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Dynamic correction of transmission line length and an integrated traveling wave
ranging method based on image location

LI Zhenxing"?, LIU Kai"% HU Cong' 2, PI Zhiyong®, WENG Hanli"?, LI Zhenhua’
(1. Hubei Provincial Collaborative Innovation Center for New Energy Microgrid, China Three Gorges University,
Yichang 443002, China; 2. College of Electrical Engineering and New Energy, China Three Gorges University,
Yichang 443002, China; 3. State Grid Hubei Jingmen Electric Power Supply Company, Jingmen 448001, China)

Abstract: The dynamic changes in line length of high-voltage transmission lines under different loads can affect the results
of traveling wave distance measurement based on fixed line length. This paper assumes that overhead ground wires are not
affected by loads. Using ground wires as a reference, image recognition positioning technology is applied to calibrate the
relative coordinates of ground wires and transmission lines. Based on the theoretical derivation of overhead line equations,
dynamic correction of transmission line length is achieved. Considering the scenarios of equal and unequal heights of
transmission towers, based on the catenary equation, the ratio of stress to specific load is transformed into a single variable,
and a transmission line length correction model is constructed corresponding to the ground wire transmission line height
difference H identified and located by image recognition. It further considers the visual distribution of equidistant multi-point
height differences, applies curve fitting technology, and achieves dynamic correction of transmission line length. Finally, the
corrected line length is applied to single end and dual end traveling wave ranging, and a comprehensive traveling wave
ranging weight allocation based on minimum error is proposed. The simulation verifies the effectiveness of line length
correction and ranging accuracy proposed.
This work is supported by the National Natural Science Foundation of China (No. 52077120).
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Fig. 1 Schematic diagram of tower connection line
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Fig. 2 Schematic diagram of sag changes in transmission lines
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Table 1 Different sag and fault ranging results

Ly/km
Su/m
5 10 20 50 100

3 5.014 10.031 20.066 50.153 100.407
35 5.021 10.054 20.094 50.268 100.531

4 5.037 10.072 20.131 50.357 100.672
4.5 5.043 10.096 20.172 50.472 100.796

5 5.055 10.118 20.242 50.577 100.945
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Fig. 3 Schematic diagram of the location of overhead ground

wires and transmission lines
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Fig. 4 Model of unequal height tower transmission line
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Fig. 5 Three-dimensional point cloud image of overhead lines
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Fig. 6 Schematic diagram of line plane rotation
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Table 2 Three dimensional coordinates of characteristic

points of transmission lines

FRER SRR (x/,y!,2)) | FFRES SRR (), p/,2))

1 (0,0,0) 16 (19.245,-2.041,2.312)
2 (1.283,-0.146,0.116)

3 (2.566,-0.290,0.232) 27 (33.358,-3.351,4.072)
4 (34.641,-3.463,4.232)

(3.849,-0.433,0.392) 28
: 29 (35.924,-3.573,4.392)

15 (17.962,-1.914,2.152) 30 (37.207,-3.681,4.552)
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Table 3 Three dimensional coordinates of characteristic

points of overhead ground wires

FHIER.  ZHEAbR (x/, ) z)) | FRIEA ZHEAAR (v, y ) 2))

1 (0,2.2,0) 16 (19.245,1.380,2.312)

2 (1.283,2.140,0.116) :

3 (2.566,2.081,0.232) 27 (33.358,0.878,4.072)
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Table 4 XOY plane transmission line feature point coordinates

FHER  HEARRE (x7,0) FHER R (k7 0))
1 (0,0) 16 (18.810,-2.041)
2 (1.259,-0.146) : :
3 (2.517,-0.290) 27 (32.595,-3.351)
4 (3.771,-0.433) 28 (33.849,-3.462)
: : 29 (35.102,-3.573)
15 (17.556,-1.914) 30 (36.355,-3.681)




- 130 - B 2GRy 524

R 5 XOY FERTE LA AR
Table 5 XOY plane overhead ground line feature

point coordinates

FHIERD AR (x)7,p)") FRAES AR (x),y)")
1 0,2.2) 16 (18.810,1.380)
2 (1.259,2.140) : :

3 (2.517,2.081) 27 (32.595,0.878)
4 (3.771,2.023) 28 (33.849,0.836)

: 29 (35.102,0.796)
15 (17.556,1.430) 30 (36.355,0.755)
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Fig. 8 Transmission line fitting curve
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Fig. 9 Schematic diagram of near tower line fault
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Fig. 10 Schematic diagram of the fault location of the

transmission line
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Table 6 Selection of different segment reference value
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Fig. 11 Initial and terminal wavelet transform diagrams
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Table 7 Comparison of ranging results of different methods

N SCHR[13 ] SEAAT MR

WA B /km - - - -
MPELERkm  RER/%  WEELE RAm RER/%
10 10.190 0.148 9.9934 0.005
20 20.215 0.167 19.975 0.019
50 49.863 0.106 50.038 0.027
80 80.092 0.071 80.022 0.017
100 99.872 0.099 99.984 0.012
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Table 8 Different fault ranging and reference value selection

km

SRR L, WMIEE L, AURWEE L, XURMEEL, B
1 1.1136 0.9692 1.1458 0.9692
2 2.0462 1.9166 1.8835 2.0462
15 15.1032 14.7639 14.9126 14.9126
36 35.7748 36.1172 36.0151 36.0151
68 67.9296 67.8548 68.0314 68.0314
84 83.9376 84.1412 84.0394 84.0394
109 108.8683 109.0997 108.9562 108.9562
127 126.9225 126.9452 127.1218 126.9452
128 128.0362 128.0880 127.8735  128.0362
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Table 9 Comprehensive ranging results for different faults

BRI, /km el SEAUNBE L) km iR 25/m

1 (0.201,0.746,0.056) 1.0081 8.1

2 (0.6168,0.2944,0.0888) 1.9936 7.4
15 (0.4603,0.0616,0.4781) 14.9912 8.8
36 (0.1844,0.3528,0.4628) 36.0068 6.8
68 (0.3873,0.0150,0.5977) 67.9893 10.07
84 (0.3537,0.0427,0.6036) 84.0077 7.7
109 (0.1654,0.3682,0.4664) 108.9945 5.5
127 (0.2044,0.5052,0.2904) 126.9918 8.2
128 (0.5274,0.2191,0.2535) 128.0063 6.3
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Table 10 Judging the location of different fault points

WEPEES L km ZEEWIEE L) Akm BEPE L /m RALRK L /m WELK L, /m  WELK L /m A B

1 1.0081 238 238.62 218 226.1 AR A5 FF I #4 200 12.48 m
2 1.9936 292 292.86 269 261.6 AL AATFEE#T 7200 31.17 m
15 14.9912 315 316.14 30 21.2 BRI AT EE#42 A1 21.12 m
36 36.0068 279 279.75 18 24.8 BRI A AT HE#89 £ifll 24.73 m
68 67.9893 523 527.51 198 187.93 R4 2 [E BE#161 FFES 128.32 m
84 84.0077 356 357.43 321 328.7 AR A FTEE#193 £200) 28.61 m
109 108.9945 404 405.68 21 15.5 AR AR RTHE#255 A 15.43 m
127 126.9918 347 348.29 311 302.5 AR A FTH5#282 £200 45.62 m
128 128.0063 281 281.72 27 33.3 AR Ao AT HE#286 A1) 33.21 m
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