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Abstract :

Lightning localization is crucial for a wide range of applications. Conventional lightning localization methods typically
use at least four antennas as sensors for detecting lightning electromagnetic radiation. One of the complications of these
methods is the need for sensor synchronization. Most papers on lightning localization highlight the issues of complexity
and synchronization requirements. In this paper, we propose a fast learning model using the XGBoost algorithm for
lightning localization. This method utilizes two sensors to receive signals from the induced voltages on transmission
lines, eliminating the need for synchronization. By employing the principal component analysis (PCA) algorithm, the
input dimensions of the model are reduced, which decreases model complexity, speeds up calculations, reduces
hardware resource usage, and enhances accuracy. By training the model with varying numbers of principal components,
we can identify the smallest input dimensions that maintain model accuracy. The final model is evaluated using a noisy
test dataset. The evaluation results show that the model achieves accuracy (R?) of over 99%. Additionally, studies
indicate that the model's accuracy depends on the configuration of the transmission lines and the position of the sensors.
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1. Motivation of the work

Knowing the exact geo-location of a lightning strike is
important in a wide range of research and application
domains, including geophysical research, lightning
warning, aviation/air traffic, weather services, insurance
claims, power transmission and distribution, etc. [1]. The
location of the lightning strike is generally obtained using
the so-called lightning location system (LLS). LLSs
detect cloud-to-ground (CG) discharge signals using
electromagnetic VLF/LF range sensors [1].

2. Contributions

Setting up location systems by using the effect of
lightning on transmission lines can have a significant
impact on reducing costs. Therefore, this article attempts
to investigate lightning location through induced voltages
on transmission lines.

3. Procedures

In this paper, problem geometry is defined in which two
transmission lines are located as infinite single wires on
perfectly conducting ground. Two voltage sensors are
placed on each line. A Monte Carlo approach is used to
determine the random locations of a number of lightning
strikes. The lightning-induced voltages at the sensor
locations are calculated using the Rusk coupling model
[2]. A model based on the XGBoost algorithm is trained
using data from only two sensors.

4. Findings

The trained model can estimate the location of lightning
with more than 99% accuracy using lightning transient
voltage data received from only two sensors.

5. Conclusion

In this paper, a machine learning-based method for
lightning location through induced voltages on
transmission lines was investigated. The efficiency of the
XGBoost algorithm was also demonstrated as a relatively
fast learning method for finding the lightning strike
location using noisy induced voltage data on transmission
lines. It is worth noting that the strong performance of the
model is evident even in the presence of noisy data.
Using only two independent sensors, reducing the input
dimensions of the model from 4000 to 80 by the PCA
algorithm, and data with a signal-to-noise ratio of 30 dB,
the proposed model achieved an accuracy of 99%. The
dimensionality reduction significantly increased the
computational speed. By examining the accuracy of the
model based on the number of PCA components, it was
determined that the speed and accuracy of the model are
improved with a lower number of components of about
21 components. It was also shown that the location of the
sensors and the configuration of the transmission lines
can affect the performance of the model.
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