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Introduction : For the past few years, LATMOS 

has been involved in the development of micro-ARES, 
an electric field sensor part of the science payload 
(DREAMS) of the ExoMars 2016 Schiaparelli entry, 
descent and landing demonstrator. It is dedicated to the 
very first measurement and characterization of the 
Martian atmospheric electricity which is suspected to 
be at the very basis of various phenomenon such as 
dust lifting [1][2][3], formation of oxidizing agents 
[2][4] or Schumann resonances [5]. Although the data 
collection will be restricted to a few days of operations, 
these first results will be of importance to understand 
the Martian dust cycle, the electrical environment and 
possibly relevant to atmospheric chemistry. The in-
strument, a compact version of the ARES instrument 
for the ExoMars Humboldt payload [6], is composed of 
an electronic board, with an amplification line and a 
real-time data processing DSP, which handles the elec-
tric signal measured between the spherical electrode 
(located at the top of a 27-cm high antenna) that adjusts 
itself to the local atmospheric potential, and the lander 
chassis, connected to the mechanical ground. 

 
Modelling of the atmospheric electric field : 

Since the electric fields on Mars have never been 
measured before, we can rely on two sources in order 
to know their expected order of magnitude. The first 
one is the measurement of the atmospheric electric 
fields on Earth [4], at the surface (in dust storms or the 
so-called dust-devils) or in the high atmosphere (closer 
to the Martian temperature and pressure conditions). 
The second one is the computer simulation of the phe-
nomenon. This modelling work has to take into account 
the various processes which come into play in the at-
mospheric electric field generation. The main phenom-
enon is the tribo-electricity, resulting from the collision 
of dust grains of various sizes and composition, which 
we modelled according to Desch & Cuzzi 2000 [7]. 
The second one is the dust lifting in the atmosphere, 
followed by the suspension of the dust in the atmos-
phere and their gravitational separation. We modelled 
this second step according to Farell 2006 [8][9]. Since 
those two models combined together need atmospheric 
data input (dust density, wind speed, etc.) we use the 
the mesoscale PRAMS model [10], developed at SwRI, 

which has the ability to simulate the dust transportation 
and has already been combined with the MTS Macro-
scopic Triboelectric Simulation code [11] . 
 

 
 

 

 

We replaced the MTS model implementation with the 
previously described one, developed at LATMOS, 
which takes into account the acceleration of dust lifted 
by the wind in the generation of the electric field and 
the charge exchanges between particles (statistically) 
(Fig.1). Those models allowed us to simulate electric 
fields up to tens or even hundreds of kilo-volts per me-
ter inside dust devils, which corresponds to the obser-
vations made on Earth and transposed to the Martian 
atmospheric parameters [4](Fig.2). 
 
 

 
 
 

Fig. 1 : Evolution of the electric field with and 

without acceleration term. 

Fig. 2 : Sectional view of the vertical wind speed (left) and 

Electric field (right) during the formation of a dust-devil 
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Simulated signals and End-to-end tests : These 
results allowed to know the expected electric fields. 
The next step in order to evaluate the performance of 
the instrument is to confront the expected results for a 
given signal with the effective outputs of the electric 
board with the same signal as an input. To achieve this 
end-to-end test, we use a signal generator followed by 
an electrical circuit reproducing the electrode behavior 
in the Martian environment, in order to inject a realistic 
electric signal in the processing board and finally com-
pare the produced formatted data with the expected 
ones. Different sets of data have been created for this 
purpose. The very first ones with basic DC and AC 
signals to test the simplest functions of the board (Fig. 
3) 

0 200 400 600 800 1000 1200
-10

0

10

20

30

40

50

Time (s)

A
m

p
li

tu
d

e
 (
V

)

 
 

 

 

The next simulations implemented more realistic and 
complex signals, particularly the ones simulating the 
passage of a dust devil. This complex simulation em-
beds two superimposed signals: the high value DC field 
created in the Mars atmosphere and obtained through 
the previously described model, and the electric signal 
generated by the impacts of dust grains on the elec-
trode. This signal has been computed thanks to the 
wind speed and dust density provided by PRAMS and 
the dust grain charges computed with Desch & Cuzzi 
model [7]. The resulting signal has a high AC content 
which is detected by the spectral analysis mode (spec-
trums in amplitude and total spectral powers) and the 
"DUST" mode which provides wave forms (Fig .4). 
These test will be completed with the simulation of 
Martian Schumann resonances signals which will be 
injected in Micro-ARES in order to assess its ability to 
detect the spectral signature of the resonances. Prelimi-
nary basic AC signals injections shows that Micro-
ARES is already able to provide good measure of AC 
signals amplitudes down to a few mV in very noisy 
environments. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 : Micro-ARES Prototype V2 

 

References: 

[1] J.F. Kok & N.O.Renno (2008) PRL 100,014501. 
[2] J.F. Kok & N.O.Renno (2009) GRL VOL. 36, 
L05202  [3] J.F. Kok & N.O.Renno (2009)  EGU Gen-
eral Assembly 2009 p.504 [4] W.M. Farrell & G.T. 
Delory (2006) GRL VOL. 33, L21203 [5] C. Béghin 
(2009) PSS 57 p.1872–1888  [6] J.J. Berthelier (2000) 
PSS 48 p. 1193-1200 [7] S.J. Desch & J.N.Cuzzi 
(2000) Icarus 143-1 p.87-105 [8] W.M. Farrell (2006) 
JGR VOL. 111, E01006 [9] W.M. Farrell (2006) JGR 
VOL. 111, E11004 [10] S.C. Rafkin (2001) Icarus 151 
p. 228–256 [11] E.L. Barth & W.M. Farrell 2005 . 

Fig. 3 : Mean value of a basic DC signal injected (blue) and 

measured (red) without any post-processing corrections. 

Fig. 4 : (TOP) Dust-impacts signal injected (blue) and 

measured (red) by Micro-ARES. (BOTTOM) Total 

spectral power measured by Micro-ARES (arbitrary 

unit) @4-100Hz (blue) and @100-3200Hz (orange). 
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