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ABSTRACT 

This paper is made from a long-term problem of the Thai durian industry about 

classifying durian maturity by using artificial intelligence or AI to solve this 

unsolvable problem. The traditional classification method using in Thai durian is 

investigating the maturity of durian by experts, and this makes asymmetric 

information to the industry.  This study proposes a non-destructive technique as an 

artificial intelligence method for predicting the stage of durian ripeness using 

acoustic striking tone recorded from knocking durian sound with a rubber-tipped 

stick. To run our model, this study generates a dataset by collecting a total of 1520 

hits from 121 durians, ranging in 3 different levels of maturity, 70%, 80%, and 90%, 

based on the Thai durian market definition and properties. Combining feature 

extraction from a signal processing approach called Mel Frequency Cepstral 

Coefficient (MFCC) and a deep learning method called Convolutional Neural 

Network (CNN), our model achieves the highest accuracy at 88% on testing data and 

84% on average. With such high accuracy in predicting the durian maturity, it would 

help to reduce asymmetric information between farmers, sellers, and consumers and 

better facilitate the growth of the durian industry in the new digital era.   

Keywords: Durian Maturity Classification, Convolutional Neural Network (CNN), 

Mel-Frequency Cepstral Coefficient (MFCC), Policy Implementation, Signal 

processing 
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1. INTRODUCTION 

1.1 Research Problem   

Due to the key problem of the Thai durian industry is a supply of immature or low-qualified 

durians to both domestic and export markets, reducing the reliability of Thailand. The current 

process of classifying durians is to use experienced experts or farmers to determine the ripeness of 

durians. Currently, the market has a criterion for each maturity level, but it is not standardized and 

can be varied depending on the inspectors. This subjective classification leads to some economic 

loss in terms of country image and customer reliability.   

To solve the problem, this study plans to research in three stages: (1) making a mock-up 

model with a training dataset, (2) testing with seasonal durian datasets from different areas to set up 

a standard model, and (3) checking the accuracy by launching an application to retail customers. 

This research is on the first stage of the research plan under a project study of Machine Learning 

and Computer Programming. 

 

1.2 Industry Background  

An important reason leading to the determination of maturity quality of durians without 

opening or damaging them has difficulties in the reality is because there are many sources of durians. 

Thai durian comes from many provinces with different geography as a cause of some differences in 

terms of physical conditions such as spine and color. Thailand has three areas of durian supply in 

different periods. The eastern provinces of Chanthaburi, Rayong, and Trat would supply durian in 

February to May, the southern provinces of Chumphon, Surat Thani, and Nakhon Si Thammarat 

would provide durian from June to August, and the three border provinces of Yala, Narathiwat, and 

Pattani would be June to August of every year.   

As the king of fruit, durian is one of the most economically important export fruits of 

Thailand.  In terms of the economy, Thailand’s durian export has increased sharply. In 2015, the 

export value of Thai durians to the world was about 13,246 million Baht, increasing about 35-36% 

per year to 55,590 million Baht from January to August 2020. China has over 70% market share of 

Thailand’s durian export in terms of both volume and value. The following figure shows the total 

value of Thai durian export from 2015 to the first eight months of 2020. 

 

For domestic consumption on durian, the Office of Agricultural Economics (OAE) reported 

in 2020 Thailand’s Agricultural Products (translate from Thai) that domestic consumption on fresh 

durian has increased considerably by 20.64% per year from 212,495 tonnes in 2015 to 321,771 

tonnes in 2019.  

On the other hand, Thailand’s production has slightly increased by about 5% per year from 

601,017 tonnes in 2015 to 760,353 tonnes in 2019.  

Higher demand from both domestic consumption and export has driven the durian prices to 

continuously increase by 10-20% per year. In January to August 2020, the average export price per 

kilogram to China has increased from 69 Baht/kg. to 106.28 Baht/kg, or about 53% year-on-year 

(y-o-y).  
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The figure 1 shows the volume of durian export of Thailand to 3 destinations, China, Hong 

Kong and Vietnam. 

 

Figure 1: Durian Export Volume (tonne) 

(Information and Communication Technology Center, 2020) 

Although Thai durians have earned a lot of income into the country during the last decade, 

and currently Thailand would be one of the world’s largest exporter and producer, the competitors 

as Malaysia and Vietnam have continuously grown in China market as the world’s largest durian 

consumers. Musang King as one of recognized as one of the best and most expensive durians in the 

world is supported by the Malaysian government under the event of “Durian Malaysia 2020” to the 

China market. The highlight of Malaysian durian is always harvested fully ripe, after being 

permitted to fall, and this brings a good image to Musang King and their quality of durian export 

products.  Therefore, the Thai government and the related stakeholders should control the quality of 

durian maturity to the markets. If not, Thailand may lose its competitive advantage to other 

competitors in the near future.          

1.3 Related Researches 

 

This study will use AI solutions to find out some methods to control the quality of Thai 

durian maturity. Since this study is in the first stage of making a mock-up model of durian maturity 

check to test with a training dataset, the review literature focuses on machine learning techniques.   

 

1.3.1 Determining maturity 

 

 To evaluate the maturity of durian, a standard of durian maturity must have the same 

definition. Different methods were proposed and can be categorized into four categories: (1) 

minimally destructive (dielectric), (2) destructive (chemical), (3) nondestructive (physical), and (4) 

nondestructive (acoustic).  
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For minimally destructive methods using a di-electric, Kuson and Terdwongworakul (2013) 

used electrical impedance spectroscopy to investigate model the dry matter content of durian by 

using partial least squares regression. The measurement of impedance took the stem and the rind of 

the durian sample at various stages of maturity based on the number of days after anthesis (DAA). 

Even the research result presented the accuracy of 83.3% to classify mature and immature classes 

of durian samples, this method may be difficult to be implemented in practice because it destructs 

on durian, and this technique is complicated to applied.   

Chemical methods were proposed by Tantisopharak et al. (2016) to set up the chemical 

properties of the endocarp of durian at three different stages of maturity: immaturity (50-60%), 

early-stage (export quality) (70-90%), and fully developed (100%). The measurement of dry weight, 

ethylene, specific gravity (SG), total soluble solids (TSSs), and estimation of colors are investigated. 

This research defined the dry weight as the weight of dehydrated durian flesh at the stage of maturity, 

the ethylene as the climacteric at the stage of fruit ripening, the specific gravity as the ratio of the 

weight of the measured sample to an equivalent volume of water, total soluble solids as the amount 

of the soluble content such as sucrose, glucose or other sugar solutions, and colors of the flesh of 

durian on the ripening process. As well, Yantarasri et al. (2000) showed the correlation between 

maturity evaluated by experience harvesters and the durian maturity determined by the sensory panel 

at the value of the significant statistics of 99%, and the chemical analysis for soluble solids (Brix), 

total sugar (%) and dry weight (%) at the significant value of 99%, 98%, and 97%, respectively.   

Besides, Yantarasri et al. also used the non-destructive X-ray computed tomography (X-ray 

CT) to compare with the chemical test and found that even the X-ray CT has the potential to sort 

the mature and immature durian, this technique needs to train some experts to read the X-ray CT 

results. Yantarasri et al. also mentioned the lack of a universal definition of maturity, leading to 

much confusion, and their used maturity index was a destructive technique, not practical in the real 

world. Rutpralom et al. (2002) studied microwave moisture sensing to pass through durian to 

measure maturity. Even the laser does not destroy the material and has good accuracy results of 

maturity determination, these are not practical in the durian industry. 

In terms of a non-destructive method using physical conditions, Chuenatsadongkot et al. 

(2018) applied the image processing analysis to measure the spine color and evaluate its maturity 

by using a spectrophotometer. The results induced the correct classification of durian by color value 

from spectrometer and image processing at 80.4% and 78.6%, respectively. Evaluating the spine 

and peel color is also a practical method in Thailand’s durian industry.   

For non-destructive in terms of acoustic method, knocking durian by using a rubber-tipped 

stick to determine the maturity of durians is a Thai traditional method, depending on the experience 

of durian inspectors. The dataset of this method is also time-series data, supporting the separation 

of maturity and immaturity hidden pattern. Besides, some physical appearance of color, size, and 

shape and the number of days after anthesis (DAA) are also used in conjunction with the acoustic 

practice of knocking and tapping methods. Montri (2010) reviewed some articles to use frequency 

components requiring more computing resources and presented that the time-series-based 

algorithms of the fractal dimension (FD) are more effective than frequency-based algorithms. Based 

on fractal theory, the fractal analysis is applied to investigate hidden patterns of the maturity and 

immaturity levels, upon the self-complexity of experts. The fractal dimension is also an effective 

parameter for the classification complexity of time-series data.   
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Even the knocking method would be practical in Thailand’s durian industry due to 

compatibility with business style in terms of cost and practicality, this method brings some business 

scams due to misclassification that would damage the country's image from inferior products of 

immature durian.   

  

1.3.2 Signal Processing and Machine Learning 

 

A Mel-Frequency Cepstral Coefficient (MFCC) as a method of feature extraction of voice 

signals is used to transform audio data to be an input of the Convolutional Neural Network (CNN). 

This voice transformation method is also used in many studies such as Kharamat et al. (2020), 

Khunarsa et al. (2016), and Phoophuangpairoj (2014). 

Many machine learning algorithms have been applied with audio data for durians ripeness 

classification including Hidden Markov Process (HMM), N-grams from Natural Language 

Processing (NLP) methods applying with a slicing window of audio waves by Phoophuangpairoj 

(2014) and Neural Networks by Khunarasa (2016) were applied to classify only 2 classes of durian 

maturity. CNN by Kharamat (2020) was also adapted to indicate 3 classes of maturity namely, 

unripe, mid-ripe, and ripe from one hit but the study did not mention the character of the durians at 

each level.   

From the earlier studies, traditional machine learning methods were applied to determine the 

maturity of the durian from sound recognition. Currently, there is only one paper that studied using 

deep learning which is much more robust than shallow ML algorithms. 

For the first phase, this study will mockup an experimental model under the concept of a 

Mel-Frequency Cepstral Coefficient (MFCC) and convolutional neural network (CNN) to classify 

the durian sound.  

2. METHODOLOGY  

 

To maximize utility to the real-world practice, this study will focus not only on the machine 

learning techniques but also on usage applicability. 

2.1 Dataset Preparation 

The data that we used was recorded as videos and then we extracted the sounds from those 

files with a sampling rate of 44,100 Hz and 16-bits mono audio. The videos were taken from 

different places to include environmental noises, such as car engines, air conditioners, human voices, 

motorbikes, etc., as much as possible to enhance the robustness of the model for real-world 

application. The data was collected from 121 durians from the south of Thailand including Yala, 

Chumphon, Narathiwat, Pattani. They were hit at all the centers of their petals. There were 1,520 

hits from those files. The labels for the dataset were determined by durian experts and we randomly 

selected some durians to check the quality of them whether their decisions match the criteria from 

the earlier study from Tantisopharak et al (2016) that represented the durians’ features of each 

maturity level which currently used in the market. There were 3 classes of ripeness in our dataset, 

70%, 80%, and 90%.   
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2.2 Feature Extraction 

At the first stage of the process, acoustic features of the striking signals are detected from 

raw audio data. Each of them is cut into a 100 ms window. In one durian, it can be knocked many 

times depending on the situation, thus the signals are combined into 1 sample from 1, 2, 3, 4, and 5 

continuous hits, and then each sample is transformed into MFCCs to be the input of the CNN model. 

Firstly, each sample is separated into windows with 2048 window size and 512 hop length each time 

to sample the next window. Then, the audio features are pulled out by Fast Fourier Transform (FFT) 

from each data. The audio waves are changed from the time domain to the frequency domain. Next, 

the entire frequency spectrum is separated into 128 evenly spaced frequencies to generate a Mel 

scale as shown in the equation (1).     

   

Finally, each window is decomposed into the magnitude of the signal into its components, 

corresponding to the frequencies in the Mel scale.  

2.3 Maturity Levels 

The labels are defined by durian experts based on the sound that they heard which can be 

linked with some characteristics of durians. to the frequencies in the Mel scale. Table 1 below shows 

the physical properties of durian at different stages of maturity. 

Table 1: Physical Properties of Durian Fruits at Different Stages of Maturity 

Stages 
Maturity 

(%) 
Physical properties 

Day after 

anthesis 

Dry weight 

(%) 

Dielectric 

properties 

Immature 

50 Immature, ripening has ceased 90-100 11.96 58±2 14±1 

60 

Immature, require great 

amount of time to ripen and the 

taste is not good 

100-105 19.66 55±2 14±1 

Early stage 

(export 

quality) 

70 

Minimum ripeness for export, 

ripen within 7-10 days after 

harvest, acceptable taste 

105-110 32.98 51±1 14±1 

80 

Mature, good for local 

consumption and some expert 

markets, ripen with 4-6 days, 

good taste 

110-115 34.08 50±2 14±1 

90 
Mature, ripen within 2-3 days, 

good taste 
115-120 34.69 49±2 14±1 

Fully 

developed 
100 

Very mature, ripen within  

1 day, good taste 
120-125 35.67 48±3 14±1 

Source: Tantisopharak (2016), p.1782 

(1) 
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2.4 Convolutional Neural Network Model  

Our deep learning model consists of convolutional, max pooling, batch normalization, 

flatten, and fully connected layers. The activation function for the convolutional layer and fully 

connected layers is the Rectified Linear Unit (ReLU).  The function can be represented as the 

equation (2).  In addition, the figure 2 shows our CNN model. 

    

 

Figure 2: CNN Model 

 It has become the default activation function for many types of neural networks because a 

model that uses it achieves better performance in many tasks. 

The convolutional layer is defined with 32 filters, 3x3 kernel size, and 1x1 strides. It 

connects to the next layer max pooling with 2x2 strides and 2x2 polling size. Next, the output of 

those layers is fed to the batch normalization layer which makes the model run faster and more 

stable. Then the output is flattened to be the input of fully connected layers including 4 hidden layers 

and an output layer. The numbers of units in each hidden layer are 128, 64, 32, and 16 respectively. 

The activation function of the output layer is SoftMax, which tells the probability for each class. 

The following equation (3) shows how to calculate the probability according to the SoftMax method.  

         
Finally, the answer will be chosen from the class with the highest likelihood of the last 

layer of the model.   

(2) 

(3) 
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3. RESULTS AND DISCUSSION 

3.1 Model Result 

After training the CNN with 300 iterations on different strikes dataset. As shown in Table 2, 

the model reaches the highest accuracy when the number of hitting increases to 4 striking signals at 

0.88% but when it changes to 5 strikes, the accuracy is slightly dropped to 0.82%.  

Table 2:  Accuracy Result 

Number of Hit Training Set Accuracy Test Set Accuracy 

1 0.98 0.81 

2 0.99 0.82 

3 0.98 0.86 

4 0.98 0.88 

5 0.99 0.82 

Average 0.98 0.84 

The model performs the best accuracy when it receives 3-4 signals. It indicates that knocking 

only once cannot accurately determine the level of ripeness. Thus, the model should get 3 or 4 strikes 

each time.  

 

Figure 3: Confusion matrix of test set prediction on 1 strike signal 

 

Figure 4: Confusion matrix of test set prediction on 4 strike signals 
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The confusion matrices present the error between actual classes and predicted classes. For 1 

strike signal input Figure 3, the model answers wrong predictions on 70% and 90% as 80%. The 

model confusion is reduced when it is given 4 strike signals. The range of error in Figure 4 is 

narrowed down into 2 classes: 70% and 80%. It sometimes predicts 70% as 80% maturity.   

3.2 Research Limitation 

 

An important limitation of this study is the dataset. Due to the off-seasonal period of Thai 

durian, not only the highest historical price of durian but also under-qualified products from a huge 

rainfall during our study period and the yearly shortage of Thai durian lead to a lot of immature 

durians launching to both domestic and export markets. Although Thailand has implemented some 

regulations to control cutting the immature durian to the market by using the Consumer Protection 

Act 2522 (1979) and Article 271 of Criminal Law, high demand for durian and high competition 

leads to cutting low mature durian products.   

This study also has a limitation of sample size, the variety of durians, and the unspecified 

ripeness metric of durian business. Further study should cover more features and samples with 

various environments and classes of durian especially overripe (greater than 100% mature or 

expired) and unripe (lower than 70% mature). There are more interesting features that should be 

included. From previous studies, they have mentioned that weight, density, colors, and the curve of 

durians’ spine are important factors to determine the maturity of durians that may be included in our 

next study stage.    

For the technical problem, one of the most problems that need to be considered is the 

environmental sound that occurs in audio. If it is louder than the knocking sound, the program will 

not be able to extract the sound from the audio. Therefore, it should have a model extracting only 

the knocking sound from the audio without including irrelevant data which will improve the model 

performance.  

3.3 Discussion 

 

Over the past few months, an unprecedented shift in our way of life due to COVID-19.  Even 

the society already starts up again, there are many restrictions or new normal practice that we are 

facing fundamental shifts to our ways of life.  Therefore, policymakers should think out of the box 

to adapt to a changing world.  The artificial intelligence or AI is a solution for our changing world 

or our new normal society since it can conquer many unsolvable problems and enhance our quality 

of life under the borderless society; for example, in the durian industry, the uncertain standard of 

measurement on durian maturity by experts.  

This study phase is to find out a mock-up model by using the machine learning technique.  

The study found that AI can separate the different sounds of each maturity level, like the experts.   

However, this mock-up model also needs to develop by training with more training dataset to set up 

a standard model for Thai durian in the future. Following the background information of Thai durian, 

we need to train the model with the sound of durian from different geographical areas because each 

geographic area would have identical characteristics; for instance, the durian from the southern 

provinces of Chumphon, Surat Thani, and Nakhon Si Thammarat would have a thicker shell than 

the durian from the three border provinces of Yala, Narathiwat, and Pattani, and then when knocking 
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durian, the durian may have a different level of amplitude.  Besides, some areas such as mountain 

and hot spring would supply their physical characteristics of durian.  These make the durian experts 

from a different area make a wrong decision to classify.  Based on these durian conditions, more 

different types of durian datasets are necessary for the training machine to set up the standard model 

of durian maturity.   

To shift the industrial standard by using AI, not only durian fruit, stakeholder collaboration 

is necessary to support each other.  Thailand’s government should be a leader to bring innovative 

technology to enhance industrial and economic standards.  

For policy recommendation, this study would like to recommend as follows: 

1. Create some practical innovative technology to investigate the maturity of all durian 

supplies launched to the markets. 

2. Implement regulations to control the quality of Thai durian with a suitable practical 

investigation and not increasing the entrepreneur's operation cost.  

3. Government can use the Provincial Agricultural Center or set up an independent private 

center to investigate all durian qualities before allowing to launch to the markets by using the AI 

innovative technology and then to issue a product quality inspection certificate. 

Using software instead will not only provide an opportunity for Thai people to work in this 

manufacturing without experience, but it also encourages the sustainable development of the Thai 

durian industry in terms of transparency trade and country image. An encountering problem in the 

industry about business scams due to the problem of durian classification would be solved.   

Although this solution may affect the current employees in some ways, this continuous 

growth of this industry and nearly a hundred billion business sizes of Thai durian or about 0.4-0.6% 

of Thai GDP at about 15.947 trillion Baht forecasted in 2020 by the Office of the National Economic 

and Social Development Board (NESDB, reported on 2 July 2020). Thus, it will significantly 

increase the number of workers in this field to enhance the business operation. Moreover, Thailand 

will have more opportunities to compete with other nations such as the US and Indonesia as an 

efficient durian export market with lower operation time by using AI solutions. However, this scene 

will not happen if there is no support from the Thai government to force durian sellers to use AI 

solutions to be a quality measurement. Finally, to build up this business the government should use 

the advantages of Thai durians with reliable quality, which other competitors still do not apply, to 

be in the first place of durian exporters that no one can defeat.  

4. CONCLUSION 

 

The intention of this research is to study under the industry practical framework. Even 

though many researches have invented a lot of methods to solve this problem, some of them are not 

suitable for the real situation and they need a high cost to implement.   

In the further study, we will collect some more big datasets to set up the AI standard model 

and to implement a mobile application for the consumers to collect more data by evaluating the 

ripeness and comparing the prediction with the feedback from users to improve the model’s 

performance in the future.  
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For mobile applications, it will provide the standard of durians with the same metric for all 

durian businesses not only for farmers but also for retailers, exporters, and consumers. Everyone 

can use this application to evaluate durians whether they are proper to eat without opening to keep 

them in good condition until they are in the right state of maturity.  
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