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Abstract: The accuracy of transmission line parameters is crucial for the safe and stable operation of power
systems, directly affecting the computational precision of key processes such as state estimation, power flow calcu-
lation, and relay protection setting. To address the issues of insufficient computational accuracy and weak noise im-
munity in traditional time-domain identification methods due to differentiation operations, this paper proposes a time-
domain identification algorithm for positive- and zero-sequence parameters of double-ended transmission lines by
integrating physics-informed neural network (PINN) and radial basis function neural network (RBF-NN). The pro-
posed algorithm first establishes a set of differential equations with positive-sequence parameters, zero-sequence pa-
rameters, and fault distance as unknown coefficients based on the phase-component model of the transmission line
under normal operation and asymmetric grounding fault conditions. Then, leveraging the efficient function approxi-
mation capability and strong noise immunity of RBF-NN, it is integrated into the PINN structure to construct two
RBF-PINN frameworks (RBF-NN1 and RBF-NN2) for solving these differential equations, thereby achieving pa-
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rameter identification and fault location. Specifically, RBF-PINNI first identifies the positive-sequence parameters

using normal operation data from both ends of the transmission line. After obtaining the positive-sequence

parameters, RBF-PINN2 further identifies the zero-sequence capacitance, fault distance, zero-sequence resistance,

and zero-sequence inductance based on asymmetric grounding fault data from both ends of the transmission line. Fi-

nally, a 110kV transmission line simulation model is built on the MATLAB/Simulink platform to validate the accu-

racy and noise immunity of the proposed algorithm. Simulation results demonstrate that the algorithm achieves high

accuracy in parameter identification and fault location while being less affected by fault type, transition resistance,

and fault distance. Furthermore, under a certain level of noise intensity, the algorithm maintains high computational

accuracy.

Keywords: transmission line; positive-sequence parameter; zero-sequence parameter; physics-informed neural

network (PINN) ; radial basis function neural network (RBF-NN) ; fault distance measurement
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2 i i i i Vi
[0{(131 +i 41, ) +(1- a)(laz +i i, )]—
i i i Vi
di,, di di, di

Lo{a[dL‘;l+—i+—f.lJ+(l—a)(dl—jz+—,.+—j2ﬂ
e, " de, e, e, " de, e,

(33)
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LphyZl = Fzﬂ:fﬁ (téz) (34)
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Lphy22 :ﬁzﬂé (t;z) (35)
i=1
1& ;
Lphy23 = sz‘;} (téz ) (36)
i=1

Sy fsfi RBF-PINN2 7G55 3 50040 1) [R] i R RE A%
T A O E R A, FA T 1R R

LZ] = LnetZ + LphyZl (37)
LZZ = LnetZ + Lphy22 (38)
LB = antZ + Lphy23 (39)
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Fig.6 Flow chart for identification of positive- and zero-
sequence parameters of transmission lines
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Fig.7 Simulation model of transmission line

®1 LBRSHUREEXE

Tab.1 Line parameters and their true values

Eie g LEsiE
CiluF 0.286 65
R/Q 0.572 85
Li/H 0.042 02
Cy/uF 0.174 40
RyQ 17.388 00
LyH 0.185 69
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24 H 2 0 A R 2 e e A R R 2 b e B
RS, AR SCRTHR L (LT PINN 5L AR SCHik
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Tab.2 Parameter identification results and absolute errors of different algorithms
ek B A _ ARSI : _ ‘%3: PINN B’J%ﬁ(i ‘Sc#ik[m]ﬁﬁa%;%;%
HEPUE KR 2% HHAE 6 XN R 2% HER 26X IR 2%
Ci/UF 0.286 44 0.072 0.287 14 0.169 0.286 66 0.005
R\/Q 0.570 15 0.472 0.579 66 1.188 0.582 90 1.754
L/H 0.042 01 0.025 0.042 05 0.088 0.042 02 0.001
AG Co/UWF 0.178 51 2.354 0.168 84 3.190 0.158 30 9.234
Ry/Q 17.321 32 0.383 18.671 81 7.383 18.207 33 4.712
LyH 0.185 32 0.197 0.173 10 6.777 0.188 03 1.260
o 0.500 40 0.080 0.499 47 0.105 0.499 89 0.021
Ci/UF 0.286 37 0.099 0.287 63 0.342 0.286 66 0.005
R\/Q 0.573 32 0.082 0.582 51 1.686 0.572 98 0.022
L/H 0.042 00 0.036 0.042 05 0.083 0.042 02 0.001
ABG Co/UWF 0.170 78 2.073 0.174 28 0.066 0.171 55 1.632
Ry/Q 17.337 89 0.288 16.602 78 4.516 17.990 58 3.465
LyH 0.18527 0.227 0.121 75 34.435 0.176 62 4.883
o 0.500 73 0.145 0.499 79 0.042 0.497 98 0.403
4.2 SEEREA/NTE XIS HT BT, A SRR Y A B X 4R B S B R B 5 L A57)

2450 2R B% 0 I 4k 0.001 Q | 10.000 Q B PHRGE R R X R2E MR 3 s, HEE 3 A
20.000Q | 50.000 Q 1 P FEBH & A BB P ARSE A 6, ISR E A R U v B AT HAT R

®3 FAETERBETAIFMREENSHHRERREIIRE

Tab.3 Parameter identification results and absolute errors of the algorithm proposed in this paper under different transition

resistances
SHIEBLQ oy _ AGHE —_ ABGHE
HE AR I % HE HEXTIRZE %
C\/uF 0.286 45 0.069 0.286 72 0.025
R/Q 0.571 79 0.186 0.576 75 0.680
Li/H 0.042 01 0.021 0.042 02 0.008
0.001 Cy/uF 0.171 58 1.616 0.174 82 0.241
Ry/Q 17.345 57 0.244 17.446 08 0.334
LyH 0.183 56 1.145 0.182 32 1.816
o 0.499 74 0.052 0.499 31 0.138
C\/uF 0.286 44 0.072 0.286 37 0.099
R/Q 0.570 15 0.472 0.573 32 0.082
Li/H 0.042 01 0.025 0.042 00 0.036
10.000 Co/uF 0.178 51 2.354 0.170 78 2.073
Ry/Q 17.321 32 0.383 17.337 89 0.288
LyH 0.185 32 0.197 0.185 27 0.227
o 0.500 4 0.080 0.500 73 0.145
C\/uF 0.285 27 0.482 0.286 53 0.041
R/Q 0.570 20 0.462 0.574 92 0.361
Li/H 0.042 01 0.022 0.042 00 0.046
20.000 Cy/uF 0.168 64 3.305 0.176 69 1.315
Ry/Q 17.724 19 1.933 17.360 97 0.155
LyH 0.184 40 0.694 0.186 77 0.581
o 0.499 27 0.146 0.499 05 0.190
Ci/uF 0.286 33 0.113 0.286 50 0.053
R/Q 0.571 05 0.314 0.569 56 0.574
L/H 0.042 01 0.027 0.042 01 0.023
50.000 Co/uF 0.169 85 2.609 0.167 77 3.802
Ry/Q 17.191 04 1.133 17.661 54 1.573
Lo/H 0.18575 0.032 0.179 72 3.212
o 0.500 22 0.043 0.500 26 0.053
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Tab.4 Parameter identification results and absolute errors of the algorithm proposed in this paper under different fault

distances scale factor

48 e 58 0 =0.1 =03
PHRE AT 1R 2E/% HRE AR R 2E/%

C\/uF 0.282 27 1.53 0.286 44 0.07
R/Q 0.571 10 0.31 0.568 04 0.84
Li/H 0.042 03 0.02 0.042 01 0.02
Co/uF 0.176 30 1.09 0.176 91 1.44
Ry/Q 17.319 11 0.40 17.291 95 0.55
Ly/H 0.186 52 0.45 0.186 98 0.69

o 0.100 55 0.55 0.300 61 0.20

4.4 BETFHME XS

Shy B U T R A R R R R ), TR £ B i R

JE R EmBIE RS AT HME N 0, fRiE2E 05N

0.05%.0.10% . 0.15% F1 0.20% (1) s . Y2k

$E% 2 PN e e K 8 PP R 2 b e B R s, AR SC T

P RED T PINN A5L DL SCHR16] T 5
x5

DR AR I S B R 2 E A5 R B TR 45 2R S 4
SHRZEUNF 5 A 6 frn. i3k 5 figk 6 nl %0, A%
FHAMPIRRIR S, A SCRT SRR A R e T L T AT)
BB R BRI BRI 22 , R AT BRI P
ARES). RAERTFHANIHRGIR ) 2 W 5, (3
A ST B PR BEAT) 0 2 D0 T A P Ap AR 1.

BIREMEE & TR AN SR E B ER R0

Tab.5 Impact of noise on parameter identification accuracy in single-phase ground fault scenarios

B | Wt | ApBE PO et e
HEAE U xR /% PEAE YT IRIE % HrE HRTEREE %

C\/uF 0.287 32 0.234 0.288 30 0.575 0.282 68 1.385

R\/Q 0.571 79 0.186 0.570 14 0.473 0.571 21 0.286

Li/H 0.042 01 0.004 0.042 04 0.052 0.042 06 0.094

0.05 Cy/uF 0.176 59 1.254 0.179 28 2.796 0.155 88 10.619

Ry/Q 17.368 62 0.111 16.560 51 4.759 17.611 97 1.288

Ly/H 0.187 26 0.848 0.170 79 8.023 0.190 19 2.423

o 0.500 24 0.047 0.499 45 0.110 0.498 82 0.235

C\/uF 0.28575 0.312 0.276 76 3.449 0.27599 3.718

R\/Q 0.563 19 1.686 0.589 08 2.834 0.557 14 2.742

Li/H 0.041 99 0.074 0.042 06 0.103 0.042 10 0.194

0.10 Cy/uF 0.168 03 3.653 0.203 81 16.866 0.122 28 29.885

Ry/Q 17.315 00 0.420 17.647 30 1.491 49.758 96 186.168

LyH 0.183 95 0.935 0.180 49 2.802 0.121 03 34.820

AG o 0.499 98 0.004 0.499 67 0.067 0.494 22 1.156

C\/uF 0.286 26 0.136 0.293 63 2437 0.284 57 0.726

R/Q 0.577 55 0.820 0.581 11 1.442 0.554 60 3.186

Li/H 0.042 08 0.152 0.042 03 0.033 0.042 25 0.559

0.15 Cy/uF 0.167 21 4.123 0.284 13 62.918 0.107 38 38.430

Ry/Q 17.093 26 1.695 20.320 34 16.864 29.184 35 67.842

Ly/H 0.188 32 1.417 0.168 21 9.414 0.161 17 13.201

o 0.500 51 0.102 0.498 88 0.225 0.502 19 0.439

C\/uF 0.285 98 0.235 0.292 87 2.171 0.282 51 1.444

R/Q 0.57291 0.010 0.57271 0.024 0.558 99 2.419

Li/H 0.042 03 0.030 0.042 01 0.009 0.042 04 0.051

0.20 Cy/uF 0.159 57 8.501 0.085 08 51.216 0.144 51 17.137

Ry/Q 17.625 85 1.368 16.731 68 3.775 22.206 60 27.712

LyH 0.184 28 0.758 0.163 28 12.067 0.180 31 2.896

o 0.500 09 0.019 0.499 60 0.079 0.501 67 0.333
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Tab.6 Impact of noise on parameter identification accuracy in two-phase ground fault scenarios
MR | s | BN : ztsjcﬁf%%%;% ‘%:J: PINN E’J;%?ﬁ : Sc#ift[lé]@ﬁ%%?i
HEPE 26X IR 2% HHAE 26X IR 2% HHAE 26X IR 22/ %

Ci/UF 0.287 49 0.292 0.361 91 26.255 0.289 44 0.973

R\/Q 0.581 21 1.459 0.581 90 1.580 0.557 87 2.615

L/H 0.042 01 0.021 0.042 01 0.013 0.042 16 0.346

0.05 Co/UWF 0.170 65 2.148 0.253 72 45.480 0.063 27 63.724

Ry/Q 17.074 73 1.802 15.542 04 10.616 14.078 27 19.035

LyH 0.182 91 1.494 0.122 54 34.009 0.177 18 4.580

o 0.500 11 0.022 0.500 41 0.082 0.497 30 0.541

Ci/UF 0.291 98 1.860 0.293 12 2.257 0.272 38 4.978

R\/Q 0.573 85 0.175 0.586 81 2.437 0.558 87 2.441

L/H 0.042 02 0.006 0.042 05 0.090 0.042 10 0.199

0.10 Co/UWF 0.166 92 4.288 0.332 80 90.823 0.159 31 8.653

Ry/Q 17.193 98 1.116 14.067 45 19.097 8.210 65 52.780

LyH 0.185 47 0.119 0.153 22 17.488 0.184 19 0.805

ABG o 0.500 05 0.010 0.501 96 0.391 0.499 56 0.088

B Ci/UF 0.286 13 0.183 0.285 66 0.346 0.283 69 1.034

R\/Q 0.573 88 0.181 0.574 54 0.294 0.586 20 2.331

L/H 0.042 01 0.020 0.042 04 0.046 0.041 81 0.486

0.15 Co/UWF 0.183 93 5.466 0.231 18 32.559 0.110 70 163.474

Ry/Q 18.087 64 4.024 16.131 04 7.229 63.601 16 265.776

LyH 0.18522 0.253 0.089 49 51.805 0.220 72 18.865

o 0.500 17 0.033 0.499 63 0.074 0.499 04 0.191

C/uF 0.292 22 1.943 0.300 10 4.693 0.266 22 7.129

R/Q 0.566 20 1.161 0.565 12 1.349 0.544 18 5.004

Li/H 0.042 03 0.028 0.042 04 0.057 0.042 56 1.296

0.20 Co/uF 0.197 09 13.013 0.146 38 16.069 0.679 55 289.649

Ry/Q 18.250 38 4.960 16.331 50 6.076 23.084 72 32.762

LyH 0.180 96 2.546 0.075 96 59.091 0.162 90 12.270

o 0.499 94 0.012 0.500 25 0.050 0.496 09 0.782
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