform plane[J]. High Power Laser and Particle Beams, 2005, 17(12): 1787-
1790)
Dai Z P, Wang Y B, Zeng Q, et al. Propagation and transformation of four-petal Gaussian vortex beams in fractional Fourier transform optical system[J]. Optik -
International Journal for Light and Electron Optics, 2021, 167644: 1-9.
Wang Chongxi, Pan Chen, Xu Jinsheng, et al. Analysis of misalignment, twist, and bend in few-mode fibers using spatially and spectrally resolved imaging[J].
Optical Fiber Technology, 2020, 56: 102205.
Wielandy S. Implications of higher-order mode content in large mode area fibers with good beam quality [J]. Optics Express, 2007, 15(23): 15402-15409.
SCEE. AU AR g K W (D] PR HEPE K2, 2008: 1-40 (Wen Liang. Fractional Fourier transform and its application[J]. Chongqing: Chongqing
University, 2008: 1-40)

111009-6


https://doi.org/10.4236/opj.2020.107020
https://doi.org/10.4236/opj.2020.107020
https://doi.org/10.1109/JLT.2015.2475603
https://doi.org/10.1364/OE.19.016697
https://doi.org/10.1364/OE.19.016697
https://doi.org/10.1364/AOP.7.000066
https://doi.org/10.1364/AOP.6.000413
https://doi.org/10.1364/OE.21.001944
https://doi.org/10.1364/OE.19.013218
https://doi.org/10.1364/OE.20.012912
https://doi.org/10.1364/OPEX.13.008933
https://doi.org/10.1364/OL.21.000027
https://doi.org/10.1109/JLT.2012.2227243
https://doi.org/10.1109/JLT.2012.2227243
https://doi.org/10.1364/OE.27.013871
https://doi.org/10.7498/aps.65.154202
https://doi.org/10.7498/aps.65.154202
https://doi.org/10.1364/OE.16.007233
https://doi.org/10.1364/OL.43.001435
https://doi.org/10.1364/JOSAA.10.002181
https://doi.org/10.1016/j.ijleo.2021.167644
https://doi.org/10.1016/j.ijleo.2021.167644
https://doi.org/10.1016/j.yofte.2020.102205
https://doi.org/10.1364/OE.15.015402
https://doi.org/10.4236/opj.2020.107020
https://doi.org/10.4236/opj.2020.107020
https://doi.org/10.1109/JLT.2015.2475603
https://doi.org/10.1364/OE.19.016697
https://doi.org/10.1364/OE.19.016697
https://doi.org/10.1364/AOP.7.000066
https://doi.org/10.1364/AOP.6.000413
https://doi.org/10.1364/OE.21.001944
https://doi.org/10.1364/OE.19.013218
https://doi.org/10.1364/OE.20.012912
https://doi.org/10.1364/OPEX.13.008933
https://doi.org/10.1364/OL.21.000027
https://doi.org/10.1109/JLT.2012.2227243
https://doi.org/10.1109/JLT.2012.2227243
https://doi.org/10.1364/OE.27.013871
https://doi.org/10.7498/aps.65.154202
https://doi.org/10.7498/aps.65.154202
https://doi.org/10.1364/OE.16.007233
https://doi.org/10.1364/OL.43.001435
https://doi.org/10.1364/JOSAA.10.002181
https://doi.org/10.1016/j.ijleo.2021.167644
https://doi.org/10.1016/j.ijleo.2021.167644
https://doi.org/10.1016/j.yofte.2020.102205
https://doi.org/10.1364/OE.15.015402

	1 理论模型
	1.1 光纤模式耦合
	1.2 分数傅里叶变换光路

	2 仿真分析
	3 实验结果
	4 结　论

