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Abstract

Considering the dangers of DC serial arcs in PV systems and the time when arcs are caused by
electrical fire, we aimed to quickly detect DC serial arcs within 0.5 s. To quickly analyze and
identify the frequency characteristics of arcs, fast Fourier transform (FFT) and discrete wavelet
transform (DWT), which have been the most widely used frequency analysis methods in recent
years, were compared and analyzed to implement an algorithm for detecting the most accurate
and efficient DC arc. In this study, an experiment was conducted based on the UL 1699B arc test
conditions. At this time, the arc energy does not exceed 750 J, and the arc must be detected
within 2.5 s. In the overall process, components other than the arc were removed by applying a
band pass filter to detect a specific frequency component of the arc. ADC was performed to
convert the current value into a digital signal, and signal processing was performed using FFT
and DWT using the filtered signal. Finally, after calculating the energy, which is a component of
the frequency for each specific period, the threshold of each energy value was set to determine
whether the arc exceeds a specific threshold.

Keywords: UL 1699B 7|9 (Based on UL 1699B), DC ©}= HZ(DC arc detection), I}
B (Frequency analysis), tHS 53} =¥ (Band pass filter), 115 Fo+4= H2H(Fast fourier
transform), ©]4F 90| &3 W2 (Discrete wavelet transform)
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Fig. 1 Configuration of arc detection
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Table 1 Arc detection performance according to filter types

Filter Band pass frequency (kHz) Arc detection rate (%) Threshold
Filter-1 0~25 99.21 0.0683
Filter-2 25~50 98.51 0.0262
Filter-3 50~75 85.44 0.0179
Filter-4 75~ 100 71.10 0.0194
Filter-5 100 ~ 125 58.91 0.0197
Filter-6 125~ 150 51.31 0.0231
Filter-7 150 ~ 175 50.22 0.0264
Filter-8 175 ~200 50.09 0.0303
Filter-9 200 ~225 50.25 0.0280
Filter-10 225~250 50.13 0.0288
Filter-11 250 ~275 81.91 0.0344
Filter-12 275 ~300 87.67 0.0413
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Fig. 3 Fourth order Butterworth band pass filter design with PSIM

Fig. 37 22 42} Butterworth Band Pass filter (BPF)&= 541 k=71 2.5 kHzQl 22} BPEQ} S5k}
15 kHz<Q1 221 BPFE 2| 85k A o= 7353t

Journal of the Korean Solar Energy Society Vol. 44, No. 3, 2024



-10

-30
-40

magnitude (dB)

-60
-70

180

UL 1699B 7|8t Eii DC 21 013 HE0i| 28t FFTRE DWT 7|8 Bl &4

ot _

HZEf 2

-50[_

-201

e 2,500Hz 15,000Hz -

90

phase (deg)

-180~

Fig. 40ll4= A1 47} Butterworth T S7PE | 9] S

‘ ‘;0,000
frequency (Hz)

1,000 100,000

Fig. 4 Frequency response characteristics of fourth order Butterworth band pass filter

ot
o H

=42 et} &

o

1,000,000

Aol AE WA 4

2} Butterworth G2 E ] 225 HAIRE 5, 4‘%’2}#; ARgsto] et Tt Fakdl eF 2.5
KHz ~ 15 kHz7H Lho- = A MATLABS E8] 484 0 2 SRIsiglr). Fig 5= Q2o o] telEa} 9ej2
2 gA|71 F o] Aot} Fig, 5041 Hi=Hie} 2], 2.5 kHz ~ 15 kHz Fuk= 9o Qe Al it Sat=|1 1
o]9]e] Ful AR it ek A S-S Se1e 4 9letk
1.oA Vin [
0.75
.
0.25 \
0
1.0 Vour
0.75
0.5
0.25
0
60Hz 120Hz S5kHz 10kHz
Fig. 5 Results of fourth order Butterworth band pass filter
H21g "EelE Aol of 8] 712] o] AR 2 AollA= dollA] 7]&sh viel Zol ofd 21 IHE
AR & 418 HekBilinear transformation)< ARSI 4441 FASE ofd =1 <y b2 g He]
A A e 382 fAGT = ke 24 ZE HHS 7HE 5 7P g AR R i oloh

Journal of the Korean Solar Energy Society Vol. 44, No. 3, 2024

19



S=ElYol|LR ] =2

4, 704 24
4.1 Fast Fourier Transform (FFT)
olit F2]of] HEKDFT: Discrete Fourier Transform)2 A|7F 9] 4491 A58 Fak= &S

o=
sto] Tk e 24T o e Eagel. Fol A2 o [n] ol Bt DFTE 4{(1D)3 gol g ojdt.

A2} N2 Tlo]E 2] A7]0]H, k= Fulg= QlElAole}. DFT= 0(WV?) 9] Akt BFEE 71 wetA
B2 AitFo] B a3t FFT+= Cooley—Tukey €a12}&-Z 719to = ALt BEHEE O(MogN) 22 ZR1TY.
o] Radix-2 FFT= & ¢=%1 €ar2]& & st 94 dlole 9] 3717129 AF Algd wf axp&olc}. w2t
Al B Aol v=2"0= gty =2 TE 7Rt 2 B Radix-2 FFT ¥a1EjE9] di4Ql
butterfly AR 11U} ¢~ /2r/Min o] 227438 E-al|A] QLRSS E<Ict.

Fig. 62 HH 13 H|o]E7} Radix—2 FFT ¢1le]jE2 whet 2 HloB7} A= v B = of 31A] it o]
=A% $EE AEH R T Y] ¥R Sd =2 U IPgollA] viRE Aotk vHd A viES Hdo] &
Al Eel w=rhd, Lo R EE o(1) Bok & 7R glo] 4| B FFTE S 4= Qlet o 4
HO| A= AR RIS n& 271= HHE F] BIE A1E 90 & Slof thA] 3= el 23} sttt o

£ o H]EL(bit-reversed order)o]2t SITt,

—_

N/2-point DFT

Y
s

N/2-point DFT
XI >;<
X3 >
Wy -1

stage 1 stage 2

4

y Y
1 1y )
\

Y
@

Fig. 6 Butterfly diagram

4.2 Discrete Wavelet Transform (DWT)
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Fig. 17 Arc generation test waveform
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Fig. 22 DWT analysis results of arc current signal and steady state current signal
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Fig. 23 Arc detection using FFT and DWT analysis

Table 4 The number of operation

Multiplication Substitute
FFT 30,692 33,279
Level 2 DWT 22,528 2,563
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