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Abstract- The lightning station has been installed at the top 
of the Pic du Midi to observe and record the lightning 
attachment to an instrumented rod. Direct measurements of the 
lightning current and atmospheric electric field are recorded. 
Various video cameras are used to analyse the flash impacts to 
the rod and also to various parts of its surroundings. Our goal is 
to instrument mainly one Observatory building protected by 
means of a rod to record lightning impacts and, if any, notice 
some possible LPS by-passes, a direct evaluation of the protected 
zone. New results obtained during summer 2013 lightning season 
will be presented.  
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I. INTRODUCTION 

Lightning protection systems (LPS) may be investigated 
through various kinds of experiments, from high voltage 
laboratory testing to observations and measurements in 
nature. Of course, although difficult and slow in producing 
reliable data, only natural conditions may give a reliable 
assessment of the efficiency of a typical LPS in terms of 
spatial extent of the protected area.  

In France, lightning density is generally low. A general 
analysis of Météorage data has pointed out an interesting site 
at the Pic du Midi, a location at high altitude already occupied 
with an astronomical observatory, a telecommunication tall 
antenna and some intermediate building between two portions 
of cable car transportation.  

The lightning station presented at ICLP 2012 [1] 
demanded huge efforts to become operational. Beyond the 
problems due to the random nature of lightning attachment 
our instrumented rod, the location of the lightning station at 
the top of a mountain (3,000 m elevation) makes the 
experiments set-up very difficult and time-consuming. Due to 
severe weather conditions, the station is fully accessible only 
in summertime, which is also the lightning season. 

II. MAIN EXPERIMENTS AND DIAGNOSTICS 

Recent progress in 2012 has been described at ICLP 2012 
[1] but the station has been improved since that. In short, the 
main measurements performed simultaneously are: lightning 
current, atmospheric electric field and video pictures of the 
station vicinity.  

In addition, data may be compared to those supplied by 
Météorage [2]. Most of the equipment is shared between two 
sites of the Observatory, the DIMM platform where the rod is 
installed and in the building of TéléDiffusion de France 
(TDF) where the high-speed camera Photron is standing, 
aiming at the rod vicinity and DIMM platform. This platform 
is installed at the top of a small 2-storeys building and hosts 
various scientific experiments.  

Our experimental device with its different connections is 
illustrated by a general schematic diagram shown in figure 1. 
All equipment devices are time-stamped and GPS 
synchronized. 

 
A. Lightning current measurement  

 
In order to validate the effectiveness of protection by 

means of the lightning rod, each flash will be characterized 
by its electrical parameters, including parameters related to 
lightning current. 

Lightning currents can reach a hundred kA. However, 
according to the application of the Rolling Sphere Model and 
due to the proximity of the TDF antenna, lightning currents 
likely to be captured by the lightning rod are probably lower 
than fifteen kA. From a temporal aspect, the rise time of a 
lightning current impulse is typically of the order of 
microseconds and its duration of the order of a few hundred 
microseconds. 

So, the lightning current is measured using a Rogowski 
sensor located at the base of the lightning rod. The Stangenes 
current probe withstands a maximum of ± 200 kA, with a 
risetime up to 100 ns and has a division ratio of 5 mV/A. 
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To prevent the flowing of the lightning current inside the 
DIMM platform, an optical fibre transmission device 
connects the current probe to the acquisition system. 
 

 

Figure 1: Main equipment installed at lightning station. 

 
B. RodLinks device 

 
As previously described in [1], independently, the 

lightning current (and field as well) is detected by means of 
the Rod Links® unit. This unit records both the exact date of 
lightning event, polarity, current crest amplitude, rise time 
and decay time of the current, specific energy too. All these 
data are sent by SMS. 

Rod Links® unit is also used to monitor the electric field 
during the storm building up. When a storm is approaching 
and the static electric field exceeds the value of ± 1 kV/m, 
an alert is sent via SMS to the research team. 

 
C. Opto-electrical diagnostics 
 

1. High-speed video camera 
 
This video camera (Photron SA4) is able to give data such 

like the occurrence of corona or leader discharges, to give 
temporal (and spatial) information. We hope to use it to 
exhibit direct strokes to the rod but also by-passes, in 

correlation with Météorage data. Repetition rate of this 
camera is 5,000 frames per second at the highest resolution of 
1024 x 800. Its triggering will be done by a radio signal 
(434 MHz) emitted at the rod site from the oscilloscope, or by 
a variation in luminosity, or by an antenna capable of doing a 
detection of a rapid variation in electric field. Its memory 
(32 Go) is large to be able to record six different flashes 
without data transfer. A reference time GPS unit is connected 
to the camera. 

 
2. Other video surveillance cameras 

 
In order to validate the recordings provided by the high-

speed camera, two complementary video cameras were 
installed on the site. The first one is installed in the TDF 
building just close to the high-speed camera. It allows 
monitoring the south-east side of the site, and particularly the 
surrounding area of the DIMM platform. The other camera is 
attached to the railing of this platform and scans the north-
west of the site. It allows filming the impacts which can hit 
the TDF antenna.  

On the one hand, these cameras operate continuously at 
30 frames per second, and allow to date and locate impacts 
hitting the entire site. On the other hand, they can detect 
upward leaders which are hardly detectable by the sensor 
network. 

 
D. Field mill  

 
A field mill is installed on the terrace of the DIMM 

platform. It measures the static electric field amplitude and 
informs of the approach of a storm. 

This device continuously records the slow variations of 
the electric field. With a sampling of 1 Hz, it allows to view 
an approaching storm and an electric field inversion related to 
charge variations of the cloud. It is also used to activate the 
power of the optical-fibre transmitter when the static electric 
field exceeds the threshold of ± 1 kV/m, which saves battery 
charge. To study the rapid changes of the electric field, two 
capacitive antennas have been recently developed and 
installed on the site. 
 
 

III.  CHANGES AND IMPROVEMENTS IN THE ORIGINAL 
EXPERIMENTAL DEVICE 

 
A. Electric field probe 

 
The knowledge of the local electric field is an important 

parameter for understanding the lightning attachment 
mechanism. For this goal, capacitive antennas, sensitive to 
rapid changes of the electric field, have been developed. 
 

1. Basic Theory 
 
The operation principle of a capacitive antenna is based 

on the electric charge capture by an electrode. From the 
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corresponding current density flowed through this flush 
electrode it is possible to deduce the fast variations of the 
electric field. As Krider showed [3], an adapted electronic 
shaping can provide an electric response VS(t) which is 
directly proportional to the normal component of the electric 
field En(t), such that: 

)(
.0)( tnE
IC

A
tSV

ε
=  (1) 

 
where A is the surface of the electrode and CI indicates the 
integration capacitor. 

The electronic circuit connected to the antenna allows 
monitoring the gain and the cut-off frequencies of the field 
measurement device (figure 2).  

When the capacitor CI is high compared with the other 
capacitances in the circuit, the circuit gain writes: 
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The gain adjustment can then be improved by means of an 

amplifier. Thus, the gain can be adjusted around -80 ± 10 dB  
To ensure that the amplifier resistance does not affect the 

circuit characteristics, a follower voltage amplifier is inserted 
between the shaping circuit and the amplifier stage itself. 
However, the resistances of the circuit having high values, the 
input resistor of this follower amplifier must be very large not 
to affect the cut-off frequencies (TL082 amplifier: 
Re = 1012 

Ω). 
 
The low cut-off frequency of the circuit is given by: 
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The high cut-off frequency is given by: 
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The cable length must be reduced to limit its influence on 
the gain value. In our case, the length of the cable between 
the antenna and its shaping circuit is 5 cm, and therefore its 
capacity is 5 pF. So the effect on the gain is negligible. 

 
2.     Installation and disposal equipment on the site  

 
The so-called "fast antenna” has been calibrated in order 

to measure the variations of the electric field associated with 
the leader propagation and the development of return strokes. 
Its bandwidth has been adjusted to be sensitive to frequencies 
between 500 Hz and 500 kHz [4]. In order to make the 
connection between the "fast" antenna and the field mill, in 
the frequency band between 1 Hz and 500 Hz, a so-called 
"slow capacitive antenna” has also been developed. This 
antenna allows measuring the changes in electric field just 
before a lightning strike. During a storm the field variations 
can reach several tens of kV/m [5]. So, both capacitive 
antennas have been calibrated to provide a voltage of 1V 
output for a field amplitude variation of 10 kV/m. That 
corresponds to a gain of -80 dB. 

 
A third capacitive antenna is installed on the site in order 

to trigger the high-speed camera. This antenna has only a 
function of detecting a lightning strike nearby and sending a 
triggering signal to the high-speed camera by the mean of a 
434 MHz radio signal. 

 
3. Antenna characterization tests in laboratory 

 
The low level tests have to validate the antenna 

characteristics previously determined by LTspice simulations. 
The use of electric field impulses of few kV/m of amplitude 
with variable rise time allows to accurate the frequency bands 
and the gains of both fast and slow antennas. For these tests, 
impulse fronts ranged from 150 ns to 3.8 s, for scanning a 
frequency range from 0.092 Hz to 2.3 MHz and thus cover 
the bandwidth of the both antennas. 

Thus on figures 3.a) and 3.b) the experimental Bode 
diagrams of the both antennas can be compared with LTspice 
numerical simulations obtained from equivalent electronic 
circuits. 

 
 

 
 

 
Figure 2: Circuit diagram layout. 

 

SHAPING FOLLOWER AMPLIFIER 
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a) 

 
 
 
b) 

 
Figure 3: Bode theoretical and experimental Bode diagrams  

for both rapid (a) and slow (b) antennas. 

 
According to the bandwidth of the antennas, the previous 

diagrams show that the experimentally measured gains are 
according with the simulated gains. However, beyond the cut-
off frequencies, it seems that, experimentally, the attenuation 
is higher than in simulation 

This difference is due to the fact  that the pulses used are 
composed of a range of frequencies rather than a single 
frequency. Outside the bandwidth of the antenna, these 
frequencies are attenuated more than the characteristic 
frequency of the pulse front. The overall attenuation of the 
pulse is higher, which has the effect of narrowing the 
experimental bandwidth. 

 
Preliminary tests at high levels have highlighted the need 

to install the antennas in a relatively clear area to avoid field 
distortions (figure 4). 
 

 
Figure 4: Location of antennas on the site of the Pic du Midi. 

 
B. Complementary leader current measurements  

 
During a lightning flash striking the TDF antenna, upward 

leaders can be emitted from the lightning rod at the DIMM 
platform. In this case, the currents involved are of the order of 
tens of amps or even of the order of kA [3]. In this magnitude 
range, the sensitivity of the first measurement chain does not 
produce accurate records. Indeed, for these current values and 
because of the attenuation of the measurement chain, the 
signal is lost inside the noise of optic fibre. For this reason a 
second current sensor has been installed around the lightning 
conductor. This probe is a Pearson transformer (Model 101) 
with a transformation ratio of 10 mV/A and a bandwidth of 
0.25 Hz to 4 MHz. The input voltage of the acquisition 
system is limited to ± 10 V; the maximum current that can be 
measured is 1kA. Beyond this value, the measurement is 
recorded with the first current probe (± 200 kA max). 

 
For safety reasons, the measured signal is transmitted 

from the sensor to the acquisition system via an optical fibre. 
The fibre optic system is powered by batteries and solar 
panels. It is enabled by the field mill and disabled when the 
weather is fine to save battery power. 

 
C. Acquisition device  

 
Initially the different signals provided by sensors were 

analysed by using an oscilloscope. Measurements of antennas 
and current probes are presently processed by an acquisition 
system National Instrument (ref: PXIe-8135). This system 
allows to record simultaneously all the signals with a date 
precision less than one microsecond. It consists of two 
acquisition cards of two channels each (ref: PXI-5114) and a 
GPS module (ref: PXI-6682H). It allows scanning 
synchronously signals from the four sensors. Thanks to the 
GPS module, each measurement point can be precisely dated 
with the absolute time. 

 
The manager program also allows setting independently 

the sampling, the recording time and the number of pre and 
post trigger samples for each channel. The data are then 
processed and stored on disk. A video camera has also been 
integrated into the system in order to store a picture of the site 
at the instant of the triggering. 
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IV.  ANALYTICAL  PROCEDURE IMPLEMENTATION 

 
 
Three types of measurements are carried out on site. First, 

a current measurement is performed on the lightning rod of 
the DIMM platform. The static and dynamic electric fields 
are also recorded with the field mill and capacitive antennas. 
Finally, video recordings are done using a high speed camera 
and CCTV cameras to highlight the lightning impact on the 
site. 

 
Then recordings are compared to data provided by the 

Météorage detection network and corresponding to impacts 
occurring within a radius 50 km around the Pic du Midi, with 
the following information : the exact date of a strike, its 
location, its current intensity, its type (cloud-to-ground, intra-
cloud) and some specific temporal data (time rise, duration). 

 
A. Observations of June 2, 2012 

 
An example is given in figure 5. On June 2, 2012, the 

video-surveillance camera in the TDF building filmed a 
lightning strike near the Pic. It seems that the impact has hit 
one of the domes of the site. 

 

 
Figure 5: Camera recording TDF June 2, 2012 at 4:45:07 p.m. 

 
In the same period corresponding to the camera recording, 

the mill field measured one electric field variation. As shown 
in figure 7, at 4:45:07 p.m., the static electric field increases 
from -1.7 kV/m to -1 kV/m, representing a change of 
0.7 kV/m. Such variation suggests a far impact from the site. 

To specify the location of this impact, the measurements 
were compared with data of Météorage that recorded one 

event at 4:45:06 p.m. which is classified as a cloud-to-ground 
discharge with a -40.7 kA current amplitude. Moreover, it has 
been located at 3.2 km with a 400 m * 400 m ellipse of 
uncertainty (blue circle in the figure 6). 

The impact appeared near the cable car linking La Mongie 
to the Taoulet intermediate station. Effectively one of the 
towers of the cable car is located in that zone of uncertainty. 
As the Axis camera is directed towards La Mongie, it was 
concluded that the observed impact has not hit the dome near 
the DIMM platform but hit in the background (at 3 km). 

 

 
Figure 6: Location of the impact of the June 2, 2013 by Météorage 
 

B. Data analysis 
 
Finally all the data obtained during the 2012 season were 

statistically analysed in order to identify trends.  
The analysis of  field mill records and data provided by 

Météorage shows that the majority of events occurring on the 
site are down negative strokes.  

 
For such impacts, electric field variations measured with 

the fast capacitive antenna, presents the following form 
(figure 8). This variation can be associated with Météorage 
measurements, such as the impact distance and the current 
intensity. Thus the evolution of the field variation (∆E) can 
be expressed as a function of the distance (d) from the 
lightning impact. The figure 9.a) shows an example, in the 
case of negative cloud-to-ground discharges. However, to 
take the influence of the current into account, the field 
variation is normalized by the corresponding current intensity 
as it is shown in figure 9.b). 

 

 
Figure 7: Measurement of the static electric field of 2 June 2013 by the field mill 

 

 
Figure 8: Recording of the electric field by the capacitive
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a) 

 
b) 

 
Figure 9: Evolution of the field variation (a) and the ratio of the field 

variation by the intensity (b) as a function of the distance to a negative 
discharge cloud-to-ground 

 
C. Preliminary results in 2013 

 
In springtime 2013, cold weather conditions in the region 

of the Pic du Midi delayed the start of the thunderstorm 
season. For these reasons, almost no event has been fully 
recorded at this time. 

However, recently on June 17, 2013, a strike on the TDF 
antenna was filmed (figure 10). According to Météorage data, 
this impact was composed of 11 strikes of which 7 were of 
cloud-to-ground type. All strikes were of negative polarity. 
The average current was -12 kA and the amplitude of the 
most intense strike was -17.6 kA. The pictures in figure 13 
show that, firstly, a first channel hits the antenna (a). Then a 
second channel is hung with the first (b) which is then turned 
off (c). The second channel intensity decreases gradually, by 
moving with the wind (d). Finally a last stroke appears (e), 
before disappearing completely after 960 ms (f). 

 

V. CONCLUSION 

The research program presented here aims to study the 
capture of lightning by a lightning rod in natural conditions. 
For this purpose a considerable technological effort was made 
to develop, on the site of the Pic du Midi de Bigorre, a set of 

experimental devices able to providing a sufficient number of 
recordings.  

These informations will allow to analyse the capture 
phase of the leaders. Thus, with the collected data, the 
characterization of lightning strikes on a protected or not 
protected area or structure will be documented in order to 
improve the efficiency of the detection and the localization of 
atmospheric discharges. Then the data collected will be 
compared with those provided by the national detection 
network managed by Météorage.  

Already, from a comparison of first experimental results it 
is possible to conclude that a major amount of cases 
corresponds to impacts on the antenna TDF. However, the 
research program is at its very beginning. The conditions 
having been extremely unfavourable in the past two years, we 
expect more complete results during the period of July and 
August. These will be detailed during the oral presentation at 
SIPDA conference. 
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Figure 10: Images of the impact of the June 17, 2013 
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