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Radio frequency interference suppression in FAST pulsar observation data
based on hesitant fuzzy clustering
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Abstract: This paper proposes an interference identification and suppression method based on Hesitant Fuzzy Clustering (HFC) to
address the common issue of Radio Frequency Interference ( RFI) in the pulsar search data of the Five hundred meter Aperture
Spherical Telescope (FAST). This method constructs low dimensional statistical feature vectors through channel mean, standard
deviation, and maximum value, and combines K—Means initialization and dynamic ambiguity update mechanism to achieve robust
recognition and efficient removal of non-stationary RFI. Twenty sets of PSRFITS format observation data containing known pulse
signals were selected for the experiment, and the RF interference suppression step in the PSRFITS data processing flow was taken as
the research focus. Four methods, namely Interquartile Range (IQR), K—Means clustering, Fuzzy C-Means (FCM), and HFC,
were used for RFI suppression. Under a unified process and indicator system, quantitative comparison and visual analysis were
conducted from the dimensions of signal-to—noise ratio improvement and abnormal channel deletion quantity. The experimental results
show that HFC performs the best among the three clustering methods, with an average signal—to—noise ratio improvement of 17%,
significantly better than the traditional IQR method, verifying its suppression advantage in non-stationary interference scenarios.
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Fig. 1 Data processing process
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Table 1 Hyperparameter range settings for the three clustering methods

ik REH ARV OB WS (A Lo 451 9 18
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Table 2 RFI mitigation results for 20 sets of FITS files

pELTS g svg Ok IR M{“@ HFC HEC HJ]W% K-Means - K-Means - FCM KO Mﬂ%\
SNR BHBIEE SNR I SNR  MHBREER  SNR I
FRB121102_tracking-M01_0053  121.07  131.94 317 132.02 161 131. 31 155 131.39 152
FRB121102_tracking-MO1_1300  101.76  132.84 566 133.03 476 132.15 580 131.52 564
FRB121102_tracking-M01_0407 ~ 109.51  120. 44 479 121. 54 352 121.26 363 121.20 360
FRB121102_tracking-M01_0937 93.76  166.92 863 170. 58 957 171.60 1085 171.52 1082
FRB121102_tracking—MO01_0405 56. 86 59.91 480 60. 00 450 59.31 356 59.31 353
FRB121102_tracking—M01_0129 49.21 51.37 260 51.09 223 50.97 218 50.97 218
FRB121102_tracking—MO01_0774 58.87 98.91 578 102. 14 507 103.20 623 102. 61 607
FRB121102_tracking-M01_0634 40.28 62.77 564 62.24 354 62.52 481 62.49 476
FRB121102_tracking—M01_0279 62.43 63.37 489 68.77 369 68. 74 378 68.70 374
FRB121102_tracking—MO01_1195 40.93 42.45 275 42.60 292 42.26 199 42.23 196
FRB121102_tracking—MO01_0069 112.55 123.48 431 121.31 346 121. 04 407 121.13 409
FRB121102_tracking-MO1_0197  221.93  246.50 367 245. 61 310 243.77 287 243.59 285
FRB121102_tracking-M01_0106 ~ 136.10  170. 10 470 167.26 384 166.93 354 166. 44 347
FRB121102_tracking=M01_0013 59.19 80. 36 551 79.57 362 79. 89 417 79. 89 414
FRB121102_tracking-M01_0257  131.01  135.35 341 135.17 341 135.79 335 135. 81 346
FRB121102_tracking—M01_0152 55.16 61.85 240 68. 39 210 62.69 220 62.77 222
FRB20201124A_tracking—M0O1_0890  19.20 20. 83 611 19.72 301 19. 87 401 19.82 397
FRB20201124A_tracking-MO1_0471  14.43 16.48 533 16.39 351 16.05 332 16.05 332
FRB20201124A_tracking-M01_0299  15. 02 15.35 363 15.37 164 15.23 147 15.23 145
FRB20201124A_tracking—M01_0452  49.72 52.21 508 51.49 307 51.25 366 51.24 360
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Table 3 Comparison of SNR improvement among four different

methods
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Fig. 2 Frequency—time diagram and pulse profile of Example 1

without interference suppression
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Fig. 3 Frequency—time diagrams and pulse profiles of Example 1 after applying four different interference suppression methods
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Fig. 4 Frequency—time diagram and pulse profile of Example 2
without interference suppression
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Fig. 5 Frequency—time diagrams and pulse profiles of Example 2 after applying four different interference suppression methods
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