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Abstract— We have presented a novel method for building a 

portable, low priced, commercial seismometer, which works 

on extremely low power, and is very durable. We have 

experimental results of this seismometer, which works in 

real-time, and gives a digital output using the computer 

screen as monitor. We have applied the knowledge of 

earthquakes and research in the field of seismology in 

building a seismometer, which gives valuable and timely 

information about seismic events in the vicinity. The 

seismometers that have been developed up till now are 

expensive and bulky due to their commitment to remain 

broadband. We have overcome this bottleneck by using the 

latest and very advanced open-source software called 

Processing, along with an Arduino board, andinterfacing it 

with a 3-axis accelerometer. We have developed a 

seismometer with high sensitivity. This facilitates the study 

of low-intensity tremors outfitting to the needs of the urban 

society, as mining activities, as well as explosions, create 

tremors, along with tremors due to seismic activity. These 

tremors or vibrations need to be studied to understand their 

effects on bridges, buildings and other structures in the 

vicinity. We believe that this economic, lightweight, 

portable and yet advanced seismometer has used the latest 

technologies to bring together an application which has the 

potential to be developed into a commercial product in the 

market. 
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I. INTRODUCTION 

Earthquake is the result of the movement of tectonic plates 

on molten lava. When tectonic plates collide on fault lines, a 

sudden shaking is produced. This sudden release of energy 

from inside the earth is in the form of waves called seismic 

waves. There are several different kinds of seismic waves, 

and they all move in different ways. The two main types of 

waves are body waves and surface waves. Body waves can 

travel through the Earth's inner layers, but surface waves can 

only move along the surface of the Earth. Earthquakes 

radiate seismic energy as both body and surface waves. 

Traveling through the interior of the Earth, body waves 

arrive before the surface waves emitted by an earthquake. 

These waves are of a higher frequency than surface waves. 

The first kind of body wave is the P-wave or primary wave. 

This is the fastest seismic wave, and consequently, the first 

to arrive at a seismic station. The P-wave can move through 

solid rock and fluids, like water or the liquid layers of the 

earth. P-waves are also known as compressionalwaves. The 

second type of body wave is the S-wave or secondary wave. 

An S-wave is slower than a P-wave, and can only move 

through solid rock, not through any liquid medium. 

Travelling only through the crust, surface waves are of a 

lower frequency than body waves, and are easily 

distinguished on a seismogram as a result. Though they 

arrive after body waves, it is the surface waves that are 

almost entirely responsible for the damage and destruction 

associated with earthquakes. The damage and the strength of 

the surface waves are reduced in deeper earthquakes.
 [1] 

The destruction during earthquakes is primarily due 

to structural damage and collapsing of buildings. With major 

developments taking place in the construction sectors, 

especially with the advent of high rise buildings, the risk 

that comes with earthquakes is amplified. It has become 

increasingly important to monitor and predict earthquakes to 

prevent death and loss. It is essential that each structure is 

provided with its own seismometer and alarm unit. 

II. SENSOR AND CIRCUIT DETAILS 

We have used ADXL335
[2]

 as the sensing device. The 

ADXL335 is a small, thin, low-power, complete 3-axis 

accelerometer, with signal-conditioned voltage outputs. The 

product measures acceleration with a minimum full-scale 

range of ±3g. It can measure the static acceleration of 

gravity in tilt-sensing applications, as well as dynamic 

acceleration resulting from motion, shock, or vibration.
[3] 

The sensor is interfaced with Arduino Uno R3.Arduino Uno 

is a microcontroller board based on the ATmega328. 

ATmega328 is a high performance, low-power AVR, 8-bit 

microcontroller.
 

The sensor uses an internal cantilever mechanism 

to measure the tilt and acceleration. The output is in the 

form of raw digital data. This raw data is processed using a 

programmed microcontroller. The data is converted into 

analog using embedded ADC present in the Arduino board. 

The Arduino has a 10-to-21 bit ADC. The microcontroller 

output is serially transmitted via USB to the main computer. 

Using an advanced software, Processing, this raw data is 

converted to a graphical form in real-time, and this graph 

can be viewed on any monitor attached to the computer. The 

graph shows separate lines for the acceleration in X, Y and 

Zaxes. 

III. PROGRAMMING DETAILS 

The open-source software, Arduino
[4]

,is used for 

programming the microcontroller, and the open-source 

software, Processing, for manipulating the outputs to obtain 

graphical and PGA scale results. 

The raw values are obtained from the 

accelerometer and calibrated in terms of g values. Using this 

calibration, along with a graphing code in Processing
[5]

, the 

graph is plotted in real-time. 

IV. CALIBRATION 

The calibration process is used toderive relevant information 

from raw data. We measured the output for all the axes 

when the input was fixed at +1g. This step was repeated for 

all the axes with input at -1g. The following formula was 

used to calibrate the value of 0g for each axis: 

(R+1g– R-1g)/2 = R0g  (1.0) 
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Where, 

Rng= Seismometer output at +n g. 

V. PEAK GROUND ACCELERATION (PGA) AS A SCALE FOR 

MEASUREMENT OF SEISMIC ACTIVITY
[6]

 

The peak ground motion value information can be 

immediately turned into the calculated PGA and PGV maps 

that can be issued within two minutes of the earthquake 

origin time. During any disastrous earthquake, these maps 

are found to be very useful for immediate seismic damage 

assessment and dispatching of emergency response 

missions.[8] 

VI. RESULTS AND DISCUSSIONS 

The seismometer developed using the above techniques and 

utilizing a 3-axis accelerometer as sensor has shown 

encouraging results. The following outputs were observed: 

 
Fig. 1: Output during a Period of Rest 

 
Fig. 2: Output during Simulated Seismic Activity 

The raw data during these two events has also been 

tabulated. 

 X-axis Y-axis Z-axis 

(a) 334 329 406 

(b) 167 164 237 

Table 1: Sample Raw Outputs for the Above Events 

This seismometer uses extremely low power and is suitable 

for long duration use while giving digital output on a serial 

monitor.Also, this helps measure tremors due to nearby 

explosions and mining activity 
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