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Connected rubber bands

Alnico bar magnet

Copper wire belt
// for pick up
a
soaked /

Half or more filled with oil

—> Amplifier
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Fig 6. Film case sensor




Sensor Coil

Integrating Arduino Uno

Op Amp. A/D conversion

Wave display & USB Port
Recording

Fig.1 System over view
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A simple bifilar suspension is used
for the horizontal pendulum.

The aluminum plate covering coil
is used as a “dumper”

Ceiling or Wall

A magnetic circuit made of
two L shaped steel plates
with two columnar

neodymium magnets forms
a U-shaped bipolar magnet
as a whole, also become a
pendulum's weight.
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Amplifier circuit (parts: 10USD)

1t amp. gain 2"d amp. gain
x200(Tc=6sec, -6dB/oct)  x20~50
Integrating Head Amp. SW1 2nd. Amp + Level Shift Low Pass + Limitter(+5V)
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Integrating Amp. for 1ch.
and A/D converter:
“Arduino Uno” (30 USD)

The signal generated in the coil, which is
proportional to ground velocity, is at first
amplified and integrated with OP-amp
circuit, then digitalized with Arduino(10 bit
A/D micro-chip, 30 USD), and finally guided
into a PC via a USB port.

const int accelpind={0,1,2 }

int accelvald=1{0,0,01};
——1 "Arduino IDE" for

LA 3 | Serial begin( 9600 ); i i
R S - y Seriakbeen( 9600 ) signal processing

R ey - . i void loopl) {
e ol 3 byte buffer(2];

e A // AD convert for 3—ch

' 7 .onmouv o v . .
\ -o-' [ , for(inti=0;i<1;i++ )1{
- tONN % ,..ui LD EEE accel_valli] = analogRead( accel_pinli] ); // read pin(i]
2 (& ¢ L

nwm.—cﬁ’

(~WMd) WiT9TI0 :

: // Data transfer: if processing send one byte character * to Arduino
if ( Serialavailable() > 0 ) {

for(inti=0;i<1;i++){

buffer[0] = yte( accelvalli] );

buffer(1] = byte( accel_valli] >> 8 );

Serialwrite( buffer, 2 );

Arduino ,

Serial.read(); // take off * character



Recording Program: Using “Processing”: JAVA based programing language

The PC displays signals as wave lines at real time and can save the signals both as a screen-
shot and/or a text data file for later analysis. The saved data are 10 minutes length each and
ow, the system extended for three channel inputs.
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1ch-Display Program employing “Processing”

*EARPDOEF AR 1 - pluma

import processing.serial.*;
Serial port;
Printiiriter output;

int i
int t
int tt
int ttt
int ch =
float x[]
float y[]
int hase[] = |{

float px[
float py[
int data
int data
int data
int data

int tn = 0;
int twax = 1000 * BO;
int sflz=0;

String datastr;
Strinz datet imestr;
String format;

void setup() {
size (1000,720];
strokefeight ( 1 J;
backeround( 0 )3
port = new Serial (this, Serial.list(J[0], 9600);
franeRate (100];

}
void drar() |

if (sflg==0){
delay (1000];
part.write( "x7 13
background (0);

t=0;

tt=0;

sfle=l;

port.write( "%’ ):

if (t ==10){

datetinestr = year (J+"/“+nf (month (), 2)+"/“+nf (day (},2)+"/Tine="+nf (hour (},2) + ":7

nf(second(),2)+7_iF8";

output = createlfriter(datetimestr+”.dat”);
text( datetimestr,10,35);
port.writel "#' );

s = second();

(s == ps)
tm = 03
else if (s % 10 == 0)
tm = 85
else
tm = 53

pe = &°

ch=0;

stroke (B0, 180, 255);

x[ch] = tt;

y[ch] = datalch] + haselch] + tit10 - tm;

PF ((t==0) || (tt == 01)
point (x[chl, y[chl):
el

se

line (pxlchl, pylchl, xlchl. ¥lchl);
px[ch] = x[ch]l;

py[ch] = ylchl;

format = String.format ("804d ¥04d %04d”, datal0],datall].datalZ]);
output .print In(farmat);

tto= b ¥ (widthl;
bttt = int(t/width)
b= el

if (trtmax){

tt o= 0

save( datetimestr+”.pne” J;

output . flush();
output.close();

backeround (0);
1

woid keyPressed() {
if (key == 's’ ) {
port.uritel *7 )5
background (0);
t=0;
tt=0;
text ( vear (J+7/"+nf (nonth (), 2)+"/"+nf (day (J,2)+7/Time="+nf (hour (},2)+":"+nf (minute(),2)+":"+nf (second
(J§2),WD,35);
if (key == v )
save ( vear U+7/ 7 +nf (month (), 23+7/ +nf (day (). 20+ Tine="+nf thour (),2)+":"+nf (ninute (), 23+ "4nf (second (), 2]
+7F87+ " png” )3

H
if (key == "¢’ )
ch = ch +1;
if (ch > 2}
+ nflminutel),2) + "7 + el

1
}

woid serialEvent( Serial p ) |
if ( port.availahle() > 13 |
for (0 =05 1 < 1; i++ ) |

datali] = port.readl) + port.read(}) * 256 ;

part.write( *7 ];
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Soft-ware

 The PC soft-wares used here are written by
"Arduino IDE" for signal processing and
"Processing" for signal display and data
recording, both freely down-loadable from
their web sites. Also they can run on Windows,
Mac OS, Linux or even Android tablet. The
Processing language is based on JAVA and
more simplified for programing beginners. The
total cost is around 100 USD and easy to
assemble at school or home use.
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v;ﬁismometers and a recording PC
n4are set on the floor and the shelf:
Y At Utsunomiya University

The PC uses Linux as its OS.







UDAl 20014/08/12/Time=0%:43:27 iF5 MWW
b ’ . _ - T S o e et

P

S S )

]
: o A Iy =4 P
e e P 4
_:_ e - = e O, T >
B Y g T T
A o

ﬁm‘*w e '-M..m"""‘___'_ "":-'“‘
S s w"—.ﬂ-“"—-—'—ﬁﬁ'im"--u i =y
T e ot il —=. i L LA

R e e

= .
B i, e o8 e e o P o
e R M
I Y A e AT A,

i . [
eI AT LR Do

R L N

Ay Y IRy
A% =Sy
] e i m‘:‘.@-‘ﬁ;ﬁﬁ

o

| '::!'
Gt
s

ﬂ’_&“ﬁlf

Ty o e .
e S e
T e P LR e IR
S e g == A
e i e
i I
T o Win T

e




Q

BUZOPRBE T

—

AFHRHTHE

<o

oAl \K
-

:

ABREAEKRZ

RER/AL - FETIE

= g
Osaka Kyoiku U,;njy‘glegsity

s
\)’j



|
|

Yonr] ‘a|IItop)

——
'i
ey
meters and PC at
B CTSTTY

=y




1. dlfled horizontal sensor
“Osaka K
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Seismogram examples:
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An example of foreign earthquakes
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Performance

The performance of our system can record V5.5
or greater of domestic earthquakes,

, respectively.

Our system particularly horizontal pendulum
makes quite stable observation, however the
vertical sensor(now construction) and the signal
process have some problems about stability.



Discussion

Our pendulum is quite fragile against rotational ground motion, also
has parasitic oscillations in principle. =>We assume that the ground
motion has no rotational components.

Because; wave lengths of EQ. (10°m<) >> pendulum size (~*10°m).
=> Of course a test on the shaking table is desirable.

Parasitic swings and wind stirs may be the most nuisance problems
for our pendulum. =>some improvements are necessary.

Our system should be improved for more precise apparatus. -> Easy
making concept vs. precise observation has an annoying trade off.

The use of neodym magnet is necessary, because its strong magnetic
flux (~400 mT) supplies a sufficient induced current and an adequate
damping.

The “Arduino” leaves more ability in A/D resolution and sampling rate.



Conclusions

We developed a new kind of simple, low-cost, stable and easy
making horizontal seismograph system.

Simple structure clearly shows a principle of seismometer and also
shows a data process of modern digital seismograph system for
students.

This system is useful for both crass room demonstration and daily
observation of natural earthquakes.

The displacement wave forms instead of velocity records are more
appropriate for educational use.

The wave data recorded by our system will be distributed as crass-
room exercises or outreach resources.

Some improvements are desired for more reliable observation.

“Arduino” and “processing” are the best combination for
educational tools not only for seismology but also for meteorology
or geophysical related subjects.
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Thank for your attention!

* The contents of our study will be available at
our web site soon:

http://www.osaka-kyoiku.ac.jp/~yossi/
* Any comment or Mail to:
yossi@cc.osaka-kyoiku.ac.jp



