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Abstract 
Facial Expressions are the key features of a non-verbal communication and they play an 

essential role in human-computer interaction.  It becomes easy to understand anyone’s emotional 

state and intensions based on the shown facial expression and commonly used in the behavioral 

interpretations of emotions. Over the last few years, facial expression recognition has attracted 

researchers in various fields; yet, reliable automatic facial expression recognition by machine is 

a challenge. Facial expression recognition system consists of different stages like Face detection, 

Feature extraction and Emotion classification. There are seven universally defined facial 

expressions are: Angry, Disgust, Fear, Happy, Neutral, Sad and Surprise. This research focuses 

on recognizing facial expressions from the images using Deep Learning techniques to improve 

its recognition accuracy. Existing models have achieved good recognition accuracy on the 

laboratory trained facial expression datasets, created in a controlled environment; however, they 

struggle to achieve good accuracy for the real-time facial expression datasets, created in an 

uncontrolled environment. Images taken in an uncontrolled environment contains many 

challenges like lower resolutions, variation in lighting conditions, and head pose variations. The 

key factor of this research is to improve the recognition accuracy of the real-time facial 

expression dataset which contains above mentioned challenges as well as for the laboratory-

trained datasets for the cross-dataset evaluation study. Three different models are proposed in 

this research: Multi-Layer Feature-fusion based Classification (MLFFC), Multi-model Feature-

fusion based Classification (MMFFC) and Novel Facial Expression recognition model: 

EfficientNetB7. MLFFC and MMFFC model use the fusion concept of layers in different 

aspects. MLFFC model is tested on FER2013 and CK+ dataset where it has achieved 70.29% 

and 99.6% recognition accuracy respectively. MMFFC model is tested on FER2013 and KDEF 

dataset where it has achieved 68.14% and 92.04% recognition accuracy respectively. 

EfficientNet-B7 model has achieved 91.78% recognition accuracy on KDEF dataset.   

 

This PhD thesis will help in real-time applications where human’s behavior can be identified from 

facial expressions and appropriate actions can be taken. E.g., patient’s situation, mood-based 

music system, in surveillance system to identify suspicious person etc. 
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