
To interpret regolith properties from the transfer coefficient we compare it to a theoretical model 
of a homogenous elastic half space. 

The ratio of the displacement seen at each SEIS foot 𝑗 over the displacement of each lander 
footpad 𝑖 (a disc of size 𝑎) at a distance 𝑟%& is given by

For each footpad this yields:
𝐷( = 0.12, 𝐷. = 0.11 and 𝐷/ = 0.12.

The observed transfer coefficient is ~30 times lower which indicates the homogenous elastic 
half space is not a sufficient model for the Martian regolith.
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• InSight’s robotic arm (the instrument deployment arm - IDA) generates a series of 
vibrations observable in the seismic data

• This was observed by the short period (SP) seismometer both on and off the deck – an 
input and output to a system

• A comparison of the two yields a transfer function which can be used to infer regolith
properties

Interested in this work?
We are very excited to hear any feedback or ideas about this work! Please contact Alex at 
alexander.stott10@imperial.ac.uk

Stay tuned for more developments!

The data - what does the arm movement look like?
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Conclusion
The SP data from InSight can be used to study 
the regolith through a comparison of on and off 
deck data.

The IDA is a good candidate signal to analyse 
this system and has been used to obtain a 
transfer coefficient – the attenuation. This acts 
as a calibration for other injections from the 
lander.

The proposed homogenous elastic half space 
overestimates the observed transfer coefficient. 
In future work we intend to match a more 
sophisticated regolith model, incorporating 
horizontal motion.  

Robotic Arm Vibrations for Seismic Regolith Analysis
Using InSight’s Robotic Arm Motion to Examine the Martian Regolith’s Response to Short Period Vibrations

Problem formulation – How do I look at the regolith?

Analysis and Discussion

Results

InSight’s robotic arm induces
• Broadband vibrations
• Excitation of lander modes
• Chirping modes

Pick a move – finding the input and output
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These features were observed in data 
recorded on and off the deck

Recorded on the deck 

Recorded off the deck 

The input: a signal 
recorded on the deck

The output: a signal 
recorded on the ground
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To probe the regolith, we consider the lander to SEIS coupling as a system where the arm 
vibrations are an input and the SP response is the output. 

To estimate the transfer function, an arm motion that was recorded by the SP both on the 
deck and on the ground must be found. We use a Tau pose where the arm lifts the camera 
to the sky to measure optical depth.
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The robot arm motions 
provide an active signal to 
probe the regolith.

A motion recorded by the 
SP on the deck and on the 
ground can be treated as a 
system input and output to 
calculate a transfer 
function.

The IDA has four degrees of freedom to move the arm between poses:
• Shoulder azimuth
• Shoulder elevation
• Elbow
• Wrist

Input motion
On the deck, much of the high 
frequency variation is swamped 
by environmental injection.

The 5-10Hz chirp is clear

Output motion
On the ground, a broadband 
version is clearly seen during 
the entire motion. 

Several chirps are seen and 
lander modes are excited.

The two Tau motions here have a similar motor position profile and so can be compared. 
The chirping signal at 5-10Hz is a good candidate for comparison as it is excited above the 
noise in both cases.

We calculate a transfer coefficient – the ratio 
of the output amplitude over the input 
amplitude as phase is not available.

To calculate the transfer coefficient  we take the 
maximum amplitude of each frequency over 
each move and take the ratio. 

The 4-9Hz range is most clearly excited above 
ambient and the average in this range gives a 
transfer coefficient of 0.004
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