
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/354400496

An analysis of manual and autoanalysis for submicrosecond parameters in the

typical first lightning return stroke

Article  in  Indonesian Journal of Electrical Engineering and Computer Science · September 2021

DOI: 10.11591/ijeecs.v23.i3.pp1451-1457

CITATIONS

0

6 authors, including:

Some of the authors of this publication are also working on these related projects:

Bio-physics concept for camera vision hypothesis of colour white View project

Occurrence of lightning in Malaysia View project

Z.A. Baharudin

Technical University of Malaysia Malacca

32 PUBLICATIONS   271 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Z.A. Baharudin on 07 September 2021.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/354400496_An_analysis_of_manual_and_autoanalysis_for_submicrosecond_parameters_in_the_typical_first_lightning_return_stroke?enrichId=rgreq-d89c64ac73ae7e9c68861cf469a6eadc-XXX&enrichSource=Y292ZXJQYWdlOzM1NDQwMDQ5NjtBUzoxMDY1MjUxMTYwMTk5MTY4QDE2MzA5ODcwNzY5MDE%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/354400496_An_analysis_of_manual_and_autoanalysis_for_submicrosecond_parameters_in_the_typical_first_lightning_return_stroke?enrichId=rgreq-d89c64ac73ae7e9c68861cf469a6eadc-XXX&enrichSource=Y292ZXJQYWdlOzM1NDQwMDQ5NjtBUzoxMDY1MjUxMTYwMTk5MTY4QDE2MzA5ODcwNzY5MDE%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Bio-physics-concept-for-camera-vision-hypothesis-of-colour-white?enrichId=rgreq-d89c64ac73ae7e9c68861cf469a6eadc-XXX&enrichSource=Y292ZXJQYWdlOzM1NDQwMDQ5NjtBUzoxMDY1MjUxMTYwMTk5MTY4QDE2MzA5ODcwNzY5MDE%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Occurrence-of-lightning-in-Malaysia?enrichId=rgreq-d89c64ac73ae7e9c68861cf469a6eadc-XXX&enrichSource=Y292ZXJQYWdlOzM1NDQwMDQ5NjtBUzoxMDY1MjUxMTYwMTk5MTY4QDE2MzA5ODcwNzY5MDE%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-d89c64ac73ae7e9c68861cf469a6eadc-XXX&enrichSource=Y292ZXJQYWdlOzM1NDQwMDQ5NjtBUzoxMDY1MjUxMTYwMTk5MTY4QDE2MzA5ODcwNzY5MDE%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Za-Baharudin?enrichId=rgreq-d89c64ac73ae7e9c68861cf469a6eadc-XXX&enrichSource=Y292ZXJQYWdlOzM1NDQwMDQ5NjtBUzoxMDY1MjUxMTYwMTk5MTY4QDE2MzA5ODcwNzY5MDE%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Za-Baharudin?enrichId=rgreq-d89c64ac73ae7e9c68861cf469a6eadc-XXX&enrichSource=Y292ZXJQYWdlOzM1NDQwMDQ5NjtBUzoxMDY1MjUxMTYwMTk5MTY4QDE2MzA5ODcwNzY5MDE%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Technical_University_of_Malaysia_Malacca?enrichId=rgreq-d89c64ac73ae7e9c68861cf469a6eadc-XXX&enrichSource=Y292ZXJQYWdlOzM1NDQwMDQ5NjtBUzoxMDY1MjUxMTYwMTk5MTY4QDE2MzA5ODcwNzY5MDE%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Za-Baharudin?enrichId=rgreq-d89c64ac73ae7e9c68861cf469a6eadc-XXX&enrichSource=Y292ZXJQYWdlOzM1NDQwMDQ5NjtBUzoxMDY1MjUxMTYwMTk5MTY4QDE2MzA5ODcwNzY5MDE%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Za-Baharudin?enrichId=rgreq-d89c64ac73ae7e9c68861cf469a6eadc-XXX&enrichSource=Y292ZXJQYWdlOzM1NDQwMDQ5NjtBUzoxMDY1MjUxMTYwMTk5MTY4QDE2MzA5ODcwNzY5MDE%3D&el=1_x_10&_esc=publicationCoverPdf


Indonesian Journal of Electrical Engineering and Computer Science 

Vol. 23, No. 3, September 2021, pp. 1451~1457 

ISSN: 2502-4752, DOI: 10.11591/ijeecs.v23.i3.pp1451-1457      1451 

  

Journal homepage: http://ijeecs.iaescore.com 

An analysis of manual and autoanalysis for submicrosecond 

parameters in the typical first lightning return stroke 
 

 

Muhammad Akmal Bahari1, Zikri Abadi Baharudin2, Tole Sutikno3, Ahmad Idil Abdul Rahman4, 

Mohd Ariff Mat Hanafiah5, Mazree Ibrahim6 
1Faculty of Electrical Engineering, Universiti Teknikal Malaysia Melaka, 76100 Durian Tunggal, Melaka, Malaysia 

2,4,5,6Faculty of Engineering Technology, Kampus Teknologi, Universiti Teknikal Malaysia Melaka, Malaysia 
3Department of Electrical Engineering, Universitas Ahmad Dahlan, Yogyakarta, Indonesia 

 

 

Article Info  ABSTRACT  

Article history: 

Received Apr 27, 2021 

Revised Jul 15, 2021 

Accepted Jul 27, 2021 

 

 The mechanism on how lightning detection system (LDS) operated never 

been exposed by manufacturer since it was confidential. This scenario 

motivated the authors to explore the issue above by using MATLAB to 

develop autoanalysis software based on the feature extraction. This 

extraction is intended for recognizing the parameters in the first return stroke, 

and compare the measurement between the autoanalysis software and the 

manual analysis. This paper is a modification based on a previous work 

regarding autoanalysis of zero-crossing time and initial peak of return stroke 

using features extraction programming technique. Further, the parameter on 

rising time of initial peak is added in this autoanalysis programming 

technique. Finally, the manual analysis using WaveStudio (LeCroy product) 

of those two lightning parameters is compared with autoanalysis software. 

This study found that the autoanalysis produce similar result with the manual 

analysis, hence proved the reliability of this software. 
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1. INTRODUCTION  

Lightning has been an interesting phenomenon to discover by researcher and power engineer. It was 

begun from the work of Benjamin Franklin until recently, many investigations reveal the mysteries behind 

this phenomenon. The lightning is immense electrical energy which occurs less than a second [1]-[3]. There 

are thousands of amperes released when the lightning struck [4]-[7]. Overvoltage due to lightning will cause 

insulation to burn if the power equipment is not protected, and as a result, the power system will completely 

shut down [8]-[12]. The lightning brought damages towards electrical appliance and electrical distribution 

power system [7], [13]-[21].  

The investigation and reports by many researchers showed that the characteristics of electric fields 

generated by lightning flashes using a single station measurement with high resolutions of 12 bits transient 

recorder and recording with several nanoseconds accuracy, was considered as a ground truth measurement 

[19], [22]-[24] where the technique allowed one to distinguish between the ICs’ activities and the preceding 

process of ground flashes [4], [22], [23]. Presented a progress of studies towards the understanding of the 

possible effects of lightning to the various objects, particularly for a sensitive electronic device. Thus, various 

https://creativecommons.org/licenses/by-sa/4.0/
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type of lightning location systems was built in such a way that the electric field from the lightning strike can 

be located and characterize the lightning paramaters for advancing this particular research work. The 

investigation outcome helps an electrical engineer for designing the electrical protection and determine the 

potential of the equipment to withstand the effect of lightning [5], [11], [18], [19], [21], [24]-[27].  

Four types of geolocation techniques, known as time of arrival, direction, optical imagery and 

combined special techniques were discussed in [28], [29]. Lightning geolocations techniques used multiple 

sensors for measuring the time of the particular characteristic of a lightning event electromagnetic wave 

form. Furthermore, at least four sensors were required, as well as the determination of its time, latitude, and 

longitude [30], [31]. Sensors in the long-range lightning finding system could measure the propagation of the 

lightning electromagnetic influenced by Earth-ionosphere waveguide over thousands of kilometres [32], [33]. 

This strategy is based on the notion that lightning very low frequency (VLF) waves propagate through the 

ionosphere with dispersion, causing higher frequency components to arrive before lower frequency 

components, as mentioned in [32], [34], [35]. Second, magnetic direction finding (MDF) is used for VLF 

range, whereas broadband interferometry is used for very high frequency (VHF) range. In [36] used VLF 

interferometry in the study to improve direction finding accuracy, while [33] and [37] used VHF 

interferometry. MDF is defined as a technique that employs two orthogonal loop antennas to measure the 

magnetic field waveform produced by a lightning event [38]. Explained that the azimuth of a lightning event 

could be calculated by measuring each loop. 

Generally, a combination of direction vector (MDF) and sensor location allow one to locate 

lightning location based on the peak proportion amplitude of the electromagnetic waveform produced by an 

illumination event. Simultaneously intercepted vectors from two or more sensors identify an event site with 

lightning [24]. In addition, MDF can be employed when two or more sensors simultaneously intercept can 

calculate the time, latitude and longitude of a flash event. Two or more three-axis magnetic field sensors are 

required to determine the altitude for a lightning event [39], [40]. Each sensor needs to have three orthogonal 

loop antennas to calculate the altitude and the capability to measure the azimuth and elevation angles of a 

reported lightning event [38]. VHF interferometry is another method to find direction [41]. A lightning 

system that uses sensors that have been built into a variety of antennas. Like the MDF technique, lightning 

event location measurements were conducted simultaneously with two or more sensors to determine the 

location of the lightning event. An azimuth information is provided by the derivation of the time of arrival 

(phases difference) from the VHF signals associated with the lightning events among individual sensor 

antennas. The measurement utilizing magnetic direction finding, on the other hand, suffers from local site 

inaccuracies. To acquire absolute angle estimation, these errors must be taken into account. As the distance 

from the detector grows, the constant angle error becomes more linear. Using at least three sensors with 

sensor direction vectors intersecting at a right angle is the simplest way to reduce constant angle error. 

Thirdly, an optical imaging is a satellite-based lightning detection technology that uses the radiation 

emitted by clouds to geolocate photographs captured from space [39], [42]-[45]. The cloud top could 

measure cloud-to-ground and intracloud lightning flashes [46], [47]. Optical imaging can also be used to 

establish time, latitude, and longitude. Optical imaging cannot, however, be utilized to determine the altitude 

of a lightning strike's site. The fourth lightning locating system employs a variety of techniques, including 

integrated and unique ones. Combining time of arrival and magnetic direction finding, or broadband VHF 

interferometry and optical imaging, are two examples of integrated approaches. The time of arrival and 

magnetic direction-finding techniques were used together for the first time to build a lightning locating 

system. When employing the combined methodology given by [29], more sensors are required to establish 

the geolocation of a lightning incident. Furthermore, broadband VHF interferometry and optical imaging 

were used in the second combined and unique methodology. According to [48], [49], in the low-earth 

orbiting satellite-based lightning locating system, a two antennas system was employed to predict a direction 

of arrival together with optical imagery to geolocate a lightning occurrence. The benefit of using this strategy 

was that it reduced local site error. The position of a lightning strike event can be obtained more accurate and 

reliable [50], [51]. 

There are four different types of lightning locating systems. Arrival time, direction finding, optical 

imaging, and combination and special procedures are all available. The three forms of stand-alone lightning 

locating systems are time of arrival, direction finding, and optical imaging. In comparison to stand-alone 

lightning locating systems, the combined and customized methodologies provided a more reliable lightning 

locating system. Although there are several lightning locating systems in the world, the lightning analysis 

system is inadequate. When analyzing lightning data, all of the systems rely on manual measurement [52], [53]. 

This research compares the analysis between the manual analysis of WaveStudio software provided by 

LeCroy and the autoanalysis software that based on features extraction technique. This study is aimed to discover 

the reliability of the autoanalysis programming for determining the lightning parameters: (i) duration of the zero-

crossing and (ii) the duration of the rising time. This study is a modification of previous work by [24], [39] 

ashot chilingaryan
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regarding on autoanalysis of first return stroke based zero-crossing time of the initial peak using features 

extraction programming technique. Furthermore, in this paper the parameter of rising time for the initial peak of 

the first return stroke is added in this autoanalysis programming technique. Finally, the manual analysis (using 

LeCroy WaveStudio) of those two lightning parameters is compared with autoanalysis programmed of sub-

microsecond parameters based on typical first return stroke waveshape. The contribution of this research is 

useful for initial development towards the automation of the lightning location system.  

 

 

2. METHOD 

In this study, the 32 typical lightning data were analysed. The data of the lightning obtained from 

the measurement setup consist of the parallel-plate antenna, buffer circuit and the oscilloscope. The typical 

lightning analysed by using two methods. The first method was using manual measurement. The second 

method was by using the programming method. The programmed software to measure the duration of the 

lightning zero-crossing and the duration of the rising time was built. The algorithm in the programmed 

software was tested to ensure the measurement was reliable. The autoanalysis software as shown in Figure 1 

was tested by running several iterations with many. The threshold value of zero crossing which were based 

on well-known lightning parameters were chosen ranging from 35 to 70 µs. According to the autoanalysis 

software of Figure 1, the most accurate threshold volume was 40 µs. This study chose 40 µs as the 

appropriate threshold value to utilise in the algorithm to measure the duration of the zero-crossing in the first 

return stroke to avoid false detection [22], [23].  

 

 

 
 

Figure 1. Autoanalysis software determine the duration of the zero-crossing under MATLAB platform 

 

 

The (1) shows a part of the algorithm involves in this research. The t0 (k-1) is the time of the 

amplitude at the end of the zero-crossing time duration while the t0 (k) is the time of the amplitudes at the 

start of the zero-crossing duration. The value of 0.00004 is the threshold value of 40 µs for the zero-crossing 

detection [22], [23]. 

 

𝑡0 (𝑘 − 1) − 𝑡0 (𝑘) > 0.00004 (1) 

 

The (2) used for rising time detection. This research uses this equation in the algorithm to find the 

rising time of the first return strokes. The ynorm variable it a variable which contain information about the 

value of the sample amplitudes. If the samples amplitudes reach more than 0.5 the samples are marked as a 

potential first return stroke amplitude. The sample of time is 210 was used to simplify the detection processes 

of the rising time. The algorithm ignores all the first 210 samples to ensure accurate first return stroke could 

be detected. Finally, this study suggested that a value of 0.5 is the minimum value to recognise the first return 

stroke. 
 

𝑦𝑛𝑜𝑟𝑚 (𝑘 + 210) > 0.5 (2) 
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3. RESULTS AND DISCUSSION 

The statistical of autoanalysis based on 32 of selective samples from typical ground flashes are 

examined in this study. Next, the results of autoanalysis are compared with the manual analysis results. The 

manual analysis was performed by using WaveStudio under Teledyne LeCroy product (Version 9.0.0.1).  

Table 1 indicates that the results from both methods are identical to each other. On one hand the results of 

autoanalysis software are reliable. Referring to the geometric mean and arithmetic mean of zero crossing 

between the manual analysis and autoanalysis, the discrepancy is too small with approximately 1.28% and 

1.24%, respectively. Further, the different of geometric mean and arithmetic mean of rising time duration 

between the manual analysis and autoanalysis is 8% and 12.9%, respectively, which can be considered as 

small discrepancy and acceptable. 

From previous study in [40], [46], [47], [50] manual analysis results are tabulate in Table 2. Next, 

the comparison results between the autoanalysis and manual analysis are validated using the arithmetic mean 

of zero crossing. The different of autoanalysis compared the works of [40], [46], [47], [50] found to be under 

a factor of 1.26, 1.32, 1.37 and 1.2, respectively. Therefore, it appears there is no different between the 

results. According to [40], [53] the duration of the zero-crossing rises as a result of the increased current 

moment and charges to be neutralized in the initial return stroke in a lightning event. All the researchers 

mentioned in Table 2 used same measurement technique known as accurate-stroke-count that based on 

measurements based on the correlated electric field recording on the electric fields generated by the whole 

flash with high levels of temporal resolution [4].  

Next, the result of rising time of autoanalysis is compared with work of the researchers as mention in 

Table 3 from various locations. Similarly, as carried out in the analysis above, the comparison is based on the 

arithmetic mean of rising time. The different of autoanalysis compare the works of [40], [48], [50] found to be 

under a factor of 1.20, 1.06, and 1.8, respectively. The autoanalysis result is similar with of [40], [48]. On the 

other hand, autoanalysis result is slightly different compared to the previous study [50]. Even if we compare 

the results of this work (either manual or software) and [40] it appears a slightly different between the results. 

We suggest that the different may due to the different of geographical region and the latitude effect.  

 

 

Table 1. The comparison between an autoanalysis software and manual analysis 

Means 
Rising Time Zero Crossing 

Manual (µs) Software (µs) Manual (µs) Software (µs) 

Geometric 5.0 4.6 62.3 63.1 

Arithmetic 5.4 4.7 64.1 64.9 

 

 

Table 2. The comparison from various locations with autoanalysis for the duration of the zero-crossing 
Researcher Location Zero Crossing Time (µs) 

Lin [50] Florida 54.0 

Cooray [46] Sweden 49.0 

Haddad [47] Florida 89.0 

Wooi [40] Malaysia 50.7 

This study -manual Malaysia 64.1 

This study -software Malaysia 64.9 

 

 

Table 3. The comparison between autoanalysis and manual analysis for the duration of the rising time 
Researcher Location Year 10-90% Rise Time (µs) 

Lin [50] Florida 1979 2.6 

Rakov and Uman [38] General 2003 5.0 

Wooi [40] Malaysia 2016 3.9 

This research/study - Software Malaysia 2020 4.7 

This research/study - Manual Malaysia 2020 5.4 

 

 

Based on the comparison, it was found that the arithmetic methods using autoanalysis software for the 

combination of fast transition and zero time crossing parameters detection in this study is appropriate and reliable 

since the determination of the autoanalysis software is comparable with the manual analysis. It will be interesting 

and enhance more understanding on auto-analysis study if one can consider this type of analysis by considering the 

uncommon lightning mechanism such as attempted leader as reported by [23], [54] while, common lightning 

flashes such as reported by [19], [24], [55], [56]. For future works, the technique of time-frequency distributions 

(TFDs) analysis for detection and classification of the lightning return stroke will be explored since this technique 

can solve a big sample and complexity of the variety of the parameters [13], [16], [52], [57]. 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

An analysis of manual and autoanalysis for submicrosecond parameters in… (Muhammad Akmal Bahari) 

1455 

4. CONCLUSION 

This study was conducted to compare the manual analysis and the autoanalysis operated by the 

software based on well-known lightning parameters (zero crossing and rising time duration). The results from 

the comparison have found remarkably with similar result with each other. Hence proved that the accuracy of 

the software is reliable. However, the equation in the algorithm cannot detect the zero-crossing duration less 

than 40 µs. In future, research should be carried out on the case of zero crossing less than 40 µs. Further, the 

analysis work should also consider the case of final stepped leader pulse that associated on the abrupt of the 

initial first return stroke because the effect of this pulse may alter the zero-crossing pulse.  
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