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I. INTRODUCTION
Exploring the internal structure and the dynamics of our

solar system is mandatory to understand the behavior of
our universe and its origin. One of the tools chosen by
NASA is seismology, particularly in order to constrain the
deep interior structure of the red planet via the Insight
(Interior Exploration using Seismic Investigations, Geodesy,
and Heat Transport) mission that was successfully landed
on November 26th, 2018 in Elysium Planitia. However,
planetary seismology is still far from providing models
with high precision and calculation speed. Thus, this study
is one of the first attempts to model the Martian interior
structure using a seismic waveform inversion technique :
the Machine Learning and the Pattern Search algorithm by
resolving a nonlinear global optimization problem. It’s a new
revolutionary mathematical tool for seismology and inverse
problem in general as it gives a better understanding of
blinded or burred problems like the Interior structure of
planets, Earth’s surface observations, geodesy.... For that,
before applying it to the incoming InSight data provided by
the seismometer SEIS (the Seismic Experiment for Interior
Structure), we need to ensure its efficiency through several
tests. Therefore, we will focus on the inversion sensibility
error by comparing the resulting inverted crustal model ob-
tained using this new method to the existing models provided
by the SEIS team using other tools like Markov Chain Monte
Carlo (McMC). This technique will be applied to the MSS
blind test data computed by the InSight collaborators. The
aim is to constrain the epicentral distance, the depth and
origin time of the seismic event, as well as the seismic
velocity profiles and the attenuation, and to compare it with
existing methods developed by the InSight science team.

II. INVERSE PROBLEM THEORY
Both the Pattern Search algorithm and the Machine Learn-

ing algorithm are based on the following strategy that trans-
forms the inverse problem into an optimization problem that
will minimize the error between the model and the real data.
So, our target is to estimate the seismological parameters
from the seismic data. So the problem can be written as
following :

∀ X = (M,S) ∈ Ω, XMin

∥∥∥∥YObs − F(M,S)

Σ

∥∥∥∥
2

(1)

where :

• X is the vector composed of the interior structure model
parameters like P wave velocity P Vp, S wave velocity
VS , the seismic quality factor Q ,t0 and the epicentral
disctance ∆. Ω is the parameters space.

• YObs is the vector of the seismic measurement extracted
from the earthquake like P wave arrival time tp, S wave
arrival time ts, the Rayleigh wave arrival time tr, P
attenuation amplitude Ap and S attenuation amplitude
As.

• F is the non linear model function that calculate the real
seismic parameters from an homogeneous model. Y =
F(X), Y=[tpCAL, tsCAL, trCAL, ApCAL, AsCAL]

• Σ is the distribution of the noise between the calculated
output Y via the F model and the measurements YObs

So taking into account those parameters our problem can
be written as :

• For one earthquake :

∀X ∈ Ω, XMin

∥∥∥∥YObs −YCAL

Σ

∥∥∥∥
2

(2)

• For N earthquakes :

∀X ∈ Ωn, XMin

∥∥∥∥Yn
Obs −Yn

CAL

Σn

∥∥∥∥
2

(3)

For the N earthquakes case, we should calculate the
Rayleigh waves in a precise frequency band.
So our goal is to determine the optimum
X*=[t0 ∗ Vp ∗ Vs ∗ Q ∗ ∆∗] that corresponds to the
lowest error between the real (calculated through the model)
and the observed seismological data.
So, we start with the case of an homogeneous planet and
than we will applied it on to the MSS blind test.

A. The inversion sensitivity strategy used in this study

In this study we used the following steps that are gener-
alized to be used for a real planet (Mars in our case):

1) Explore randomly the space models M.
2) For each mi interior structure model, we calculate the

seismological data Yi
CAL.
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3) Generate the observed seismological data Yi
Obs by

adding noise to Yi
CAL.

Yi
Obs = Yi

CAL + δYObss
i + δYi

model (4)

Yi
Obs = Yi

CAL + Σ(mi) (5)

Where Σ(mi) = δYi
Obs + δYi

model

4) Solve the inverse problem described in the first part.
5) Compare the estimated seismological parameters to the

corespondent model.

III. INVERSE PROBLEM METHODS OVERVIEW

A. The Pattern Search algorithm

It’s an algorithm used generally to solve a non linear global
optimization problem without the gradient. It can be written
as following :

Result: search for the minimum
initialization of the entry vector, the research step and
the pattern perturbation vector(x0,∆0, P0) ;

For k=1,2,...;
a) Check for convergence;
b) Compute F(xk);
c) Determine a step sk using Exploratory Moves
(∆k,Pk) see[5];

d) if f(xk))¿f(xk + sk) then xk+1 = xk + sk;
else xk+1 = xk ;
e) Update (∆k, Pk) see [5]

IV. CONCLUSIONS

In this study we will show the results obtained after
the inversion process using this two techniques the Neural
Networks and the Pattern Search Algorithm . They will show
how sensitive the inversion is first for an homogeneous planet
and second for the MSS blind test data.
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