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- I Background: Studies on the H/V spectral ratio (HVSR)

On Earth:

* Microseisms caused by ocean waves produce HVSR peak at 0.15-0.2 Hz (Tanimoto et al., 2006).

*  Wind increases the amplitude of all components of the microtremor, but does not affect HVSR.
(Mucciarelli et al., 2005).

On Moon:

* The peak frequency of HVSR at Apollo seismic stations is 0.7-1.7 Hz (Nakamura et al., 1975).

On Mars:

* The background noise recorded by the Viking lander 2 is highly related to the local wind speed
(Nakamura et al., 1979).

* At the InSight landing site, the resonance frequency of the regolith is 6-9 Hz while those of the LVL,
lander mode and solar panels are above 10 Hz, and these resonances can be distinguished by their
damping ratios (Knapmeyer-Endrun, 2018).

Martian observation environment:

 severe diurnal temperature variation (~80 “C) and continuous strong wind (over 5 m/s at daytime and
below 3 m/s at nighttime averagely)

Any influence on HVSR measurement?



- I Methods: H/V spectral ratio (HVSR) method —— . W Denmen
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* Alberto (2006) proposed the random decrement method to
calculate the damping ratio of seismic records.
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Parameters in this study

* length of sliding window: 164 s

« sample interval of seismic records: 0.01 s ;
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* smooth factor: b=50

(Criteria for reliable H/V curve, available from
http://geopsy.org/documentation/geopsy/hv.html)
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- I Methods: Random decrement method (RDM)

Procedure to calculate the damping ratio at 12 Hz

Filter data (5-20 Hz)
Set crossing level (green line in the first panel)
Find starting points (red cross marks in the first
panel)
Select the data segments with a fixed length (1 s)
from the starting points, and average these data
segments to get the random decrement signal (the
second panel)
Filter the random decrement signal (11-13 Hz)
Fit the damping curve (the third panel)
black solid line: damping curve to be fitted
red solid line: curve that only fits the peak
amplitudes by least square method
red dotted line: curve that fits the damping
curve by least square method
R: the correlation coefficient of least square
method
DR: damping ratio by least square method (DR of
a natural source is above 5%.)
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- I Results: Comparison between VBB and SP data

HVSR results

Both VBB and SP data have a sample rate of 100 ps.
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HVSR results

- I Results: Comparison between VBB and SP data

Both VBB and SP data have a sample rate of 100 ps.

VBB (Very Broad Band)
peak frequency: 24.5 Hz
mean peak value: 8.5

proportion with obvious H/V peak:

602/791 =76.1%

SP (Short Period)
peak frequency: 11.7 Hz
mean peak value: 6.5

proportion with obvious H/V peak:

747/791 = 94.4%

The seismic dataset used here 1s from
2019-02-10 to 2019-03-09 (UTC time)
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- I Results: Comparison between VBB and SP data

Fourier amplitude spectrums (FAS) o 0000362681 TN
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- I Results: Comparison between VBB and SP data

Waveforms

VBB and SP data are projected to the N-S, W-E,
and Z axes.

* similar waveforms in the horizontal
components

* VBB-Z has smaller amplitude than SP-Z.

There 1s correlation between the three original

components of VBB data in low frequency part
(Lognonng¢ et al., 2020)
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- I Results: Comparison between SP data on lander deck and ground

HVSR results

SP data on lander deck (before UTC-2019.02.10)

* peak frequency: 11.7 Hz

* mean peak value: 8.0

* no obvious peak above 15 Hz
* unstable below 1.0 Hz

The seismic dataset used here 1s from
2018-12-07 to 2018-12-11 (UTC time)
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- I Results: Comparison between SP

SP data on lander deck N-S 0.0078173 -

Fourier amplitude spectrums

* sharp peaks in each component W-E 0.0045112 1

» several peaks in the frequency range of zo.00sss29-
2-12 Hz in the horizontal components

* high peak at 16 Hz 1n the vertical
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- I Results: Comparison between SP data on lander deck and ground
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* smooth peaks in each component x e
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12-30 Hz in the horizontal components
* high peak at 28 Hz 1n the vertical
component

Waveforms
* smaller amplitude in all components
* no obvious tilt in any component

The characteristics of HVSR may be
related to the lander and the soil layer.

12

A N\hed

IIIIIIIII 0 T rrr L T T T T T T T T T
10050 2010 5 2 1 5 10152025 30 3540 45 50

Period (s) Frequency (Hz) Period (s) Frequency (Hz)

N-S 2.8683e-06 4 | “
0 -

W-E 2.644e-06 7

0 _W
7 1.8218¢-06 - || “
0 -

3 T T T T T T T T T T
0 15 30 45 60 75 90 105 120 135 150 165
Time (s)

data time span: 2019.041.214438-19.041.214722 (UTC)




- I Results: Comparison between SP data on lander deck and ground

Damping ratio (DR) DRs of SP data on lander deck

SP data on lander deck ____
(TS 1-3, data of three time spans in 2018-12) 027 2337 2.45%

* DRs generally below 5% in all components 132 1.45% 1.22% 2.15%

* mainly mechanical vibrations TS3 3.44% 2.16% 6.00%

DRs of SP data on ground

SP data on ground ____

(TS 1-8, data of eight time spans in 2019-02 and

2019-03) 2.16% 5.02% 1.95%

* DRs generally above 5% in the Z component 152 3.40% 2.96% 6.28%

* DRs generally below 5% in the horizontal TS3 4.18% 3.93% 4.75%

components TS4 4.24% 4.02% 6.57%

. DRS of all components are be}ow 5% .in most TS5 2 97% 2950 4.89%
time spans but are above 5% in some time

spans. TS6 7.70% 6.27% 6.40%

TS7 4.00% 2.76% 5.12%

TS8 7.00% 5.40% 6.43%

DRs over 5% are marked red.



- I Results: HVSR over time

HVSR results

time span (SP data on ground)
UTC: 2019-03-07T22:30:00 to 2019-03-08T23:09:00

similar HVSR features with previous results 18-

LMST: 99SolT00:00:00 to 99So01T24:39:00
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- I Results: HVSR over time
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- I Results: HVSR over time

Meteorological records

no clear H/V peak for wind
speeds below above 2.5 m/s
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- I Results: HVSR over time

Damping ratio DRs of SP data on ground at 12 Hz (11-13 Hz)
- 0 - . 0 0 0
* DRs may be related to local wind speed. 03-07123:00-24:00 1:49% 2:13% 7.02%
03-08T03:00-04:00 3.79% 3.67% 4.44%
03-08T08:00-09:00 6.47% 5.43% 6.72%
« DRs differ in different frequency ranges. 03-08T10:00-11:00 ~ 5.85% 5.30% 3.92%
03-08T12:00-13:00 4.99% 4.04% 8.44%
03-08T16:00-17:00 4.55% 4.57% 5.87%
03-08T20:00021:00 5.55% 2.76% 6.44%

DRs of SP data on ground at 24.5 Hz (22-26 Hz)

03-07T723:00-24:00 2.35% 3.01% 3.22%
03-08T08:00-09:00 2.82% 2.83% 2.80%
03-08T10:00-11:00 2.07% 3.35% 4.28%
03-08T20:00021:00 1.59% 2.84% 2.56%

DRs over 5% are marked red.



- I Summary && Prospect

Summary

obvious H/V peak of SP data at 11.7 Hz

relatively high H/V value in the frequency of 12-25 Hz, but no clear H/V peak

H/V peak value is related to local wind speed.

SP data on lander deck have low DRs at H/V peak frequency, which indicates mainly mechanical
vibrations.

At 11.7 Hz, DRs of SP data on ground may be related to local wind speed, while at 24.5 Hz, all DRs
are below 5%.

Prospect

more tests on HVSR method and RDM...

more analyses on DRs of SP data in different time spans...

explanations of sources of peaks in Fourier amplitude spectrums of each component...
effects of wind speed and other meteorological conditions on H/V curve...

This study is still in progress and a lot of work remains to be done.

Hopefully I appreciate any comment on this study or any ideas you want to share.

More detailed information about the comment or 1dea could be sent by email (in the first page)
to me 1f it 1s convenient for you.

Many thanks for reading!



- I Supplement

Data citation

» Seismic data are available from http://ds.iris.edu/ds/newsletter/vol21/no1/511/mars-
insight-mission-data-from-seis-now-open-to-the-public/

* Meteorological data are available from
https://atmos.nmsu.edu/data and services/atmospheres data/INSIGHT/insight.html
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