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1. Introduction

This manual summarizes data acquisition and processing of seismic survey. It particularly focuses on 1D
passive and active surface wave methods using 10 ~ 12 Atom acquisition units (AUs) for average S-wave
(shear wave or secondary wave) velocity to a depth of 30 m (AVS30). See “Seislmager/SW™ Manual”,
“SeisImager/SW™ Manual Addendum (H/V)” and “Seislmager/SW-Pro™ Manual” for the detailed analysis of

dispersion curves and/or H/V curves.

Figure 1.1 summarizes software suite and modules will be mentioned in this manual and outline of data
processing. Two software suites, Geometrics Atom Downloader and Seislmager will be used to download
waveform data from Atom and to process the data. Geometrics Atom Downloader downloads waveform data
from Atom AUs via Wi-Fi and save it raw data files (.mtn). SPACPIus reads the raw data, edits and pre-process
raw data and save it as SEG2 files. It also calculates an 1D dispersion curve from ambient noise data. Pickwin
takes over pre-processed data and applies 2D or 3D dispersion curves. Pickwin also directory reads the raw
data file (.mtn). WaveEq applies various inversions to 1D to 3D dispersion curves and provides 1D to 3D S-
wave velocity model. The SPACPIus also downloads data from Atom AUs and set up acquisition parameters
via Wi-Fi or USB.

Although the manual mainly describes data acquisition and processing for 1D passive and active surface wave
methods, Atom can be used for other seismic surveys such as refraction and reflection. SPACPIus cuts out
and saves shot records as SEG2 files and Pickwin and Plotrefa take over these data and applies refraction or

general seismic processing.
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Figure 1.1 Software suite and modules described in the manual and outline of processing.
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2. Typical survey configuration for microtremor array measurements (MAM)

1) In microtremor array measurements (MAM), the array size (or maximum separation of receivers) must be
larger than the depth of investigation. For example, the array size must be bigger than approximately 30 m in
the investigation for an AVS30 investigation. Seislmager allows four set types of array configurations as well
as a custom option. Figures 2.1 through 2.5 illustrate the various set configurations. Note that “Array size” in
the Figures is the definition used for processing in Seisimager and not the same as the maximum receiver
separation. See Seislmager/SW manual for more details. As in Figure 1, the black line represents the order

of the Atom’s ID and the green inverted triangles represent each Atom.

Array size
End
%__
A 4 )\ 4 o 4
Start

Figure 2.1 Map view of MAM survey equilateral triangle spread configuration with 10 geophones

End
/> . /] Sm

Figure 2.2 Map view of MAM survey equilateral triangle spread configurations with 7 (Triangle 7)

(Triangle 10).

and 4 geophones (Triangle 4).
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Figure 2.3 Map view of MAM survey L-shape spread configurations with 11 (L11), 9 (L9), and 7

(L7) geophones. An angle between two edges does not need to be 90 degrees.
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Figure 2.4 Map view of MAM survey circle spread configurations with 8 outer geophones on one circle
and one center geophone (Single circle 9) and 18 geophones in two circles and one center geophone
(Double circle 37).

Receiverspacing (geophoneinterval)
Start / End

1 16

Numberof receivers (geophones)

Figure 2.5 MAM survey linear spread configuration using all channels, one per geophone.
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2) A typical example of an L-shape array for an AVS30 survey using Atom units is shown below. For the sake
of simplicity, deploy the Atoms in numerical order of ID. In this example, the Atom ID’s are 10006 to 100050.
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Figure 2.6 L-shaped array (L11) using 11 Atom AUs.
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During processing, waveform traces are shown and processed in the numerical order of each Atom unit’s ID.
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Figure 2.7 Example of data obtained from Atom units.

3) Data acquisition

For an S-wave velocity investigation, such as an AVS30, record between 15 to 30 minutes of ambient noise
per survey. This will be sufficient for surveys with penetration depth of 30 to 100 meters. As arrays become
larger, increase the recording time. Standard recording time for different size arrays is summarized in Table
2.1. Note that the standard time is just a rough indication and is dependent on site conditions. For surveys

larger than 100 meters in urban areas, it is better to acquire the data at night.

Table 2.1 Array size and standard recording time

Array size or investigation Recording time Remark
depth (m) (min.)
<30 >15 NA
30 ~100 > 30 NA
100 ~ 500 > 45 In urban areas, survey at night
500 < > 60 In urban areas, survey at night
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3. Typical survey configuration for multi-channel analysis of surface waves (MASW)

In multi-channel analysis of surface waves (MASW), the array size (spread length or maximum separation of
receivers) must be larger than the double of investigation depth. For example, the array size must be bigger

than approximately 20 m in the investigation depth of 10 m. Figures 3.1 illustrates the typical configurations.

Deploy Atom units in numerical order
|

100003 100007 100008 100043 100044 100045 100054 100061 100062 100068  Shots

Shots ‘
| I S SR SR SR AR SRR AR AR o Id \

v v v v v v Yy v v \
/ several 2m 18 m with 2 m spacings 2m

several
meters meters

Figure 3.1 Typical source-receiver geometry for multi-channel analysis of surface waves
(MASW).
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4. General operation of Atom

The atom generally has two modes of operation. The first is the recording mode without Wi-Fi and the second

mode is downloading with Wi-Fi.

Table 4.1 Recording mode and downloading mode
Mode Wi-Fi Wi-Fi LED Operation
Recording Off No blinking or blink once Recording data

. i ) Downloading data
Downloading On Blink twice

Set up acquisition parameters

Figure 4.1 describes the behavior of Atom when turned on.

e
£ % <
, |
" s
Turn on

Received search command from

“Geometrics Atom Downloader™?

Yes

Recording mode Downloading mode

Figure 4.1 Recording mode and downloading mode for Atom
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Operations for the Atom’s two modes can be summarized as follows:

A) Recording mode
1 : Turn off Atom.
2 : Turn off access point “atom0000”.

3 : Turn on Atom.

B) Downloading mode
1 : Turn off Atom.
2 : Turn on access point “atom0000”.

3 : Connect PC to the access point “atom0000” by LAN cable (recommended) or Wi-Fi.

atom0000

@ No Internet

Wi-Fi
Turned off

o
I
4 : Launch Geometrics Atom Downloader
5 : Turn on Atom.
5. LED Colors on Atom
Battery Wi-Fi GPS

Figure 5.1 Color LEDs of Atoms.
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6. Start and stop recording

To begin recording, turn each unit over slowly two or three
times.

N N

e

.

7

Unit Beeps when the Atom is turned on or off.

Figure 6.1 Turning on and off of Atom units.

Atom can be turned off via the Wi-Fi connection (8. Confirm or set up the Atom’s acquisition parameters via

Wi-Fi). To distinguish measurements, turn off and on one unit at the beginning or ending of the measurements.

15t measurement 2" measurement 3" measurement
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Figure 6.2 Turning on and off of Atom units between measurements.
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When power is turned on, the LED indicator lights show the following:

Battery Wi-Fi GPS

Slow Blink

Figure 6.3 LEDs when Atom is turned on.

When GPS is locked:

Battery Wi-Fi GPS

Slow blink Slow blink

Figure 6.4 LEDs when Atom is locked on the GPS.

After recording begqins: (recording automatically starts several tens of seconds after GPS is locked).

Battery Wi-Fi GPS

Slow blink Fast blink

Figure 6.5 LEDs when Atom is recording data.
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7. Battery status

The battery lasts approximately 60 to 70 hours from a full charge.

Battery status when data is being recorded (full battery).

Battery Wi-Fi GPS

Slow blink Fast blink

Figure 7.1 LEDs while data is being recorded (full
battery).

Battery status when data is being recorded (less battery).

As the battery charge decreases, the green and red lights alternate. It usually takes more than 40 hours of

use after a full charge for the red LED to start blinking.

Battery Wi-Fi GPS

@ Quick blink

- Increase in blinking red LED corresponds to

decreasing battery charge.

Figure 7.2 LEDs while data is being recorded

Battery status when data is being recorded with a very low battery

Battery Wi-Fi GPS
Slow blink Quick blink

Figure 7.3 LEDs when data is being recorded with a very
low battery
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8. Confirm or set up the Atom’s acquisition parameters via Wi-Fi

Use Geometrics Atom Downloader confirm or set up Atom’s Acquisition parameters. The parameters can be

also confirmed or set up using SPACPIus via Wi-Fi or USB. See appendix A and C for the more details about

SPACPIus.

1) Turn off and stop recording for all Atom units.

2) Plug in a Wi-Fi access point to your PC.

3) Connect your PC to “atom0000” by LAN cable (recommended) or Wi-Fi. Do not connect both LAN cable

and Wi-Fi to the access point.

L]
I

4) Launch Geometrics Atom Downloader

5) Display shown below appears on the window. Make sure one or two networks were found.

. Geometrics Atom Downloader: CAData\Test

File Settings Help

Atoms | Common Times | Log

@~

Number of networks should be 1

Network Adapters

Intel(R) Dual Band Wireless-AC 3165

Z 19216800

TC:67:A2:F3:C5:55

Gateway IP

192.168.0.0

Figure 8.1 Display of Geometrics Atom Downloader

when no Atom was found.

02/06/2019, Rev. 1.6
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6) Turn on all Atom units.
The Atom units automatically being download mode (Figure 8.2) when they locate the access point “atom0000”.

In this mode, data recording does not start.

Battery Wi-Fi GPS
Slow Blink. Blink twice.  Slow blink when GPS is locked.

Figure 8.2 LEDs when Atom is ready to be controlled from

The Geometrics Atom Downloader shows the number of Atom AUs found.

': Geometrics Atom Downloader: C:\Data(2018.07.08)
File Settings Help
Atoms Tree ‘ All Atoms Common Times | All Atoms Data Grid | Log

K = G ~ || Common Times | Atoms |
= o
1 o 6 144 | 0

Vesterday Today|1 Hour|1 Da

~ 08/21/2018 20:00:00

£
<
E3

Ignore

22
!

= (efe)

ISR RS S e )]
21 22 23 00 01 02 03 04 05 06 07 08 09 10

Plessi N
Realtek PCle FE Family Controller R L S 1 [100047| []
+ EE 1921680113 1921680254 | 1 6 | 144 2 [1000a2| [
50:9A:4C:B6:BD:A3 (- 7 3 |100072| (]
@ @"’ 4 |100056| [
5 [100020] []
6 [100049| []

-

192.168.0.108
b8 100047 3635V

23
00:03:94:1E:37:D4
.

Figure 8.3 Display of the Geometrics Atom Downloader
when 6 Atom AUs were found.
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7) Click [All Atoms Data Grid] tab on the left side window of the Dowanloader, you will see each Atom units’

ID, IP address, battery voltage, sampling time and pre-amp gain. Note that the default setting of passive

surface wave methods is 4.00 ms and 12.0 db,

- Geometrics Atom Downloader: C\Data(2018.07.08)
File Settings Help

Atoms Tree | All Atoms Common Times = All Atoms Data Grid | Log

#|S/N |IP Mac Address | Voltage | Current | Charge S;?::e PE:.ITP
1 ‘10004?‘192.‘168.0.‘108 00:03:941E37:D4| 3634V | -17TmA | 49% 4 ms 12 dB
2 [100042|192.168.0.106(D0:E7:82:B4:58:CEB| 3656V |-256mA | 47 % 4 ms 12 dB
3 |100072|192.168.0.105|D0:E7:82:B4:52:81| 3652V | -256mA | 53% 4 ms 12 dB
4 1100056(192.168.0.104|DO:ET:82:B4:40:E7| 3645V |-264dmA | 49% 4 ms 12 dB
5 [100020]{192.168.0.103|D0:E7:82:B4:43:E3( 3.530V | -259mA | 48% 4 ms 12 dB
6 (100049|192.168.0.102| 00:50:43:02:FE:01| 3644V | -258mA | 38% 4 ms 12 dB
7 (100016|192.168.0.107(00:03:94:1E:37:02| 3.693V | -1B0mA | 59% 4 ms 12 dB
3 |100051|192.168.0.101(00:03:941E:37:DD| 3697V |-174mA | 49% 4 ms 12 dB
9 1100074|192.168.0.100{00:03:94:1E:37:CC| 3.718V | -171mA [ 58% 4 ms 12 dB
10 |100065])192.168.0.109{ 00:03:94:21:35:03| 3687V | -167T mA [ 57 % 4 ms 12 dB

Figure 8.4 Example of Atoms Data Grid showing the acquisition parameters
and conditions of each Atom AU.

8) To change the Atom unit’s acquisition parameters, click a right button of a mouse in group (to change all

AUs in group) or in each Atom (to change indivdual AU) to show sub menus.

192.168.0.100
100047
00:03:94:1E:37:D4

Each AU

192.168.0.101
100058 3721V

DO:E7:82:B4:59:A7 (‘
’Filiy @wnl

>

Click a right button of a mouse to
show sub menus

[&°N - Folders/Files Operations

Re-download the Folder List from every Atom in this Group
ﬂ Download the File List from every Atom in this Group

' Download all Seismic Data Files from every Atom in this Group
& (% Delete/Format »
V; ; Acquisition Parameters = \

. Set Sample Rate to every Atom in this Group 4 ms v

= SetGain to every Atom in this Group 12db v
ﬂ]:‘: Other Commands

Beep every Atom in this Group

Power Off every Atom in this Group

Reset WiFi Connection in every Atom in this Group
Start Recording in every Atom in this Group

Stop Recording in every Atom in this Group

@ k-]

Figure 8.5 Click group or individual Atom to change acquisition parameters.

02/06/2019, Rev. 1.6
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9) Select sampling time and preamp gain in a dialog box.

Figure 8.6 Change sampling time and/or preamp gain.

10) Confirm changes to the acquisition parameters, in the Atom Data Grid.
Note that if the MC version is smaller than 1.39, acquisition parameter may not be changed by Atom
Downloader. Use SPACPIus to change the acquisition parameter if the Atom Downloader did not work. See

Appendix A for the details.

Acquisition parameters

1 192.168.0.100({00:03:94:1E:37:D4

2 |100065(192.168.0.103|00:03:94:21:35:03| 3.757V | -175 mA 54 %
3 |100058{192.168.0.101|DO:ET:82:B4:5%:A7| 3703V | -268 mA 55 %
4

100003|192.168.0.104|DO:ET:82:B4:51:CT) 3.805V | -263mA | 46%

) o ) ~MC version
Figure 8.7 Acquisition parameters shown in Atoms Data Grid.
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9. Use Wi-Fi to turn off all Atom units

1) To turn off all Atom units, show a sub menu by clicking a right button of a mouse either on group or on

each AU. Select [Power off every Atoms in the Group] of [Power off this Atom] to turn off Atom units.

Figure 9.1 Sub menu to turn off Atom units.

2) Confirm all boxes were turned off.

02/06/2019, Rev. 1.6
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10. Battery charging

Charging begins when the Atom is connected via charging cable to the USB connector.

Battery charging status (during charging).

Battery Wi-Fi GPS

@ Slow blink when GPS is locked.

- The green light blinks get as charging proceeds.

Figure 10.1 LEDs when Atom is being charged.

Battery charging status (charging complete).

Charging takes approximately 10 hours from fully discharged battery.

Battery Wi-Fi GPS

Steady on. Blink slowly when GPS is locked.

Figure 10.2 LEDs when battery fully charged.

02/06/2019, Rev. 1.6
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11. Data format

The format of waveform data file is the almost same as MT-Neo. The extension is “.atm” instead of

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.

.mtn”.

In the example shown

below, the folders represent data collect on March 315t, 2017 between 18:00 and 20:00 UTC.

17033118
17033119
17033120

Waveform data file.

Collected data are stored in files named for the Atom unit’s ID and time in minutes.
below, files are recorded with Atom unit 100006 from 31 to 40 min.

|#| 10000621.atm
|=| 10000632.atm
[=] 10000633.atm
|=| 10000634.atm
|=| 10000635.atm
[=] 10000636.atm
|=| 10000637.2tm
|=| 10000638.atm
|| 10000629.atm
|=| 10000640.2tm

02/06/2019, Rev. 1.6
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12. Data download

There are three methods for retrieving data from the 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 SPACPIlus 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.

http://seisimager.esy.es/atom/utility/CDM_2_08 30.zip

See Appendix B for the details.

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. SPACPIlus 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.

1) Turn off each Atom to stop recording data.

2) Plug in a Wi-Fi access point (SSID of “atom0000”) to your PC.

3) Connect your PC to “atom0000” by LAN cable (strongly recommended) or Wi-FI. 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.

20
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Power cable (USB)

—

) = -
L

Lan cable (Ethernet)

Connected to Ethernet by Lan-cable atom0000
(should be No Internet). <j ?'-_'-_l No Internet

Wi-Fi is turned off. <j V_VI_FI )
Turned off

Figure 12.1 Connecting access point to PC by Lan-cable.

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 were found.

02/06/2019, Rev. 1.6



*. Geometrics Atom Downloader: CAData\Test

File Settings Help

Atoms | Common Times | Log

@~

Number of networks.

MNetwork Adapters

Intel(R) Dual Band Wireless-AC 3165 L

_— Gateway IP |. . .. [ &

""-E" 192.168.0.0 add
7C:67:A2:F3:C5:55 192.168.0.0 1] 0 0

Figure 12.2 Display of Geometrics Atom Downloader
when no Atom was found.

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..

Figure 12.3 LEDs when Atom is ready to download

22
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8) Atom IDs appear on the Atom Tree Window of the Downloader.

S-\’ Geometrics Atom Downloader: C\Koichi\Geometrics\NewSeismograph\Timing comparison(from 2018.05)\2018.05.02\Data-2
File Settings Help

Atoms | Common Times | Log

=
( - HI‘,_- b ; . Common Times ‘Atoms|
‘@ -
1] o |(20 [)338| o
‘ Number of Atom units.
(€D P
00 00 00 00 00 00 00
Ceee il

Intel(R) Dual Band Wireless-AC 3165 e A e 1 Jrooos2) (1 [T
4 T 191680103 192.1680.1 | 1 | 20 | 398 2 100043 0 [010] peeeememen
TCETAZFCS:S5 3 [100036 (] [O]8] s
4 100014 (] [@]8] e
o 1 8 e—
o ooers 0010 p—
7 oo 1 [O18] p—
’ 8 |100062| (] [@]0]
5 rond 1 0] e—
ol oooe{ ] [A18]_ e
st 1 012 p—
 132.168.0.104 12100054 (] | @[]
b Q‘ 100052 18 13[100140] T [A18] pmeeessssssnn
" 00:03:94:1E:37:DE e EEOTT
@ﬁ’) | oors| O[O
16/100031| (] [0
) w1 A1) e—
T 1ol [ 18]
b Q‘ 100043 3661V 19 19(100011 9 @?_

Figure 12.4 Display of Geometrics Atom Downloader when 20 Atom AUs were found.
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9) Select a time range from which data will be downloaded by a mouse in the windows at right hand side.

? ics Atom Ds CAKoi i i \Timi i 2018.05)\2018.05.02\Data-2 o (u} X

~| Common Times  Atoms
) s
—_ Periods
1 Hour]1 Day|1 Week]t 1 YearlFull
05/02/2018 03:41:00 | <<< Sl >>>] 05/03/2018 03:41:00
2
® == =N
¢ sn 2 05 06 07 08 09 10 11 12 13 14 15 16 17 " 2 2 3 001 02 03| £
T ] i e 1 &
1 1 U 1 1 | 1 U U 1 U 1 U 1 1 1
bo 00 00 00 00 00 00 00 00 00 00 00 00 00 oo 00 o 00 00 00 00 00 00 00|
- < Minutes >
Intel(R) Dual Band Wireless-AC 3165 1 [100052) (1 | 6T} = 2
4 T 1921600103 2 [100043] ] [E]M |,
TCHTAZFICSSS 3 [10003¢} ] | & | b
4 [100014] []
) 1] =T
5 |100027| (] [ 1
6 |100015| [ |@] ﬂ | =
7 [100044| ] [ ] |
s J1ovoe2] 0 []8] p—— |
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Figure 12.5 Selection of data to be downloaded.

10) Click [Compute Time Window] to download common time windows (blocks) or [Select Period Displayed]

to download all data displayed in the window.
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" iics Atom C i Timi 2018.05)\ Data-2

File Settings Help

% Completed

| AP K A U (R N O RO O R Y |
5§ 08 17 26 35 44 53 02 11 20 29 38 47
Minutes >

Intel(R) Dual Band Wireless-AC 3165
4| % 1921680103
TCETA2F3.C555
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192.1680.105 o s
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Figure 12.6 Selection of data to be downloaded.

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

I Foiders/Files Operations N

Atom Common Times | Atom Data Grid
o Clear All
Settings Periods

1 Hour|| 12 Hours | 1 Day | 2 Days | 1 Week | 1 Month | 1 Year || Full Range

IR Acquisition Parameters:

10/15/2018 10:04:54 || <<< = + >>> || 10/16/2018 14:19:35

>>

4ms v
2| Click a right button of mouse . e
= n 13 15 17 19 21 23 01 03 05 [ D‘Q 1I1 1‘3
- T Other Commands
= I A
roosss| O i e

Figure 12.7 Click a right button of mouse to show sub menu.
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12) Select .| in the sub menu to start download data.

rc ics Atom D Ci\Koic ics) i h\Timing i 2018.05)\2018.05.02\Data-2
File Settings Help

Atoms | Common Times | Log |

Intel(R) Dual Band Wireless-AC 3165

4| T 1921660103
TCETAZFICSSS

Figure 12.8 Select .| to start download data.
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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. Downloaded data has a

folder and file structure shown in 11. Data format.
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8 {10006 | [ 458
9 J1000as| (1] K 867
101 O] & 641
‘ 11{100061| 1| K 15.12
4
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Figure 12.9 Example of display middle (top) and end of download (bottom).
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13. Delete data directory and format SD card

1) Waveform data in Atom AUs can be deleted per directory. To delete directory, select the data in the Atom

Common Times Window (right hand side) just like data download and show sub menus and select -

('] Download the File List within the Displayed Time

Select

Figure 13.1 Select - to delete data directories.

2) To delete all data in Atom AU or format SD card in the AU, show sub menus in Atom Tree Window (left hand

side) and select ﬂ

& Delete/Format

‘Acquisition Parameters

SIS

Select

Figure 13.2 Select u to delete data directories.
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14. Export waveform data as SEG2 or ASCII file using SPACPIus in Seisimager

Downloaded waveform data can be exported as SEG2 or ASCII file using SPACPIus in Seislmager. Data are

exported with each Common Time Block (CTB) during which all Atom units were recording data. The standard

data exporting procedure is summarized below.

1) Click = or select [File]>>[Open folder] to select a folder to which waveform data were downloaded. After

selecting the folder, the waveform data appears as shown below. Waveform traces appear in order from lower

to higher Atom ID numbers. Data processing may be resumed for previously downloaded by selecting

File]>>[Open folder used the last time]. An area surrounded by a red rectangle is a “Common Time Block

(CTB)” during which all Atom units were recording data. Select a CTB to be processed, using left and right

arrows if several CTBs are shown.
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Time(min)
30

40

60

2018/05/25 19:00:00

e —

1st common time block

SDPAPENTIN WS
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I l{f -
Ll
| d}_t 1

.. 3" com
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100003

100607
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100043
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100062

100068
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Figure 14.1 Selecting the Common Time Block (CTB)..
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Figure 14.2 Selecting the Common Time Block (CTB)..
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CTE
2) Click ™. or select [Window]>>[Processing window] and the selected CTB data (in a red rectangle) will

appear in another window.

5| SeisManager1:2 o o=

Time(min)
6 17 18 13

000 12 3 0 122 3 24 25 6 27 8 29 30 132 33 34 =
2016/11/29 05:43:00 | 1018

t t
184783e+001
500 1261 )
¥

53615+00
L 2007 ]

1

w2

i
63103e+00:
2753

e

H
525388 +00:
3101

i

Age. (gal)

54939e+00;
3104 |
I |

3107

t
62633g+01
3108

52011640
3133 ||

i
62957 +01

w

w

< b

Figure 13.5 Data from the Common Time Block.

3) Optional : Use left and right arrow keys to move gates and the TAB key to switch a gate to be set.

| 2 SeisManager1:2 =N =R <]

Time(min) ‘g|
000 1 2 3 4 7 0 1 12 314 5 8 17 8 19 0 122 3 4 25 8 728 9 0 132 33 34
016/1 1/29‘ 5:43:00 | 118 I

—+—

\ 847836+000

500 261, |

1

53E 186+002
1 2007

l =
3.063703+002
753

H—1
62238e+002
3101

Age.(gal)

"
54¢39¢+002
E|

.
62£95e+002
307
t

62£33e+01

l
|
2

3108 |

s00] | 2
|

1

2

5221140
333 ||

—
3.062¢87e~+01

Figure 14.3 Window showing the gates (green and yellow lines).
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4) Optional : Click &4 or select [Edit]>>[Delete waveform data outside of gate] to delete the waveforms

outside of the gates.

7 SeisManager1:2 [E=nEo
Time(min)
0012 3 4 7 W 11 12 13 14 15 15 17 18 19 20 21 22 23 24 95 26 27 28 29 30
'm{,! wgﬁoﬁ:tgz PR T VA Y O Y PR N | ; ”.#_ .lp oy b #M\ it I.J’n,'LT#JH | I
184783¢+000
B ) %.. P Y T RS PO AP YO P Y O TP ittt N YO O | s 12
"’v 'r\ Wiy g L Py T y-l A L ? Lo ) et Pt U Loy
TN P PRV R PP T T it et .J‘J% SN ARSI | s 12297
“ *‘rl L L i i 'rw‘ LA L T [ a4 rw’r W hi T L AR ”' “ Bk ‘ﬁ'ﬁnmyﬁ
YR PO P P M Y UYL I S 1%1[..‘ Mo J*J " e
5 T b | T T ! L (i hd 'VIT 1 T " i J Yoo ngf* .
G W A N w e el 1N -
EU i} ]‘L e ﬁJ 1 f v* ?' ?-J"w e r '; ‘ﬁ‘l‘”; y ! 11 t i‘ T'!' ‘| i ' ””F 1.‘,74;1;29::
PR Y " . ool bbb bk ol dabds . " o ol I T Jal3104
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Figure 14.4 Window showing selected data after removing unwanted waveforms.
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5) Optional : Select [Window]>>[Geometry] to show GPS location as recorded by the Atom units.

L] usl:
5 SPACPIus1:3 =
=
W-E (m)
598219.19 598239.19 596250.19 590279.19 590299.19 590319.19
: B
| e "’1513
‘ C\1133 ‘ -* ‘.. [ + o+
| 1130 geo1118
0 +
4139835 g e 1138
CZTE-4
4139815 7.40042-121.88974
E
=
' *
w o .
*
4139795 * a2t
* 3099
+
v
b
*
* ‘o . *
4139775 ot
fo‘ * 551'34
*
*
*
-‘“'znbs
4139755 |
4 »

Figure 13.8 GPS location recorded by Atom units. Small dots indicate GPS locations
recorded by each Atom unit each minute. Medium size circles indicate averaged GPS
location over currently selected time block for each Atom. The large gray circle indicates
averaged location of all Atom units.

6) To save the waveform data in CTB as a SEG2 file, select [File]>>[Save waveform data as SEG2 file].

7) To save the waveform data in CTB as an ASCII file, select [File]>>[Save waveform data as ASCII file].

02/06/2019, Rev. 1.6
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15. Basic passive data processing using SPACPIlus in Seisimager.

The basic data processing procedure for 1D passive surface wave method (microtremor array measurements)
is summarized below. Data from an Atom system is processed in the similar way that MASW or MAM surveys
are processed using traditional seismographs such as the Geode. After picking dispersion curves, perform the
data analysis using Seislmager/SW. See “Seislmager/SW™ Manual”, “Seislmager/SW™ Manual Addendum
(H/V)" and “Seislmager/SW-Pro™ Manual” for the detailed analysis of dispersion curves and/or H/V curves.
See the section 16 for the data processing procedure for active data recorded by Atom and the section 17 to

combine active and passive data.

SPACPIlus Downloaded data from Atom
SPA v
\,‘m"' Select common time block (CTB) to be processed

Edit CTB (optional)

Calculate spatial auto-correlation

v

Calculate phase velocity image and pick dispersion

WaveEq Edit dispersion curve (optional)

"""""""""""" ;T

Create initial curve

v

Inversion

v

Final velocity model

Figure 15.1 Basic data processing procedure for microtremor array measurements.
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SPACPIus consists of several processing windows which will sequentially appear during processing. Each
window can be viewed one at a time. Several common time blocks (CTB) can be shown in the Main window.
A single CTB can be analyzed at one time. Coherences calculated from several different CTBs can be
appended in the Phase velocity window. Delete other windows (CTB, Geometry, and SPAC) except the Main

window and the Phase velocity window when starting analysis for new CTB,

Main window

Select one CTB

Common time block
(CTB) window

Geometry window

Set geometry and calculate SPAC

—>| SPAC window

Phase velocity window

Figure 15.2 Windows that appear in SPACPIus.
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1) Data processing starts from a CTB. Select a CTB to be processed just like exporting waveform data

described in previous section.

5| SeisManager1:2 E’
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il v ™ T T R I Ao Ll L 1 ‘I'T Uk A I ) B L (il Wrr N T o i "1'&5713"353005
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' u t " il ) g e TPy
2.607313e+00C
Ll itlw.l“ Y | T 4 PR\ AT I\ b atie IS T A b treiinotlsbidotiedhl bl Jyf2oo |
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E}
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O Y P T LY Y AV T Aok bbbl gt ol l b P T Y 1P T b 304 |
T Tderting Wiy e H it 1 U e A 4 LA q. J " r et ;?ﬂ;}z’agm
w At M " Lol L b kil I Y | F T SR T e ] g for L
'vﬂ Pty Mgt i Lak e i Gl H= r’, La i T (i ] u L ‘F B L L R AL L rz‘z‘nﬁ%yg‘ué
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Figure 15.3 Example of Common Time Block (CTB).
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SRl
2) 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. Check “Use GPS” if
GPS location is used for SPAC processing.

2D SPAC

Geometry QK

2D array
Cancel
Triangle
{ Triangle 4
" Triangle 7
" Triangle 10

il

Advanced menu

L shape

L3 Angle= |gp degrees

L5
(L7
L9

 L11

" Single cirde 9
(" Double cirde 37

Array size = |75 m

Linear array
" Linear array

Receiver spacng = i0 m
Mumber of receivers = |11

" Use GPS

Figure 15.4 Dialog box for setting array shape and size.
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To view other options, click [Advanced menu]. To use a custom array configuration, click [Open array file]>>
and select an ASCII file containing X-Y location of sensors. Make sure [Manual array] is checked on if you

opened an Array file.

-
2D SPAC S5
—Geometry T3 |

— 2D array
Cancel |

—Triangle

" Triangle 4

i Triangle 7 Advanced menu |

" Triangle 10

Open array file

L shape Save array file |

C13 Angle= IQU deqrees

LS

L7

Ly

L1

—Data storage

" Single dirde 9 [~ Reverse cable direction

" Double cirdle 37 Start channel = IU (channel number starts at 0)

Unused channels (space or comma

Array size = |75 m delimited, starts at 0) = I

—Linear array

" Linear array

[~ Use receiver distance in trace header

Receiver spacdng = Im m
Mumber of receivers = |11

' Manual array

" Use GPS

Figure 15.5 Dialog box for setting custom configurations.

38

02/06/2019, Rev. 1.6



An example of array file is shown below:

-0.000000 75.000000
-0.000000 60.000000
-0.000000 45000000
-0.000000 30.000000
-0.000000 15.000000
-0.000000 0.000000
15.000000 0.000000
30.000000 0.000000
45.000000 0.000000
60.000000 0.000000
75.000000 0.000000

3) Spatial auto correlations appear. When number of receiver separation is more than three, use
buttons to scroll receiver separations to be shown.
5 SeisManager1:3 (=N ER [
Frequency(Hz) Frequency(Hz) Frequency(Hz) El
0.01 0.10 1.00 10.00 10000 001 0.10 1.00 10.00 10000 0.01 0.10 1.00 10.00 1005
i SPAC15.0 : SPAC:30. SPAC:45,
. e,y "o )
S0, ! 2o 2o,
2o So R — go
5o S0 ey 5o
© ) “op )
0] 04 A ol
0 0f iyl I
0 0 -0
: | | i g
2048 0545 . - T - 1018
L 228 04 j' - N 5 ot fr 1 " w1 ;sg; 3 800
g : N AP - LR
=2 + M M - 3101 o
2 M M i M . 31040,
M i o M 307 4 ceevigs
r R i 3igg
101 et I
000 1 2 3 4 5 [3 7 8 El w1 12 12 14 15 18 177 18 19 20 21 22 23 24 25 26 27 28 2072450e+000
S Time(min) 8
AT y

Figure 15.6 Spatial auto correlations.

4) Optional : Select [File]>>[Save SPAC data as SEG2 file] to save all spatial auto-correlations into a SEG2
file. Use Pickwin to process saved SEG2 files.
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5) 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.

| SeisManagerl:4 [f=lfa =
Frequency (Hz) Frequency (Hz) =
0.00 10.00 20.00 30.00 40.00 50.00 200520 500 10.00 15.00 20,00 2500
‘ 1900)
15 !
I 9.062264e-001 1800 o |
T I
| |7519517-001 700 b
o ——— 1600
it g bl e pmraemnim AL B 4500) =
. bl - e 2‘3?;1%,%’,9“1,- 1400 *
" A I P i |
E s s H 9.%,. %‘UU Kl
5 il e Il AT 200 1
z i Aty i ° 0 o
e AGITERV I z THGS
e A TR 500 =
At a1 o p io
e * ‘ - = 300
MMA YRR P Lol 2 T
it T R i i 700 Ty oo -
(il g, it Al ; T 600 s o
W
My g e PSR R AR 500 ;
TS AT I, L A W ST R LT
215 Y T “ | f WERSIE Ty 300 -
T T ik Lot Mt et s+l s ¢ 200 - Fra PR T g =
ik ol L L Ui g U " 100 B - o oo =
5530989001 B e R e
« v

Figure 15.7 Phase velocity image and dispersion curves.

6) Optional : Use [Surface wave analysis]>>[Set up phase velocity image] to change the configuration (min.

and max. phase velocities etc.) of the phase velocity image and picking.
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7) To launch WaveEQ and display dispersion curves on your display, click E or select [Surface wave
analysis]>>[Show phase velocity curve(s)] >>[Launch WaveEq].

Frequency (Hz)
2 4 6 8 10 12 14 16 18 20
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II L
|

elocity (ft/s)

Phase v

=

1200 / / g
501

Wil
il I

400 /

1000

201

200

e e

0

Figure 15.8 Dispersion curve with phase velocity
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16. Basic active data processing using SPACPIlus and Pickwin in Seislmager.

Acquisition parameter for active survey is the same as typical passive recording (4 ms sampling and 12 db

gain). Data acquisition does not need a trigger. Make sure all Atom units are recording and swing a hammer

or drop a weight at the appropriate shot location. It is better to note a number of shots, location and

approximate time of each shots.

CTE
1) Click = or select [Window]>>[Processing window] and the selected CTB data (in a red rectangle) will

appear in another window.

CTB Index = 1

Time(min)
0.00 2 3 4 5
Z0T8/05/25 16:30.40 ‘ 100003
st S !I -y e e ST T VOO "R IO
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_J T 10 100007
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SPRPINRSNNSSRES AP IRVPY SR S
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Figure 16.1 Active data from the Common Time Block.
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2) To detect shots (events), select [Edit]>>[Event (shot) detection]>>[Detect events] and set event detection

parameters.

m SPACPIus - [SPACPIus1:2]

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

EJ{E.Exitcurrenteditingmode EEY =a..‘ > « »(—Q.. [3 .
[,:; Select
CTB Ind
Set gate
% Delete waveform data outside of gate 1 2
B8 set a shot mark (event kb Attt et g e
e S L L i iyt
Cut out a SEGZ file at a shot mark (event)

Event (shot) detection » Detect events
54

B3 | Copy to report Show detected events
Cut out shot record as SEGZ files based on detected events

Selected sensor »
. Set new event by mouse

Processing » | ‘

Event detection parameters

X
Number of traces = 10

—Monitorin channels option Cancel
¢ OR Channel number(s) I 0-8 (Either of these channels will detect)

(® AND Channel number(s) I 0-9 (All channels required for detection)

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 e

Ratio (W2/W1:default=3)

[~ Detect end of even
P o Larger value detects more events

Figure 16.2 Example of parameters for event detection.
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3) Number of detected events appears.

4) Detected events (shots) are shown as red lines. Adjust the settings and repeat the detection until

SPACPIus

appropriate detections were obtained.

Acc (gal)

/ 6 events are detected
y kg

OK

Tirv{rrin}
00 1 2 3 4 5
T 16354 100003
" ]
N 100007
et | II‘, |I-- A .. .r, s by e A A v vttt St sl em e e AU S —
| | e
| 100043
" Il B S TN s am s ms e e
R
L 100044
o it ey " A
" 100045
—" i e 1 L — - - -
[ 100054
e i s o e et ] -
U 100061
- it
]' 100062
" it | n "
S ¥
i 100008
e h, 'L Aoy A
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Figure 16.3 Detected events (shots).
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5) Detected shots can be edited as shown below.

&= =3 Change horizontal (time) scale.

A B Change display amplitude.

Use . to Add new event (shots) by clicking a left button of a mouse.

48 54 60 66 72 78 84 20 96 102 108

| - % _—
e v b
A » J \ J

[ ] ,' !
] . L.

[
R Pn,.r_ -

| b
\ t ™

i

3

Use i to 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).

Selected event

s ‘T N I ' " | T
i - Mw,_, m»; M " | |
A llﬂr ool on bt e [ g
v o o R AP

A I
bt et ‘
I l | 0
, [ N | -
| phaa b i

SERPAWEI I | WSS " pr—ip— B
Tﬂ l_.h %_wﬁ__ WW

I | " (o W_A*Mrww#,mw«
|| | " |‘*.J «“& ¥ |

6) To show detected shots by Pickwin, select [Edit]>>[Event (shot) detection]>>[Cut out shot record as
SEG?2 files based on detect events].
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Edit | View Analysis 2D/3D Option Help

. Exit current editing mode

R-‘; Select

Set gate

M Delete waveform data outside of gate

. Set a shot mark (event)

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

Selected sensor

L o« ESEHE X

Detect events

Show detected events

Cut out shot record as SEGZ files based on detected events

. Set new event by mouse

Enter data length of shot records to be cut out.

Float data

X
Data length to be saved
Cancel |

| 2.048 o7

Number of saved shot record files appears.

02/06/2019, Rev. 1.6

SPACPIus x

4 k‘: 6 files were saved,

OK
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The shot record files were saved as SEG2 files (.sg2) in a folder being selected.

event_0000.sg2 5/28/2018 5:30 PM SG2 File 30 KB
event_0001.sg2 5/28/2018 5:30 PM SG2 File 30KB
event_0002.sg2 5/28/2018 5:30 PM SG2 File 30KB
event_0003.sg2 5/28/2018 5:30 PM SG2 File 30KB
event_0004.sg2 5/28/2018 5:30 PM SG2 File 30KB
event_0005.5g2 5/28/2018 5:30 PM 5G2 File 30 KB
A file list was saved in an XML file in the same folder.
|j EventListxml 5/28/2018 5:30 PM XML Document 3 KB

The XML file contains a list of shot record files.

<?xml version="1.0" encoding="SHIFT_JIS"?>
- <line>
<line_name>line_name</line_name>
<line_id>0</line_id>
<sxw_menu>0</sxw_menu>
<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>
<ffile>
+ <file>
+ <file>
+ <file>
+ <file>
+ <file>
</ffile_list>
<[line>
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Click “Yes” to launch Pickwin and continue the processing.

SPACPIus

'0/; Do you want to show shot records by Pickwin ?

Yes No

7) Pickwin is launched and the list of shot records appear in a dialog box. Set up source location, receiver
interval etc. Figure 14.4 shows the setting for the sample data described in the section 17. Figure 14.5
shows the source-receiver configuration of the sample data corresponding to the Figure 14.4.

File list X
Index Edit m Source (m) Lst receiver (m) Receiver mt. (m) # of aux.
0 — [o [-2 o 2 [o | 2018/5/25 19:4026.035 e
1 i E |2 o 2 [0 | 2018/5/25 19:4032.268 Next
2 - [z [-2 [0 2 [0 [ 2018/525 19:4041.967 Back
3 nERE |20 o E [o | 2018/5125 19:41.12.968
s
1 - [2 |20 o 2 |0 | 2018/5125 19:41:20.195 ﬁ
Set # of amx.
5 B [20 [0 [2 [d [ 2018/5/25 19:41:28.236 w
Delete
Export
Import
Number of files
[ Apply source coordinates from file header (& Active data ’6—
[~ Apply receiver coordinates from file header (" Passive data

Figure 16.4 File list shown by Pickwin.

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

O Y Y A O Y oF O 3. 3.

v | \] \J ] v \/ v ]
< re »
2m 2m >
2m

-2m Om 18 m 20m

A

Figure 14.5 Source-receiver configuration corresponding to the Figure 14.3.
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8) Individual shot record shown by Pickwin. This manual describes a data processing of active surface wave

methods from here. General seismic data processing, such as picking first arrival for refraction analysis, is

also possible. See “Seislmager/2D™ Manual” for the detail of refraction processing using Seisimager/2D.

- = Change horizontal (time) scale.

P B Change amplitude.

. E Change distance scale.
‘lﬂ Scroll shot records.

Shot time=2018/5/25 19:40:26.035 Time (ms)

0o 200 400 600 800 1000 1200 1400 1600 1800

2000

2200

Distance (m)
=]

18 e —

LA

Figure 16.6 Example of individual shot record shown by Pickwin.
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9) To transform time domain waveform data 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.

Phase velocity-frequency transformation X
—Phase velocity OK |
Start IO m's
Cancel
& End [0 w22
Downl Advanced mem{
—Frequency
Start IO Hz
" End 60 Hz
A phase velocity image in frequency domain appears.
Shot time=2018/5/25 19:40:26.035 Phase velocity (m/s)
0 100 200 300 400 500

35

Frequency (Hz)

40

45

50

55

80

Figure 16.7 Phase velocity image in frequency domain.
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10) To pick phase velocities, Select [Surface wave analysis]>>[Pick phase velocity (1D)] and set up
parameters. Click “Advanced menu” to set up detailed parameters.

Min. and Max. frequency

X
OK
Minimum Frequency |3 Hz
Cancel
Maximum Frequency |60 Hz
. Advanced menu
[v Use median filter |
# of sample for median filter = |
g Check off if you want to pick all frequency range

[ Wivelength limitation
aximum wavelength |2 time:
Minimum wavelength |2 times

— Setup min. and max. phase velgg#
Minimum phase velocity = m's

Maximum phase velocity= |30 | Change minimum phase velocity

~ Setup area for phase-velocity picking to be picked depending on data
[ Use current phase-velocity as minimufiT velocity Tor pickmg

Phase-velocity area | 100 m's
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11) Picked phase velocities appear on a phase velocity image in frequency domain. Click left mouse button

to move one pick or drag to move a range of picks.

Click left mouse button to move one pick or drag to move a range of picks.

Shot time=2018/5/25 19:40:26.035

Frequency (Hz)

Figure 16.8 Picked phase velocities on the phase velocity image in frequency domain.

12) To show a dispersion curve by WaveEq, select [Surface wave analysis]>>[Show phase velocity curve

(1D) <Launch WaveEg>].

02/06/2019, Rev. 1.6
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17. Combine passive and active surface wave data.

This section briefly summarizes a processing flow of combined analysis of active and passive surface wave

data obtained by Atom after both dispersion curves were picked. See “Seislmager/SWTM Manual”,
“Seislmager/SWTM Manual Addendum (H/V)” and “Seisimager/SW-ProTM Manual” for the general and

detailed analysis of dispersion curves and/or H/V curves. Figure 15.1 shows the processing flow of combined

analysis.
SPA : H
SPACPIus Passive Active
Aast i Raw data 1
Ambient noise Shot records
} }
Set geometry Event detection
\
I :
Spatial autocorrelation g{": ’I Pickwin SEG2 files
|
| I
Phase velocity image in frequency domain Phase velocity image in frequency domain
| \
4 v
Dispersion curve Dispersion curve
|
¢ i
.rst file (passive) > Combined dispersion curve <« — .rst file (active)
!
Wed Initial model
# !
Inversion
‘
Inversion

Figure 17.1 Processing flow of passive and active surface wave methods.
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1) Delete noises or unnecessary frequency range.

Use | [;] or || to select phase velocities

Select [Dispersion curves]>>[Delete picks outside of gate] or Ctrl+X to set
unnecessary frequency range.
Hit delete key to delete the selected phase velocities.

Passive data :

F
Frequency (Hz) requency (Hz)

500 = = " 5 om
200m 100m Siom 20m 10m Sm 2t 150 o 20 1om

&
| - —

£ [ ]
5 m H §
& | |
- 0

Frequency (Hz) Frequency (Hz)
1 10 100
1 10 100 w0
0 200m 100m 50m 20m 10m S0 200m 100m 50m 20m 10m 5m
450 450
400 400
350 //\ :> 350
= 300 LE 300
g g
Z 250 2 250
E] \—\ H »\
H o
> =
H 200 v ® 200 e
& £
o o
150 150
100 100
50 50
0 0

Figure 17.2 Examples of dispersion curve editing.

2) Passive and active dispersion curves must be individually saved as .rst files. To save dispersion curves,

select [File]>>[Save 1D phase velocity curve or H/V curve (.rst)] to save a dispersion curve to data file.
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3) To combine active and passive dispersion curves, open one of two files by [File]>>[Open 1D phase
velocity curve or H/V curve (.rst)]. Then open another file [File]>>[Open 1D phase velocity curve or H/V

curve (.rst)]. and choose “Append to present data”.

Append data it
(" New data OK
(@ Append to present data Cancel

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

automatically.
Wavekq

'o_. Average same frequency?
=4

Yes Mo
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Active and passive phase velocities are shown together.

Phase velocity (m/s)

02/06/2019, Rev. 1.6
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Figure 17.3 Active and passive dispersion curves.

Frequency (Hz)

10

100

200m

100m

50m
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Dispersion curve : T10 50m.rst

5m
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4) Edit active and passive dispersion curves to delete noises or unnecessary frequency range.

02/06/2019, Rev. 1.6

Phase velocity (m/s)
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Frequency (Hz)
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Dispersion curve : T10 50m.rst

Figure 17.4 Edited dispersion curves.
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v,
5) It is better to inspect penetration depth before generating an initial model. Crick —R[ to evaluate
approximate depth of penetration. Green circles indicate 1/3 wave length.
S-wave velocity (m/s)

0 o 50 100 150 200 250 300 350 400 450 500
0

PR S S N
STZ0 I S S S S

30

40

50

60

Depth (m)

70

I\/IaX|mum 1/3 wavelength (70 m m thls example
rmplles apprommate depth of pene‘tratmﬁ'"‘é """"""

80

L= TR S SN S SRS S S S S

100

Figure 17.5 1/3 wavelength implies approximate depth of penetration.

6) To generate 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.

Initial model for inversion oy

OK

Cancel

Advanced memn

Depth = 70) —

#oflayer= |15
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7) Refer “Seislmager/SW™ Manual” and “Seislmager/SW-Pro™ Manual” for the inversion of dispersion

curves from this point.

Depth (m)

02/06/2019, Rev. 1.6
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S-wave velocity (m/s)

50 100 150 200 250 300 350 400 450 500

-----------------------------------------------
-----------------------------------------------------
----------------------------------------------------------

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

______________________________________________________________________________________________

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

Figure 17.6 Example of initial model.
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18. Huddle test

A huddle test is strongly recommended before starting data acquisition to make sure that the character of

the sensor is identical between all of the Atom units. A procedure of huddle test is summarized below.

1) Put all Atom units at one place as shown in Figure 18.1.

Figure 18.1 Huddle test.

2) Record 10 ~ 15 minutes of ambient noise data.

3) To process huddle test, download data from Atom units and select a common time block (CTB).

Coherencies will be calculated between the trace in the red rectangle and all other traces.
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Time(min)
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Figure 18.2 Example of ambient noise data for a huddle test.

4 b

4) Select [Analysis]>>[Coherency analysis] and coherencies appear in another window. Use

buttons to scroll receiver separations to be shown.

Frequency(Hz) Frequency(Hz) Frequency(Hz)
0.01 0.10 1.00 10.00 100.00 001 0.10 1.00 10.00 10000  0.01 0.10 1.00 10.00 100
0 i 1264-1558 o P 2644561 3 12841563
’ il f ’ in J 9 ik I
/ [ / ‘
20 204 204
3 3 3
g 2 2
f | m
g, | | 2,
s m s 1Ty s°
op i 0z i i 0 I
-0f / i -0 i 04 /
-0 0F 0
-0 -0 0
-1 -1 1
-—--' |\ || |\ ||
BRATHOHAR-OHENE- i ey s e fdrarans . 1501
L u =t J'; ] oy i ) 150’8‘7‘4_“_‘_'
2207 o e . o 1528
S ., ol ol 1529
by L ENA T m 1534
{DU ower oA ¥ o 1585
L =Y ‘v‘ u 1556
20 - A " 1558
n i v " 15617
b o ¥ # Sroc
Lk LS T Jvl 1l Las T
0.00 1 2 3 4 5 [ 7 ] 11 12 13 14 15 16 17 18

Ti?nefmin)m
Figure 18.3 Example of coherencies calculated from huddle test data together
with the raw data.

5) Click or select [Phase velocity analysis]>>[Phase velocity window] and all coherencies appear in

another window.
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Frequency (Hz)
20.
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Figure 18.4 Example of coherencies calculated from huddle test
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19. Data example
Data example used in the manual can be downloaded from :
http://seisimager.esy.es/GeophysicalDatabase/t10_50m.zip.
Sample data shown above includes following data.
1. Nested triangles of 50 m with 10 receivers recording ambient noise (Figure 17.1).
2. Linear array of 10 receivers with 2 m spacings recording active sledge hammer data (Figure 17.2).

3. Linear array of 10 receivers with 2 m spacings recording ambient noise. This measurement is not

necessary.

Ve

v 100044
100062 100043
e 7
100068
100054 A%
A A
v v 100061
100003 100007 100008
’ P 7
v v v

Figure 19.1 Nested triangles of 10 receivers.
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Figure 19.2 Linear array of 10 receivers with 2 m spacings
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Appendix A : Confirm or set up the acquisition parameters using SPACPIlus

A1) Turn off and stop recording for all Atom units.

A2) Plug in a Wi-Fi access point to your PC. Remove the LAN cable and disable your firewalls and Bluetooth.

A3) Connect your PC’s Wi-Fi to “atom0000”. There should not be “Internet access”.

SPA
+

A4) Launch SPACPIus and click a7 or select [File]>>[Atom(Wi-Fi)]>> [Start searching for boxes].

A5) Message shown below appears on the window.
Mumber of ATOM currently respond = 0 (total number in the session =0)
AB6) Turn on all Atom units.

The Atom units automatically being download mode when they locate the access point “atom0000”. In
this mode, data recording does not start.

Battery Wi-Fi GPS
Slow Blink. Blink twice. Slow blink when GPS
1s locked.

Figure 8.1 LEDs when Atom is ready to be controlled from

A7) In the SPACPIus window, you will see each Atom units’ ID, IP address, battery voltage, sampling time and
pre-amp gain.Thenumber of Atom units shown in SPACPIlus may fluctuate. Note that the default setting of

passive surface wave methods is 4.00 ms and 12.0 db,

Mumber of ATOM currently respond = 2 (fotal number in the session = 2)
100049 (192.168.0.102) 3.883V 4.00ms 12.0db
100050 (192.168.0.101) 2.819V 4.00ms 12.0db

A8) To change the Atom unit’'s acquisition parameters, click w8 or select [File]>>[Atom (Wi-Fi)]>> [Set up

acquisition parameter].

A9) Select sampling time and preamp gain in a dialog box and click OK.
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' i
Set up acquisition parameters of Atom Iﬁ
sampling time {ms) Preamp gain {db)

" 0,25 o
Cancel
(" 0.5 "5
* 1.0 + 12
™ 2.0 " 18
™ a0 " 24
10,0 " 30
" 36
4

A10) Confirm changes to the acquisition parameters.

Mumber of ATOM currently respond = 2 (fotal number in the session = 2)

100049 (192.168.0.102) 3.854V 1.00ms 12.0db

100050 (192.168.0.101) 3,785V 1.00ms 12.0db
A11) Acquisition parameter can be confirmed or set up via USB using SPACPIlus. Use [File]>>[Atom
(USB)]>>[Show Atom AU status] or [Set up acquisition parameter via USB] to confirm or set up acquisition

parameters respectively. To use USB, see Appendix C for more details.

02/06/2019, Rev. 1.6
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Appendix B : Data download using SPACPIlus
B1) Turn off each Atom to stop recording data.
B2) Plug in a Wi-Fi access point to your PC. Remove the LAN cable, turn off your Bluetooth and any firewalls.

B3) Connect your PC’s Wi-Fi to “atom0000”.

SPA
+

B4) Launch SPACPIus and click S or select [File]>>[ATOM(Wi-Fi)]>>[Start searching for boxes].

B5) Message shown below appears on the window.
Mumber of ATOM currently respond = 0 (total number in the session =0)
B6) 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 1is locked..

Figure A.1 LEDs when Atom is ready to download
B7) Atom IDs appear on the window of Seisimager (number of Atom units shown in Seisimager may fluctuate.

Mumber of ATOM currently respond = 2 (fotal number in the session = 2)
100049 (192.168.0.102) 3.883V 4.00ms 12.0db
100050 (192.168.0.101) 2.819V 4.00ms 12.0db

AL
B8) Store data into selected directory by clicking “= or selecting [File]>>[Change destination folder].

B9) In SPACPIus click @ or select [File]>>[ATOM(Wi-Fi)]>>[Download folders]. Select the date and time in

hours to download the waveform files.
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Day selection

Year Month  Day

==

- 2018 6 21 313 files Cancel
- 2018 6 22 278 files

- 2018 6 28 14 files

- 2018 6 29 68 files

- 2018 7 6 960 files

- 2018 7 20 134 files

- 2018 7 23 54 files

- 2018 7 24 2 files

Figure B.1 Selection of data to be downloaded.

B 10) Data for multiple dates cannot be downloaded at the same time. Downloaded data have a folder and
file structure shown in 11. Data format.

During the download process,, progress appears on a display similar to the one shown below.

Receivein

001: 1552 (192.168.0.121) 34 /62 files were downloaded.
002: 1540 (192.168.0.117) 34/ 61 files were downloaded.
003: 1551 (192.168.0.116) 36/ 61 files were downloaded
004: 1531 (192 168.0.122) 31/ 62 files were downloaded.
005: 1534 (192.168.0.129) 36 / 64 files were downloaded.
006: 1526 (192.168.0.111) 1/120 files were downloaded.
007: 1538 (192.168.0.102) 35/ 112 files were downloaded,
008: 1543 (192.168.0.110) 35/ 118 files were downloaded
009: 1517 (192.168.0.104) 36/ 116 files were downloaded
010: 1562 (192.168.0.131) 32/ 64 files were downloaded.
011: 1530 (192.168.0.130) 35/ 64 files were downloaded.
012: 1308 (192.168.0.114) 33/ 120 files were downloaded
013: 1529 (192.168.0.123) 32/ 62 files were downloaded
014: 1527 (192 168.0.120) 39/ 61 files were downloaded.
015: 1510 (192.168.0.108) 41/ 118 files were downloaded
016: 1519 (192.168.0.105) 36/ 116 files were downloaded.
017:1300 (192.168.0.115) 28/ 120 files were downloaded.
018: 1533 (192.168.0.128) 31/ 63 files were downloaded.
019:1302 (192.168.0.118) 34/ &1 files were downloaded.
020: 1296 (192.168.0.109) 8/ 65 files were downloaded.
021:1501 (192.168.0.107) 2/ 116 files were downloaded.
022: 1523 (192.168.0.126) 37 / 63 files were downloaded.
023: 1521 (192.168.0.101) 25/ 114 files were downloaded,
024: 1525 (192 168.0.113) 22/ 120 files were downloaded
025: 1539 (192.168.0.103) 38/ 116 files were downloaded
026: 1550 (192.168.0.124) 33 /62 files were downloaded.
0271528 (192.168.0.127) 42/ 63 files were downloaded.
028: 1555 (192.168.0.125) 34 /63 files were downloaded.
029: 1283 (192.168.0.112) 35/ 120 files were downloaded,
030: 1261 (192.168.0.119) 32/ 61 files were downloaded.
031: 1541 (192.168.0.108) 0/ 50 files were downloaded

Figure B.2 Example of display during download.
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Appendix C : Data download using SPACPlus via USB

C1) Insulation of USB driver.
Download USB driver from a link shown below.

https://www.dropbox.com/s/bf38ut5t2ayob8l/CDM_2 08 30.zip?dI=0

Unzip the downloaded file and double click an installer of USB driver.

® CDM v2.08.30 WHQL Certified.exe

C2) Find a COM port to be used for Atom
Before downloading data using SPACPIlus via USB, comport number to which Atom is connected must be

figured out. There are two ways to fund the comport number.
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A) Use SPACPIlus
Before connecting Atom to a PC, launch SPACPIus and select [File]>>[Atom (USB)]>>[Show Atom AU status].

A dialog box shows currently available serial ports (COM6 and COM9 in example shown below).

Serial port *
Com port \coM6 v OK
COMG6
COMS Cancel
Baud rate 3636400 <

Stop bits 1 -

Close SPACPIus.
Connect an Atom to the PC by an USB cable and launch SPACPIlus again.
Select [File]>>[Atom (USB)]>>[Show Atom AU status] and new comport (COMS in example shown below)

indicates the comport number Atom is attached.

Serial port *
Com port lcoMs | 0K
COM>
COMG Cancel
Baud rate COMS

Stop bits 1 -
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B) Use device manager

To find and launch device manager, put “device manager” in windows search.

E O Type here to search

Launch device manager.

D @ Filters

Best match

.? Device Manager
%" Control panel

Device manager appears as shown below before plug in USB/charge cable to Atom.

;.l.; Device Manager
File Action View Help
e @ Hm P

[ Monitors
P Network adapters
K7 Other devices
~ @ Ports (COM & LPT)
- Standard Serial over Bluetooth link (COME)
#§ u-blox Virtual COM Port (COM9)
= Print queues

= Printers
1 processors

Plug in USB/charge cable to Atom and new comport for Atom appears.

'.‘.; Device Manager

File Action View Help

a«s @ Hm B

¥ Network adapters
K? Other devices
v @@ Ports (COM & LPT)
' Standard Serial over Bluetooth link (COM6)

## USB Serial Port

Comport 1s 5

™ Printquene

™ Printers

D Processors

B9 Securitv devices
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If comport number is not shown in the device manager, right click the comport for Atom and show
“Properties”.

USB Segjzii QL45) Properties *
Gan Driver Details Events

et or o [ : Comport is 5

Data bits: 8

Parity:  None v
Stop bits: 1 v

control:  None b Advanced Settings for COM5 2 X

1. = v
s Cancel
correct performance problems at low baud rates.
Defaults
her settings for faster performance.
Receive (Bytes): 4096 v
Transmit (Bytes): 4096
- e
S BM Options Miscellaneous Options
Select lower settings to correct response problems. Serial Enumerator =
Serial Printer m}
Latency Timer (msec): 16 v Cancel If Power Off (m]
Event On Surprise Removal (m}
Timeouts SetRTS On Close (m}
Disable Modem Ctrl At Startup m}
Minimum Read Timeout (msec): 0 = Enable Selective Suspend o
Minimum Write Timeout (msec): 3 : Selective Suspend Idle Timeout (secs): 5
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C3) Show Atom AU status by SPACPIus

It is better to show the Atom AU status to confirm the connection and status of Atom unit before
downloading data. Launch SPACPIus and select [File]>>[Atom (USB)]>>[Atom AU status”] to show Atom SU
status.

Ii.ﬁ SPACPIus - SPACPIus1
File | Edit View Window 2D/3D Batch Option Help

| Open folder Cti+N [y (4 Ly | i HO .. 4 b d W

Open last folder

Open folder with date selection
a'2017 measurements\Sherman'\Data(2017.08..

Create folder information file
Open a SEGZ file

Open SEGZ files

Open ASCII data file

Open a SEGZ file (coherence)

v

Atom (USB) Show Atom AU status

Atom (WiFi) Download via USB

_!? Change destination folder

Download by date and time list

Select comport and set baud rate to 3686400.

Serial port X

Com port |COMS | OK |
Cancel
Baud rate 3636400 -

Stop bits 1 -

Message shown below implies that the comport was successfully opened.

SPACPIus Pt

! \ Port="\\\COMS5,Baud rate=3686400 Stop bits=0

—

Click “OK” and Atom AU status appears.
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SPACPIus

s Atom AUID =
;Lkl Battery capacity =
Battery voltage =
SD card free space =
Sampling time =
Preamp gain =

80 %

100058

4051V
3746.240 MB
4.00 msec

12 dB
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C4) Download data from Atom AU
Select [File]>>[Atom (USB)]>>[Download via USB] to download data.
:.f! SPACPIus - SPACPIus1

File | Edit View Window 2D/3D Batch Option Help
; S =]
¥ Open folder Ctri+N (/, CJI 3 RM . < b « » (-

Open last folder

Open folder with date selection
a'2017 measurements\Sherman\Data(2017.08.2

Create folder information file
Open a SEG2 file

Open SEGZ files

Open ASCII data file

Open a SEG2 file (coherence)

-

Atom (USB)

Show Atom AU status

Atom (WiF1) » Download via USB
m JE

Select comport and set baud rate to 3686400.

Serial port X

Com port |COMS | OK |
Cancel
Baud rate 3636400 -

Stop bits 1 -

Message shown below implies that the comport was successfully opened.

SPACPIus Pt

!"':;:_ Port=\\\COM5,Baud rate=3686400 Stop bits=0
b

—_—
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Number of directories appears.

SPACPIus

§ k‘: Mumber of directories in SD card = 42
Fa

OK

Selection of data is the same as Wi-Fi.

Figure C.1 Selection of data to be downloaded.
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Day selection
Year Month  Day

I_ 2018 il 21 313 files
I_ 2018 6 22 278 files
|_ 2018 6 28 14 files
|_ 2018 6 29 68 files
|_ 2018 7 6 960 files
I_ 2018 7 20 134 files
I_ 2018 7 23 54 files
|_ 2018 7 24 2 files

Cancel

Previous

Select all

0 ]
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