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ABSTRACT 

The rapid progress in agriculture continually increases the demand for high-quality 

fruits. Ficus Carica L. (figs) is considered as one of the high-value fruits that required 

quality assessment due to its prevalence benefits was highly demanding. However, the 

quality was usually assessed by a destructive method that normally led to a concern 

which is the loss of destructed fruits. In addition to that, this traditional approach by 

employing human labour is time-consuming and prone to human mistakes. In order to 

address these problems, an automatic non-destructive quality assessment of fig fruits 

using a deep learning regression model based on RGB and Laser-light Backscattering 

images (LLBI) is developed in this research work. To achieve this, the image of 33 

matured Super Red Hybrid (SRH) fig fruits and the chemical properties (i.e., Brix value) 

dataset was collected for training and testing the model. The image of fig fruits was 

captured based on RGB and backscattering images that involve three different 

wavelengths of laser (650nm, 532nm, and 405nm) which represent Red, Green, and 

Blue, respectively. To determine the best two image modalities for this regression task, 

the performance of single modality deep learning models on RGB and Laser-light 

Backscattering images for figs fruits quality assessment is investigated before the 

optimization of the model takes place. The investigation is done by comparing the 

performance of the proposed CNN regression model with the state-of-the-art 

architecture which is VGG-16 and ResNet-50 for each single image modality. Then, the 

optimized proposed CNN regression model is extended to a novel multimodal deep 

learning regression model for the non-destructive quality assessment. In this model, an 

additional fusion layer is added before the input layer in which the two best single image 

modalities (RGB and red LLBI) were fused using an average fusion technique. Based 

on the experimental result, the proposed model shows the best prediction result and 

capable to assess the quality of fig fruit non-destructively where the value of  RMSE 

and R2 achieve 0.6039, and 0.8084, respectively. Therefore, the development of a 

multimodal deep learning approach for non-destructive quality assessment of fig fruit 

was successfully achieved throughout this study.  
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CHAPTER ONE 

INTRODUCTION 

1.1 Research Background 

Essentially, Ficus Carica represents the fig tree and its fruits whereas the words 

‘Fig’ usually refer to Ficus as shown in Figure 1.1.  The common fig (Ficus carica L.) 

is a family of Moraceae family, ubiquitously native to Western Asia and the 

Mediterranean. Figs are also well-known for their highly nutritious and health benefit 

such as high source of minerals, vitamins, and are typically utilized as dietary fibre as 

they are free from cholesterol, fat and rich in a significant amount of amino acids [1]. 

Besides that, fig fruits have often and notoriously been employed to treat various 

diseases including digestion problems, inflammation, cancer, diabetes, liver diseases, 

paralysis, skin diseases, and ulcers. Fig fruits normally can be consumed in dried form 

or more likely fresh and normally used in commercial products like jam [2], dried fruits 

[3], or added to a seasonal salad with other fruits and almonds [4]. The fig fruit is the 

flower of the tree, known as an inflorescence (an arrangement of multiple flowers) 

where the flowers and seeds grow together to form a single mass as shown in Figure 1.1 

(b) The flower bloom inside the pear-shaped pod and becoming as a fruit after matured 

[5]. There are various species of fig namely Super Red Hybrid (SRH), Caleste Fig, 

Kadota Fig, Chicago Hardy Tree, Purple Genca, Smyrna Fig, Caprifig, Brown Turkey, 

Alma Fig, Adriatic, Black Mission, Tiger Fig, Sierrra Fig, Calimyrna, and many more. 

By referring to Figure 1.1 (a), the unmatured figs will be in green colour while mature 

figs were red-purple in colour. When the figs become more mature, the colour will be 

darker and the texture was less firm.  

    

                                                   (a)                                  (b)      

Figure 1.1: Ficus Carica L., SRH Fig (a) external and (b) internal images. 
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