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1l ntroducti on

This manual summarizes datafacguiswmitci suraeg. ptrbDbDeasgit!
passamwvect suef ace waswesimgt hIB@ oancqui si t Adpf ouniatvsewdavgee S
(shear wave or ©8setopndayyofva@é)dmp SA¥Ss8Bi09 ! ma §g¥evra/n S04 |

ei sl magWahaw!l Adde oadnuide i( $/ Ma Perd¥MaWwhdbr t he detail ed

di spersion curves and/or H/V curves.

FigureutmmiArsafeswai e e andwimodubdesmenti onaddi outhi se maf
procesTswiongsoftware suites, Geometrics I|At obme Doswvend otad e d
waveform data from At omGeammedt rtioc sp rAotcoens sD ot wnel odaadtear. d o wn |
from Atom -ARUsanmndasWvédates (. mtn). .t B ACRPW edla it s@rdemcde Py e
raw data armrSEC2avida liets.aslanddisoperagican adcdersve from ambi el
takes opreaceopgxred data and applises®PizRwon aDsdodi sspeesit omn
data fi WavéBmph)es various inversions to 10Dtd &BDdi s
wave vel ocTihtey SPAdCPIl.us al so downl oads data from Atom A
vi a-FWi or USB.

Al t hough tmme nmhan Weebstca iabceggui si ti dbolrcpadspwvecandi agti ve s
met hods, Atom can be used for other sei SPRACPbusveuysss
and saves shot recoradkwiars &SrEds2PIfdtl reesf aantdake over t hese

gener al seismic processing.
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At o mg Download data via Wi-Fi or USB.
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Figure 1.1 Software suite and modulperso cdeessscirnigh.ed i
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2. pliycsaulr vey configuration for microtremor array measurl

1) I'n microtremor (aWwArMg lraernreaaysousnizzriem{ m s eopfarraetgi eomuesit s be
| arget hkeehmtnh of i Reesekgmplen.the array size must be I
t he i nvefsotriAgat3diOowme st.iSga il oaal d eorws f ourarsreaty tcyopnebs goukr lalt i c
asa custonFiogpuwxiionh hr2bu gh u hter avtag itous setNodenfAthppdydabei pas
the Figuekesi nstfi aqomr oceaddieng | mager and not the same as
separ &teieorb.ei sl mager / SW manwa lignf roei Ino riteihreeeinaapmise.s ent s

ot het dm BBd the green invenrtt edadh iftnggrhes represe

Array size
En
%_—
A 4 )\ 4 o 4
Start

Figer® Map view of MAM survey equil ateral tr
(Trianpgle 10

End
End
: Start : Start
i =7

v

Figer2 Map view of MAM survey equilateral tr
and 4 getphibamweg!l e 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.

\
\
\ >Arraysize
End
J

Figure 2.4 Map view of MAM survey aieroplheo nepr eoan
and one cent &ingéeeplecoannedl €189 geophones in two ci
Double ¢gircle 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)At ypiexamplen-osfiaperfacgrmVS30 surveyumigtish ¢ hdtworkhob e It dhhwe. s ak
of simelpi twhftyomsd i n numer.l oat hosdeAkowipll edbr ¢ he0006 to 1
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Figure 2.6 L-shaped array (L11) using 11 Atom AUs.
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Duripmg@cessing, waveform tr acetshmurnme rs hccawe ackhddm@riddc e s s e

Lf."tl SeisManagerl lE”EHEl
DiHayashitemp\17033119 Time(min) :
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Figure 2.7 Example of data obtained from Atom units.

3) Data acquisition

FornSava vweel oicnvest,sgathi as an AVS30, record between 15 t
per survey. This wildl be suffi ©if3edntt of elrG@ssnravreryasy swibtehc
|l arger, increaseStaedard or & dc odg dfitf iegn eatni t naeg sfzoers ism mMmaly li e e
2.1 Note that the atawnglkr dnmdtidmatsii anejplesitd e nt . Foorr ssiutrev ey @
| arger than 100 mett eirss baeotqtuerhicbat tedai rgeha s , i

Table 2.1 Array size and standard recording time

Array size or| Recordin Remar k
dept h (m) (min.)
< 30 >15 N A
30 ~ 100 >30 N A
100 ~ 500 >4 5 I n urban areas,
500 < >6 0 |l mrban areas, ¢
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3. Typicadosfuirygeryatli-ohahoel manalysis of surface
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4. General operation of Atom

Thet oam generall yoliampteivon mofiler®e cfoirrdsitng mo-#ée wihehaseet oWid

mo dies downl oaedriing wi th Wi

Table 4.1 Recording mode and downloading mode
Mo d e Wi-F i Wi-F i LED Operation
Record Oof f No bl ionbK ii mgk Recording da
Downl oadi ng ¢

Downl o4 On Bli nk t wi ¢

Set up acquisit

Figdrl describes the behavior of Atom when turned on.

Turn on

Found an adetesm0Phd

Received search |command fr om

iGeometrics At oM

Yes

Recording m Downl oading

Figure 4.1 Recording mode and downloading mode for Atom
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Operatfiooms beh wo mecae@s be summari:zed as foll ows

A) Recording mode
1: Turn .of f Atom
2: Turarc cefsfsfap @ im@A0 0 O

3 Turn on At om

BDownl oading mode

1 : Turn off Atom

2 : Turn onfadomd®OO0point

3 Connect PC t o tehteo naOobcGeOb N abp@lieemt o mmend-BEd) or Wi

atom0000

@ No Internet

Wi-Fi
Turned off

o
I
4 : LawGeometrics Ato.. _ownl oader
5: Turn .on At om
5. LED CodmrAst om
BatteryWiFi GPS

Figure 5.1 Color LEDs of Atoms.
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6.Start andcetdpng

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

N N

é{:% j /\s p&:‘ j /\j :;y &‘ j
7

Unit Beeps when the Atom is turned on or off.

Figure 6.1 Turning on and off of Atom units.

At om camnedadv iddui-hieonne 8t i €onf i rm hoea &beotmuuipsi ti ornvipmar am

Wi-kFJTo di stinguish measur emepat st,he ubergioii mggdomonemaieng

15t measurement 2" measurement 3" measurement
100003 100007 100003 100007 100003 100007
T A pP a2
v vy 100068 v vy 100068 . v 100068
100008;000a3 M 100008100043 A 10000800043 A
AU AN 20 AT B
v 5 100054 Y § 100054 ¥ 100061
1000/44 100?5 f’ 100044 100045 f‘ 100044 100045 ,’:
i 1 1 1
v 2O L0 N Noose A 2
\
Jooogz 100061 100061 "100061 ‘100062 " 7 " 100054 1100062
1
B A — po2 Ny
Y v Turnoff Ty Turnon 'y \/ v

\J

Figure 6.2 Turning on and off of Atom units between measurements.
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When pioswernedtdme LED indicator | ights show the foll ow

Slow Blink

Figure 6.3 LEDs when Atom is turned on.

When GBS cked

BatteryWiFi GPS

Slow blink Slow blink

Figure 6.4 LEDs when Atom is locked on the GPS.

After recor(dierce rhid qnign sa:ugsoenvaetri acla I tl eyn ss t GPrSt sseocccknedds) .aft er

BatteryWiFi GPS

Slow blink Fast blink

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

approxi mdtudlly cehtartgee .70 hours from

Theatbht ery | asts
when (fdubllelatesybeing recorded

Battery status

BatteryWiFi GPS

Slow blink Fast blink

Figure 7.1 LEDs while data is being recorded (full

battery).
recorded (less batt

is being
t akesf mor e

status when dat a

Battery

As tadtet ebln g rdgeec r e,a stglsee@md eldi ght s .allttermsaueel |y

use afukl Bbarglke red LED to start blinking
BatteryWiFi GPS

@ Quick blink
- Increase in blinking red LED corresponds to
decreasing battery charge.

Figure 7.2 LEDs while data is being recorded

Battery status whenwidatha ai yebgi hgwr baot eée ¢

BatteryWiFi GPS
Slow blink Quick blink
Figure 7.3 LEDs when data is being recorded with a very
low battery
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8. Confirmtdre deaocnguupi si ti onvpWirFamet er s

Use Geometrics Atom Downl o@@dAcquoioai i r oain oppaar sagneet tegrr s\ tcoafn
al so confirmed or s aWirRIipU®BIBSiereg aSMReGdulixsIC mo hdee tsa ialbou't
SPACPI us.

1) Turn off andoarldlt opm wecosding
2) PlugFi naacésgopfpdi.nt t o
3) Cowymect 688G o mOOD POAN cabl e (r e cWi-mnDeon dneodt) coorn neccab lbeot h

and-FWitthe access point

L]
I

4) LaG@Geacrhesr Atom Do..... oader
5Di spslhaoywn bel ow appeaMaskensutthe ovhiedomw.t wo net wor ks we

. Geometrics Atom Downloader: CAData\Test

File Settings Help

Atoms | Common Times | Log

@~

Number of shetuwar

Network Adapters

Intel(R) Dual Band Wireless-AC 3165 r+ 33

_— Gateway IP |. . .. [ &

"E* 192.168.0.0 mdd
7C:67:A2:F3:C5:55 192.168.0.0 | 0 0 0

Figure 8.1 Display of Geometrics Atom Downloader
when no Atom was found.
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6) Tur Atom ahi ts
The Atom units adidvwmadad ¢ Rimddrewhetnfheyh e ac c gstso m@od ;Ma

I n thidamadeecording does not start.

BatteryWiFi 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 Downl oader shows the number of

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

“ || Common Times }VAtoms |

Vesterday Today|1 Hour|1 Da
|

08/21/2018 20:00:00

£
<
E3

Ignore

22
!

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

Gateway IP LR r;; | e =

Realtek PCle FE Family Controller
4 | 1921680113 192.168.0254 | 1 6 | 144 2 100042 [
50:9A:4C:B6:BD:A3 y ) 3 |100072| (]
@ &" 4 [100056| []
5 [100020] []
6 [100049| []

26

192.168.0.108
[ ».‘f 100047 3635V 23

00:03:94:1E:37:D4 (% @n l

Figure 8.3 Display of the Geometrics Atom Downloader
when 6 Atom AUs were found.
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7Xlick [ Al |IGrAitdaims oba tt dvwei nldeoffw t ©ried & o,waynd w awdielr | sed each
| DI,P addr ess, battery volampe gdsmenpt hag thmedehdulpt es

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

Sample Preamp

# | 5/N IP Mac Add Volta i t | Ch ;
/ ac ress oltage | Curren arge o o o

100047(192.168.0.108{00:03:941E:37:D4| 3634V |-171mA | 49 % 4 ms 12 dB
100042(192.168.0.106|D0:E7:82:B4:56:CB| 3656V | -256 mA | 47 % 4 ms 12 dB

100072(192.168.0.105|D0:E7:82:B4:52:81| 3.652V | -256 mA | 55 % 4 ms 12 dB
100056(192.168.0.104| DOET:62:B440:E7| 3645V | -264 mA | 49% 4 ms 12 dB
100020(192.168.0.105|D0:ET:82:B4:43:B9] 3.530V | -259 mA | 48 % 4 ms 12 dB
100049(192.168.0.102{ 00:50:43:02:FE:01 | 3644V | -258mA | 38% 4 ms 12 dB
100016(192.168.0.107{00:03:941E37:D2| 3693V |-180mA | 59% 4 ms 12 dB
100051(192.168.0.101(00:03:941E:37:DD| 3697V | -174mA | 49 % 4 ms 12 dB
100074{192.168.0.100{00:03:84:1E:37:CC| 3.718V | -171mA | 58 % 4 ms 12 dB
10 [100065(192.168.0.109) 00:03:94:21:35:03 | 3.687V | -167V mA | 57 % 4 ms 12 dB

—

W | 0o | =l o || s | | P

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

8) To change &t hmec qAiti csm t u rpénlt igeakr gahme tbewrtst on of a mouse i n
AUsin group) or in each A)omo(sbowhaobemendsvdual A

Click a right button of a mouse to

show sub menus

& i Folders/Files Operations 5 |
Re-download the Folder List from every Atom in this Group
G Download the File List from every Atom in this Group

' Download all Seismic Data Files from every Atom in this Group
< (% Delete/Format »
@; Acquisition Parameters

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

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

= SetGain to every Atom in this Group  12db v

mi Other Commands R

Beep every Atom in this Group
©  Power Off every Atom in this Group
9 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

192.168.0.101
100058

Figure 8.5 Click group or individual Atom to change acquisition parameters.
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9) Select sampling time and preamp gain in a dialog b

Figure 8.6 Change sampling time and/or preamp gain.

10) Confirm changes to thethegAt esintD@ahnha p@riammeter s,
Note that if the MC version is smmgl hetchanged. BY, Acm
Downl odsler SPACPl us to change tilietheqgédit osmt Downpandmet di
Appendi x A for the details.

Acquisition parameters

Mac ress Vo|tage Current

P

1 [100047]192.168.0.100|00:03:94:1E:37:D4| 3518V | -175mA | 56 %
2 |100065[192.168.0.103|00:03:94:21:35:03 3.757V [-175mA | 54 %
3 |100058[192.168.0.101|DO:E7:82:B4:59:A7 3.703V [-268mA [ 55%
4 1100003|192.168.0.104|DO:E7.82:B4.51:C7| 3.805V | -263mA | 46 %

) o ) ~MC version
Figure 8.7 Acquisition parameters shown in Atoms Data Grid.

16
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9.Us e -PNi duron tof f wrnilt sAt om

1o tualnl ohtfipsisow a sub menu by <clicking a right butto
each AU. Select [Power ob6f pPewgr Abdbmsthnst Aeo@ifotup]t

li

Figure 9.1 Sub menu to turn off Atom units.

2)Confirm welrebbouesed off.

17
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l10Battery charging

Charging begins when the Atom is connected

Battery charging status (during charging).

BatteryWiFi 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 chaclmamagi sdq pad ampl(et e

Charging takes approkuimbyetthad®daeamhgeds from

BatteryWiFi GPS

Steady on. Blink slowly when GPS is locked.

Figure 10.2 LEDs when battery fully charged.
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l1l1Data for mat

The for mat of wa v eafl o mamtdeaMBN efol h e € st éfm®dnonns tiesaioht d.f

The files can be opened by Pickwin.

Fol der for each hour.

The data files are automatically saved to the sdatwen and
below, the folders represepbd0ldabat we2he@®.: 8DC Madch 31

17033118
17033119
17033120
Waveform data file.
Coll ected datibl asenamedefiod nithtea Adno mu b eist I'n the ex:

bel ow, files are recorfadedBdh wiot h4 OAtnoicmm uni t 100006

0000631.atm
0000632.atm
0000633.atm
0000634.atm
00006835.atm
0000636.atm
0000637.atm
0000638.atm
0000639.atm
0o00e40.atm

(e [l [l ) [l [l [l [l [l [l

19
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12.Dat a downl oad

There amet thiddreset ir ndpgavt a tfhrdo onm

A)Copy dat>Dcfarram
Remotv B®Dc ar d efarcAhmobm x @& indeccotplyy waveform fil es. Data fil
shown above.

B) USB
ConnehbhSRER abflreom your PCahd dWownl Admwa Vi é8fPArC | duasti an gf itlhe
foll owing me n u c A mav({ dUSE)d [whil loald> i &S e U SrEad 1e® 6t806 4 0 0

Downl oad the USB driver from a |ink shown bel ow and i

http://seisimager.esy.es/atom/utility/ CDM_2_08_30

See Appendi x B for the details.

C) -Wi

Geometrics At omowhownlayaedor md dvaitaaFWisi egpaci al access
connected to your PC.i sWifraed teleorsvntliloavn U SBcdbining ct i on wi tF
downl oadomg sAwenr aulnsitmul t 8RA0CRIsLy. al so downl ocoaddgiwavef
the Atom Downloader is not avai lFadloawet(eseedAppestoxwnAb

downl oad waveform data using the Geometrics Atom Down
1)ur neaadd Atom to «@ttap recording d

2Pl ug i-Mmi aadMie6SSphitotm0o0d 0y0o PrC

3 onngoturt ®&E omOBG@OAN cable (strongWFIlDecommegcdedecor b

cable &#ndtWwi the htcekessbpbt eRi. ttoo tmuakne osfaln aibal yst benne

to the access point.

20
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Power CWU®B)

—

) = -
L

Lan cable (

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 Yaunehometrics Ato. .. _ _wnl oader

5%elect [Settings]>>[Data Folder Location] and select

6)Di s pslthaoywn bel ow appeaMaskensutthe ovheadomw.t wo net wor ks we

21
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*. Geometrics Atom Downloader: CAData\Test

File Settings Help

Atoms | Common Times | Log

@~

Number of n

Network 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 0 0 0

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

NTurn Athomldni t s
The Atom units enter downl oad mode famhoem0ot thée yt Hii sn dmd ches,
data recording does not start.

Sl ow Bl Blink tSI ow blink

i s |l ocke

Figure 12.3 LEDs when Atom is ready to download

22
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8)At omDs appedt oonn Treéotvhef Downl oader

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

Atoms | Common Times | Log

( e ﬁ | e ; . ~| | Cemmaon Times ‘Atoms|
‘&
1| o |(20 [)338| 0
e
‘ NumbeAtorfnsuIIIII
0 " — T T
00 00 00 00 00 00 00
i
Intel(R) Dual Band Wireless-AC 3165 A ~ 1 |1o00s2) (] ]
4 T 191680103 1921680.1 | 1 | 20 | 398 2 [roo03] 1 [010] pueememenn
TCET:A2F3:C5:55 3 |1o00zs| (1 [A18] ey
4 [100014 (1 [0[8]
oo 11 18T e—
s oo |10 p—
7 onowd 1 [G8]
’ 8 [100062) (] [
oo 01T e—
e W
1 1ooos ] 1| 115 e —
192.162.0.104 12100054 (1 [0
o & 100052 18 13100049 1 [012] pmmeeeeesnemn
© 0003:941E37:DE e EEOTT
@ﬁ. | oors| O[O
16{100031) (] [E]]]
f & 17 coer| 1 [A10] s
192.168.0.105 0 45 ; 18|10006s| [ [E[F]
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Figure 12.4 Display of Geometrics Atom Downloader when 20 Atom AUs were found.
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Figure 12.6 Selection of data to be downloaded.
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Figure 12.9 Example of display middle (top) and end of download (bottom).
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13.Del et edidraetcatnodr yf or mat SD card

1) Waveform data in Atom AUs can be del et edi tplee Altiamc

Common Ti megr Wigmd o Wwaunsdt sliidkee) datsahodmovsmlboa‘rdanau-nd sel

(' Download the File List within the Displayed Time Range from all Atom Displayed in Rows

-

Select

Figure 13.1 Select - to delete data directories.

2o delete all data in AtomMPdJwosulbl omenaus SiDn cAatram i Thr & &

s i daen)d sﬂect

G Delete/Format

~Acquisition Parameters
[

Select

Figure 13.2 Select a to delete data directories.
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14 Export waveform data asi SEG3PACPASLEI

Downl oaded waveform data can be export

dumien®!l wlcikc  CTBI)
summari zed

expowieédh each Common

datax porptriocgedur e is bel ow.

infséiesl mager

ed as
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sel et thfemlgd eerhe waveform data appears as shown
to higher Atom IpD orcwemlsdrnyg. magt abe resumed
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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) C* ok sé¢WeoadoPw]ocelssing windowCTBmd at feé ns el a etde d e c

appear in another window.
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Figure 13.5 Data from the Common Time Block.
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Figure 14.3 Window showing the gates (green and yellow lines).
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4)OptionaCIIE'.5cnI¢ s¢lEect ] >>[ Del ete waveform datavefibs imde

outside of the gates.
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Figure 14.4 Window showing selected data after removing unwanted waveforms.

32
02/ 06/ 2ee@m. 1



5)
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7
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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.
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15.Baspassdata procesSPAQPIluss nign Sei sl mager.

Theashi c data pr océslsh rpgspsriovcee swrrd anc € r wd v € meatslaad k)afg nt s
i s summariRa&tda bfed @ow. an Atom sysiembdy tphaotcedARW om NAlN
are processed using traditionAfteei pmograghgdespehmabht
datamal ysi s usi/8¢YSE8éies Isnhampehvima/n W3 efi s | ma gMIimahS8WI Addendu
(H/o¥pnBei sl maderMawwhobr t heed daentaslfiylsdiissper si on curves an
See the 6feocrt itome ldata processing procedure for 7dmti ve

combaoéei ve and passive dat a.

SPACPIl u Downleodhat a fr om
SPA 4
\,9.-\"' Sel ect common time bl ock

Edit CTB (optional)

Calculate spatial auto-correlation

v

Calculate phase velocity image and pick dispersion

Wav e EQq 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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appended i nvetlhoec iPthyBestheien @ow.t her windows (CTB,
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Figure 15.2 Windows that appear in SPACPIus.
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1) Data processingebeatta CiBmta B&EBprocessed just

described in previous section.
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Figure 15.3 Example of Common Time Block (CTB).
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SRl
2)Cl i™:orelsdhknallysStFsA@nal]ly ®i process passive surface wav
Auto Correlation (SPAC) stehadmnlghpg t@psgrerdaiyeeikod GRS

GPS Il ocation is used for SPAC processing.

-

2D SPAC

Geometry QK

2D array
Cancel
Triangle
{ Triangle 4
| frimnge 7 Advanced menu
" Triangle 10

F

L shape

L3 Angle= |gp degrees

(L5
(L7
L9
+ |11

" 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 ot hleifé Bovpatnicoends ,nTecramitsxet om array co@pemuadrn>a> nf, i Ic
and select an ASEv Il ofcialte ocno notfa isfi®anagn X6 |.i ssMeckhge dskuerde oaun

opened an. Array file
i R
2D SPAC =5
—Geometry oK |
—2D
=L Cancel |
—Triangle
" Triangle 4
" Triangle 7 Advanced menu |
" Triangle 10
L shape Save array file |
CL3 Angle= IQU degrees
L5
(el )
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.
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An example of array file is shown bel ow

-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
3YSpati al aut o coWhenhahumher aspdopeaareacteii odameIr e th;ae"lree,
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5 SeisManager1:3 (=N ER [
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Figure 15.6 Spatial auto correlations.

HOpti oSall gFdll>>dve SPAC dat adtass8E&2af icloegp et iaddiSEaGRt 6 nt
fiUse PickwinavedpS&ceeaesss. s
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5)CIi

.<ore|se[}éhase vel ocli>Yfaapralvpgb ndawg al laustpaan i all at i or

andf mequencyhdscmaivienhaogppeyanr anot her wi ndow.
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Figure 15.7 Phase velocity image and dispersion curves.

6)Optiond&Berface waVyeSdtnadp splsase v el adbialnogoenifmagggema i on
and max. phaseofetbeiphaseevel dcity image and picking
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7YTo | aunch WaveEQ and display dilsipb ot ®Ise[&turrfvaecse owna vy
anall]y>sSiHow phase vel>tjfatgchuWaeé¢E]
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Figure 15.8 Dispersion curve with phase velocity
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16. Baascitcdaé a processing asdnBi ERAGBRPI s$ mager.

Acquisition parameter for active survey is the same a
gaibagta acquisition dMakencsturread | a Att mimg gsewii.taisghamenemr e c
or drop a weight at calheloapipsr olpe tidae reu nshiveorn odlf@ s hot s, I

approximate time of each shots.

CTE
1) C™ ok select [Window]>>[Processing window] and the

appear in another window.

CTB Index = 1
Time(min)

1 2 3 4 5

00
207810525 19.39:40 { | 100003

0

PRYRETS it }
|

e

I N M_Jy.um]"vw(
.rww.u.
d

e L R &M---‘.q.-.--ql‘---uu e  E e T e | o T et o

o | O S ; S -

b —— ’ PSP WS —.

I

I 100008

VN NI —o A o e et et

N T _._...‘..‘l. ——

T rJh,[AWWML oo et et bbb bt et
0}

Acc.(gal)

UV | N OO EUUUH YRS USRS IO U RUUUIY VUSUOEN U VNSRS

100054
VRPN RSOSSN PR PRSI ¥ W e e B B e s TRV R
y " 100061
S T P T —— B W e b ot e iAo e AN e AP IR s checb b et
5] | 100062
L priirsieff SR - :
| |
| 100068
.‘,.w'.,‘._,.,h...,..m.,..-A.W,T_J.. l e ...ln. fv_ ot B e & SRR UV N "

Figure 16.1 Active data from the Common Time Block.
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2o detect shots (events), select [Edit]>>[Event (sho

parameters.

m SPACPIus - [SPACPIus1:2]

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

Ed{ﬁ.Exitcurrenteditingmode EEY =a..‘ > « »@Q.. [3 .
E,:; Select
CTB Ind
Set gate
% Delete waveform data outside of gate 1 2
B8 set a shot mark (event kb Attt et g e
4 naiand M) L e | rr g ety
Cut out a SEGZ file at a shot mark (event)

Event (shot) detection » Detect events

- 3 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 TETE
Ratio (W2/W1:default=3) @
[~ Detect end of even
“ ' 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

appropriate detections were obtained.

SPACPIus X

i !E & events are detected
Fai

OK

Time(min)
2 3

-

100003

et e B 15

o b oo

Y PPV

100007

100008

100043

100044

100045

100054

100061

-+

100062

(L

100068

02/ 06/ 2Re@.

1

Figure 16.3 Detected events (shots).
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5) Detected shots can be edited as shown below.

€& = Change horizontal (tim

W Chandgies mlmpyl é t ud

Usde® Add mew(eketys)cl icking a | eft

78 84 20 96 102 108

Aot W

L
T
I
|

Us'[\f el ecdto & detected event. Selec
|l i Met del ete key to ddlset @ tmvasckett @octmod eet dret .
event (left button down) .

Sel ected e

i
=

|I | o P ek «M b |

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/ 2ee@m. 1

SPACPIus x

4 k‘: 6 files were saved,

OK
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The shot recvaved idesSHwEe2 ef ol der (begfy s8Il acted.
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 1ist was i snavédde ismmaen fXMIdefri |l e
Ij EventListxml 5/28/2018 5:30 PM XML Document 3 KB
The XML file contains a | i st of shot record fil

<?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>

47
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Cl i c k fa¥nehsPickwin 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
al so pos sSeislimager/2D8™Manuéld f or t hrefractdoe precéssing asfng Seisimager/2D.

L i Change horizont al (ti me) sci

W Change amplitude.

. Change distance scal e.

| |
Ill Scroll shot re

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

Figug & Example of individual sh
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9) To transform time domain waveform data to phase velocity image in frequency domain, select [Surface

wave analysis]>>[Phase

velocity image in frequency domain.

Set up max. phase velocity and max. frequency.

Phase velocity-frequency transformation

—Phase velocity

velocity frequency

X
0K |

A phase velocity image in frequency domain appears.

02/ 06/ 2Re@.

Start I 0 m's
Cancel
Ui
® End 500 m's _pI
Downl Advanced mem{
—Frequency
I 0
Start Hz
T End |60 Hz
Shot time=2018/5/25 19:40:286.035 Phase velocity (m/s)
0 100 200 300 400

Frequency (Hz)

35

40

45

50

55

80

500

Fi gu@7&P hlas e

1

vel ocity

mage

n

transfor mat

frequenc)y
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10) To pick phase velocities, Select [Surface wave analysis]>>[Pick phase velocity (1D)] and set up
parameters.Click A Advanced menuo

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=|
s Check off if you want to pick all frequency range

[ Wivelength limitation
aximum wavelength |2 time:
Minimum wavelength I:Z time:

— 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

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/ 2Re@.

Frequency (Hz)

1

25

30

35

40

45

50

55

60
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17.Combi ne passive and daatiave

Thi s

dat a

det ai

surface wave

sectsuwmmabrriizeefsl ya procmkisned &a&hawyifs
obtainadt by Bbobbohm di spersi o8eedabern wdsnagier £S\WWhiMkIRkEa
fiSei sl mager/ SWTM Manuaandsed aad e mP/r ®W/MV )M nour a gtemes r a |

of

active

a l

andc

l ed analysis of dispéir giuores hdabv.siletsh ea npdr/ cocre sHe ivn gc ufrl

anal ysi s.

Aach| SPACPIUS Passive

W

Spatial autocorrelation

Active

i Raw data

Ambient noise

|
¥

Set geometry

I

| % Pickwin

v
Phase velocity image in frequency domain
|
4
Dispersion curve
|
v
st file (passive) — >  Combined dispersion curve
!
Initial model
y
Inversion
¢
Inversion

Figut.dr ®cessing fl ow

02/ 06/ 2eke®@. 1

of

A 4
Shot records

\
¥

Event detection

\
v

SEG2 files

i

\
v

Dispersion curve

i

.rst file (active)

passive

Phase velocity image in frequency domain

and

act
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1Pel entoei ses or unnecessary frequency range

Us{_l LJ_ or to select p

Select [ Dispersion curves]>>[Del et
unnecessary frequency range.
Hit delete key to delete the select

Passive dat a

Frequency (Hz) Frequency (Hz)

imis]

Joeity
¥

Active dat a

Frequency (Hz) Frequency (Hz)

1 0 100 1 10 100
500 500
200m 100m som 20m Tom sm 200m 100m 50m 20m 10m 5m
150 450
400 o 400
. A —> -
5 300 g 300
£ E
= =
z 250 £ 250
H 8 \—\
H 3
H B
H - H
z S g M
H 2
o o
150 150
100 100
50 0
0 0

Fi gut2eExlampl es of di spersion

2Passive and active dispersion curves must be individ
sel ect [File]>>[Save 1D cpuhravsee (v.erlsotc)i]t yt oc usravwee oar dH/s\p er
54
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3) Ommbcne active and passopendospeqdfFitbowd cirif O nbyL D ph
velocity curve ®heHR/Vpeorddo( kget>j[[Open 1D phad#e Vvel oc
curve (. rstJAlp.peaadd toohgireesent dat a

Append data it
(" New data 0K
(@ Append to present data Cancel
Data will be aut ofifiad isc xlhOsea®ler Aggdui want do not want
automatically.
Wavekq

'0, Average same frequency?
=4

Yes Mo
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Active and passive phase velocities are shown togethe

Frequency (Hz)

1 10 100
500

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

450

400

350

300

250

200

Phase velocity (m/s)

150

100

50

Dispersion curve : T10 50m.rst

Fi gutr3Aclt i ve andi sppesrssiscen cur ve
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4 Edit acti

02/ 06/ 2Rke@.

vV e

Phase velocity (m/s)

1

and

500

450

400

350

300

250

200

150

100

50

Frequency (Hz)

10

100

200m 100m 50m

20m 10m 5m

Dispersion curve : T10 50m.rst

Fi gutdeEdli t ed

di

sper si

on

pastsoeVdet @i sIpéseiSsomrcummnesessary

curves
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7
5t is bettpemetto aitrbsame)aitep'glanienriattiiam:girré,LdteoI evaluate

approxi mat e

10
20
30
40
50

60

Depth (m)

70

80

90

100

d

0

epth of penetration. Green
S-wave velocity (m/s)

50 100 150 200 250 300 350 400 450 500

AV

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

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

.................................................................................................

c

rcl es

i ndic

Fi gu#fbel /13 wavelength implies approxi mate

d

6) To generate initial moyleil s] sl dEASW[ SLD)Y Jax=x[ lwaivtei aln
model Mepéttased on a penetration depth implied by

Initial model for inversion oy

Depth = 70) —

#oflayer= |15
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OK

Cancel

Advanced memn
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7Refei sl magMah®whiBei s| maPerdM8 Wwh o r

curves from

Depth (m)

02/ 06/ 2Rke@.

this point

10

20

30

40

50

60

70

80

90

100

1

0

S-wave velocity (m/s)

50 100 150 200 250 300

350 400

450

t
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200

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

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

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

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

_____________________________________________________________

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

_________________________________

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

Fi gutbe Elxampl e
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n

i nver si on

al

mo del
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18. Huddl e test

A huddle test is strongly recommended before starting
the sensor is identical Aepweeadalé¢ of hheédlA¢omesniis
1Put all Atom units inatFiogBuelepllace as shown

Figure 18.1 Huddle test.

2Record 10ut-esh Bhddbfment noi se dat a.

3)To process hbwadloadt eat andatnedm shetloentct a common ti me bl c
Coherenciesal wul &t btehtdreatchebreierd r ect ahygl et bed traces.
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Time(min)
0.00 3 4 5 6 7 9 11 12 13 14 15 16 7 18

|||'rIrJ\| Hm
IR W
w"ﬁr e Wﬂ
I"I’IH‘I %M
e bbbl il i
sl ool o
|II!FJ\F % M

il
-20- 7] okl bl L1563
ik ikl L il

20+

Acc.(gal)

=1
|

I

Figure 18.2 Example of ambient noise data for a huddle test.

4Sel éAcntaI]y>s(>'c[sheranay]ya:nidscoherenbheanapbeauliow

buttons to scroll receiver separations to be shown.

Frequency(Hz) Frequency(Hz) Frequency(Hz)
0.01 0.10 1.00 10.00 100.00  0.01 0.10 1.00 10.00 10000 0.01 0.10 1.00 10.00 100
0 Wi 1[264—1558 0 ey 'Ih'ga4-1561 0 3 i 1[26:4—1563
’ i ’ in 9 ik |
o ] oo any o] ]
8 8 8
5 / 501 ] 502 /
s [ 5 / | 5
E 0. i E 0 / ). E 0.
-0p i o i il 0.p i
-0f / i -0 i 04 /
-0 -0p 0
-0 -0 0
-1 Rl 1
BRATHOHAR-OHENE- i v o : . 1501
{pas t A . Y L : . . 4 1508
20 o A T o 15267“*“—‘-'
S ., ol ol 1529
;’n ™ T L T m 1534
2 T T Y " 1555
L =Y ‘r‘ u 1555
-20- - ey " 1558
. A i ol 1961 -
ot o ¥ y 1563
Lk LS ™ 1l Las T
0.00 1 2 3 4 5 [ 7 8 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)Cli.<0r s fPlheacste vel odi>cBffaapralvegbbpandy aMilndcoosher enci es

anot her window.
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Frequency (Hz)
20.

0.00 10.00 0o

Distance
(%)

i

o

9.9952206—00‘1|

Figure 18.4 Example of coherencies calculated from huddle test
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19.Data exampl e

Data example used in the manual can be downl oaded fro

http://seisimager.esy.es/ Geophysical Database/t10_

Sampdeta shown above includes following data.

1. Nested tr50anng Iiwistrhrecei vers recoFdgadamyPambi ent noi se (
receiversswedpge 2hammsipid@d.ga ¢ ecc

receivers with 2 m spacings re

2. Linear array of 10
3. Linear array of 10

necessary.

Ve

v 100044
100062 100043
s s
" 100068
100054 /"
I <
v v 100061
100003 100007 100008
’ P 7
v Y v

Figud d Nested triangles of 10 recei
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Figud. €i near array of 1sOp arceicnegisver s wi t h
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