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ABSTRACT 

An instrumentation which is used to monitoring of volcano activities usually has a complex structure and 

expensive. This, may difficult not only in procurement of the device but also in terms of maintenance. Aim of this 

research is to develop a simple and inexpensive instrumentation system for online volcano monitoring. For this 

purpose, the instrumentation system is built upon two main units, i.e. Remote Terminal Unit (RTU) and Master 

Terminal Unit (MTU). The RTU is sensing unit, which includes seismic sensor module and weather sensor 

module. Both the sensor modules are equipped with a microcontroller based data acquisition system. The MTU 

is control and data logger unit. It is built based on PC, and installed application’s software for data logger and 

interface to the internet network, allowing users to access the volcano activity that was monitored by real time, 

from anywhere. The connection between MTU and RTU performed wirelessly using a digital radio transceiver. 

The RTU’s work function is fully controlled by the MTU. This system has been tested on laboratory scale and 

work well.  

KEYWORDS: Volcano monitoring, Instrumentation, Seismic Sensor, Weather sensor  

I. INTRODUCTION 

In country, that has many volcanoes such as Indonesia (see Figure 1), continuously monitoring of 

volcano activity becomes very important. There are at least two reasons, first is to monitor the level of 

volcano hazard, relates to mitigation and management of natural disasters particularly those caused by 

volcanic eruptions to reduce losses and damages. Secondly is to understand the physical processes 

that occur inside the volcano, such as magma migration and the mechanisms that exist within the 

volcano, this is more toward advancing the science of volcanoes (volcanology) itself [1]. 

There are many physical phenomena resulting from the internal behaviour of volcanoes, including 

external signs that can be measured with instruments when the magma moves or its chemical 

composition changes, or when its pressure or temperature varies. Then, many methods have been 

utilized for observing and monitoring the volcano activity and the efforts for establishing a good and 

reliable system for monitoring and predicting the volcano eruption is never ended. Instruments will 

never replace the expertise of the volcanologists in charge of the surveillance, but they definitely can 

help them in taking swift decisions in case of a crisis such as an eruption [3].  

The study of earthquakes is one of the most common methods in order to monitor the volcanic 

activity, with a great success. The whole idea is based on the theory saying that magma causes small 

earthquakes during trying to find an exit to the surface [4]. Earthquake activity beneath a volcano 

almost always increases before an eruption because magma and volcanic gas must first force their 

way up through shallow underground fractures and passageways. 
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Figure 1. Major volcanoes in Indonesia [2] 

Currently, the development of earthquakes sensor (i.e. seismic) leads to technology of MEMS 

accelerometer. The technology of very small mechanical device driven by electricity or vice versa, 

and packaged in Integrated Circuit (IC) chips. Advantages of using MEMS for seismic sensor are 

small size and compact, sensitive, mild, and relatively cheap. MEMS accelerometer is also available 

in 3-axis sensing (xyz), so it can be used to measure seismic vibrations in three different directions 

simultaneously [5,6,7]. Earthquake recorders typically record data at 100 sps and 200 sps, meaning 

that frequencies above 50Hz or 100Hz are not recorded. More can be learnt about earthquakes by 

using MEMS accelerometers and recorders capable of sampling at up to 2000 sps [8].  

Temperature is one of the physical parameters of a volcano that register characteristic increase during 

reactivation periods. Thermal monitoring is so one of the most important elements of an integral 

monitoring system. The monitoring of the surface temperature of volcanoes is one of the essential 

elements to know the state of their volcanism. The surface temperature distribution of a volcano can 

be observed by using many kinds of temperature sensor, and also with various methods [9,10,11].  

On the other hand, in view of the instrumentation system, the use of a microcontroller to build of the 

system has been widely applied. Implementation of a microcontroller into the hardware design will be 

able to increase the capabilities and simplify the system. The advantages of using a microcontroller 

are small dimensions, programmable, simple, reliable and relatively cheap [12]. A sensor can be 

interfaced to the others functional devices using a low-cost microcontroller and few resources, as in 

fieldbus sensors [13]. To realize a web sensor, Internet Protocols must be provided and most of the 

cost is in full-compliant implementation of these high-level protocols (TCP/IP or HTTP). This 

approach allows access to the sensor from everywhere with a commercial browser instead of a 

proprietary interface [14]. 

Usually, the instrumentation system for volcano monitoring has a complex structure and expensive, 

this may make difficulties not only in device procurement but also in terms of maintenance. So that, 

building the system in the simple form and low-cost in budget is a challenge for researchers in the 

field of volcanology. This paper discusses the design and construction of a simple and low-cost 

instrumentation system for monitoring seismic activity of the volcano and the surrounding weather by 

online and real-time based on internet network.  

II. PROPOSED INSTRUMENTATION SYSTEM 

In general, an instrumentation system consists of four main elements; they are sensor, signal 

conditioning, signal processing, and display [15]. In this research, block diagram of the proposed 

instrumentation system can be seen in Figure 2. The system is built upon two main units, namely 

Remote Terminal Unit (RTU) and Master Terminal Unit (MTU). The RTU is made from several 

modules, i.e. seismic sensor module, weather sensor module, data acquisition (DAQ) module, and 

data communication module (i.e. RF-transceiver). While the MTU built based on PC, and installed 
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application’s software for data logger and network interface. Communication between RTU and MTU 

performed wirelessly by using radio tranceiver. The system is built based on internet network, 

allowing users to access the volcano activity that was monitored by online and real time, from 

anywhere. 
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Figure 2. Block diagram of the proposed instrumentation system 

2.1 Seismic Sensor 

The seismic sensors was developed using MMA7260QT MEMS accelerometer as main component. It 

is triaxial acceleration sensor, packaged on IC’s chip, and produced by Freescale. The MMA7260QT 

is low-cost capacitive accelerometer, features temperature compensation and g-select which allows 

for the selection among 4 sensitivities (1.5, 2, 4 and 6 g). Characteristics of this device, in stationary 

conditions (no motion), output voltage of the sensor is issued a certain volt; depend on position of the 

sensor placement [16].  

For application as seismic sensor, a static voltage is not required and need to be removed. Thus, if the 

sensor is in static condition, output of the sensor is 0 volt -for all channels (xyz). Then the output of 

the sensor will correspond to the seismic vibrations only. For the purpose of signal filtering, 

amplifying, and level adjustment, it is necessary to build a suitable signal conditioning circuit. The 

signal conditioning consists of a band pass filter (BPF), voltage amplifier and buffer, and voltage level 

adjustment (DC-offset). BPF circuit serves to eliminate the static DC output voltage of the sensor and 

blocks high frequency noise. Circuit of the seismic sensors that have been developed given in Figure 

3. Transfer function of the circuit is given by: 
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Figure 3. Circuit of 3-axis seismic sensor circuit 

Prototype of the sensor in a printed circuit board (PCB) is given in Figure 3. In this figure, left and 

middle pictures are looked top and bottom sides of the sensor, while the right is a picture of the sensor 

after casing assembled. 

 

 

Figure 4. Photos of 3-axis seismic sensor 

2.2 Temperatur and Humidity Sensor 

Measurement of air temperature and air humidity is important in volcano monitoring. This carried out 

to determine the environmental changes resulting from the volcano's internal processes. For this 

purpose, we develop  temperature and humidity sensors in simple form by using SHT11. The SHT11 

is produced by Senserion, it has double function i.e. as  temperature sensor and humidity sensor. The 

SHT11 has small dimension, high accuracy, and output in digital logic [17]. Another advantage of this 

sensor is can be directly connected to the I/O port microcontroller without any other additional 

devices. For temperature functionality, output of the sensors is 14 bits digital data. While for humidity 

functionality, output of the sensor is 12 bits digital data. Figure 5 shows a picture of this sensor and its 

connection to the microcontroller.  

 

Figure 5. Temperature and humidity sensor 
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2.3 Wind Direction and Wind Speed Sensor 

Wind direction sensor is made using standard mechanical vane system, as shown in Figure 6. Wind 

direction coded to 4 bits combinational binary code from ‘0000’ to ‘1111’ (Figure 6a), and each bit 

performed by optocouple circuit (Figure 6b). From these codes, it can be determined of 16 stages 

different direction, by resolution of 22.5 degrees. Wind speed sensor is created using an anemometer 

cub system. Magnitude of the wind speed is determined by counting the number of cycles per unit 

time. The cycle counter performed by optocouple circuit. Prototype of wind direction and wind speed 

sensor is given in Figure 7.  

 

     

 

 

 Figure 6. Optocouple circuit Figure 7. Prototype of (a) wind-direction, 

    (b) wind-speed sensor 

2.4 Data Acquisition (DAQ) System  

Data acquisition system, built upon hardware and software. The hardware of DAQ system is made by 

the use of PIC 16F876 microcontroller as main component. PIC 16F876 is midrange microcontroller 

manufactured by Microchip Company [18]. The advantages of using this device are cheap, has 5-

channels internal ADC, and widely available in the commercial market. Figure 8 shows hardware of 

DAQ system and its connection to the sensors system and the RF transceiver. RF transveiver is radio 

communication device to perform wireless communication between RTU and MTU. In this research 

we use YS-320H RF-transceiver from Shenzhen Yishi Electronic Ltd. This is 5 watt (range up to 10 

km) wireless data modem [19]. Figure 9 is implementation hardware of (a) DAQ system in PCB and 

(b) YS-320H RF-transceiver.  

Furthermore, the system software of DAQ was made for two purposes, i.e. to hardware system driving 

and to make display for user interface application. Microcontroller software (i.e. firmware) is 

constructed by using assembly language MPLAB-IDE, while the display for the user interface was 

developed using Delphi programming language. Procedure of communication between the RTU 

(sensing unit) and the MTU (control unit) arranged by program procedure that has been installed both 

in the microcontroller and PC. 
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Figure 8. Block diagram of DAQ (in RTU) 
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Figure 9. (a) DAQ, (b) RF-transceiver 

2.5 Data Logger Device and WEB Interface  

Device of data logger is part of the MTU. The data logger serves to store the results of monitoring 

data come from RTU. Hardware of the data logger is a PC equiped by additional hardware and 

software interface. In addition, software of the data logger created by using MySQL database 

application. It’s internet based database software to aim that monitoring data can be displayed through 

the application site, or converted into a spreadsheet.  

The acquisition software works by capture the monitoring data in PC’s memory that passed on by 

doing a query insert into the database. The results of acquisitions that have been stored in MySQL 

database will be processed by components of the application site to real-time concept. Test of data 

storage prepared to ensure that the data acquisition software can forward the data received by the 

MTU into the MySQL database table in accordance to sensing time. There is no data queue, data stack 

(accumulation) or data loss.  

Web interface software for application site built by using a combination of client side scripting 

(JavaScript) as an interpretation of real-time programming, server side scripting (PHP) as an API 

(Application Programming Interface) and Scalable Vector Graphic (SVG). This combination produces 

programming called PHP-AJAX (Asynchronous JavaScript and XML) to SVG format chart plotter. 

AJAX is a technique to control the use of JavaScript in communication with the server and then 

refresh (update) the existing data in a web page without undergoes a refresh an entire Web page as in 

the usual method. 

III. RESULTS AND DISCUSSION 

It is very important to make sure that the proposed instrumentation system work well by carry out 

some tests. Purposes of test is to knows funcionality and performance of the sensors, DAQ, and 

overall of the instrumentation system.  

To determine performance of the seismic sensors, it was tested by comparing the sensor output with a 

commercial geophone. In this case, a comercial geophone placed nearby the developed seismic 

sensors, then performed vibration test and record both output signal of the sensors. Figure 10 shows 

signal of the sensor and the geophone. In this figure, upper side signal i.e a small amplitude signal is 

output of the developed sensor, whereas lower side signal i.e. a large amplitude signal is output of the 

geophone. Result of experiment show that both signals have same trend. The difference amplitude is 

caused by deferent amplification in signal conditioning circuit, and it can be handed by chosing 

suitable amplification. So, from these experimental results can be concluded that the developed sensor 

has been functioning properly. 
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Figure 10. Comparation between developed sensor and geophone 

Validation test of the temperature and humidity sensors is carried out by using standard laboratory 

equipment for calibration i.e. HHF11. Results of calibration are given in Figure 11 for temperature 

sensor and Figure 12 for humidity sensor. In Figure 11, it appears both sensors have same temperature 

value for several conditions by R
2 

= 0.99. In figure 12, there are differences in measurement results 

between the two sensors especialy in high humidity values. This is due to the SHT11 humidity was 

measured by calculating the compensation of room temperature. However, these differences need to 

be further analyzed, even necessary recommendations for using other types of humidity sensors. 

Validation test of the wind speed sensor is carried out also by using HHF11 calibrator. Calibration is 

performed by comparing the rotation speed of anemometer cup (developed device) with speed of the 

calibrator.  Graph of calibration is given in Figure 13. The resulting equation is y = 2.302x, with R
2
 = 

0.99, will be used to convert the rotational speed of the anemometer cup to wind speed value. For 

several experimental data, the error of the resulting wind speed sensor is ± 5% of HHF11. While the 

measurement of wind direction by using developed sensors, the results of measurement are given in 

Table 1. 

        

Figure 11. Temperature sensor – calibration  Figure 12. Humidity sensor - calibration 
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Figure 13. Wind speed sensor – calibration 

Table 1. Determination of wind direction 

Input  

(Digital Code) 

Direction (
o
) 

from North 

Input  

(Digital Code) 

Direction (
o
)  

from North 

0000 0 - 22.5 1000 180 - 202.5 

0001 22.5 - 45 1001 202.5 - 225 

0010 45 - 67.5 1010 225 - 247.5 

0011 67.5 - 90 1011 247.5 - 270 

0100 90 - 112.5 1100 270 - 292,5 

0101 112.5 - 135 1101 292.5 - 315 

0110 135 - 157.5 1110 315 - 337,5 

0111 157.5 - 180 1111 337.5 - 360 

 

Furthermore, in case of RTU-MTU communication procedure, it is necassary to do test performance 

of the telemetry system. For that, seismic signal from sensor in the RTU recorded by using digital 

osciloscope, and for the same time it’s transmit wirelessly to the MTU by YS-320H RF-transceiver. 

Figure 14 shows result of the test. Image (a) is the transmitted signal (RTU), and image (b) is the 

received signal (MTU). It can be seen that both signal have same shape, it’s mean that the telemetry 

system function properly. 

Performance test of web based system purposes to find out whether the signal pattern of the graph in 

MTU’s PC (PC’s server) corresponds to the pattern shown in the browser client computer. Result of 

the test shown in Figure 15. It can be seen that is a comparative look between MTU’s PC and web 

browser. However, the signal on the browser client has small delay compare to MTU’s PC. This 

occurs due to distance and wide network connections owned by the PC’s client to the server (MTU). 

In addition, real-time system is defined as a system that not only oriented towards results (outputs) 

issued, but also required for the system can work well within a certain time as needed.  

Finally, Figure 16 shows block diagram of the overall instrumentation system for real time volcano 

monitoring. The system was designed low-cost in budget and as simple as possible, with the purpose 

of facilitating the modification if desired, and can be integrated with other systems to improve the 

quality and quantity of monitoring. According to the some tests that have been done on the overall 

system, the system is functioning properly. However, field validation still needed to determine 

performance of the instrumentation system in the real application.  
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 (a) (b) 

Figure 14. Performance test of the telemetry system (a) transmitting signal, (b) receiving signal 

        

 (a) (b) 

Figure 15. Performance test of the web based application (a) MTU’s PC (b) browser client’s PC 
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Figure 16. Block diagram of the overall instrumentation system 

IV. CONCLUSIONS 

In this research, a simple and inexpensive instrumentation system for online volcano monitoring has 

been developed. Some projects have been successfully tested: (1) seismic sensors and weather 

sensors, (2) data acquisition and telemetry systems, and (3) logger data and software for web-based 

monitoring systems. The prototype of seismic sensors offers good results; although still need to do 

field validation. Weather sensors i.e. air temperature sensor, air humidity sensor, wind speed sensor 

and wind direction sensor also offer good results. Telemetry system for RTU to MTU wireless 

communications has been functioning properly. For internet based monitoring system, has been 
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successfully designed Web-based software applications using MySQL. The monitoring data of 

seismic activity and the surrounding weather can be recorded and analysed for scientific purposes or 

mitigation of natural disasters. 
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