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Principle of a seismometer
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after E.Wielandt

Force Feedback:

Apollo LP

InSight SP

InSight VBB

Geophone:

Ranger 

Apollo ALSEP SP

Viking

OPT (Mars96)

Lunar A



Apollo ALSEP

• Apollo ALSEP seismometers, likely more advanced than 

those working on Earth in the 70th
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• ~11.5 kg (sensors, made mostly in Beryllium)

• Many feature simple due to man installation 



Lunar A: example of Modern Geophone

• Lunar A Geophone

• A very robust geophone designed for Lunar penetrators

• Very low power due to simple electronics

5Yamada et al, 2015



InSIght sensor heads : example of Feedback seismometers

• InSIght VBB ( LP) instrument

• 190 gr of proof mass

• Period of  2 sec

• Noise floor of 2 x 10-10 m/s2/Hz1/2

• ~3 kg for the 3 axis Sphere

• Q > 100 in vacuum
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• InSIght SP instrument

• ~0.85 gr of proof mass

• Period of  ~0.2 sec

• Noise floor of 3 x 10-9 m/s2/Hz1/2

• ~ 450 gr for the 3 axis boxes

• Q ~100
Lognonné & Pike, 2015



Seismometer performances evolution
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x105

x104

Lognonné & Pike, 2015

Resolution for InSight = 

rms in 1/6 bandwidth

A/D resolution smaller due to 24 

bits…

Resolution for Apollo =

A/D resolution due to 11 bits

rms noise smaller in peaked 

mode
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Presentation outline: Seismometers and seismic detection techniques
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InSight… Birth of the mission

• Mission

o selected by NASA as mission 
discovery 12 (August 2012)

o Big proposal ~800 pages in step II

o Launch  initially planned in March 
2016 for an arrival in late 
September 2016 

o Leak detected in the Flight model 
Evacuated Sphere in summer 2015

o Repair path was unable to fix the 
leak, leading to the postponement 
of the launch to 2018

o Mission confirmed by NASA by end 
of August, 2016

o Launch  planned in May 2018 for 
an arrival in November 2018
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High Level Science Goals in words and numbers
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High Level Science Goals in requirements
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Requirements down to the Instruments details…



This document contains export-restricted data. 13

SEIS

Seismic Experiment 

for  Interior Structure

HP3

Heat-Flow and Physical 

Properties Probe

RISE
Rotation and Interior 
Structure Experiment

IDS 
Instrument Deployment 

System

APSS 

Auxiliary Payload 

Sensor Suite

Payload Elements
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InSight Mission Overview – Géoazure, Valbonne Sophia Antipolis

HP3 Instrument

21 September, 2015
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InSight Mission Overview – Géoazure, Valbonne Sophia Antipolis

Lander: Heat Shield Installation

21 September, 2015

16



InSight Mission Overview – Géoazure, Valbonne Sophia Antipolis

Lander: Cruise Stage Installation

21 September, 2015
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Payload Elements Deployment challenge: Apollo
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Payload Elements Deployment challenge: InSight



Payload Elements Deployment challenge: InSight

20SEIS @ Mars workshopSeptember, 21, 2015



SEIS 2.0 (2018) Overview/Description

SEIS theter, TBK and 

WTS(JPL)

3axis SEIS VBB (IPGP)
3 axis SEIS SP (IC)

SEIS Electronics (ETHZ)

10x24 bits + 72x12 bits data logger

SEIS LVL (MPS)

Levelling platform

CNES

Overall management and 

integration; Craddle
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Evacuated Container
(JPL)



InSight Mission Overview – Géoazure, Valbonne Sophia Antipolis

SEIS Instrument

21 September, 2015
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VBB Detail…
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Environmental noise

• We are here……
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Mimoun et al, InSight Noise model



• but would like to be there……
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Seismic vault

Environmental noise



26

Planet with Ocean and Atmosphere Planet without atmosphere and ocean

SP VBB

Environmental noise: installation goals
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Evacuated sphere 

Thermal shield 

Wind protection

Sealing skirt

Temperature and wind protection

Thermo-elastic service loop



SEIS Sensors head Overview/Description

SEIS with RWEB

Tether Pinning Mass

Tether Load Shunt

Tether

Tether Service Loop
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Sundial for azimuth
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Arm deployment zone
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SEISSEIS

Expected  VBB improvement with respect to Apollo will 

enable new seismic discoveries

31

Apollo LP

Yamada et al., 2012

• Core phases and core size

• High resolution crustal 

model from joint Earth/Moon 

impacts monitoring

• Detailed seismic source 

dynamics of impacts and 

DMQ 

VBB 



SEISSEIS

Performances improvements…

impacts

DMQ



Active seismology using impacts

Impact monitoring gives the source position and time of the seismic event, 

allowing seismic investigations with a single station.

Near side of the Moon (illuminated by Earthshine)

NASA Ames impact monitoring program



Possible Lunar Limit , i.e. Lunar Seismic noise floor

• Possible noise floor will be the continuous hum associated to 

all impacts of meteorites (Lognonné et al, 2009)
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Apollo

VBB:

rms= 5x10-11 ms-2

Apollo

DU= 5 x 10-10 ms-2

Optical or Quantum devices

See L.Fayon Poster.

VBB



or/and new seismic data with rotational seismology

• Use the fact that the S waves and Surface waves generate ground rotation 

which depend on the waves phase velocity

• Measuring the rotation gives you the velocity directly ! 

• Technology is not yet available for the magnitude of Lunar/Mars quake but 

might be new areas for future instruments…
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The Haida Gwaii tsunami

Rolland et al., in prep
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2012/10/28, Mw 7.8

GPS TEC



• 630 nm

• Emission peak at 250-300 km

• quiet night 50-100 Rayleigh

Glowing in the Hawaii sky

red airglow



The Haida Gwaii tsunami

Makela et al, in prep
Rolland et al., in prep
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2012/10/28, Mw 7.8

Airglow camera

GPS TEC



Tohoku, May, 2011 over Hawaii

Queen Charlotte, October, 2012 

over Hawaii

Chili, September, 20125 

over Hawaii

Proprietary Data: J.Makela, Univ. Illinos.

Makela et al., 2011
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Venus

Can we detect there quakes though airglow ?

airglow?
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• sound speed at 100 km is about 200 m/s

• 100 sec waves have a 20 km wavelength, comparable to the 

thickness of the emitting layer 

• The emission of the layer is easily modulated through density 

modulation (i.e. light bulbes density)
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100 km

Venus airglow Rayleigh waves forcing (2/2)
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Venus airglow Rayleigh waves forcing (1/2)

• Modelling for 1.27 mm airglow

• Signal is the flux of the Volumetric Emission Rate 

generated by waves, low passed by the radiative lifetime

This suggests detection 

feasibility with existing 

imaging systems for M~6 

up to 60° of epicentral 

distance 

(and less with new 

systems) 



• Planetary seismometers: From Apollo to InSigh

• Noise and signal of a seismometer

• Building a seismic station: The InSight SEIS Requirement flow

• The next generation to the Moon:  How sensitive?

• Alternatives to ground seismometers

• Venus Seismology Airglow imaging

• Lunar Seismology from orbit

44

Seismometers and seismic detection techniques



• 10 km depth quake comparable with the Lunar typical Shallow 

Moonquakes
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Network on the Moon…. Seismometer view

10 degrees

20 degrees

50 degrees

100 degrees

surface wave amplitudes ~ 10-8 ms-2

body wave amplitudes ~ 10-9 ms-2

Surface waves 

ARE concentrated 

at the surface
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nm amplitudes…

• 10 km depth quake comparable with the Lunar typical Shallow 

Moonquakes

• red( just Rayleigh waves), blue ( all waves)

Network on the Moon…. Displacement view

nm amplitude….

Might be differential detected from Orbit by a 

long period orbiting S/C with Laser  targeting a 

network of Laser reflectors


