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Design and Implementation of Seismic Data Acquisition System using MEMS
Accelerometer
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Abstract - In this paper, we design a seismic data acquisition system(SDAS) and implement it. This system is essential
for development of a noble local earthquake disaster preventing system in population center. In the system, we choose a
proper MEMS-type triaxial accelerometer as a sensor, and FPGA and ARM processor are used for implementing the
system. In the SDAS, each module is realized by Verilog HDL and C Language. We carry out the ModelSim simulation
to verify the performances of important modules. The simulation results show that the FPGA-based data acquisition
module can guarantee an accurate time-synchronization for the measured data from each axis sensor. Moreover, the
FPGA-ARM based embedded technology in system hardware design can reduce the system cost by the integration of
data logger, communication sever, and facility control system. To evaluate the data acquisition performance of the SDAS,
we perform experiments for real seismic signals with the exciter. Performances comparison between the acquired data of
the SDAS and the reference sensor shows that the data acquisition performance of the SDAS is valid.
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Fig. 9 ModelSim simulation results of 12C protocol module

7F k. ModelSim Al E#olAS  fdl  HAEWZH
(testbench)oll A AF&3F 92 dlolge AZdy Fusfs=
100Hze1 ™ dHolH HA5A% 517}—8‘ A8 Fpx7IE o] &g

Aol AFEF AA AZAZE 20049 D2 YTERelA 3
A R 683 A& Aol A A FE 729 %
Az o,

3112C =Z2EZ B =

Iy 9% 12C Z2EFE FE ModelSim Al Edo
o]t} MEMS 714 % A4 MMAS451Q9] &= A1

to] lgloz A1g3 HAEMXAE s FelsTh
y, z=9] dolg 7} 1MEe] A5 AE Hola vt Al
go]Ad Aol A data_x_msb, data_x_Isb, data_y_msb,
data_y_lsb, data_z_msh, data_z_lshx= AAA HE5H d
olE B0l AARHE dxzEECL 2C ZREZAN
dlolE izl 8hiteldl AT SDASIA AE-3 MEMS
g 7IEE AA(MMAS4ASIQ)S] &3 14bite]th whEhA]
14bitE MSB®} LSBE# o2 uFolA 8hit® 16bit A%
% 39l 14bit dHolElE HEIAT 2 944 HH
1.3ms, 1.85ms, 2.78ms, 3.32ms, 4.3ms, 4.73msolA Z+-zt
x_msb, x_lsb, y_msb, y_lsb, z_msb, z Isbh <o & 8bit¥
ol S FHE5&) 2t i2c_data A LB AN &8& =
age 48 delgrt AFEH vk H5F  delH
(data_x_msbh, data_x_Isb, data_y_msb, data_y_lsb, data_z_msb,
data_z Isb @A =~E)e} A= 3 dlo]E (i2c_data A ~E)E
HlwE] 2 Xéﬂa HolHE A5 2= s & F 9
T} i2c_start AEE 2C ZREF 25 | A4S foHE g
Sao= AF ﬂ&.i/“] 100Hzo] . MMAR451Q2] ODR(Output
Data Rate) 800Hz7t#] 7Fs3&FA % ODRe|] Eolds% &
o] a7 A e ¥ ODRS AME34E S B4
o Frh AAl AT Fopg P 20Hz VWY AFT
Aol 5 o|FXE 100Hz9] ODRE AH&33& 4% A
Aste] Fue AR gEES AT F Jdu FL 540

%7 #h

MEI ‘N o, _Y_,
ol

d

3.2 Frame Sync ZEEZ =T =

9 102 AA%E Frame Sync Z2EZ 252 ModelSim

855



|+ Mesthench/J0/y i
I~ Mtesthench/J0/y_in_data
I testhench/0/z_i

a2 10 Frame Sync T2EZ 2 E2| ModelSim simulation
2o

Fig. 10 ModelSim simulation results of Frame Sync protocol
module

Exciter(SSV-125L)
Proposed SDAS

WV Ve

Acceleration [gal]
E 3
—_—

|
m: M AR AL A L el
i

4 K E 4 E E
timefsec]

(a) Nikata Earthquake

Exciter(SSV-125L)
Proposed SDAS

i i .AlAAMMAJMnA_L YR
g [l Ao 1 o i

t "1

Acceleration [gal]
k3

4 1 1 W 1 1 E
timefsec]

(b) Kobe Earthquake

33 11 (@) YZtEr X[&3 (b) sl X[Xlof| sk A|Z2bE
oflMe| ZFEZ[(SSV-125L) HIAE Z ZHEW-axis)

Fig. 11 Results of Exciter(SSV-125L) test for (a) Nigata
earthquake  and (b) Kobe  earthquake in
time—domain(EW-axis)

Algd ol Aoty FSYNC A& & AFe =z SCLK &9
o] 750l A& FAlo] o] FofZt}. fsyne A&7t e H
i sclke] 14WA Fol T X, Y, 259 hEE H
olEl7} AH=E 1bit® % 14bit7} x_out_data, y_out_data,
I AEHE EEs EoFa 3l
t}. fsync AEe= AEY FYo| 7|5 Ao Frame
Sync EEL 14bit dlelg 3 FHFES 100Hz £==2 =54l
IE At

z_out_data EE(port)=

3.3 7167 & 0|88 SDASSl HS45 It

a8 11 ~ 29 132 AA Adse w49 A

L

(o)
& T

E0F = San-Esurt®] SSV-125L& Ab&&tel A7 - Az
@ SDAQ®l HolH A% A5g W Avelt AEd
A ARAFE QR Yk ALGE 68)3 A7
(5 72)°]ch. SDAQS] Hlolel A% 4% wung Aa A

856

1000

B —— Reference Sensor
o A m.mfl AT WS PR NPT IR AT
‘WUWV'V j SV TWY VYWY v A
1000, 2 4 6 8 10 12 14 16 18 20
= 1000
E) [——X(EW)-axis of the SDAS
:.mAM’\uAA N b Aty
0
'wuwvvv W WYV v
+1000, 2 4 6 8 10 12 14 16 18 20
= 1000
E —— Y(NS)-axis of the SDAS
0
1000, 2 4 6 8 10 12 14 16 18 20
= 1000
E —— Z(UD)-axis of the SDAS
0
-1000,
0 2 4 6 8 10 12 14 16 18 20

times [sec]

a8 12 SDASS| MHE Tk
Fig. 12 Errors of data acquisition by misalignment of the
SDAS

o3t Hlolef %S QA

—— X(EW)-axis of Exciter(SSV-125L)

[gal

1 15 2 2 20

[oal]

T T
‘ . i i ; : i [=——XEW)-axs of the proposed SDAS ||

[gal]

gal]
i
<
S
H
4
o
]
g
&

VTRHRT AT TATTPY

times [sec]

a7 13 WARS SEHATS 8D

Fig. 13 White Gaussian noise floor

L8 7719 dHeldg HEA 2" AL vy 2
MitutoyoAke] V405-BREA] @ = AHES %Xéf’é F
i, DC~400Hze] F3t= Z4W 9, +£30.0m/s*(£3G)9] 7+
= ZARAE /HAY, 8 73 NA 7‘3737]te =t
ofF® 1 7]% A (reference sensor)2} AlAo|A =743k

Azol HES Yel 24bit, T # W9 (dynamic range)’}
110dBQ! ©lol¥ 2AZ A€k 11 119 (a9 (b= Zt
Yztet A% i Al s 7] AlA ek SDAS7E
X(EW)Zo| tha » ool ¥y Hola gt}
tolEl&= DC A &u Agorn AT AdE
55 @43t A ¥a 5T deojdeltt UtE
oA 71E AlA 9 SDASOA HE5T Ao 7tEE g2
680.9gal ¥} 658galo]™ LW A oM Z+Z: 385.5gal I}
375galol Tt Zb AWML Ui FHE A5 43 =W
3.36%2F 2.72%°ltt. ¢ A& 7Fzx7] 2 SDAS7F AT
FHoZH E1 AFZA Y] QAN A FHoR2 T

ofok gt} Eg SDASe| e 7M&EE AAe] Wyt 7t

o
of,

5}

5t

H
L

NN g A A N

N Jm



—— Exciter(SSV-125L)
——— Proposed SDAS

Power Spectral Density]

10°
frequency [Hz]

(b) Nikata Earthquake

10°
frequency [Hz]

(b) Kobe Earthquake

a8 14 (@) YZtE XI&3F (o) od X Fof| cist Foed
odollMel JFRIZ[(SSV-125L) HIAE ZI}

Fig. 14 Results of Exciter(SSV-125L) test for (a) Nigata
Earthquake and (b) Kobe Earthquake in
frequency—-domain.

(misalignment)oll ™3 HE <271 243 Ao
o w74 AAl 54 Z(UD) Fol thE Zol
3 AT S & 5SS HAL de A B A5 T
Aottt a9 128 AHEF os HAT HAS
Hola 9l A7t AEH 7]
XEW)F 7kl A& Aol YINS)Z 3 z(UD)

=)
Ay
2

2tk SDASE 53 A4S 71&= dHolee F A

EW+NS*+UD* )2 718 wj4#ds Axe A9 Y
oA oF +10galelzZA ol& 4 w272 (Modified
Mercalli) 55 AolA A% M(<14.7gad, B AFFEC] A
& 4 B Fx dg)olstel & attl

a9 14% (a) U7beF A (b) a2l 2zl dis) 74zl
719 dole A5 Alzelwl Ak SDASY Fuh g o)A
A A e W (PSD; power spectral density)S ¥ 3
Ao, Ao Al & F YFo] F Ax=E BEFE AR 4
Aol tE8L 050z ~20H: ol 22X )l 0.5H:
ol AFu wdz 20mzolde] Iy dds Al
0.5Hz~20Hz Y WA A|¢tst SDASe| dlolE] HEA %
2 7]E& AF AA(V405-BR)E AH&ehe AA Al2="(7HA

T FATE & 5 9

4. & &

B =R E AGAXNAMNGAA 2~ AES s WA
MEMS¥ 71&% AAE o]&3 A dHolg HE Al=H
(SDAS; Seismic Data Acquisition System)< A 7A|8t9ith.
AAE A 2=ee FPGA(Cyclone II) ¥ ARM(Cortex-M3)

714ke] elutle Al~®lo g A=A 3skal Verilog HDL 2 CH

MEMSE 74 = HMAME o/88 X7l ol 35 Aladel 4 2 2

Trans. KIEE. Vol. 61, No. 6, JUN, 2012

olE ARgste AdAlE AN EEE FEsATE Ats
SDASe] AAd F8 @9
Frame Sync Z2EZ 2 E5)E9 A %S ModelSime ©] &
g AlEY oS T3 AEEtaL o8] EES st=dolE T
dH Alz=gl AA g dA A Fdg s LA
A7l 7FR71(SSV-125L) & &8-3te] dlolE HAS54d5S
Hr7E- 24 g4 58 AR dolg Y AIZt-Fa4 o

5

o

[¢]
54 45 Bl AA - A9 SDASY HolH HAS A
A7 oo tj o] BEEO UE 0.5Hz~20H:
Ao A wrte] 71E BEZE ol R AAG FARS =
stttk dAl Aoz Qg olaAAFEAE S8 nelEe
AR T = 050z ~15Hz d)Fe]lnZ Mg SDASe] tle]E
ARNE el A] FEaTS & F
Atk wEbA EE deolH HE5A T aFHA e A
ol glol AA - 7R3

d

o

t
ki
Ho
I

[I1JH. Y. Kim et al, Research & Development on
National Earthquake Early Warning System, KMA,
2011.

[21H. C. Chi et al,
Earthquake Early Warning System and Expanding of
Realtime Data Sharing, KIGAM, 2010.

[31 HO W. Kim, Y. M Kim, S. W. Sohn, H. D Bae, Y.
H. Park, H. Choi, “FPGA Design of Seismic Data
Acquisition System using MEMS Accelerometer,”
Proc. of CICS 2011, pp.398-399, Oct. 2011.

[4] Y. M. Kim, Real-time Earthquake Early Warning
System for Secondary Disaster Prevention, Thesis,

Designing of the National

Dong-Eui University, 2011.

[51 Y. M. Wu and H. Kanamori, "Development of an
earthquake early warning system using real-time
strong motion signals,” Sensors, 8, pp.1-9, 2008.

[6] S. G. Kim, Theoretical Seismology, HUMHAN Book,

2010.
[71 A. G. Hafez, T. A. Khan, T.Kohda, "Earthquake
onset detection using spectro-ratio on

multi-threshold time-frequency sub-band,” Journal of
Digital Signal
pp.118-126, 2009.
[8] C. Tong, B.L.N. Kennett, "Automatic seismic event
identification  for

Processing, issue 19, Elsevier,

recognition and later phase
broadband seismograms,” Bull. Seismol. Soc. Am.

pp.1896 - 1909, 1996.

857



sl=2X 613 63 2012 6¥

[9] A. Trnkoczy, Understanding and parameter setting of
STA/LTA trigger algorithm, TASPEI New Manual of
Seismological Observatory Practice, 2002.

858

A2
z E (8 =)
1996 FEdstn At =9,
2001 5 tiEd AT AAL 2006
) B

W 5 digtd dAAFsta 2k 19959 T
1998 LGHFE=A], 2006 ~ 20080 k=
E+=3etd+9d Post-Doc., 20083 3¢¥
~ dA Fdtn ARG Zu
Tel : 051-890-1673

E-mail : hchoi@deu.ac.kr

o 8 o (% &% B)

1977d  gFoisn HdAast =4,
1980 Agdigtal  AzpFsta AAL
1992 & wishel wAzstal ubal, 1904
d Y1995 wE Al st WA
A7 FE 2t WE WS, 198749 39 ~
A FHostn AR 4713
I} w

Tel : 043-261-2474
E-mail : hdbae@cbnu.ac.kr




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


