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Abstract 

 

A device has been developed to detect gas types. This device makes use of 

ultrasonic waves passed through gasses. With the help of a microcontroller-based 

automatic measurement system, the travel time and voltage response of the 

ultrasonic sensor after passing through the gases for every increase in temperature 

is accurately measured. Values of travel time were converted into wave velocity. 

Velocity(v), output voltages(Vout), and temperature(T) used as input for the 

artificial neural network which will recognize the types of gas detected. The 

artificial neural network algorithm used in this study was backpropagation with a 

3-layer architecture and the number of neurons of each layer was 15, 30 and 3, 

respectively. After evaluating the tested patterns, 95.5% of those patterns was 

recognizable, and 4.5% was unrecognizable. This system could be applied to 

monitor gas leaks in a system. 
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1 Introduction 
 

Gas detectors are widely used nowadays, especially in industries and 

machineries. Various methods are used to detect gasses accurately and in real time. 

Process and plant engineers tasked with improving the safety of hazardous gas 

industry production, refining and distribution operations are today employing a 

variety of gas leak sensing technologies to protect people, equipment, and 

facilities [1-3]. Gas is usually detected by a gas sensor. Various gas sensors were 

developed to improve their sensitivity and performance [4-5] and some materials 

for sensor candidate were investigated [6-7]. Other materials have been fabricated 

and characterized for microwave absorber and functional ceramic by Sudiana, et 

al. [8-10]. They can also be applied as a gas absorbent and/or as a gas sensor by 

controlling their microstructures such as pore sizes or by doping with other 

materials such as TiO2 [11]. 

Sonic waves are sound waves with medium frequencies, namely those within 

the limits of normal human hearing (20 Hz-20,000 Hz). Ultrasonic waves are 

sound waves with frequencies higher than the upper audible limit of human 

hearing, therefore, humans cannot directly hear them [12]. Scientists study aspects 

of wave motions and their radiations as well as their influence of molecules and 

materials on the energy and speed of the ultrasonic waves when they pass through 

molecules and materials. One advantage of measurements using ultrasonic waves 

is that these waves, when passing through any material, is non-destructive, 

therefore, they are widely used in various fields such as in medical fields, for 

example, for the identification of a disease and therapy and in industries, for 

example, for material quality tests where measuring devices that do not damage 

the measured material are required. In addition, because of the unique nature of 

the ultrasonic waves, these waves can be used to determine the characteristics of 

the medium which they pass through. When ultrasonic waves pass through 

medium 1 to medium 2, their amplitudes decrease and, therefore, their intensities 

drop (attenuated). This attenuation is caused by several factors including 

reflection, transmission, dissipation and distribution of the waves. The 

measurement of ultrasonic wave attenuation is determined by calculating the 

attenuation due to [13]: 
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where L = the distance the wave travels, zi = medium impedance,  = Attenuation 

coefficient, and coupling transducer k.   

After those values have been obtained, we can identify the characteristics of the 

medium passed through by the waves. 

An Artificial Neural Network (ANN) is an information processing paradigm that 

is inspired by the way biological nervous systems, such as the brain, process 

information. The key element of this paradigm is the novel structure of the 

information processing system [14]. ANN has been applied for various 

application such as identification, infer a function from observations, forecasting, 

spatial data analysis, etc. [15-18].  

In this study, a gas-type detector was designed and developed by using an 

ultrasonic wave sensor. Optimization and automation was done by a 

microcontroller-based automatic reading system integrated with an artificial 

neural network (ANN). Application of ANN for gas detection were reported by 

several scholar [1, 17-18]. Preliminary study was performed by author [19].  

 

 

2 Experimental Setup 
 

2.1 Design system 

 

The design block diagram of the overall system is shown in Fig. 1. The 

ultrasonic transducer used consisted of a transmitter (T) that emitted ultrasonic 

waves and a receiver (R), which captured the ultrasonic waves after they had 

passed gases. The ultrasonic transducer (both T and R) used piezoelectric material 

with a diameter of 1.5 cm, a frequency of 40 KHz and an acoustic impedance of 

415 Rayls. Basically, the circuit consisted of a transmitter, a receiver, a frequency 

meter (to measure the delay time by using a microcontroller), and a 

microcontroller-based interface to a computer. The pulse generator emitted sine 

waves that were converted into ultrasonic waves by the transmitter. The ultrasonic 

waves emitted by the transmitter passed gases whose types would be detected. 

These waves were received by the receiver and converted into voltages.  
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Figure 1 The block diagram of the measurement system 

 
    These voltages were compared to reference voltages at the comparator. 

When the voltage was greater, the comparator produced a voltage that would 

trigger the microcontroller to emit a temporary pulse that would be used to 

retrigger the sine wave source. Then, the pulse produced by this sine wave source 

triggered the ultrasonic transmitter again to emit ultrasonic waves that would pass 

through the gas we tried to detect. This process took place repeatedly so that on 

the oscilloscope screen it appeared short-life pulses with a specific time span 

continuously. The period of the wave that appeared on the display indicated the 

travel time of the ultrasonic waves within the material. 

Because the distance between the receiver and the transmitter was known, 

the velocity of the ultrasonic waves for each gas could be known. In this system 

we wanted to show types of gas directly, after being processed by the 

microcontroller, then the results were used as inputs for the artificial neural 

network so that the computer screen directly showed the types of gas present in 

the room. Because the speed of ultrasonic waves for a particular gas depends on 

the temperature and pressure of the room, the temperature and the pressure of the 

gas in the room were monitored with a temperature and a pressure sensor which 

were integrated in the system. 

 

2.2 Artificial Neural Network (ANN) 

To identify types of gas, an artificial neural network implemented using C++. 

The algorithm used was the Backpropagation in the form of feedforward consisting 

of three layers, i.e. one input, one hidden, and one output layer. Testing was 

performed with different architectures, with different number of neurons per each 

layer, so that an optimal architecture with the smallest error and a fast time was 

obtained. The number of neurons in each layer was as follows, 
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a. The number of neurons in the input layer was 15, because the amount of data 

parameters enumerated to digital (binary) required 15 digits. 

b. The number of neurons in the hidden layer was 30 obtained from various 

architectures with different number of neurons. 

c. The number of neurons in the output layer was 3 because of the number of 

digits in the binary output required 3 digits in concomitant with the number of gas 

types to be detected. 

 

 
 

Figure 2. JST Architecture with three layers [14] 

 

3 Results and Discussion 

  
3.1 Temperature Sensor Calibration 

 

By using linear regression, an equation for the calibration of the temperature 

sensor was obtained. The resulting equation was T = 0.1006V-17.614 with a 

linearity, R2 = 0.9988. The results of calibration showed that the relationship 

between voltage and a temperature was close to linear, while the sensitivity of the 

instrument was 10 mV / °C. The linear regression equation was then processed by 

the microcontroller, which served as inputs for the artificial neural network. 

 

3.2 Gas Sensor Calibration 

 

By using the linear regression, an equation for calibrating the ultrasonic wave 

sensor (i.e. velocity and temperature square root) was obtained. The results of the 

calibration showed that the relationship between the speed and √T was almost 

linear. The relative error was D%, while the sensitivity of the device was E (m / 

s) / K . An example for Argon gas is shown in Fig. 3. Detail of measurement 

results were reported previously [19]. The next step was to determine the relative 

error of the device. Based on the relative error of graph, for each gas showed that 
the percentage of error per each temperature rose. The high relative error was, among 
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others, caused by that during the theoretical calculation it was considered that the 

gas has such a low density that the ideal gas equation can be used. Besides, the 

error was also caused by temperature fluctuations, and other environmental 

factors. The linear regression equation was then processed by the microcontroller, 

which served as inputs for the artificial neural network. 

 

.  

 

Figure 3. The relationship between ultrasonic wave velocity (v) and square root 

temperature (√T) in Argon gas  

 

 

3.3 Testing the Artificial Neural Network 

 

After some of the architectures used in the training process had been tested, 

architecture with the smallest error was obtained. The obtained architecture was the 

3-layer ANN with an input layer of 15, a hidden layer of 30 and an output layer of 3, 

and with a learning constant of 0.001 and tolerance error of 0.001. 

After the learning process had been done, it was obtained the smallest error of 

0.0245454 with an error per cycle of 0.000867999. The results were retested by 

inputting non-target patterns. Of 200 input patterns tested, the artificial neural 

network could recognize 95.5% of the patterns, while the remaining (4.5%) was not 

identified.  

 

 4 Conclusion 
 

Ultrasonic waves could be used to detect gas types very well. With the help of a 

microcontroller and an artificial neural network, automation of measurements 

could be done. This device could be developed to detect the presence of undesirable 

gases that is not desirable and to measure gas composition in a room. Moreover, the 

use of other JST learning architectures and methods needs to be performed to obtain  
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better results. The artificial neural network algorithm used in this study was 

backpropagation with a 3-layer architecture and the number of neurons per each 

layer of 15, 30 and 3 respectively. After the learning process of the tested patterns, 

95.5% of those patterns were recognizable, and 4.5% was unrecognizable. 
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