
International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 10 (2017) pp. 2109-2114 

© Research India Publications.  http://www.ripublication.com 

2109 

A Simple and Low-Cost Data Acquisition System  with Multi-Nodes Facility 

for Geophone Array Sensors 

 

Didik R. Santoso1*, Sukir Maryanto2, Ahmad Nadhir3 and Toko Sugiharto4 

Physics Department, Brawijaya University, Jl. Veteran 2 Malang 65145, Indonesia,  
                   *Corresponding author

 
1ORCID: 55772446800,     2ORCID: 23089218500   3ORCID: 36816366300 

 

 

 

Abstract 

In this paper, a simple data acquisition (DAQ) system, which 

dedicated for commercial geophone array sensors, has been 

developed with small budget. The DAQ system was built 

based on RS-485 Fieldbus network; it can handle many 

sensors in a distributed style. The DAQ system is a modular 

system; it consists of a master module as a control unit and 

several slave modules as sensing units. On each slave module, 

signals from several geophones will be filtered, amplified, 

converted to digital data, and then sent to the master module to 

be displayed and processed. On the experimental test, the 

developed DAQ system can detect seismic signals from 

several installed geophone sensors simultaneously. The 

system has capability to identify frequencies of the seismic 

signals properly. The delay time among the geophone sensors 

is possible calculated by using software that was installed on 

the master module.  
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INTRODUCTION 

Seismic is an important methods in geophysics exploration. 

The basic principle of the seismic method is that the seismic 

waves generated by a seismic source will be forwarded to the 

entire body of the earth. Because the rock inside the earth is 

not homogeneous, then the propagation velocity of seismic 

waves on the each rock will be different. So that the arrival 

time of seismic waves in the earth surface will be different [1-

3]. In the seismic experiments, the measurement data is first 

arrival time of seismic waves received by sensor, and distance 

between the sensor and seismic source (offset). The data is 

plotted as time versus offset and then analyzed to obtain 

seismic wave velocity on the rock [4,5].  

An instrumentation system to carry out seismic experiments 

usually consists of array of geophone sensors, multi-channels 

DAQ system, and software for signals processing  Geophone 

sensors, either in individual or array form, currently widely 

available in the commercial market with price may not be too 

expensive. In recent years, some researchers also reported 

have developed geophone sensors and also other seismic 

sensors based on MEMS accelerometer, and it is works well 

[6-9].Thus, in this case, a conventional geophone sensor 

(spring) can be replaced by a MEMS-Accelerometer, which is 

much cheaper. However, the multi-channels DAQ system, as 

well as software for signals processing that commonly used in 

the seismic experiment usually designed and reserved for 

specific purposes. It is usually complex and with the price is 

quite expensive. Therefore, an effort to develop the DAQ 

system and software for signals processing in a simple module 

and low-cost in budget is an exciting challenge for researcher 

in this field. In this paper, universal DAQ system and software 

for signal processing dedicated for commercial geophone 

sensors array has been developed in small budget. 

 

DESIGN PRINCIPLES  

Fig.1 shows the illustration of the seismic survey; covering the 

principles, instrumentation used, and the recording seismogram 

[3].As shown in the figure, the instrumentation system contains 

many geophone sensors. It is undeniable that the equipment for 

the seismic survey is complex and expensive. However, for 

educational purposes, the system can be reduced and 

minimized became a simple system without neglect its main 

functionality. Therefore, in this project, the DAQ-system for 

geophone array is designed based on distributed network 

system. It is an open and standardized system, can handle 

many sensors into one control system. The system is robust due 

to distributed burden, easy growth, lower possibility of data 

losses, and easiness of measurement of simultaneous events 

[10].  

 

 

Figure 1. Illustration of the seismic survey [3] 
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There are several topologies in distributed network system; the 

simple one is Fieldbus multi-drop with single-master multi-

slave architecture as shown in Fig. 2 [11]. The system has 

single master unit (called as master terminal unit, MTU), and 

several slave units (called as remote terminal unit, RTU). Here, 

MTU is control unit while RTU is sensing unit. 

Communication between MTU and RTU is conducted through 

RS-485 bus system, which meets the requirements for a truly 

multi-point communications, and the standard specifies up to 

127 nodes even more on bus. Maximum cable length can be as 

much as 1200 m. This architecture has the advantages such as 

high noise immunity and fast signaling rate up to 115.200 kbps 

even more [12].  

 

 

Figure 2. Multidrop Fieldbus RS-485  

 

IMPLEMENTATION METHOD 

Fig.3 shows detail implementation of the RS-485 Fieldbus 

system in a functional block diagram. In this design, we 

installed only two slave units (RTU). Each RTU has 

capabilities to handle until eight geophones. However, in the 

experiments, only three geophones will be connected to the 

each RTU. 

 

 

Figure 3. Design of the distributed DAQ-system 

 

In the RS-485 communication procedure, MTU device takes 

over the control while RTU devices get the address, which 

upon they can be called. Every RTU has its unique address and 

responds only packets addressed to this unit. A protocol is 

required to ensure that no more than one RTU transmits at any 

one time on the network.  

 

 

 

Slave Unit (RTU) : 

Slave unit consists of array of geophone sensors, signal 

conditioning (SC), and signal processing (SP) circuits. On the 

slave unit, signals from commercial geophone array (3- pcs) 

will be filtered, amplified, converted to digital data, and then 

sent to the master unit (MTU).  

Geophones Array Sensor 

In this project, we use commercial geophone array sensors as 

shown in Fig.4. This equipment is combinations of three 

individual analog-geophones packed into an array module.  

 

 

Figure 4. Commercial geophone array 

 

Signal Conditioning (SC) Module 

The SC circuit serves to condition the geophonesignal to meet 

desired specifications. Two keys parameters on the design of 

SC circuit; first isfrequency signals should be in the range of 

(1-100) Hz, i.e. frequency of the common seismic signals,  and 

second is magnitude signals should beinthe range of (0-5) V, 

i.e.desired voltage of the SP to be used.For these purposes, the 

SC circuit is performed by bandpass filter (BPF) circuit and a 

voltage amplifier circuit. 

Complete design of the SC circuit is given in Fig.5. The 

circuit consists of a low-pass filter (LPF), a high pass filter 

(HPF), and an instrumentation amplifier (IA). LPF together 

with HPF perform a Band Pass Filter (BPF). Function of LPF 

is to reduce high frequencies noise, whereas HPF is to remove 

undesired static voltage caused by circuitry [13,14]. In here, 

HPF and LPF are designed based on second-order Sallen-Key 

filter and built by using IC LM358. The LM358 is dual Op-

amp with very low input offset, and has large gain-bandwidth 

product [11].  

 

 

Figure 5. Signal conditioning (SC) circuit 

 

In the Sallen-Key filter design, the high frequency corner of 

the LPF (fH) and low frequency corner of the HPF (fL) are 

given by [14]: 
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By determining values of (R1, R2, C1, C2) as well as (R3, R4, 

C3, C4), the frequency corner of the BPF can be specified. 

Furthermore, the voltage signals from geophone maybe too 

weak to be measured.  In here, we use instrumentation 

amplifier (IA) to make several gains. The IA performed by IC 

AD620. It is low cost and ideal for use in the precision DAQ 

systems. The AD620 requires only one external resistor to set 

voltage gains (Av) of (0 to 60) dB[16]. Once the signal is 

already at the desired level, it then shifted by 2.5V, through the 

setting up of a reference voltage (VREF) of AD620. Thus, the 

signal will within range of (0-5) V, and swing at the 2.5V. 

Zener Diode 5.1V mounted on the IA serves as a safety for 

over voltage excess. Fig.6 is implementation of the SC circuit 

on the printed circuit board (PCB). In addition, to handle three 

geophones sensor (array), we need three modules of SC 

circuits.  

 

 
Figure 6. Board of the signalconditioning(SC) module 

 

Signal-Processing (SP) Module 

The signal processing (SP) module responsible for several 

activities such as capturing seismic signal after conditioned by 

SC module, convert analog voltage of seismic signal to digital 

code, store seismic data in memory (RAM), and sending 

seismic data to master unit.  

In view of the design of SP module, implementation of a 

microcontroller device will has many advantages, such small 

dimensions, programmable, simple, reliable, and relatively 

cheap [17,18]. In here, we use microcontroller ATmega128A 

as main part of the SP module. It has several features 

including the 8-channels ADC with 10 bits resolution, 

communication ports (SPI, USART), Flash program memory, 

and so on [16]. In order to store data before sent to the MTU, 

we use RAM UT62256C. It is CMOS static RAM with 

32kBytesdata capacity and using parallel data transfer [20]. 

Block diagram and implemented board of the SP module is 

given in Fig.7 and Fig.8. 

 

Fig.7. Block diagram of the signal processing (SP) module 

 

 

Figure 8. Board of the signal processing (SP) module 

 

Master Unit (MTU) : 

Hardware of the MTU is very simple and easy to be 

developed. It is a computer (PC) equipped with RS-485 

network interface, as shown in Fig.9. In view of the RS-485 

network procedure, MTU perform configures the system, hold 

controls activities in the whole system, and display measuring 

data as well as status of the system.In this design, the master 

unit will display the received seismic data from MTU as 

seismograph. The data is also stored in PC for further analysis, 

such as for first arrival detection, amplitude calculation, and 

frequency determination. 

 

 

Figure 9. Themaster unit configuration 

 

EXPERIMENT AND DISCUSSIONS 

System Validation 

Before the developed DAQ system applied in the field 

experiments, it is important to make sure that the system is 

running well. For this purposes, some laboratory test is carried 

out. First test is to validate the SC circuit, especially in the 

function of signal amplification. For this purpose, an 

individual geophone sensor connected to the SC circuit 

andplaced on test (vibrating) table, the table is then vibrated. 

Two signals are recorded by using digital oscilloscope; first is 
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directly from geophone, and second is after pass the SC 

module withseveral gains configuration. 

 

 

Figure 10. Signals ofseveral gains configuration 

 

Fig.10 shows vibrating signals for gains of 1x, 10x, 100x, and 

1000x. In this figure, Vref is the signal taken from geophone 

directly, and nxVref is the signal taken after passingthe SC 

circuit for gain of “n” times. The experimental results indicate 

that the SC circuit capable of performing signals amplification 

function properly.In addition, we can show that amplification 

of 1x (without amplification) has result very small signals, but 

on the contrary, amplification of 1000x has result the signal 

suffered cuts. Therefore, a suitable gain is very important to be 

considered in the field experiments.  

The next test is conducted to validate the whole of DAQ 

system, hardware and software. In this test, we want to know 

functionality of the DAQ system to measure and record 

signals from six geophones simultaneously. For this purpose, 

two geophone arrays (6-pcs) are connected to the each inputs 

of two-slave unit, and placed together on the vibrating table. 

The master unit controls the experiments procedure, recording 

data from all geophones, and display all measured signals as 

seismogram. The result of this experiment is given in Fig.11. 

 

 

Figure 11. Six geophones signals measured simultaneously 

 

The experimental results show that the developed DAQ 

system has running well. The six signals from six geophone 

sensors can be displayed in the master unit correctly. The 

Figure shows that all of the signals have same arrival time; 

this is because of the position of geophones adjacent each 

other on the table. The magnitude of the signals look different 

on each sensor, this is because the vertical positions of each 

geophone are not the same. It caused the output voltage 

(electromotive force) of the geophone is become different. 

Based on the results of the experiments, we can say that the 

developed DAQ system has been worked well so that it can be 

used in field applications. 

 

Field Experiments : 

Field experiments are conducted in order to validate the 

developed DAQ system on the real applications. In these 

experiments, we use two slave units; each slave contains three 

geophones (1-array). Thus, overall we use six geophones. In 

the experiment, the data is retrieved by using three kinds of 

amplifications i.e. 10x, 100x, and 1000x. Experiment is 

conducted on the homogeneous medium and by using two 

kinds of configuration.  

First Configuration 

In this experiment, six geophones stick on the earth surface 

with a ring position, where the distance of each geophone to 

the center of the ring is same i.e. 1.75 m, as shown in Fig.12. 

The seismic source is resurrected by using seismic hammer at 

the center of the ring; the signals from all of geophones are 

recorded by the developed DAQ system.  

 

 

Figure 12. Ring configuration 

 

Fig.13 shows the experiment results of the ring configuration 

for three kinds of amplifications i.e. 10x, 100x, and 1000x. In 

here, for each the same amplification, all of the sensors has 

almost same amplitude, and have the same time on the first 

arrival time (no delay). It is because the distance between each 

geophone sensors to the seismic source is set equidistant, and 

experiment is conducted in the homogeneous medium, so that 

the seismic velocity as well as the propagation time also same. 

It is accordance with existing theories. 

Besides, the data can be analyzed to determine frequency 

spectrum of the signals by using FFT software, which has 

been developed in this project. Fig.14 shows result of 

frequency determination. Here, GP1 until GP6 is the 

geophone-1 until geophone-6 for appropriate arrangement on 

the experimental setup. In this figure, the horizontal axis is 

frequency (Hz), and the vertical axis is intensity of the signals. 

The results shows that the seismic signals that captured by 

each geophone have frequency spectrum in the range of 20Hz 

until 60Hz, with maximum intensity around 40Hz.  
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Figure 13. Recording signal for ring configuration 

 

 

Figure 14. Spectrum of the signals in ring configuration  

 

Second Configuration 

In this experiment, six geophones stick on the earth in the 

straight-line configuration with distance of 2m between two 

nearest sensors (Fig.15). The seismic source is resurrected at 

2m apart from G1. The aim of this experiment is to make sure 

that the DAQ system has ability to detect differences first 

arrival time of geophone signals. Theoretically, for this 

configuration, the first arrival time for each geophone should 

be different.  

 

 

Figure 15. Straight-line configuration 

Result of the experiment is given in Fig.16. According to this 

figure, the first arrival time comes at a different time, also has 

different amplitude. The first come performed by the 

geophone with position closest to the seismic source i.e. G1. 

Next come is given by G2, and then G3, and so on. In here, 

the longest delay is provided by the geophone with the farthest 

position from the seismic source (G6). It is very clear and 

accordance with theory. Differences amplitudes of the signals 

are also reasonable. In this case, the farther distance to the 

seismic source, the signal will be greater attenuated by the 

medium. So that the received signal by the geophone will 

become smaller.  

Finally, Fig.17 shows the spectrum of the seismic signals for 

straight-line configuration. Here, seismic waves have 

frequencies spectrumin the range of 20Hz to 60Hz, the highest 

intensity at the frequency of around 40Hz. The frequency 

spectrum obtained from the straight-line configuration is 

similar to the ring configuration. Again, the results are 

accordance with exiting theories.  

 

 

Figure 16. The recording signals for s-line configuration 

 

 

Figure 17. Spectrum of the signals in s-line configuration  

 

CONCLUSION 

In this paper, the universal DAQ-system dedicated for 

commercial geophone array sensors has been developed with 

small budget. The system was built based on RS-485 Fieldbus 

network, with one-master and two slaves, and easily expanded 

to several slaves. The system can detect seismic signals from 

six geophones simultaneously, capable to identify first arrival 

time and calculate frequencies of the signals. The delay time 

among geophones can be calculated by using software that 

was developed and installed on the computer. The amount of 

geophone sensors can be added easily by installing a new 

slave unit. 
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