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Applying computer vision-based to warning system of

vibration and displacement monitoring in landslide areas

Abstract

For landslide monitoring of secondary disaster, non-contact
monitoring devices for ground movement is a new field This project
utilizes image recognition functions of artificial intelligence-based
computer vision technology to monitor slope displacements in landslide
areas. By using real-time imaging with microcomputers and digital
cameras, multi-scale monitoring is applied to slopes in landslide regions,
including the single-camera computer vision-based surface displacement
monitoring device, and self-made high-precision seismometer.

In slope monitoring, a new type of computer vision device is used to
measure displacements in potential landslide areas, enabling monitoring
of three-dimensional displacements and slope image surveillance. The
computer vision device includes single-lens and telephoto-lens cameras
along with Al-based computer vision Raspberry Pi systems. Using
Raspberry Pi microcomputers and OpenCV visual techniques, the
displacement of markers in images is established, and combined with a
low-power, low-cost, self-made high-precision seismometer to record
vibrations caused by earthquakes or collapses in the landslide area.

The computer vision device developed in this project costs only
one-tenth of traditional monitoring instruments, and the error of marker
recognition can reach millimeter level, providing advantages in both



economic feasibility and usability. The overall AloT system design is
suitable for emergency disaster response and long-term, real-time slope
safety monitoring. The innovative seismograph uses two high-precision
sensors, EPSON and geophones, to simultaneously receive vibration data.
This data is transmitted and displayed in real-time via loT. The
seismograph initiates 100 vibration acceleration data points per second at
intensity level 3. The computer vision device and high-precision
seismograph used in this project are designed with loT-display interfaces,
and trigger push mobile notifications when ground displacement reaches
10 cm or vibration up to intensity level 3. The system sets up a
multi-dimensional monitoring and warnimg mechanism for landslide

areas.

Keywords: computer vision , large-scale landslide, ground movement

monitoring, seismometer
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L ¥EA R e 7 DFT ¥ -2 % £ 8 2 2 & DFT » & B dit
W R R E e S ) R P B B R T R

&R E N2 A FFT » iz ¢ i iF by Uid 5 (Butterfly Operation)

EIEATE E 5 Ry £ & (Oppenheim, A. V. et al, 2010) -
X[k] = [k] + w§ - 0[K]
X[k +5] = Elk] - w - 0[]
a5 2.12)
E[k 0[k WK
g0 "My o nrr g Oy 2o anrrr e YN
_,2Trk
e’ v
g ¥+ °
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w
2

B EEE 2 @4 (STFT)
& > 3 3 (STFT) E_— 6 % >0 PFAg AF 38 e 5L & 47
EIEREY R T R el s U R ol el s E A R A

fo~ gm"F%E&%‘w RN B T s gl ERRY A ﬁi&ﬁ'(FFT)ﬁé‘-ﬁ}f@I‘”

Rem i EF R ER A ERERE aEET S o

BREEEE 2 @R P PRE AURR R UL B S
TS hEREF PR A RAAP FERUNEE RIS A
4 % E R4 E w B (leakage) 0 T R HHE BBk P F oSk
(window function) » * kT s >  HFLEFE 2 FgH o

PR AT BEEEFN AT HE A A o5 213 5

<
gt
=
]
~=h

7+ (Oppenheim, A. V. et al, 2010) -
X(t, w) = STFT[x(t)] = f wx(‘r)w(t —1)e @Tdt (R 2.13)

B o x() s m4omsE > Wi § Slic 0 5 AAEF o

B STFT @ » § Skt B fom 3L 5 "8 MOIE 3 & 173 4 ched
?w%ﬁ?mﬁrﬁﬁﬁﬁéiﬂ’#iﬁz&&ﬁﬁmﬁmmmmg

window) ~ ;& ® ¥ (Hann window) ~ 4&7) ¥ (Rectangular window) ~ & 27
% (Gaussian window) % > 7 Ip 0§ S Bcl 3 7 i o 4ol
(main lobe) ~ = ¥¥(side lobe)® A& ~ T & » # ¢ 1 Fpp cnEARE R Y a

BB EY CHFESF L W M S hen? 28 o AT R
P A RAMESF AL A RRER A A R Flah- i B Rt
M R P AR A dRiEARY TA A TR BT % 0 4 fa““r’? 28
A8 o
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B* TR EEE W HN R RS E 2 Al L B4

NI TR S
- )RHAHLBEAL

AP EEE R S AR RIS BT E e AR - T 0

&\

lgl}ii%f"' ﬁﬂfjr f;i;?ﬁ;/ﬁl ‘H:)i;});zﬁv}i,/ﬁ % ,L,Oﬂ}’%;u}ilfjmli’%kqf E]

 EPSON M-A /& 71| = $h4c i B 2+

-

=~

ETIRS

CERIEHEL R EF L A E TSR - 28 RRR

G A T L B E A fEA D EPSON M-A i 7] = fhteid B3 (4o

~|

7

B 2-9) ¥ 2% Geophone # g % (4-F 2-10) - i 12 Raspberry Pi
4 (4o 2-11) (75 85388 3 B8 7 TR S 4 ESL o £ R
B2 BRIUEL AR H i (7 4E 3% A 45 (Spectral Analysis) 1y A
ER BT RELAPEL e AR 24
B EAB% o B eh s 3% iF Raspberry Pi ¥ ZLITpEAL R (Y AR oT B2 A
REF o0 TV iE- b e 5G & NBloT @ﬂigq]%s_’vxamj v @

IR

W 2-9EPSONM-A (5B H AR = dhéciE BT X W

B 2-10 Geophone Sensor 7+ X, B
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W 2-11 #F %3 #84 Raspberry Pi4 g7 % W

(=) %k B

BB RA R AT AT
(D4 » 3¢ sy

AREATR Y 24000 3 RAEE > B R E Y FHF % Raspberry
Pi 4 Model B(4c ] 2-4) -
(2)ADS1253 # {245 AD/DA # 3 ke

Ak B RFTOREEEINA B 4L R E (Texas Instruments,
T1) ADS1256 % f#47 /& #¢ +* -#c i~ 4 3¢ % ( Analog-to-Digital Converter,
ADC) (4c®l 2-12)-3% & & 5 24 =~ A-Y (Delta-Sigma) 7 1.2 % 4
&%ﬁﬁa&%@%ﬂ\arﬁ§\ﬁ,%ﬁiﬁi%%iﬁﬂ’ﬁ
Er g RAHRRRB TR R EERTRET LR PETE R
z@;’ﬁ °

ADS1256 p = 8 & % lﬁi%luii‘g' (7 e 4 ,9_7}_337@?]/\ ) o &
£ 5 % 30KSPS B~k F o %8 SPl 4 & ¥ &7 fit+F 7% (Raspberry Pi)
M1 BB E 0 B SM-A B BB B 00T KRBT
SPEEIFFARKCTHE SR FRAERALE T RERGIFHS
oM EERE PR ESAER -

F_&
8

NG 2 E Rk P > ADS1256 #-E f F & & EPSON M-A352

g
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B T AR R T A Rb e g2 Al £ B

Z phiciE B2t SM-4 R # i B 2-(Geophone) % g B 5 11 200 Hz
BB I bt B 60 F o Tl s S REET R

R R R B AR TR PR T R

W 2-12 ADS1253 # 245 AD/DA ## # & 7 & W)
(3)Epson & - g | B

ABEHEY 2Rk R)RRIEA R ES N R T
PFendeds & 47 o # 3 g 1 feeHaE 2R FRET E e
TEE M~ &gt EAMEF R 0 B H

Rl 2 i)

AN

TR R R 24 P2

K3t M4 - B R A M S p k9 EPSON M-A % 71 =
fhivig B3 ke R TR 5 - BERRERRLHE S K
EET F TR RS REARE T X T R R BT
FLr B PR o B AT AID S ] o k3R R R AR
AR ENHEE 2EROAHES TR EEET L o
EPSON = #hévif B34 - B3R EERKR 2 EF 5V ik

TOEL R B e L TR T P IR R A
fed RO * > & 353 B¥ o 4o B2 = ihiekk - EPSON =
deif BT BRATOOES R FE R B B 2% Low-noise £

BRUEDZ e R B ELFRPF R RPIT R RIS
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fRAT R B cnBc AR SRR D 2 T R IR MR o B e ik R R R
S ER ik BATE B RIT

EPSON = fhévig B3+ (Risdrd 2-4) #- a3 HA 0 BT
I B B R r S Tk i L O SR g) SRR ol Rl IS
R4 # ehjedi o EPSON = ghdcid B33 B ATHES R 28R YT
B HEEE S Low-noise ¥ B fE T ez dhivid B3 o iR IR
AR R R E AR TR R A P A SRR 2 T
FRBHEIEH 4 RIRRY > gk BAF ~ B il o

% 2-4 EPSON = #h 4vid B 3+ 2.4 %

Product Name M-A352AD
Size 48 X 24 x 16 mm
Weight 25 grams
Noise Density 0.2 uG/y/ Hz,rms
Output Range +15G
Resolution 0.06 uG/LSB
Bandwidth 460 Hz (Max.)
Data Output Rate 1000 Sps (Max.)
Shock Survivability 1,000 G
Digital Serial Interface SPI/UART
Operating Temperature Range -30 to +85 °C
Power Consumption 13.2 mA (typ.) @3.3V
Output Mode Selection (each axis) | Acceleration, Tilt Angle

¥ - %G ok EPSON BB~ ¥ 3%+ Rt B 7 125 4p b 47 %
(Spectra) ~ -] 22 7 8L3iF #- 4~ 52 £ (Particle motion)z. B3} & 7+ > 4= B§
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4
o

System Block Diagram

X-axis Sensor

Y-axis Sensor

Z-axis Sensor

Frequency Digital

o Accelerometer

Filter, Compensate,

Measurement Arithmetic Processing

rLogging Data

Acceleration

1| mG

X3
Temperatu mn ;g

ey

BE

CSEIKO EPSONC

Temperature:
X Acceleration:
Y Acceleration:
Z Acceleration:
Time:

Yl
ik
B

9| weyrees F

219, All rights reserved.

29.34 °C
.732 G
.329 G

.992 G

12.875 seconds

Gravity Changes

19.6 m/s"2 (2G)
=== 9.8 m/5"2 (1G)
-—- 0mst2
=== 9.8 ms"2 (-1G)
=== -19.6 /5”2 (-26)

pid@pt ~/WiringPy

File Edt Tabs H

________________________________

) 20

60 80

B 2-13 EPSON R iRl B & Rl 3#E B~ T o oL

TRLIE S TEFHRT S



- e e s a
¥ F 3 R R

BRSO S c A B aE Hne e g v B2
AR R BB WR BB 2-14) 2 75 LR B B (4 EPSON M-A
T Z B R BF AR BRFEFE RV AL TR AR

FR2 BB afEir R EHETRF BETEvmiad 2 FEAR
#%

R, - &

o

q// 74

/ "'
EpsonKib&M = 44

HMERCFF) AD/DA#k 44t 4a ( L F)

W 2-14 p Q¥ RRERIFREN
(4) SM-4 3 &% :# &3+ (Geophone 10 Hz Sensor )
AE PR B AR RE TR ks » "f# " EPSON M-A
= fh4e ik R > 3~ £ B Sensor Nederland = & 4 & 2
SM-4 - #:% & 3+ (Geophone) b e A A
HpFer A 4 2 B Bk R L o
PRRIEE R B RACR MR E i e B A SR
RH TR I IMF A TEEN LS BEE R RTEE TR
B G RER RS BPFRE BF PSP ERBHE R

PR 2 ¥ ESER R T
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ot TR R M KRR S 2 Al 2 B

SM-4 5 RE-BAE BRI BCER4rd 25) H1iThiE
POREFRRBHEABPHESE DB R RDEER S 2
TR SHB AULT B G S B R R A R
PR e * UAYH R AB REA RSB TR hERE L o R
ADS1256 % faf7p t Himdgik Bis > w2 | 200 Hz 2} g 4 B~
Bd A et miciR D 1 o

% 2-5 SM-4 geophone 10Hz sensor

Type Value

Natural Frequency 10Hz£5%

Open Circuit Intrinsic Voltage Sensitivity | 28.8 V/Im/s +5 %

Height 32 mm
Diameter 25.4 mm
Weight 749
SM-4 RiplBEHEHL EFEMEAL  FENF N HERAE
Bleb o B 010 Hz p ARt a AR R 27 P i B2 &
Bl R R LRI AT A SRR NS AN R 2 R E

¥
o %8 EPSON 4cif B - Jo i (TpF ?;ﬁ g —fg%sifié?wﬁ

(5)H+HF % 2 ik (Raspberry Shake, RS4D)
RSAD(®] 2-15)5 P # f /b * 2% B RE > B 4 (£35 4
P EL L RHBRAEME R BRI BRI B e R

HmA AT AT > B0 B 2-60 TR S 2 ME R BRAY

2-20



REBRBEEREATH S LR RN ERTAE S
EN

microSD —+ ¢

BoF R

WEEG TR TR TR BRI

$-F 1N ES e HR

i,

5

%

-
W

fon

A S R S N

=
IR

(https://dataview.raspberryshake.org/ > 4] 2-16 ~ B] 2-17 #177 )i& 7

oo B IS

ez R ELE

VR PR RPIREL loT F 4 o

TR AP BEHA LA LR E

“P"}

o

PEEBmE ERZF R T REEP o

W 2-15 #%

¥ B ik (Raspberry Shake, RS4D)5+ &, W

% 2-6 RSAD 2 4 B 3+ 4% % (RS4D » 2017)

Parameter

Value

Sensor

3-component, orthogonally placed +/- 29

MEMSs sensor

Samples per second

100

Flat Frequency Range

(estimate, -3dB points)

DC to 44 Hz
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Poles (estimate)

-459.56 (73 Hz, single pole low pass filter)
-1785.71 (284 Hz, single pole low pass filter)

Sensitivity (estimate)

3.84E+05 counts/ meter/ second squared +/-

10% precision

Clip Level (estimate)

+/-2G (21-22 m/s"2 peak-to-peak from 0.1 to
10 Hz)

Digitizer Dynamic range

24-bit ADC Sigma-Delta 144dB (24 bits)

Effective bits (estimate)

14 bits(84 dB) from 1 to 10 Hz @ 100 sps(for

the entire analog to digital hardware chain)

Noise Level

3000 pm/s (0.3gal, 0.0003g) RMS from 1 to
10 Hz @ 100 sps

(@ Raspberry Shoke' | StationView STATIONS MAP FILTERS  SETTINGS

c HANNELS ONUINE: 45 PPN

w

W 2-16 MEF b BRE S RETFTIAN
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I
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W
5
S

I

= (@) Raspberry Shake'| DataView BhED 80

ws

Frequency in He

ws

Frequency in Hz

2-23




Bt TR ER T I R h g 2 Al 2 B

Fo¥ 1EREHR
-~ TR R RR
(-)E PR PR T ELELR R
L@y N8P
At d oo bSkEeTA S o CVDM K B Az h RS

A
(s

£

f ¥
T R 2 SR S
B=

®r

gx*i

T BT RV T R o
- W E - BE P B (4@ 2-18) 27 5 8 = Feng o
Pliksk o mBRMA B 10 28 v 20 2% 2 30 &% Z fAERARE (T
X BEIEMEPIRE S - % 024 R BEER AP F R T A
173 PR T AT Py BERF RO RO NRERE 7
it T e 23 T 5 RBERY HESY R o

WE R E

M ARBEHERREDTR AP E R LELT - B
ez RN AR VA € 2 h O Ll R Rl R Y A L
WAL FREEERRELIME ~ R E S P ER)E

Bl R ok A RPN INERET FR AR FEE
Ha & ie® AW RE- BLERE BRI PHRBOLE R
FRGER OB HETER AT RSOV ABRE T ER LA o
TRl B € 4 5 100%60%50(cm) > 11§ 5 dEdpsmdE ~ B4 45~ C A
o e

-
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(2)* B = R

RERTAOTE 2 00R > DK B a4 LED Bie > § R 24
JPER BT E Rlene 4 o S A D HBLRE - RS S el K
742 LED “Eie k3t m S np AT ERIAE 0 AR TS RFH LR
ol LR P RS o 0 X QU B AR KT L AR R R > R YR
WiE X B BesE g B 5 LED %2 &7 (4-B 2-19) 0 f2ido
R RPEEE T R R AL o 42 3D A E PR 1T 0 FK R
7 5 UAV & * o

i
‘qul%
i

B4 S ERFF A AB R Y O HER
T4k seniRdg o - HR OB ES A B0 e LED % A
AR RS PP chle PR LR RIS G R ts o BT RH R X e
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Tt T RARALEE T M JRb b g2 Al 2 B

BBEIER AR PREFEOTPEBRIBET L2

W 2-19 Rikif+= 3D &3

W 2-20 B 2572 8
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4

Mot TG AR MR R d B g m 2 Al S E )

% 2-TxBaBeeRii
Polycrystalline silicon
Solar Panel
114*114*130(mm)
Battery 3.7V Li-ion
LED Edison bulb,2500~3000K
Octagon iron lampshade | ®66*80(mm)
Wire length 3m
Materials Iron+ABS
Packing 1PC

3)AloT )i %

A2t H hAIOT B — B2 A 1 5 b o e ek 5 5
PR R kSR EFIRF R P % E p-CVDM
KRR AT S A NPT Fedle oo i i

P ¥ # %2 (Raspberry Pi High Quality Camera){-sk & ¥ 3 g 4tEg - 4

7% (Raspberry Pi) it %

WAIFELT R TR E TR FTh IR R
Rz e i 5G @ﬁi%]:%—ﬁ;:%?'r’ﬁ

SRR s

SRR e XYZ Z dh 0 Toa ik
B am i iy e

Bk AE T UEARY > i 1B Python %A g I A F 0 AE R
£ E2r LB > ¥ 4% Chessboard.py #25% p & f2 5 4p $F =4 g » 2
2 A PR AR R 0 AT

PopBs i AR R A B S W R A TR AT

FE iR PR R Rl - RS EEEf o B

F5 r4.csv fe.png F 3¢ i3 >+ Raspberry Pi i3 5 X & # > 158 FTP @
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$oF 1 FHES e A

I PIRE -

GBS YT BRI Z MR P BRI fosd FILF
g A 1T VAR o B Y R E A RO R R B R
L 41% AlOT Hibed AT 4 TP T I Bicdh ¥ 10> 5 5G+AIOT & &
b EOPIBNIE T £ R A B B o TR AP 1t i g
PR AFERIEATRE 2R

d dy dz L
Hu._mprf‘hv;L ; If‘ AMNVY . A -
; e | Mo L]
LA h I{ 1wy |y frV
| Y oA Wy
s 1—5—‘7 |
Py Pz

W 2-23AloT s sid &
2. 3Rk
IR BA TP K SR BT S BRI A R[ER 10 o
R N20 2% 2 30 2 %z fEELPIEEHE (TR 0 BLIE R T 5 15%15 o
> oo F BIEBLELRIFFRE L8 - o Y 24 ) R BFETE RS 5

P A i S R BREALY 0 ) MR e (%

-

Bl 0 & 7 XYZ Z $hpEd ~ AHF R > T35 =8 T ik
T L ER AR B R PIERT B T RS R

TR 4T MG R AL AT R EERIE T anld i AR 0

#HAERA
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B* PR LR MR R R R g2 Al L B

RibK ERHOT EE

AR AEAR

; ’
EA T BLEDRAZE \fﬁ?ﬁ fn f\%ﬁ’é?ﬁ%”’é
- - —

eH-

W 2-24 B3 KB #T L W
(2)iRE 500tk
1 #F&[ 8P
AP ERPEFE- RS SRR o R BIFE T
et 75 0 T5%% CVDM R E st fiiRsd 8 ¢ g Rl
P AR B e BRI E NN BRI P RAREE T e R
Jrd o T EY RN E RBEFTIATR  REEF L B H G &

ﬁ

e e L FiedE REPAL L R E RAR BB T FHIFE D
e iv 2 WAL BROL B AN HAp T F B a0 ¢ 7 FRF
B AR Y A AeiE R R Sl ©oRSS L B B Bk e T2
EEH I RE R PR FE OE-F i (HHT) #& &
Bhie (7~ A4 R BB GUE R R B R R By
{ﬁﬁﬁﬁﬂ%@ﬁiﬁﬁ%ﬁgﬁﬁ%gﬁggﬁf%ééﬁﬁ%
EE AT AP FH Y FR%FE CVDM R B AR o) sk
AT EF T FH AR RAREET BB S F L S i
PRGBS AR E R AT RS R Y i > T E 2 R AR
B a5 2 A K e g B8 AR RAE R LT TR
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Bk T 5 AR M I BRI OR 2 R RIT L JE  ie
B AT o
2. FHRERE

AFHRTTRES LD WAL L R R(EER Y & B8
) ) AR MERE RREED S o H P HEA 0 @
e R AR 5 2.25%2.25 o5 o

*IREE ¢ BFE e 2k Raspberry Shake, RS3D(®] 2.25)%_-
# A Raspberry Pi e 22~ M3 A3 ZHRBIRE - & edhz A &
A (B ~Hdfra k) " RAZAZE RAERE > TRA XY
Z = B3 e ihfrds o i iedkz Ak Bk (KO - Fadra ) o B E
Raspberry Pi % * {4 {c Shake OS % 5L i i i & 3 &N i e 3
£ o T 4 2-8 5 RS3D ehi B B B L o

W 2-25 #HF i< & & (Raspberry Shake, RS3D)F R, W

% 2-8RS3D 2 ¥ B B BHE 4 (RS3D » 2017)

Parameter Value

Type extended down to 2 seconds) Sunfull PS-4.5B

geophones, 375 Ohm

2-31

3-component, orthogonally placed 4.5 Hz (electronically




B R AL EE

M R 2 Al 2 B

Samples per second

100

Bandwidth

(estimate)

-3dB points at 0.7 to 39 Hz

Poles (estimate,

radians/ second)

-1 (0.16 Hz, single pole high pass filter)
-3.03 x2 (0.48 Hz, double pole high pass filter)
-666.67 (106 Hz, single pole low pass filter)

Sensitivity

(estimate)

3.60E+08 counts/ meter/ second +/- 10% precision

Clip Level

(estimate)

+/- 8,388,608 counts (24-bits)

Minimum
Detection
Threshold

(estimate)

0.03 um/ s RMS from 1 to 20 Hz @ 100 sps

Digitizer Dynamic

range

24-bit ADC Sigma-Delta 144dB (24 bits)

Effective bits

(estimate)

21 bits (124 dB) from 1 to 20 Hz @ 100 sps (for the

entire analog to digital hardware chain).

AiEBe i R$ 5 5 QUANSER ¢ SHAKE TABLE Il (]
2-26) > iR - HH PS5 0 L FRERE H S BA
PRIRAPM PR RS S Z AR EITRRBE LT RN ET

o B

EAAM > F - HBFH chiRsAE o T4 2-9

% SHAKE TABLE Il en4% 4 o
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W 2-26 SHAKE TABLE Il 328 5 (QUANSER » 2019)

% 2-9 SHAKE TABLE Il 8% % (QUANSER - 2019)

R (EXEXEB) 61cmx 46 cm x 13 cm
BRET 27.2 kg

T EF e f(EXE) 46 cm x 46 cm

B imfE +7.62 cm

eid B 25g ekt £ | 7.5kg
£ 75kg ekt rid B 1250

'€ 7.5kg pFeng < i & | 0.665 m/s

3ik% 4
AEHWHHPN T 3125040 £ 24200 AR L 215 R
R > T RF B RRE ENRE S (IeR] 2-27) 0 Rk S iR
W RS 108 TR SN RRR A BN Kl B S S R
e RR GG BER o
WY Y TR AR TR RE TR R BUER IR
MAEABRTLEHGRF S 5L (Tl R L RR BT
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Bt B AR MK RE i 2 Al E 48]

/ﬁ'/% =Rk 9743{% it 2 /ﬁ‘ij% JJ:“ é'_ ’];Eﬁ:“fré\%‘r@::}%\ » & /\

BAr g WAy gm o T4 2-10 Z4rE 5 Slck T4 o
FpERT > BTRATNF TR RATED X e Y e
frZ b B AR RO T fRR A R s R %

W mArE 2-28 £ F ’%—Qﬁi BrrEHE @ REMHEEcmls) ) T

a_

HEEFREBREL 1T AP RS G L3 2T FiRe
v R R RAEGET REFHEGEAS T MFERRFRFENE ST D
P TEHELSTERE o

Fyp A F5304 i * MATLAB #2747 » 2% RE L T &
- WA L dRB AR 2 H —%i’%é&i;ﬁ* el B CA N e gk
B AR B ES T S e R R LT i E e
(R R Sy F

% 2-103=# 5 2 &K T2

P& tg(cm) | 4ok & (gal) | 42 5 (Hz)
1 0.8 0.142
1 25 0.252
1 8 0.450
1 25 0.796
1 80 1.424
1 140 1.814
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st R AR A E Y I JR s B 2 Al 2 BB

SR FRE PN R
(- )P LR
AR L i Ap e 2 3R B0 5 (SHAKE TABLE II) > v #.- %
Hphenfeds 5 oif &% R SRR m A S B
¥R o L A2 Ap M k%% c SHAKE TABLE Il # * 3 245 B ch¥% 28
SR S E AR E U RERE-E S ST ET TR
2-11 5 p W B RAMEG -
2 2211 p AP RRAWKA
Geophone XYZ #h= 5p

Epson % # B B8R RIE | - 4 XYZ po= = %

BHE % - i# Raspberry Pi 4B
B4 % AD/DA B | - B 83 24 i~ ADC

hiedr LRk ® 0 4 Raspberry Shake(RS4D) Z ik ( Geophone
- fhtc MEMS Z g4 B3 - BHARFRERE (- <F>2 4
EPSON “vi 2 3+) ~ p #l# & % (Geophone = fh4c EPSON = fih4c i
B ) xR HIIRET S8 (A0 2-29) kP o2 RkigR 25 1
CM > & e df o BREA B(Hrd 2-12 977 )i (7 4eid B 2T 5 2
KA FEK AT 4 2-13 1 0 TR - fhheid RIREREPF S 120
P22 HEE D EENE 304 Bod B 60 f)FER L AT 0 B

v

ik Bd a5V a=dntftAEE o HY A LZiRty (lem) o f ;ﬁ;‘]

)\&iﬁ;ﬁ‘ 0 li‘agﬁ?")'ljpcﬁ’;r fhteik B A, T B RS %K}@b'?;}ﬁd’ﬁ;}’fr

B v s R W AR AR ERAET LB RS R
Fae 4 e
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480

;= \_\‘

W 2-20 38 5 P %7 A
2 212K RRARCEAM B

":;E om | 1 | 2@ | 3 | am | 5% | sm | em | 6w | @
PGA | .o | 08~ | 25~ | 80~ | 25~ | 80- | 140~ | 250~ | 440~ | _ -

emsecd| %8 | 25 | 80 | 25 | 80 | 140 | 250 | 440 | 800

“::3 o | 1B | 2@ | 3® | am | 5% | s@ | 6m | e | 7@
PGV 0.2~ 0.7~ 1.9~ 5.7~ 15~ 30~ 50~ 80~

emea] <%2 | 07 | 19 | 57 | 15 |[F30 50l g0 a0 140

% 2-133R& o R RER TE

R RA | Aeid R (gal) | 47 5 (H2)
1 0.8 0.142
2 2.5 0.252
3 8 0.450
4 25 0.796
533 80 1.424
5 5 140 1.883
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Bt TR AR H e R g2 Al L B

(E)E P F Rk

SRR RRF EEUTR BB SR RIFE AR RV
BRIEERRE% TP AP ARARBIEETARB RPN A o
FACOFRZRFEE - FE P IUOS FEICE 0F) 0 R
BRI R 2Z REFME &Y g WF RREXNHE Y JFFF
BoOFER2MITHBE > BR800 3%% - 2 EPSON M-A

AFIZ gl @ R ITSHRRE o3 BRFHRETD TR L

Y,z
Y

~

B 2-30 p W RS
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W 2-31 %) fa 5 #3)

R B AE RERE IR TT B RE T AU
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/47 > FFT 22 MATLAB % 47 #4240 B8] 2-32 2. &~ 477 & Bl 977 © 3%
¢ BT REdr %~ MATLAB 2 > 5 i * detrend 53t $H3E 4 47
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I B FEIT 2 e 2 H{ 7 zero padding e 1T o Fr i It S0 5N S Ak iE
hofs o B fft SN B2 BRBFEHET S IR E R F
(Power Spectrum) » I i& {7 jF — 1 (normalize) » # & < J= b 4f 5 43 5 eh
5 BESRHRY T ERRLRRGES S L2 AL E
AH o R PHERBPEFAVREKRMAT FERFRRZERF
FEEF AR BB LT kIR 0 4oB] 2-33 P77 o

[y

&
R

1 clear
2 close all
3 [ox,0y,maxLength,dx,dy,dz]=textread('5S.txt", '%f %f %f %f %f %f');
4 x = diff(dx); y = diff(dy); z = diff(dz);
5 x = [0; x]; y = [0; y]; z = [0; z];
6
7 [num_rows, ~] = size(dx);
8 samplerate = 60; % in Hz
9 dt = 1 / samplerate;
10
11 vx =x ./ dt; vy =y ./ dt; vz = z ./ dt;
12
13 data = vx;
14 data = detrend(data, ‘constant');
15
16 N=num_rows ;
17 t=[1:N]/samplerate;
18 nfft = 2”nextpow2(N); % Next power of 2 from length of y
19 Counts_freq=fft(data,nfft);
20 PS=abs(Counts_freq)."2;
21 PS=PS/max(PS); % normalize PS to its maximum
22 faxis=samplerate/2*linspace(9,1,nfft/2+1);
23
24 figure;
25 plot(faxis,PS(1:nfft/2+1));
26 x1lim([© 3]);
27 set(gca, 'FontSize', 30);
28 title('Spectral Analysis (FFT)', 'FontSize', 60);
29 xlabel( 'Frequency (Hz)', 'FontSize', 48);
3 ylabel('Power Spectrum', 'FontSize', 48); (a)
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