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Fig.1 The flow chart of SumThreshold method
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Fig.2 The influence of baseline on the threshold method. This is a time-frequency image observed using FAST for 0.05 s in the
frequency range from 1000 to 1500 MHz?3l, (a) An original time-frequency image; (b) the result after baseline removal. The
range of pixel intensity is very broad in different frequency bands of the original observation, so that it is hard to set an

appropriate threshold for RFI detection.
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Fig.3 A time-frequency image of FAST observation for
0.05 s in the frequency range from 1000 to 1500 MHz. There
are some RFI with extremely large values. Therefore,

visibility of the image details is poor. The experimental data

are of a FAST observation!?3l.
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Fig.4 The detection results of SumThreshold with different implementation schemes. (a) The results detected along time

direction; (b) the results detected along frequency direction; (c) the RFI detected only along time direction, but not frequency
direction; (d) the RFI detected only along frequency direction, but not time direction. The RFI data are presented in white.
Strong RFI are successfully detected by both strategies. Therefore, these strong RFI are not showed in panels (c) and (d), and
panels (c¢) and (d) are darker than panels (a) and (b). The experimental data are of a FAST observation(2?].

20-5



63 &

=y
=3

- - ~ 6
T T N T
T ¥, z Yol L %5
21300.0 21 213000 S >
> o > © e ©
~ ~ s
g =X - Sy e =4
[ > a > o >
3190 £ 3 £ 3 £
g Z3M§ 3§ 33
e g s B i &
23 >, s

N

—

1000 e oo oo T TR T TR Y F L T TR

002 003 L
Time/s

(@)

0.02 0.03
Time/s
(b)

0.02 0.03
Time/s
()

B 5 X SumThreshold FikIRFIMILE R, (a) JoiBE i 7] 7 [ml PRI 5 4005 7 1] B R E TR I 45 3 (FRT PR e [B)- A58 XAl A ) 5 (b) S AR
J5 1) T N ) 7 ) (R RIF TG DU 5 S (FRTPR A - It (ISR A )5 () 5 Bl () F0 () B — 5 Tl R I &5 & 5 IR FIFR G 45 4. 1285080 kR
TFASTHI23],

Fig.5 The RFI detection results based on bidirection detection. (a) The RFI detection results detected firstly along time
direction and then frequency direction (time-frequency bidirection detection); (b) the RFI detection results firstly along
frequency direction and then time direction (frequency-time bidirection detection); (c) the RFI detection result from panels 4

(a) and (b). The experimental data are of a FAST observation!??.
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Fig.6 Detection result comparison of the SumThreshold with different bidirection detection schemes. (a) The RFI detected by
SumThreshold with time-frequency scheme; (b) the RFI detected by SumThreshold with frequency-time scheme. Strong RFI are
successfully detected by both strategies. Therefore, the strong RFI are not showed in Fig. 5 but exist in (a) and (b) of Fig. 6.
The existences of the strong RFI make the panels (a) and (b) of Fig. 6 darker than Fig. 5. The experimental data are of a FAST

observation!?3l.
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Fig. 7 Comparison of the RFI detection results in bidirection detection with RFI detection result composed of time direction
and frequency direction. (a) The RFI data detected only in time-frequency direction; (b) the RFI data detected only in time

direction or frequency direction, but not time-frequency direction; (c) the RFI data detected only in frequency-time direction;

(d) the RFI data detected only in time direction or frequency direction, but not frequency-time direction. Strong RFI detected

in both strategies is not showed in Fig. 5. Brighness is lower than Fig. 5. The experimental data are of a FAST observation!?3!
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Fig.8 The intersecting surface of an observation and its RFI detection results. (a) An intersecting surface of an observation; (b)

an intersecting surface of RFI detection results of the left observation.
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Fig.9 The iterative process of RFI detection. Panels (a), (c), (e) are the input data of the iterative process and panels (b), (d),

(f) are the results of the iterative process. More can be found in Sec. 2.3.
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(1) HBHZE (True positive rate, TPR): RFI# IE
TAASLIN AR

TPR s

T TP+FN’ )
(2)RBH# (False positive rate, FPR): JERFI%L
P eh, e bric ARFTAE .
_FP -
~ FP+ TN’ (5)
(3)15 BH # (False negative rate, FNR): RFI${
Parr, BiAr i N IERFIELE M.
FN
~ TP+ FN’ (6)
(4)#ER 2 (Accuracy): IERiFRIC FIRFIEE A
JERFIEHE & 45 2 1 b
TP + TN .
TP + TN+ FP + FN "’ (7)
(5) K 11 2% (Precision): 1E#fibric ARFIM EH5
b AR A RFIEE 1) EL ).
TP
TP +FP

FPR

FNR

Accuracy =

Precision =

(®)

#z 1 RF&NEBRER
Table 1 Confusion matrix of RFI detection

True positive

True negative

TP
FN

FP
TN

Flagged positive
Flagged negative

SumThreshold % ¥ fERFIF M| H B A &
() K FE. SCHR[16]2E T 5 BH 2 AR FH 28 XFSum-
Threshold. SVDAVarThresholdZRFIA Ml J5 ¥
i 7 bE BB 7T (VE WL % ST R 1 EIR), 4 R R IR
SumThreshold HEARFIE I & B A B HFEE.
X BRI N, SVDJ T vk A W £ 98 i B 1)~
FRdE N2 A 2 HRFLS 2, T & A+ 5
AR EER . 810 4SumThreshold 5.72: FlVarThreshold
SR PR A R 1) X TR RETARG 00 485 SRk e, 1 FRFT
6 S5 g AN A, 45 43 Sum Threshold 5. 74 M1 VarTh-
reshold & v£ RFIA M 45 A M H]. 52Fx I, Var-
Threshold 5. ¥ FIRFIAS il 25 B & SumThreshold 5
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Fig. 10 Comparison between the RFI detection results of SumThreshold and VarThreshold. (a) The RFI detection result using
SumThreshold with frequency-time bidirection scheme; (b) the RFI detection result using VarThreshold with frequency-time
bidirection scheme; (c) the RFI detected by SumThreshold method, but not by VarThreshold method; (d) the RFI detected by
VarThreshold, but not by SumThreshold method. The experimental data are of a FAST observation!?3!.
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Fig.11 Comparison between the RFI detection results of VarThreshold and SumThreshold. (a) An intersecting surface of an

observation; (b) the intersecting surface of the RFI detection result using VarThreshold method; (c) the intersecting surface of
the RFI detection result using SumThreshold method.
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Fig. 13 Simulation of a typical broadband RFI feature with Gaussian frequency profile. (a) Isolated RFI feature; (b) when noise
is added, a part of the feature becomes undetectable; (c) flagged with the SumThreshold method; (d) with SIR operator applied.

This experiment is designed based on Ref. [19].
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The SumThreshold Method for Radio Frequency Interference
Detection

LI Hui® DING Yu-jun?

LI Xiang-ru!

ZHANG Jin-qu!

(1 School of Computer Science, South China Normal University, Guangzhou 510631)
(2 School of Mathematical Sciences, South China Normal University, Guangzhou 510631)

AgstracTt Radio frequency interference (RFI) is one of the main challenges in the search of radio tar-
gets and their accurate analysis. The efficient RFI detection and mitigation techniques are required in the
radio data processing. Existing RFI mitigation algorithms typically fall into three categories: component
decomposition methods, threshold-based methods and machine learning methods. The threshold-based
algorithms are widely used in real applications because of its clear principle, simple structure, easily im-
plementation. Especially, the SumThreshold method is becoming more concerned for its good performance
in RFI detection. Therefore, this work investigates the principles and algorithm of SumThreshold, and
discusses its characteristics and applicability.

Key words radio frequency interference (RFI), instrumentation: detectors, methods: statistical
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