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import numpy as np

from numpy.linalg import inv

from obspy import UTCDateTime

from obspy.clients.fdsn import Client

from obspy.imaging.spectrogram import spectrogram
import matplotlib.pyplot as plt

import matplotlib.mlab as mlab

import os

import pandas as pd

from matplotlib.pyplot import psd

B - BATES

# Where to download seismic data from

client = Client("IRIS")

# The time InSight Landed

s0l@ utc = UTCDateTime("2018-11-26T05:19:50.336@37Z")
# The length of a Mars day

s p sol = 88775.243971

# Calculate sol from UTC time

def utc2sol(utc_time, s0l@ utc=so0l® utc):
sol_number = np.floor((utc_time - sol® utc)/s_p sol)
return sol_number

# Transfer waveform data from UVW to ZNE coordinate
def uvw2zne(U, V, W, azi=np.array([135.1,15.0,255.8]), dip=np.array([-29.4,-29.2,-29.7])):
azi np.radians(azi)
dip = np.radians(dip)
A ([[ -np.sin(dip[@]), np.cos(dip[@])*np.cos(azi[@]), np.cos(dip[@])*np.sin(azi[@]) ],
[ -np.sin(dip[1]), np.cos(dip[1])*np.cos(azi[1]), np.cos(dip[1])#*np.sin(azi[1]) ],
[ -np.sin(dip[2]), np.cos(dip[2])*np.cos(azi[2]), np.cos(dip[2])*np.sin(azi[2]) 11)

np.vstack((U,V,W))
np.matmul (inv{A),X)
Yie,:]

Y[1,:]

Y[2,:]

return Z, N, E

m =™ <

# Pack up spectrum data

def spectrogram(data, sample_rate=20, wlen=z88, overlap=0.6):
p, f, £t = mlab.specgram(data, WNFFT=wlen, Fs=sample_rate, noverlap=wlen*overlap)
return p, f, t

PO+t - EREER S
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nRHEn
UTCDateTime("2019-06-04T00:60:80.0Z")
UTCDateTime("2019-06-05T00:080:00.0Z")

cha
startt
endt

# Download seismic data
st = client.get_waveforms(network="XB", station="ELYSE", location="e2",
channel=cha, starttime=startt, endtime=endt, attach_response=True)
resp = client.get_stations(network="XB", station="ELYSE", location="@2",
channel=cha, starttime=startt, endtime=endt, level="response")

dfel84 = pd.read_csv('./twins_calib_0184_©2.csv')
dfel185 = pd.read_csv('./twins_calib 9185 ©2.csv')
pf@184 = pd.read_csv('./ps_calib_©184 ©l.csv')
pf@185 = pd.read_csv('./ps_calib_©185_81l.csv')

twins = pd.concat([dfe184 ,dfe185], ignore_index=True)
ps = pd.concat([pfel84 ,pfel185], ignore_index=True)

[E&VU1/\ ~ EFRIEEATE S

# Remove system response, filter and rotate waveform
st[:].remove_response(inventory=resp)
st.filter('highpass', freq=1.0, zerophase=True)
wf_z, wf_n, wf_e = uvw2zne(st[©], st[1], st[2])
wf_t = st[@e].times("utcdatetime")
for r in range(len(wf_t)):

wf_t[r] = wf_t[r].datetime

# Calculate spectrum data
p, f, t = spectrogram(wf_z)

fmin = 9.02
fmax = 18@.
bol = np.array((f>fmin, f<fmax)).all(axis=0)

# Extract wind speed data
at_t = twins.UTC.to_numpy()
for r in range(len(at_t)):

at_t[r] = UTCDateTime(at_t[r]).datetime
at_ws = twins.BMY_HORIZONTAL_WIND_SPEED
at_ts = twins.BMY_MID_ROD_TEMP

bt_t = ps.UTC.to_numpy()
for r in range(len(bt_t)):

bt_t[r] = UTCDateTime(bt_t[r]).datetime
bt_ps = ps.PRESSURE

[EVO+I1 ~ TEEBLERSE S
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fig = plt.figure(figsize=(10,8))
ax1l = plt.subplot(511)
ax2 = plt.subplot(512)
ax3 = plt.subplot(513)
ax4 = plt.subplot(514)
ax5 = plt.subplot(515)

plot_spec = axl.pcolormesh(t, f[bol], 10. * np.logl@(p[bol,:]), vmin=-200, vmax=-15@, cmap= plt.colormaps[('plasma')])
cbar = fig.colorbar(plot spec, ax=axl, location="top")

cbar.set_label("PSD [dB]")

axl.set ylabel("Frequency [Hz]")

axl.set_xlim(@,endt-startt)

axl.xaxis.set visible(False)

plot z = ax2.plot date(wf t, wf z, "k-", linewidth=@.5, label="BHZ")
ax2.set_ylabel("Velocity [m/s]™)

ax2.legend(frameon=False)

ax2.set_xlim(startt,endt)

ax2.set ylim(-2.5e-7,2.5e-7)

ax2.xaxis.set visible(False)

ax22 = ax2.twinx()

ax22.plot date(bt t, bt ps, "g-", linewidth=1)
ax22.set_xlim(startt,endt)

# ax22.set ylim(730,740)
ax22.set_ylabel(“Pressure [Pa]",color="green")

&t~ EEE S

plot wt = ax3.plot date(at_t,at ws,”b-",linewidth=1,label = "windspeed”)
ax3.set_ylabel("Windspeed [m/s]")
ax2.legend(frameon=False)
ax3.set_xlim(startt,endt)

# ax3.set ylim(0,18)

ax32 = ax3.twinx()

ax32.plot date(at_t, at ts, “r-", linewidth=1)
ax32.set xlim(startt,endt)

# ax32.set ylim(208, 260)

ax32.set ylabel("Temperature"”,color="red")

plot n = ax4.plot _date(wf t, wf n, "k-", linewidth=08.5, label="BHN")
ax4.legend(frameon=False)

ax4.set_xlim(startt,endt)

ax4.set ylim(-2.5e-7,2.5e-7)

ax4.xaxis.set visible(False)

plot e = ax5.plot date(wf t, wf e, "k-", linewidth=0.5, label="BHE")
ax5.set xlabel(startt)

ax5.legend(frameon=False)

ax5.set xlim(startt,endt)

ax5.set ylim(-2.5e-7,2.5e-7)

plt.tight layout()

plt.savefig("2019 06 04~5.jpg",dpi=150)

[ Ft— ~ BB E A S
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|cha "BHx%"

startt = UTCDateTime("2019-06-04T00:00:00.0Z")
endt UTCDateTime(''2019-06-05T00:00:00.0Z")
stl = client.get_waveforms(network="XB", station="ELYSE", location="02",
channel=cha, starttime=startt, endtime=endt, attach_response=True

startt UTCDateTime(''2019-12-04T00:00:00.0Z")
endt UTCDateTime("2019-12-05T00:00:00.02")
st2 = client.get_waveforms(network="XB", station="ELYSE", location="02",
channel=cha, starttime=startt, endtime=endt, attach_response=True

startt = UTCDateTime('"2020-06-03T00:00:00.02")
endt UTCDateTime("'2020-06-04T00:00:00.0Z")
st3 = client.get_waveforms(network="XB", station="ELYSE", location="02",
channel=cha, starttime=startt, endtime=endt, attach_response=True

startt UTCDateTime("2020-11-22T00:00:00.0Z")
endt UTCDateTime("2020-11-23T00:00:00.02")
st4d = client.get_waveforms(network="XB", station="ELYSE", location="02",
channel=cha, starttime=startt, endtime=endt, attach_response=True

& i+ s ERIUKERHES

trl=stl[0]
x1l = trl.data
Pxx1, fregl= psd(x1, NFFT=1024, Fs=20)

tr2=st2[0]
x2 = tr2.data
Pxx2, freq2= psd(x2, NFFT=1024, Fs=20)

tr3=st3[0]

x3 = tr3.data

Pxx3, freq3= psd(x3, NFFT=1024, Fs=20)
tr4=st4[0]

x4 = tr4.data
Pxx4, fregd4= psd(x4, NFFT=1024, Fs=20)

TS - RS
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plt.figure(figsize=(8,4))

plt.plot(freql, 10*np.logl@(Pxx1), 'b-"', label="2019/6/4")
plt.plot(freg2,10*np.logl@(Pxx2),'r-"', label="2019/12/4")
plt.plot(freq3, 10*np.logld(Pxx3), 'g-"', label="2020/6/3")
plt.plot(freq4,10*np.logl@(Pxx4), 'c-',label="2020/11/22")

plt.xlim(@.1,9)
# plt.xscale("log")
# plt.yticks(range(-30,90,5))

plt.xlabel('Frequency(Hz)"',fontsize=15)
plt.ylabel('Amplitude',fontsize=15)
plt.title('All',fontsize=15)
plt.ylim(30,60)

plt.grid()

plt.legend(fontsize=14)
plt.savefig("psd_days.jpg",dpi=150)
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