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Research on distance protection under critical condition based on

improved ellipse fitting

LI Mei, ZHANG Zijian

(College of Electrical and Information Engineering, Anhui University of Science & Technology, Huainan 232001, China)

Abstract: When disturbances such as sudden load changes, generator tripping, or transmission line faults occur, the
system will experience a power swing (PS). In this case, the impedance trajectory detected by the distance protection
may encroach into zone Il of the protection, leading to maloperation or refusal operation of the distance protection and
triggering cascade failures. Therefore, it is crucial to accurately distinguish PS and faults. A distance protection method
based on improved ellipse fitting is proposed. Firstly, a Lissajous figure (LF) is constructed by using voltage and
current signals at the protection mounting location, and a critical condition detection algorithm (CCDA) based on this
figure is implemented. Then, the elliptical area and its Hausdorff distance from the fitted signal trajectory are calculated
to distinguish the critical conditions and faults of the system. Next, the critical conditions such as various PSs, load
intrusion, voltage instability, and faults at the electrical center are simulated and analyzed. The influence of factors
including fault location, fault resistance, fault type, and inception angle are also analyzed. Finally, by simulating the
case studies, it is demonstrated that the proposed algorithm is applicable to various complex critical conditions and
accurately fits signal trajectories; the tripping is avoided even when the observed impedance trajectory intrudes into zone
III of the protection; the functions of PS blocking and de-blocking are rapidly recognized and executed. The research

results show that the method does not rely on high sampling rates, exhibits easy calculation and good noise immunity,

75 B HA:2025-07-14; 1€ B B #3 : 2025-09-06
HEEWE L& HRRHFF 53 H (KJ20021A0471)
BEEE R TFE(2001—) 55 WL 0F50 A, 2R B AR BB B R AP i T RGeS A Sk A5 D5 TR 5E 5 E-mail : 1274752232@qq.com



44 W B %

L:j

E5a PN % Eild 2025 4F 11 H

and maintains fast response speed, effectively distinguishing remote PSs and high-resistance faults.

Key words: distance protection; power swing; improved ellipse fitting; Lissajous figure; Hausdorff distance; CCDA
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Table 1 I, value of case simulations under different scenarios

% 4 PS WewE o prE/ BAE/ ey G
By FeAl % Q Ry e [B/ms
1 EPS  ABC 10 10 0.107 182.570 1.05

2 REPS ABC 10 100 0.107 14.282 1.05
3 REPS AG 50 10 0.107 14.156  5.23
4 FaE PS AB 50 100 0.107 10.437 4.24
5 EPS  ABG 50 100 0.107 9.229  2.67
6 BEPS  ABC 90 10 0.107  19.080 2.62

7 BEPS  ABC 90 100 0.107 8.762  2.62

8 AXFPS ABC 10 10 4.21 818.240 0.68
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10 AXFEPS  AG 50 10 421 26.318 7.19

11 AX#PS  AB 50 100 4.21  10.747 7.36
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13 X PS ABC 90 10 4.21 36.040 7.21
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