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From Yoshio OKAMOTO: A Handmade Seismograph System and its Seismograms 
-Make Your Own Seismograph!-       abstract for GeoSciEdu III in Sydney, 2000  

My first  seismometers for education: 
Complicated metal handicraft 

and a legacy hard-ware 



 



 

My second seismometer 
 (vertical comp.) 

and a new recording system 



 



 

New seismometers 
and PC at my room 
(2F, wooden house) 

Two components of perpendicular coupled sensors 
can record horizontal ground motion precisely.  



A simple bifilar suspension is used 
for the horizontal pendulum. 

The aluminum plate covering coil  

is used as  a “dumper” 

 
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.  



 

Aluminum plate for a 
dumper 

A 4000 turn urethane coil(0.26-0.4mm diameter) 
on an acrylic assembly is placed on the floor 
coupling with the magnetic circuit. 



 

Several vertical pendulums using same  
sensor are now testing ---. 



 



Amplifier circuit (parts: 10USD)  

1st  amp.  gain                       2nd amp. gain 

x200(Tc=6sec, -6dB/oct)      x20~50 



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. 

Integrating Amp 

Arduino Uno  

"Arduino IDE" for 
signal processing  



 

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 
their sampling rate is adjusted at 100Hz. Now, the system extended for three channel inputs. 



1ch-Display Program employing “Processing” 

 



Test observation at my house 

 



 

Seismometers and 
PC at my room (2F, 

wooden house) 

To=2π√l/g 
    =2.8[sec] 



 

A felt natural 
earthquake at my house 

Real-time display is 
saved as a screen shot. 



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. 



Our  three observation sites 

Sendai 

Kyoto 

Kobe Osaka 

Tokyo 

Fukushima 

JMA seismicity 
map yesterday 



 

Utsunomiya University 



 

Seismometers and a recording PC 
are set on the floor and the shelf: 

At Utsunomiya University 
 

The PC uses Linux as its OS. 



 Sensors on the floor 
At Utsunomiya 

University 
 

The vertical sensor is a test version. 



 

A Seismogram at 
Utsunomiya University 

(in Kanto plain) 

Microseisms are prominent by 
thick alvials and Kanto loams ~ 2km  



 

Osaka Kyoiku University 



 

Seismometers and PC at 
Osaka Kyoiku University 

(on a hill top) 

<- Air conditioner 



 

A modified horizontal sensor 
at Osaka Kyoiku University 

Brass plate as a mass -> 



 

Microseisms and noises are scarce  
due to rigid ground condition.  

Seismograms at Osaka 
Kyoiku University  

(on a hill top) 



 

If the air conditionar turns on------- 



 

Making a coil 
with a hand drill 



 

Making a coil with a bench lathe 



 



Seismogram examples:  

 



Our  three observation sites 

Sendai 

Kyoto 

Kobe Osaka 

Tokyo 

Fukushima 

JMA seismicity 
map yesterday 



 



 



 



An example of foreign earthquakes 

 



Performance 

The performance of our system can record M5.5 
or greater of domestic earthquakes, M7.5 or 
greater of foreign 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.  (102m<)  >> pendulum size (~100m). 

     => 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 

 


