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Abstract: The aim of the present study is the development of an electronic nose system prototype for the classification 
of Gyrinops versteegii agarwood. The prototype consists of three gas sensors, i.e., TGS822, TGS2620, and TGS2610. 
The data acquisition and quality classification of the nose system are controlled by the Artificial Neural Network bac-
kpropagation algorithm in the Arduino Mega2650 microcontroller module. The testing result shows that an electronic 
nose can distinguish the quality of Gyrinops versteegii agarwood. The good-quality agarwood has an output of [1 –1], 
while the poor-quality agarwood has an output of [–1 1].
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Agarwood is a timber product that has a unique 
aroma with a high resin content (Subasinghe, Hetti-
arachchi 2013). Generally, agarwood originates from 
wounds to trees of the genus Aquilaria and Gyrinops 
(Family: Thymelaeaceae) (Lee, Mohamed 2016). Due 
to its unique aroma, agarwood is often used as a fra-
grance for religious activities and perfumes (Jung 
2013; Jayachandran et al. 2014). In addition, agar-
wood also has the potential to be utilised for medical 
and cosmetic purposes (Hashim et al. 2016; Adam et 
al. 2017). The diversity of the benefits of aloes makes 
it have a high economic value.

The classification of agarwood can be determined 
based on several parameters which are the colour, 
shape and aroma (Ismail et al. 2014, 2015; Liu et al. 
2017). The aroma is a parameter influenced by the 
content of the agarwood resin. A good quality agar-
wood has a high resin content (Azah et al. 2013). 
Generally, the conventional methods of determining 
the agarwood's quality utilises the human sense of 

smell, i.e., the nose. On the other hand, the nose has 
limitations and the accuracy of the smell, which de-
pends on the physical and mental condition and the 
results obtained are subjective (Ismail et al. 2014).

Several methods can be applied to identify the 
resin content in agarwood such as Gas Chromatog-
raphy-Mass Spectrometry, Gas Chromatography-
olfactometry, solid-phase micro-extraction and an 
electronic nose (Pripdeevech et al. 2011; Hashim et 
al. 2014; Lias et al. 2015, 2016; Ahmaed et al. 2017). 
The application of an electronic nose is more afford-
able because it is low-cost, has small dimensions and 
a low power consumption. One of the methods uti-
lises Metal-Oxide Semiconductors resistive gas sen-
sors which have advantages in the monitoring and 
analysis by detecting various types of gas. This sen-
sor works based on the resistivity value of the sensor 
material due to the chemical reactions with gas mol-
ecules (Figaro 2000). Recent studies reported the use 
of an electronic nose in observing physiochemical 
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properties of bananas in different seasons (Dou et al. 
2020), detecting the quality of a wine (Gamboa et al. 
2019), and monitoring the evaluation of agricultural 
and food products (Ali et al. 2020).

Advances in sensor technology, instrumenta-
tion and decision-making methods (artificial intel-
ligence) make it possible to develop an electronic 
nose device that is able to classify various scents 
objectively (Lias et al. 2015, 2016) and can be used 
to standardise a material numerically (Borah et al. 
2008). Considering the descriptions that have been 
disclosed, in this study we developed a simple port-
able low-cost of electronic nose system to classify 
the Lombok agarwood (Gyrinops versteegii) qual-
ity by applying a backpropagation Artificial Neural 
Network (ANN) training algorithm.

MATERIAL AND METHODS

In this study, a developed prototype of an elec-
tronic nose system for the classification of agarwood 
was made, which combines a resistive gas sensor 
system and an ANN system. The developed elec-
tronic nose system is depicted in the block diagram 
shown in Figure 1. The sensor system functions as 
an acquisition device that measures the target gas 
concentration based on the Analogue-to-Digital 
Converter (ADC) value which is read by the sensor. 
The gas sensor system is composed of three sensor 
types that are TGS822, TGS2620, and TGS2610. 
Meanwhile, the ANN system function processes in-
formation on the ADC value into outcomes in the 
form of the agarwood quality.

The first step of the electronic nose system testing 
uses alcohol solutions with different concentrations 
and a technical benzene solution as a gas sample in or-
der to observe the response time graphs of each sensor 
based on our previous research (Zulfikri et al. 2018). 

In this testing, the used alcohol solutions' concentra-
tion is 75, 80, 85, and 90%. A data acquisition result in 
the form of a recorded ADC value graph of each sen-
sor is compared to the response time graph (Figure 2) 
to determine the sensor detection capability.

The next step of testing is to observe how the sys-
tem can recognise the gas contained in random 
samples of agarwood and can be classified as good-
quality or poor-quality agarwood. The G. versteegii 
agarwood samples are placed in the sample cham-
ber and heated to produce a gas vapour. The maxi-
mum temperature of the chamber is set to 62 °C 
on the thermostat. The acquisition of the ADC 
value from three sensors is processed using back-
propagation ANN training algorithm (Figure 3A) 
with a network architecture as shown in Figure 3B. 
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Figure 1 . Block diagram of the developed electronic nose
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The ANN training process is carried out based on the 
pattern of the differences in the value of the ADC be-
tween the good and poor agarwood quality. The ex-
pected output is a transformation matrix that defines 
the quality, i.e., good-quality is defined as [1 –1] and 
poor-quality is defined as [–1 1] (Prasetyo 2014). The 
results of the ANN training will be implanted into an 
Arduino Mega2650 module as an ANN agarwood 
classification control program.

Figure 4 shows a prototype of an electronic nose 
system that has been built in this research. The sys-
tem consists of three sensors (Figure 4A), an agar-
wood sample heater (Figure 4B), and a data acqui-
sition and quality classification system (Figure 4C). 
The data acquisition and quality classification are 
controlled by the programmed ANN in the Ardui-
no Mega2650 module. Sensors in the tube that de-
tect the vapour (alcohol gas vapour and benzene or 
agarwood samples) form the working mechanism 
of the electronic nose. The vapour will cause a de-
crease in the resistivity value of the gas sensor so 
that it causes an increase in the value of the ADC 
sensors. So, the existence of an aroma from a small 
piece of heated agarwood sample causes the ADC 
value of the sensor to increase. The ADC value is a 
maximum value that can be read-out by the sensor 
and indicates the level of sensitivity of the sensor on 
the detected target aroma. Furthermore, the ADC 
values are used as the input to the ANN program to 
produce an output value which is displayed on an 
LCD module.

RESULTS AND DISCUSSION

The response of the three sensors in the electron-
ic nose system to the alcohol solutions and benzene 
are shown in figure 5. The sensor response is dis-
played in a graphical form between the ADC value 

and the ADC sampling time. The graph in Figure 5 
shows the different responses for each graph. In the 
sensor response graphs of TGS822 and TGS2610 
(Figure 5A and B), it can be seen that the difference 
in the ADC value in each alcohol concentration 
is less significant. These results indicate that the 
gas sensors are less sensitive to changes in the gas 
concentration. Whereas, in Figure 5C, the graph of 
the response time of the TGS2620 sensor clearly 
shows visible differences in the ADC value for each 
concentration, and this indicates that the TGS2620 
sensor is very good in detecting the alcohol gas. 

Meanwhile, the TGS822 sensor has a long recov-
ery time compared to the TGS2620 and TGS2610 
sensors in detecting benzene gas as shown in the 
sensor response time graph (Figure 6). The results 
reveal that the TGS822 sensor has the ability to de-
tect the benzene compound's existence better than 
the TGS2610 and TGS2620 sensors.

The difference in the sensors’ response to the tar-
get gas is caused by the different sensing elements 
and the additional electronic circuits in the working 
sensor. As it is known that the TGS822 sensor uses 
a tin dioxide (SnO2) semiconductor sensing element 
which is highly sensitive to organic solvent vapours, 
such as ethanol (CH3CH2OH), benzene (C6H6),  
n-Hexane (C6H14) and acetone (C3H6O). Mean-
while, the TGS2610 and TGS2620 sensors use the 
same sensing elements, i.e., a metal-oxide semicon-
ductor layer on an alumina substrate and an inte-
grated heater circuit with a characteristic current of 
about 56 mA and 43 mA, respectively. The TGS2610 
sensor can detect iso-butane (C4H10) and propane 
(C3H8) accurately. On the other hand, the TGS2620 
sensor is highly sensitive to alcohol and organic sol-
vent vapours, such as ethanol (CH3CH2OH) (Figaro 
2000). This characteristic can be observed in the 
test results revealed in Figure 5 and 6.

Figure 4. (A) Gas sensor array, (B) 
heating system and (C) prototype 
of the electronic nose system

1 – TGS822; 2 – TGS2620; 3 – 
TGS2610; 4 – temperature sensor; 
5 – heater element; 6 – sample 
plate; 7 – downloader wire; 8 – 
thermostat; 9 – LCD; 10 – keypad; 
11 – sensor wire; 12 – tube
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Moreover, the G. versteegii agarwood contains 
important substances that make its aroma highly 
fragrant. The chemical compounds of the volatile 
agarwood are Chromones, Guaiacol, and Furfuryl 
alcohol, and Benzylacetone (Aqmarina et al. 2019). 
Therefore, generally, this agarwood vapour can be 
detected by the three sensors with a gas content in 
the form of benzene, alcohol, and iso-butane.

Electronic nose response to the aroma of agar-
wood. In the measurement of the ADC values of the 
good- and poor-quality agarwood samples, there is 
a difference in the sensor response of each aroma 
which can be observed in the different ADC values 
recorded, especially for the maximum value at the 
response time state. This difference is used as a pat-
tern to train the electronic nose in order to recognise 
the aroma of each type of agarwood. In Figure 7, it 
can be observed that the good-quality agarwood has 
a faster ADC read-out time than the poor-quality 
agarwood. This difference is due to the differences 
in the resin content in the sample which can affect 
the rate of reading the ADC. The higher the resin 
content in an aloes sample is, the faster the ADC 
reaches its maximum value.

Electronic nose testing results. The electronic 
nose displays the output every 1 000 ms that is spec-
ified in the program. In the condition of an ADC 
value of the TGS822 sensor below 40, it indicates 
that the sensor is not in normal conditions. There-
fore, the electronic nose will display the output of  
a "weak signal". The test results for the three aromas 
of the Gyrinops versteegii agarwood showed that 
the electronic nose needed time to be able to accu-
rately recognise the agarwood aroma of the sample. 
This happens because the data used are the maxi-
mum ADC values, which takes more time to achieve 
the maximum value. 

The difference in the ADC values from the good- 
and poor-quality agarwood is used as the main pa-
rameter for the ANN training patterns. In classifying 
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the agarwood quality, an ANN architecture was per-
formed using a multilayer perceptron (MLP), i.e., 
an input layer with three neurons (the ADC values 

of the three sensors), a hidden layer, and an output 
layer. The difference in the quality of the agarwood 
in two types is based on a combination of two neu-
ron outputs. The value of the output neuron is in the 
range of –1 to 1 and adjusted using a tangent sigmoid 
transfer function. According to the number of input 
and output neurons, there are six neurons which are 
used in the hidden layer as the connecting neuron, 
resulting in an accurate output classification.

Training the neural network is based on back-
propagation methods using the MATLAB program 
(version R2015a) which generates the connecting 
weights of each neuron (Figure 3B) used as the mul-
tipliers for the output target and also for the iden-
tity of the agarwood quality in each neuron. In this 
training, the weight value that fulfils the requirement 
output with a 0.001 error setup value is obtained af-
ter 47 626 iterations (looping). In the last iteration, 
the training process reaches a linearity of R ≈ 1, and 
the ANN has been able to recognise the target well. 
The output matrix produced by two output neurons 
describes the quality of the sample. 

Table 1 shows the results of the electronic nose 
testing in classifying both the G. versteegii agarwood 
samples. The good-quality agarwood is represented 
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by the samples numbered 1 through 10 with an out-
put of [1 –1], while the poor-quality agarwood is 
represented by the samples numbered 11 through 20 
with an output of [–1 1]. The developed electronic 
nose has successfully distinguished the quality of the 
used agarwood samples based on recognising and 
discriminating the aroma. The use of three specific 
type sensors in the electronic nose for certain pur-
poses is quite simple when compared to commercial 
electronic noses such as the FOX4000 E-Nose with 18 
sensors (Lias 2015, 2016). The use of an appropriate 
ANN classification method can optimise electronic 
noses in distinguishing the agarwood quality.

CONCLUSION

A simple electronic nose system using TGS822, 
TGS2610, TGS2620 sensors and a backpropagation 
algorithm of an artificial neural network successfully 
developed for the G. versteegii Lombok agarwood 
classification. The electronic nose system can distin-
guish the quality of the agarwood based on the clas-
sification output of the artificial neural networks. 
The good-quality agarwood has a classification out-
put of [1 –1], while the poor-quality agarwood has  
a classification output of [–1 1].
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