6. Data processing using Seisimager

* Data downloading from Atom

* 1D active/passive surface wave method (data obtained by Atom)

» 2D active surface wave method based on CMP-CC (data obtained by Geode)
3D passive surface wave method based on CMP-SPAC (data obtained by Atom)
* Higher modes and inversion using effective mode based on Genetic Algorithm



6. Data processing using Seislmager
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e 2D active surface wave method based on CMP-CC (data obtained by Geode)
3D passive surface wave method based on CMP-SPAC (data obtained by Atom)
* Higher modes and inversion using effective mode based on Genetic Algorithm



Data downloading from Atom

A. Copy data from SD card
Remove the SD card from each Atom box and directly copy waveform files. Data
files are saved in folders as shown above.

B. USB
Connect the USB cable from your PC to your Atom and download waveform
data files in SPACPlus using the following menu commands:
[File]>>[ATOM(USB)]>>[Download via USB]. Set Baud rate to 3686400.
Download the USB driver from a link shown below and install it at first time.

C. Wi-Fi
Geometrics Atom Downloader downloads waveform data files via Wi-Fi using a
special access point connected to your PC. Wireless downloading is faster than
downloading via USB connection with data downloading from several Atom
units simultaneously. SPACPlus also downloads waveform data via Wi-Fi if the
Atom Downloader is not available (see Appendix A for the details). Follow the
procedure shown below to download waveform data using the Geometrics
Atom Downloader.



Download waveform data via Wi-Fi using the
Geometrics Atom Downloader (1)

1) Turn off each Atom to stop recording data.
2) Plugin a Wi-Fi access point (SSID of “atom0000”) to your PC.

3) Connect your PC to “atom0000” by LAN cable (strongly
recommended) or Wi-Fl. Do not connect both Lan cable and Wi-Fi
to the access point. It is better to turn off Wi-Fi to make sure only

the Lan-cable is connected to the access point.

L. . E] atomOOQO Connected to Ethernet by Lan-cable
Wi-Fi access point | (USB) | No Internet (should be No Internet).
& \ led |:> Wi-Fi is turned off.
Turned off

Lan cable (Ethernet)

6. Data processing using Seisimager



Download waveform data via Wi-Fi using the
Geometrics Atom Downloader (2)

4) Launch Geometrics Atom Downloader &

5) Select [Settings]>>[Data Folder Location] and select a folder to
which data to be downloaded

6) Display shown below appears on the window. Make sure one or
tWO netWOrkS We re fOu nd- -. Geometrics Atom Downloader: CA\Data\Test

File Settings Help
Atoms | Common Times | Log

mide |0

I m 0 0 0 0

Number of networks

Network Adapters

Intel(R) Dual Band Wireless-AC 3165 r$3¥
— Gateway IP |. ... | &
% 192.168.0.0 e
7C:67:A2:F3:C5:55 192.168.0.0 | 0 0
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Download waveform data via Wi-Fi using the
Geometrics Atom Downloader (3)

7) Turn on all Atom units
The Atom units enter download mode when they find the access point
named “atom0000”. In this mode, the data recording does not start.

Battery Wi-Fi GPS

Slow Blink. Blink twice.  Slow blink when GPS
is locked..



Download waveform data via Wi-Fi using the
Geometrics Atom Downloader

8) Atom IDs appear on the Atom Tree Window of the Downloader.

& . Geometrics Atom Downloader: C\Koichi\Geometrics\NewSeismograph\Timing comparison(from 2018.05)\2018.05.02\Data-2 — O x

File Settings Help
Atoms | Common Times | Log

-

Common Times | Atoms
“ 3
4 a PC E ' O ISettings mpute Period|Clear All
1 0 e Wi lispla Periods

398 | 0
b 7 |Yesterday|Today|1 Hourl‘l Day|1 Week|1 Mcmthl‘l YearlFu\I Range|
»; 05/02/2018 03:41:00 -+ 05/03/2018 03:41:00
i Hours

Number of Atom units 4

£
lgnore

SN D4 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00 01 02 03
| | | | | | | | | | | | | | | | | | | | | | |

“ 20 398
Network Adapters (/ 1 A
Flleslﬂ)wnlu?) LI | | | | | | 1 | | | | | | | 1 I I I l l
00 00 00 00 OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO OO QO OO OO OO
Minutes

% Completed

Gateway IP . =
Intel(R) Dual Band Wireless-AC 3165 cres 1 |100052| (] [E1]]
4 T 1921680103 HE 10T i 1] 20 |3 2 [100043| [ [
TCET:A2F3C5:55 ”«F“E S/( . ?) 3 |100036| (] @[]
4 4 100014 I [@]H]
. 5 [100027| (] [E]%]
g 6 |10001s| (] [EI]%]
7 20 308 7 100044 [ ] (] %]
’ £/ Gt ( g |100062| (] [A]%]
/Fileyj(‘jownloa.,) 9 (100045| [ [E]E]
4 10100008 [] [E[X]
5 3 11100061| (] [E[%]
192.163.0.104 0‘: 12{100054| (] [@[ %]
& 100052 3635V 18 13[100149| [ ] [E]%]
00:03:94:1E:37:DE ( - 14[100038| (] [D[%]
"F.ey(‘awnlo?) 15|100039| [ ] [A1] %]
16(100021| [ [£1] %]
2.3 17 |100067| (][] %]
192.168.0.105 !45 18{10006s| [] [EI[X]
& 100043 3661V 19 19(100011| (] [E[%]
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Download waveform data via Wi-Fi using the
Geometrics Atom Downloader

9) Select a time range from which data will be downloaded by a

mouse in the windows at right hand side.

-‘__', Geometrics Atom Downloader: C\Koichi\Geometrics\NewSeismograph\Timing comparison(from 2018.05\2018.05.02\Data-2

File Settings Help
Atoms | Commeon Times | Log

Common Times

Atoms
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[ﬂ] mpute. Period) Clear All
1 0 20 398 | 0 ime Wil lispla: Periods
\
“( terdaleodaylW Houer Day|1 Week|1 Mcntth YearlFuII Ra
05/02/2018 03:41:00 [<<<] -1 05/03/2018 03:41:00
g Al = 2
# SN2 4 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00 01 02 03
NefWOWAdaDte'Sf, = S T S S S Oy oy M Y )
Files) wnlua’ rr... . 1T17T57T5rT5Tr r5rT&5r 5T rTEET =
0 00 00 00 00 00 00 00 0O OO 00 0O 0C OO 00 OO 00 OO OO 00 00 0O 00 QO
Minutes  |pe——
Gateway IP a 0
Intel(R) Dual Band Wireless-AC 3165 1 [100052
p fé R GO 192.168.0.1 i 1| 20 | 32908 2 [1oocaz| 1
7CHT:A2F3:C5:55 f/ ‘o 2 [100028| [
Fley w”'“’, 4 [100014 ]
5 [100027| []
s 6 [100015| []
L i e 20 308 7 (100044 []
. ( — 8 [100062| []
/FiIeS/)(annloa 9 |100045|[]
10{100008| []
11{100061| [
192.168.0.104 12]100054 [ ]
8 100052 3635V 18 13{100149| []
00:03:94:1E:37:DE f/ - 14 [100038| [
Fileyj 15(100039| [ ]
16(100031| [
2.3 17(100067| []
4
192.168.0.105 0’ : 18[100065) [ ]
8 100043 3.661V 19 19]100011| []
DOET82B4519D e\ M N 20 100005 [_]
E—

Select by a mouse



Download waveform data via Wi-Fi using the
Geometrics Atom Downloader

10) Click [Compute Time Window] to download common time windows
(blocks) or [Select Period Displayed] to download all data displayed in the
window.

-", Geometrics Atom Downloader: C:\Koichi\Geometrics\NewSeismograph\Timing comparison(from 2018.05)\2018.05.02\Data-2 - [m] X
File Settings Help
Atoms | Common Times | Log
Common Times | Atoms
@~ [= e |
4 iPC E J e ect Perig ear A
1| 0| 20 |308] 0 Displayed | Period
Westerdalecdayh Hourl‘\ Day|1 Weekll Mohthl‘\ VearlFuII Range‘
05/02/2018 17:264 - T+ - 05/02/2018 20:36:18
. 0
« Bl # SN 2 B
Network Adapters ( S (B 1 ZID E
4Iey¢wnlo’ EEEEEEE I R e
po 38 47 s6ffos 14 23 32 41 50 P 08 17 26 35 44 53 02 11 20 29 38 47
— < Minutes
Gateway IP 500 | &
Intel(R) Dual Band Wireless-AC 3165 e 1 [100052)[]
. ? 192168.0.103 19216801 | 1 | 20 | 398 2 [100043| 1 [A12]
= __—
TCHT-AZFICSSS {, ‘M 3 [100036| (7 | €]
Fil I
) "G’ 4 100014 (] [A]E]
5 [100027| (] [@]#]
) 6 |10001s| [] [
1 L= [ - .
Thealan Selected Common time window
20 308 ISIE
4 [$150 Group1 =
19944 <l r — 8 [100062| (] [EI[]
4'97 (‘,wnm’ 9 [100045| (][R
) A
10|100008| ] [E]F]
11[100061| (] [E1]%]
i =
w 12|100054 !
192.168.0.104 0 s 0 %:
s 100052 3632V 18 13{100149| (] [A]X]
——
00:03:94:1E37:DE ( - tafioooss L] |18
,rney ‘wnlo" 15|100039| (] [A1[]
16/100031] (] [AI[2]
17{100067| (] ]
d 4 =T
192.168.0.105 o . 12[100065) [] | T[]
s 100043 3661V 19 19}100011| (71 [1[]
DOET82B451:9D o W/ e o\ 20{100006| ] |1]¥]
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Download waveform data via Wi-Fi using the
Geometrics Atom Downloader (7)

11) Click a right button of mouse in time scale above the Atom data grid to
show sub menu.

12) Select in the sub menu to start download data.

Atom Common Times | Atom Data Grid

Settings

‘1 HourH 12 Hours ||1 Day || 2 Days HW Week”ﬂ Month H 1 \f'Ea[H Full Range| Re-download the Folder List from all dlSplayed Atoms
o B 10/15/2018 100454 [cec] [ ] [>>> 1 1016/2018 141935 “ | Download the File List from all displayed Atoms
on e 3 E Click a right button of mouse @ Download all Seismic Data Files from every Atom Displayed in Data Grid
c E (7] O
L) Q x |
g | & I I S S ) N B x Delete/Format
= 1315 17 19 21 2 01 03 05 07 00 11 13 Acquisition Parameters
< Hours >
SR  Set Sample Rate in every Atom Displayed in Data Grid 4 ms v
100074) [ | [TTTTTTTTT] —
100039| [ [(TTTTTTTTT] = Set Gain in every Atom Displayed in Data Grid 12db ~

©
-
©)

Folders/Files Operations

Other Commands
Beep every Atom Displayed in Data Grid

Power Off every Atom Displayed in Data Grid

Reset WiFi Connection of every Atom Displayed in Data Grid

Start Recording in every Atom Displayed in Data Grid
Stop Recording in every Atom Displayed in Data Grid
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Download waveform data via Wi-Fi using the
Geometrics Atom Downloader

13) During the download process, progress appears on a display similar
to the one shown below. After download completed, completion at
the far-right column must be 100 at all rows.

| &
File Settings Help

Atoms | Common Times | Log

v Common Times | Atoms
-
4 i PC - m | [] 5 ‘ompute lect Period Clear All
1 0 20 398 | 817 ime Wind Displayed | Period
' [Yesterday|Today|1 Hour| 1 Day[1 Week|1 Month|1 Year Full Range|
L] 05/02/2018 17:26:05 2 [ 05/02/2018 20:56:16
‘Wired/WIFI D Downloaded << ‘ ‘ Hours >>
4
# SN 18 19 20
Network Adapters // 30 []1.37 M8 - | i |
Files) wnlua’ 26% LR L L U L, U S P A U
/ Not Downloadec 9 38 47 5605 14 23 32 41 50 58 08 17 26 35 44 53 02 11 20 29 38 47
0) < Minutes >
Gateway IP s, = o
Intel(R) Dual Band Wireless-AC 3165 g 1]100052 10000
I 19216801 | 1 | 20 | 398 2 [100043] [ 0000
3
TC6T-A2F3C555 /, 3 |100036| [ | € 100.00
Files ‘ewnlna’ =
// 4 (100014 [] 100.00
= 5 (100027 [] 100.00!
< lles
) =4 817 787 [ 4473 M8 6 |100015| [ 100.00
g
e e = Downloaded 7 |100044| [] 100.00
4 11t Group1 4 2 |100062| [ | 100.00
= /; 30 ] 137 M8
Files own\Da’ 96% 9 [100045| [] [£ b
// Not D
10]100008| [] | M t b 100
(O Files [ 11100061| [] I us e
3 % 12[100054] []
192.168.0.104 z 5] | ”
[~ g 18 0% 13[100149| [ [ | 100.00
00:03:94:1E:37:DF // rﬁﬂi T oC 14|100038| [ | | 100.00
Fl\es// wnloa’) Not D) 15/100039| [] | 100.00
 — 16/100031| [ | 100.00
— [Co F'S':S 36 [ 17{100067( [ | 100.00
4 ] =
192.168.0.105 Ud . 2 5 18|100065| [] [EI]] | 100.00
0. > - =
s 100043 3655V 19 0% 19 |100011| [] | €[] | 100.00
S0l 20100006 [ [E1] %] | 100.00
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Data format

Downloaded waveform data is saved in binary files with extension “.atm. The files can be opened by Pickwin.

Folder for each hour.
The data files are automatically saved to the date and time (UTC) the data is collected. In the example shown below,
the folders represent data collect on March 315t, 2017 between 18:00 and 20:00 UTC. 17033118

17033119

Waveform data file. 17033120
Collected data are stored in files named for the Atom unit’s ID and time in minutes. In tiie exaimpie snown velow, files

are recorded with Atom unit 100006 from 31 to 40 min.

3| 10000631.atm
3| 10000632.atm
3| 10000633 .atm
3| 10000634.atm
3| 10000635.atm
3| 10000636.atm
3| 10000637 .atm
3| 10000638.atm
= 1000063%.atm
3| 10000640.atm
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Export waveform data as SEG2 or ASCII file
using SPACPIlus in Seislmager

Downloaded waveform data can be exported as SEG2 or ASCII file using SPACPlus in Seisimager. Data are exported with each
Common Time Block (CTB) during which all Atom units were recording data. An area surrounded by a red rectangle is a
“Common Time Block (CTB)”. In SPACPlus, waveform traces appear in order from lower to higher Atom ID numbers.

Time(min)

0.00 10 20 30 40 50 60
2018/05/25 19:00:00 0 “ |1 I p 1001 03
; = o " i h 2 . - " , " bt : e e o et
A5t o i I.I--k ‘ I
I**common time bloc nd Cll it blocl ook
- y ..\_T 4 . v n el | |ty v
10 V
‘ 3 co mmon_time' ¢ thck
et i i o] e A I i
¥ . p [ .
1001 43
L " N . N sk ek Y + ") N . o - -+ n " , A X
j " 1001 44
% { i - ey v o, " N I A -, s y Il } -
5 !
s 0 :
< 100( 45
{ , i , . . . . j
‘ 1 100( 54
‘ - 'y 4 . - rl !' Wl [ l[ + o, ry lj
J l 1001 61
” " et . . " N L s "
||| L " L T ! T T T T bl
0]
1001 62
| N s . “ - b .
1001 68
, . r ‘ . N . ;
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6. Data processing using Seislmager

* Data downloading from Atom

* 1D active/passive surface wave method (data obtained by Atom)

e 2D active surface wave method based on CMP-CC (data obtained by Geode)
3D passive surface wave method based on CMP-SPAC (data obtained by Atom)
* Higher modes and inversion using effective mode based on Genetic Algorithm

6. Data processing using Seisimager

14



Data processing
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Window structure of SPACPIlus

. . . Main window :
Main window (multi-CTB) »|  Geometry window
i SPACPIUST E@
C:\Koichi i ismograph\Data example\Geometrics(T10 50m 20_]_?%)2&2#) ~ Select one CTB
0.00 10 20 30 40 50 60
I — S SPAC window (single-CTB)
i H{ | 100007 ||
! ; e Common time block Lo =C X
| | 100043 | . E (Hz) F (Hz) E (Hz)
:g “ ] " I 100044,:" (CTB) Wlndow 001 010 re?uD:Hcy 10.00 100.00 0.01 0.10 rej::nr'y 1:00 100.00 0.01 0.10 re?ﬁncy TZU,OG 100.00
5 0 1 i i 100045 03| S Sy = 08 038 o
8 i # > 06 T 2 > 08 > 06
[ ] : 1 ‘ 100054 S 07 . 5 02 5 o3
E | — ] P n R
] L ol T Wi < s .
— [ I ] { 100062_| k) AR | 0 )
— r 1 A I ] 3 P
100068 _|
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g 1NNN4A
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. . . 0.00 10 20
CTB window (single-CTB) SPAC window T u
< >
T spacpist2 | B ]
CT8 Index=0 Time(min) . h I d |
o0 1z 3 4 5 & T 8 9 m ow 2 0B u 15w 7 om 1w m P ase velocitv window (S|n e_CTB)
3 P RO B Y B O S S P PG PO W ] y g
DDM__M""“”"““"“‘"""“" = ¥ ’Il" "_'" S Aot e [ =] SPACPIusT:4 f=diE
o s iyt T —_ . T NN P i ~
! T I X A' —] * I‘N" g I Frequency (Hz) Frequency (Hz)
i L A B T R e ‘<*~~]:ﬁ\'h--‘~~ L Lo e i 0.00 10.00 20,00 000 500 1000 1500 2000 2500
T bermedeid) Lt . ™ ] 500
50—
- — T PN SRS o T O ; ; ,
O P O O B PO SO T M S O G O O P Phase velocity window
lewM;'m'wH;* S A v Fobei |P«'l. P e it soarnd E i =
IO ] S S e - [ L ;5300
P e i byt ot - Folyy e bt %
£200
. 37
a7 ' had 100
0
. . . *116
6. Data processing using Seislmager < >




Time(min,

Select a common time block to be processed

Select a common time block (CTB) to be — i J} T
processed, using left and right arrows if several — - iy
10, CcOrm AN ffinmoe

L LOnnon uitic i
i

tables are shown.

block is selected.

=
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‘|’ mmon time &=«
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Hime(min)
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Processing flow

Passive . Active
' SPACPIlus - Y
SP+ Ambient noise Shot records

Set geometry Event detection
|
v R 4

Spatial autocorrelation % SEG2 files
l PW l
Phase velocity image in frequency domain Phase velocity image in frequency domain

| I
v v

Dispersion curve Dispersion curve

l l

.rst file (passive) —— Combined dispersion curve «——— .rst file (active)

v

V Initial model
WE ;

Inversion
v
Inversion
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Raw data

In SPACPlus, waveform traces appear in order from lower to higher Atom ID numbers. An area surrounded by a red rectangle is
a “Common Time Block (CTB)” during which all Atom units were recording data.
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Time(min,

Select a common time block to be processed

Select a common time block (CTB) to be — i J} T
processed, using left and right arrows if several — - iy
10, CcOrm AN ffinmoe

L LOnnon uitic i
i

tables are shown.

block is selected.

=
= | ==

| ,

‘|’ mmon time &=«
b!‘ockds&elected.—m
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11111
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Hime(min)
0

000
1305725 15:00.00°

Processing ambient noisedata | 1

Click 8 or select [Window]>>[Processing window] and the selected [ 1St (TBW“‘\ A‘V'ff P R
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Set up geometry

aPAL

Click &= or select [Analysis]>>[SPAC analysis] to process passive surface wave data in terms of Spatial Auto Correlation
(SPAC). A dialog appears for setting the shape and size of the array. Select “Triangle 10” and put “50” for “Array size”. Click

“OK” to proceed.
2D SPAC

Geometry
2D array
Triangle

(" Triangle 4

(" Triapgle

L shape

L3 Angle= {gp degrees

C L5
L7
L9

L1l

(" Single circle 9

" Double circle 37

Array size = | 5p m

Linear array
(" Linear array

Receiver spacing = 2 m

Number of receivers = 10

(" Use GPS

x [ If your geometry is not listed in default arrays, click “Advanced
menu” and “Open array file” and select array file. The array file is a
o | simple ASCII file that mentions X and Y coordinate of geophones.
Advanced menu 2D SPAC x

Geometry OK
2D array
Triangle Cancel
(@ Triangle 4
(" Triangle 7 Advanced menu
("~ Triangle 10 -
_Open array file
L shape Save array file
L3 Angle= [gp degrees
LS
L7

Example of array file. | 9:0000000.000000
25.000000 0.000000

50.000000 0.000000

37.500000 21.650635
25.000000 43.301270
12.500000 21.650635
18.750000 10.825317
31.250000 10.825317
25.000000 21.650635

SP+

25.000000 14.433757

6. Data processing using Seislmager
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Spatial autocorrelations by frequencies

Spatial auto correlations appear. When number of receiver separation is more than three, use 4 B buttons to scroll
receiver separations to be shown. Click £ or select [Phase velocity analysis]>>[Phase velocity window] and all spatial
auto-correlations and a frequency domain phase velocity image appear in another window.

Frequency(Hz) Frequency(Hz) Frequency(Hz)
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0.6 - | ] | 0.6 0.6 ?Yq(\ i [ . ‘ | L
. / e
0.4 A L 0.4 0.4 L il r 1
S 02 W m ' S 02 S 02 . i | '
2 00 2 00 o ool < — L | d
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© 02 . | O 03 O 04 / ?
0.4 - ) ] 'L 1l 0. 0. = | |
0 | i
|
| | i
: . 0.8
1 /Hj

. st were b : efpbepfnsrsiay 4100007 1M
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Time(min)
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All spatial autocorrelations
and phase velocity image in frequency domain

To set the minimum phase velocity to be picked, adjust a red horizontal line in a phase velocity image in frequency domain
by a mouse. Click E or select [Surface wave analysis]>>[Show phase velocity curve(s)] >>[Launch WaveE(q].

Frequency (Hz) Frequency (Hz)
0.00 10.00 0.00 5.00 10.00 15.00
500
A | |
7 ‘H it HHHHHHlHHm.
Wg.w%welﬂb?w
Mﬁﬁmmw 100 1
17 6.890457e-001
3
< 8.147711e-001 300
[u] =
] 5]
Oy 8.019210e-001 S
=1
@
@
7.783579¢-001 <
S el S i 200 Iml‘.lul AdJUSt by
7.194003e-001
- d mouse
100 J!
7.145219e-001 I
47
W,MMMWWW
0
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Phase velocity (m/s)

Delete noises or unnecessary frequency range.

500
450
400
350
300
250
200
150

100

SP+

Editing a dispersion curve in WaveEg

Use | [;| or to select phase velocities.
Hit delete key to delete the selected phase velocities.

Frequency (Hz) Frequency (Hz)

0.1 1 10

0.1 1 10 100 500

100

200m 100m 50m 20m 10m

200m 100m 50m 20m 10m 5m
450

400

350

300

y (m/s)

200

Phase

150

100

50

. . . Dispersion curve :
Dispersion curve :

Select [File]>>[Save 1D phase velocity curve or H/V curve (.rst)] to save a dispersion curve to data file.

6. Data processing using Seislmager
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Click E or select [Window]>>[Processing window] and the selected § 4 ]2_" (B
24 CTB data (in a red rectangle) will appear in another window. ' 1
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Detect shots by event detection

Select [Edit]>>[Event (shot) detection]>>[Detect events] and set event detection parameters.

i’:ﬂ: SPACPIus - [SPACPIus1:2]

(W7 File | Edit | View Analysis 2D/3D Option Help

= ng, . Exit current editing mode

[.; Select
CTB Ind

Set gate

% Delete waveform data outside of gate

. Set a shot mark (event)

Cut out a SEG2 file at a shot mark (event)
Event (shot) detection

=3 Copy to report
Selected sensor

Processing

LD MBI «HESEE N

» Detect events

Show detected events

Cut out shot record as SEGZ files based on detected events

. Set new event by mouse

Click “OK” to detect events (shots).

SP+

Event detection parameters

bt
Number of traces = 10
Moniterin channels option

Cancel

(" OR Channel number(s) 0-5 (Either of these channels will detect)

(@ AND Channel number(s) 0-9

Minimum number of channels 5

For example: "0-9, 15, 20" means channel 0 through 9, channel 15 and 20

Time window 1 (W1:default=1000msec) 100 msec
Time window 2 (W2:default=1000msec) 500 msec

Ratio (W2/wW1:default=3) @

[ Detect end of even
e t Smaller value detects more events

(All channels required for detection)

6. Data processing using Seislmager
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Detect shots by event detection

Number of detected events appears. SPACPLLS X

l\\ & events are detected

¥ 3
=T

(0] 4

Detected events (shots) are shown . Adjust the settings and repeat the detection until appropriate detections were obtained.

CTB Index = 1

Time(min)

0.00 1 2 3 4 5
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Edit detected shots

i Select a detected event. Selected event is shown as a red bold line.
Hit delete key to delete the detected event.
Use a mouse to move the event (left button down).

=>» Change horizontal (time) scale.

& Change amplitude.

Selected event

60@ 70 80 90 100 110

Add new event by clicking a left button of a mouse.

. | .

8 54 80 66 72 78 84 a0 96 102 108 50
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Show detected shots by Pickwin

Select [Edit]>>[Event (shot) detection]>>[Cut out shot record as SEG2 files based on detect events].

Edit | View Analysis 2D/3D Option Help

. Exit current editing mode

. [-\q Select

Set gate

Delete waveform data outside of gate

]. Set a shot mark (event)

Cut out a SEG2 file at a shot mark (event)
Event (shot) detection
=3 Copy to report

Selected sensor

Enter data length.

_.:;_:

mBBadb W ESEHE X

60 70 80

Detect events
Show detected events
Cut out shot record as SEGZ files based on detected events

Set new event by mouse N

Float data

Data length to be saved

|2.EI4S cec

oK

Cancel

SP+ 6. Data processing using Seislmager
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Shot records are saved as SEG2 files

Number of saved files appears.

Click “Yes” to continue the processing.

SPACPIus

SPACPIus

—

& files were saved.

OK

Yes

Ig Do you want to show shot records by Pickwin ?

Mo

Shot records were saved as SEG2 files (.sg2) in a folder being selected.

event_0000.sg2
event_0001.sg2
event_0002.sg2
event_0003.sg2
event_0004.sg2
event_0005.sg2

5/28/2018 5:30 PM
5/28/2018 5:30 PM
5/28/2018 5:30 PM
5/28/2018 5:30 PM
5/28/2018 5:30 PM
5/28/2018 5:30 PM

A shot and file list was saved in an XML file.

|j EventListxml

5/28/2018 5:30 PM

<?xml version="1.0" encoding="SHIFT_JIS"?>

- <line>

<line_name>line_name</line_name:>
<line_id>0</line_id>
<sxw_menu>0</sxw_menu>

SG2 File
SG2 File
SG2 File
5G2 File
5G2 File
SG2 File

*ML Document

<geometry_information>4</geometry_information>
<data_information>0</data_information>
<file_type>0</file_type>

<apply_source_position>0</apply_source_position>

<apply_receiver_position>0</apply_receiver_position>

- <file_list>
- <file>

<file_name>event_0000.sg2</file_name>
<id>0</id>
<file_type>0</file_type>
<shot_distance>0.000000</shot_distance>
<first_receiver>0.000000</first_receiver>
<receiver_interval>1.000000</receiver_interval>

<number_of auxiliary>0</number_of auxiliary>
<i_source_component>2</i_source_component>
<start_date_time>2018/5/25 19:40:26.035</start_date_time>

</file>
+ <file>
+ <file>
+ <file>
+ <file>
+ <file>
</ffile_list>

6. Data processing using Seislmager </iine>
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30 KB
30 KB
30 KB
30 KB

32



Set up geometry

A list of shot records appear in a dialog box. Set up source location, receiver interval etc.

File list x
Index Edit D Source (m) 1st receiver (m) Receiver int. (m) # of aux.
|0 - |0 ) | 0 | 2 | 0 | 2018/5/25 19:40:26.035 Cancel
| 1 |— | 1 -2 | 0 2 | 0 | 2018/5/25 19:40:32.268 Next
| 2 |— | 2 -2 |0 2 |0 | 2018/5/25 19:40:41.967 Back
3 |3 |20 |0 |2 |0 | 2018/5/25 19:41:12.968

Setup
[4 s |20 |0 2 |0 | 2018/5125 19:41:20.195
Set # of aux.
| 5 B | 5 | 20 | 0 2 | q | 2018/5/25 19:41:28.236 ﬂ
Delete
Export
Import
Number of files
[ Apply source coordinates from file header ® Active data ’6—
[ Apply receiver coordinates from file header (" Passive data

100003 100007 100008 100043 100044 100045 100054 100061 100062 100068 3 Shots

3 Shots

AL A A A A A A A AP

X

2m
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Individual shot record shown by Pickwin

-

=>» Change horizontal (time) scale.

TRL Change distance scale.

4 Change amplitude. |"l' & | Scroll shot records.
Shot time=2018/5/25 19:40:26.035 Time (ms)
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

0
1
2 AR AN AP IAAAR A AN IARAABAA DA AP A AN S AS AP A P
3
4
5
5 s -
7 1’
8 y WA gty R

E o ’

§ 10 d

Y |
12 T A AT AR AN A A A AN AN AN AN AAAN A BN A A DA S
13 “
14 [y —
15 ]‘
16 MWWWWWWW =
17 S I
18 Wm e —
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Transform to
phase velocity image in frequency domain

Select [Surface wave analysis]>>[Phase velocity frequency transformation] or
press “Ctrl+D” to transform data to a phase velocity image in frequency domain.

Set up max. phase velocity and max. frequency. A phase velocity image in frequency domain appears.
Shot time=2018/5/25 19:40:26.035 i
Phase velocity-frequency transformation X sme Phase velocity (m/s)
0 100 200 300 400 500

— Phase velocity 0K .
Start |0 m's

Cancel 5

® End 500 m's il 10

Dmml Advanced me:m.{

15

20

—Frequency N »

Start 1] = 30

Hz o
I a%'.] 35
" End 60 Hz . 40

45

50

55

60
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. M Picked phase velocities appear on a phase velocity image
Pick phase velocities  frequoncy domain,

Select [Surface wave analysis]>>[Pick phase velocity (1D)] Click left mouse bgtton to move one pick or drag to
move a range of picks.

d nd setu p pa rameters. Click left mouse button to move one pick or drag to move a range of picks.
Click “Advanced menu” to set up detailed parameters. Shot time=2018/5/25 19:40:26.035 Phase velocity (m/s)
0 100 200 300 400 500

Min. and Max. frequency X

OK
Minimum Frequency I 5 Hz
Cancel

Maximum Frequency I&D He —_— 10
Advanced

[v Use median filter M 15

# of sample for median ﬁlte:r=| 20

g Check off if you want to pick all frequency range 25

W velength fimiaton

axitmum wavelength I 2 titnes

30

35

Freguency (Hz)

Minimum wavelength I2 times 40
—Setup min. and max. phase velggé 4
Minimum phase velocity = m's 50
Miaxi h elocity = .. . 55
mumpnaseveoey = 5% | Change minimum phase velocity
-~ Setup area for phase-velocity picking | t0 be picked depending on data %0
[T Use current phase-velocity as minimuffl velocity Tor pickmg - .
_ Select [Surface wave analysis]>>[Show phase velocity
Phase-velocity area I 100 m's
r curve (1D) <Launch WaveEqg>].

6. Data processing using Seislmager



Phase velocity (m/s)

Editing a dispersion curve in Wavekq

Use | [;| or to select phase velocities.

Hit delete key to delete the selected phase velocities.
Frequency (Hz)

Delete noises or unnecessary frequency range.

Frequency (Hz)

1 10 100
500 1 10 100 500
200m 100m 50m 20m Tom 5m 200m 100m 50m 20m 10m 5m

450 450
400 400
350 / _\ 350
300 @ 300

E

P
250 = 250

[=]

©

-
200 ? 200

W

i~

o
150 l | 150
100 100
50 50

0 0

Select [File]>>[Save 1D phase velocity curve or H/V curve (.rst)] to save a dispersion curve to data file.
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Combine active and passive dispersion curves

Select [File]>>[Open 1D phase velocity curve or H/V curve (.rst)]. Active and passive phase velocities are shown together.
Select a passive data file (.rst) and choose “Append to present data”. Frequency (H2)
1 10 100
Append data X 500
] 200m 100m 50m 20m 10m 5m
(" MNew data oK 450
@ Append to present data Cancel 400

350

300

Data will be automatically averaged if “Yes” is chosen.
Choose “No” if you want do not want to average automatically.

250

200

Phase velocity (m/s)

Wavekqg
150

'9 Awverage same frequency? 100

-
——

50

Yes Mo 0

% Dispersion curve : T10 50m.rst

WE 6. Data processing using Seislmager
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Editing active and passive dispersion curves
In Wavekq

Delete noises or unnecessary frequency range. Crick V_R[ to evaluate approximate depth of penetration.

Green circles indicates 1/3 wave length.

S-wave velocity (m/s)

Frequency (Hz)
] 10 100 0 50 100 150 200 250 300 350 400 450 500
500 0 Vi
200m 100m 50m 20m 10m 5m -
450 10 e MBe L lllellllliilill.
400 20 foo AN NS S SO . W S A —
30 o e B
S 0 | NSRS SRR SO NN SO 2NN S NS S
E i i i f f | i f f
g 250 50 foooe A — S I— A AN — A I
o H H H | | . a H | |
E e mee
£ = 0 AR S A e S
O ' ' ' | | ' ' | |
150 a 70 | e o e i e e e e e e i e i e
w0 Maximurn 1/3 wavelength (70 m in thIS example)
80 |rmolles appromma‘te dept‘n of pene‘tranon""i """""
50 :
90 | AU U U S U S S A A—

D=
0
W Dispersion curve : T10 50m.rst 100
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Combine active and passive dispersion curves

Select [File]>>[Open 1D phase velocity curve or H/V curve (.rst)]. Active and passive phase velocities are shown together.
Select a passive data file (.rst) and choose “Append to present data”. Frequency (H2)
1 10 100
Append data X 500
] 200m 100m 50m 20m 10m 5m
(" MNew data oK 450
@ Append to present data Cancel 400

350

300

Data will be automatically averaged if “Yes” is chosen.
Choose “No” if you want do not want to average automatically.

250

200

Phase velocity (m/s)

Wavekqg
150

'9 Awverage same frequency? 100

-
——

50

Yes Mo 0

% Dispersion curve : T10 50m.rst

WE 6. Data processing using Seislmager
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Editing active and passive dispersion curves
In Wavekq

Delete noises or unnecessary frequency range. Crick V_R[ to evaluate approximate depth of penetration.

Green circles indicates 1/3 wave length.

S-wave velocity (m/s)

Frequency (Hz)
] 10 100 0 50 100 150 200 250 300 350 400 450 500
500 0 Vi
200m 100m 50m 20m 10m 5m -
450 10 e MBe L lllellllliilill.
400 20 foo AN NS S SO . W S A —
30 o e B
S 0 | NSRS SRR SO NN SO 2NN S NS S
E i i i f f | i f f
g 250 50 foooe A — S I— A AN — A I
o H H H | | . a H | |
E e mee
£ = 0 AR S A e S
O ' ' ' | | ' ' | |
150 a 70 | e o e i e e e e e e i e i e
w0 Maximurn 1/3 wavelength (70 m in thIS example)
80 |rmolles appromma‘te dept‘n of pene‘tranon""i """""
50 :
90 | AU U U S U S S A A—

D=
0
W Dispersion curve : T10 50m.rst 100
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Initial model

Select [Surface wave analysis]>>[MASW (1D)]>>[Initial model] to built an initial model.

Set “Depth” based on a penetration depth implied by 1/3 wave length for example. S-wave velocity (ms)
0 50 100 150 200 250 300 350 400 450 500
Initial model for inversion X 0 g
0K 10 |
Cancel 20 oo e |
Advanced memm 3 [ S S N S

Depth = ?Ui— m 40 gu

4oflaver= |15 7O S PSR S O S S SO

% 10 T e SO U SO SO dr
§ 70 o i I . S S S
B0 b ]
0T T S S ST S S (R S S S

100

S-wave velocity model (initial) - T10 50m rst



Comparing observed and theoretical
dispersion curves

Click ‘ * Ito compare observed and theoretical dispersion curves.

Fundamental mode [ \

RMSE = 17.066352 m/sec

Phase velocity (m/s)

500

450

400

350

300

250

200

150

100

50

1

Frequency (Hz)

100

50m / 20m / 10m
[ 1]

Dispersion curve : All initial model-1.rst

5m

Higher mode (effective mode) i ‘

RMSE = 17.618916 m/sec

Phase velocity (m/s)
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(effective) O
Fundamental -
1st
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Dispersion curve : All initial model-1.rst
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Selection of inversion method

Use this one (change only VS) when
number of layer is large (> 5)

MASW/MAM (1D) (D) SW/MAM (2D/3D) (T) Options(O) Hel

' Pl BRI D
Fundamental mode = |east squares method (LSM) Inversion (LSM) |
Inversion (LSM, with N)
Dispersion curve is smooth and continuous AdVanced imvercon S T r———
Comparison LSM (W5 and thickness)
High d Sh loci del L
igner moade . ) ow velocity mode )
(effective mode)

Dispersion curve may be discontinuous

MASW/MAM (1D) (I) MASW/MAM (2D/3D) (T) Options(O) Hel

Initial model
Inversion (LSM)
Inversion (LSM, with N)

il BR[| D

Advanced inversion b LSM (thickness only )

Comparison

GA (VS only)

Show velocity model | GA (Vs and thickness)

Use “VS only” when number
of layer is large (> 5)
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Initial S-wave velocity model
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S-wave velocity model (initial) - T10 50m_rst

Comparison of observed and theoretical
(fundamental mode) dispersion curves

Fundamental mode fp| \

RMSE = 17.066352 m/sec
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Frequency (Hz)
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Dispersion curve : All initial model-1.rst
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nversion using fundamental mode based on
east squares method (LSM)

Select “MASW/MAM (1D)”,
“Inversion LSM” to start the
inversion.

MASW/MAM (1D) (I} MASW/MAM

Initial model
Inversion (LSM)

Number of iteration

Least Square wlethod *

[teral:[on( 5 > OK |
Cancel

Advanced memn
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nversion using fundamental mode based on
east squares method (LSM)

Inverted S-wave velocity model

Depth (m)
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S-wave velocity (m/s)
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------------------------------------------------

_____________________________________________________________________________________________

_________________________________________________________________

______________________________

S-wave velocity model (inverted) - Data at Geometrics inverted _result-2 rst

Average Vs 30m = 251.2 m/sec

Comparison of observed and theoretical
(fundamental mode) dispersion curves

RMSE = 9.471599 m/sec
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0

Frequency (Hz)

1 10 100

5m

Dispersion curve : Data at Geometrics inverted_result-2.rst
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Conversion process is
automatically saved in
“RMSE.txt”

=| RMSE.txt

Iteration=0 RMS=17.066352 m/s (7.017373%)
Iteration=1 RMS=14.895001 m/s (6.135052%)
Iteration=2 RMS=13.102761 m/s (5.401269%)
Iteration=3 RMS=11.647438 m/s (4.792031%)
Iteration=4 RMS=10.462912 m/s (4.280407%)
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6. Data processing using Seislmager

* Data downloading from Atom

1D active/passive surface wave method (data obtained by Atom)

e 2D active surface wave method based on CMP-CC (data obtained by Geode)
3D passive surface wave method based on CMP-SPAC (data obtained by Atom)
* Higher modes and inversion using effective mode based on Genetic Algorithm

Tutorial for 2D MASW processing
using Seislmager/SW-2D



6. Data processing using Seislmager

* Data downloading from Atom

1D active/passive surface wave method (data obtained by Atom)

e 2D active surface wave method based on CMP-CC (data obtained by Geode)

* 3D passive surface wave method based on CMP-SPAC (data obtained by Atom)
* Higher modes and inversion using effective mode based on Genetic Algorithm

Tutorial for ambient noise tomography
processing using Seislmager/SW-3D



6. Data processing using Seislmager

* Data downloading from Atom

1D active/passive surface wave method (data obtained by Atom)

e 2D active surface wave method based on CMP-CC (data obtained by Geode)
3D passive surface wave method based on CMP-SPAC (data obtained by Atom)
* Higher modes and inversion using effective mode based on Genetic Algorithm

6. Data processing using Seisimager
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Example of observed waveform data
including higher modes

Case-1 (active)

Source=-0.5m

Phase-velocity(m/s)
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Case 1 : Higher mode example (High velocity on top

S-wave velocity (m/s)

0 50 100 150 200 250 300 350
0 7
e 250
L eennnnn s T
LU - frmeeananeas fremeeaneaeeas fremeeas s R R oo
i 5 E E E i 150
30 feeeeneeeeees SRURLIEEELIEL e o e foneeeane e foneeaneee e
o [ .. S
50 | oo R e AT AT SR
£ 60 | oo L b s AR SR
e 4 ! 4 ! ! ]
o e | e | | |
0 70 | oo R - A A S
s s s s s s 300
O S A AT O ——
QD [N S S, S — R— frcrc oo R
100

S-wave velocity model - model-1.rst
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Fhase velocity (m/s)
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Dispersion curve :
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S-wave velocity model : model-2 rst
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: Higher mode example (Reversed layer

Frequency (Hz)
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100

L{omm /K 100m

TR

Effective mode

5m

/

Dispersion curve : model-2.rst
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Case 3 : Hig
(large veloc
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S-wave velocity model : model-3.rst
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Phase velocity (m/s)
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Frequency (Hz)
10 _ 100
W

s O

Y AVEANNY

RN 3 ANNAYARE

/ o o || Effective mode
/// ;
;persion curve : model-3.rst
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Inversion using effective mode based on
Genetic Algorithm (GA)

Initial S-wave velocity model
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-----------------------------------------------------
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S-wave velocity model (initial) - T10 50m_rst

Comparison of observed and theoretical

(fundamental mode) dispersion curves

Effective mode I'H ‘

RMSE = 17.618916 m/sec

Phase velocity (m/s)
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Select “MASW/MAM (1D)”,
“Advanced inversion”, “GA
(VS only)” to start the
inversion.

100

50m

S MASW/MAM (1D) (I) MASW/MAM (2D/3D) (T) Options(O) H

E

Inversion (LSM)

nversion (LSM, with N}

/ / / Initial model [ Fu i puEp| & R D

Advanced inversion > LSM (thickness only )
Comparison LSM (VS and thickness)
e e —aa GA (VS only)

Dispersion curve : All initial model-1.rst



Inversion using effective mode based on
Genetic Algorithm (GA)

Number of calculation is iteration by population
(50 x 50 =2500 in this example). More calculation
takes longer computation time.

Tteration
Population
Binary digits

Crossover

probability

Mutation
probability

% No need to change default parameters.

WE

OK

Cancel

Constraint is quite
important and will be
described in next pages

Search area of GA is defined
based on initial model

6. Data processing using Seislmager

Velocity model inversion with GA

(— No constraint

@ Setup allowed velocity reverse (default)

Current velocity reverse | 3 %

("~ Increasing with depth

(" Decreasing with depth

\o

Allowed velocity reverse (default=20%) | 10 %%

~N

OK

J

Search area

Search area for velocity (default=20%) ‘ %

Min and max. velocity

[ Define min and max velocity

Min_ velocity 192.5 m/'sec

Max. velocity 325 R
Search method
(=
i
i

| Fix bottom layer velocity

Cancel
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Constraint in Genetic Algorithm (GA)

(@ Setup allowed velocity reverse (default)
Allowed velocity reverse (default=20%)

Current velocity reverse @ %

S-wave velocity

‘'@ No constramt

Usually unstable and keep search
area to be small.

S-wave velocity

Use this one when dispersion
curve has slight velocity reverse.

Phase velocity

Frequency

6. Data processing using Seislmager

Dep"th

P(%) =

a+b+c

d

X 100
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Constraint in Genetic Algorithm (GA)

@ Increasing with depth (@ Decreasing with depth
Use this one when dispersion Use this one when dispersion curve
curve has no velocity reverse. has significant velocity reverse.
Phase velocity S-wave velocity Phase velocity S-wave velocity
Frequency Depth Fre:quen:::j,fE Depth

N



Calculation example of Genetic Algorithm (GA
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S-wave velocity model (initial) - T10 50m rst

RMSE = 17.618916 m/sec

Phase velocity (m/s)

500

450

400

350

300

250

200

150

100

50

Frequency (Hz)

10

200m / 100m 50m

Dispersion curve : All initial model-1.rst

Iteration
Population
Binary digits

Crossover

probability

Mutation
probahility

Velocity model inversion with GA

>
e
(" No constraint
Cancel
(@ Setup allowed velocity reverse (default)
Allowed velocity reverse (default=20%) | 10 %

Current velocity reverse | 3 %

(" Increasing with depth

(" Decreasing with depth

OK

Search area

Cancel Search area for velocity (default=20%) 25 %

Min and max. velocity

[ Define min. and max. velocity

Min. velocity 192.5 m/sec
Max. VElOCl"E}" 325 misec
Search method
(=

(._
(._

[ Fix bottom layer velocity

During inversion the latest error
is saved in “CurrentError.txt”. =| CurrentError.tut

4

lteration= 35 Minimum RMS=7.139146 in 15 Average RMS= 10.344242 Reject= 10

6. Data processing using Seislmager




Calculation example of Genetic Algorithm (GA

The best model obtained from GA

Indetal error=0.007392

S
WE

Depth (m)

10

20

30

40

50

60

70

80

90

100

S-wave velocity (m/s)

0 50 100 150 200 250 300 350 400

500

450 500 450

______________________________________________________________________________________________

400

350

300

250

200

Phase velocity (m/s)

_____ 150

100

20

S-wave velocity model : Data at Geometrics inverted_result-2 rst

Average Vs 30m = 244 3 m/sec

Frequency (Hz)
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Dispersion curve ;: Data at Geometrics inverted_result-2.rst
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Solution members obtained from GA

GA provides candidates of model (population or member).

Indg gtal error=0.007585

S-wave velocity (m/s)
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S-wave velocity model : Data at Geometrics inverted_result-2.rst
Average Vs 30m = 242.7 m/sec
Intal error=0.007616
S-wave velocity (m/s)
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scroll solution members. o |
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S-wave velocity model : Data at Geometrics inverted_result-2.rst

Average Vs 30m = 244.3 m/sec

S
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Ind @ | error=0.007585
R 585262 misec
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Dispersion curve : Data at Geometrics inverted_result-2.rst

In error=0.007616
RIS 7616495 m/sec
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Dispersion curve : Data at Geometrics inverted_result-2.rst
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Solution members obtained from GA

Click zﬁ to show all solution members.

WE

Depth (m)
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S-wave velocity (m/s)

50 100 150 200 250 300 350 400 450 500

S-wave velocity models : GABestSolutions. pvs
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RMSE
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1.0
10.4
97

9.0

8.4
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Speed up calculation

To speed up calculation, check “Options”, “Advanced options”, “Parallel processing” to on.
WaveEq uses all processors in a PC.

Options(0) Help(H)

Dimension size
Settings

meters and m,sec
feet and ft/sec

Site information
Language

Advanced options
Almighty

||

n u

WE

Reverse Y axis text for clipboard copy

Set up GeoPlotexe location
Set up GeoPlot3D.exe location
Set up Pickwin location

+ Parallel processing

= Task Manager
File Options View

Processes Performance App history Startup Users Details Services

“ 100%
Name Status CPU
Wavekq (32 bit) Mot responding ‘ 94.9% ‘

6. Data processing using Seislmager
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