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Introduction:  
 

Improvement in the Human-Computer Interface has always been an area of interest for 

researchers. Utilizing Facial expressions for the same can give a better understanding of 

the user to the machine.  

Real-time analysis of facial expression is an interesting yet challenging problem. The 

project aims at developing a robust system for clearly classifying subjects into 4 basic 

emotion states namely  

1. Happy 

2. Sad 

3. Surprise 

4. Disgust 

A robust system like this can be used to describe mood of a person and give a hint about 

his intentions as well. Thus, it has a lot of applications in areas like surveillance, lie 

detection, gaming, etc. The project has a lot of potential applications like:  

1. Real Time surveillance system for malls, railway platforms, airports for detection 

of improper activity. The system would detect and analyze facial expressions of 

each passenger. Depending on certain expressions, an internal alarm would be set 

to warn officials of suspicious passengers. 

 

2. Driver observation system, a sleepy face of a driver can be detected and 

indicated whether the driver is feeling tired or not. Such a system may prevent 

accidents caused by fatigue or tiredness of the driver. The system might set off 

warning signals to have the driver drive to safety.  

 

3. Gaming: A gamers emotions can be detected and surveyed to know which part of 

the game he found most exciting and the stages be adjusted accordingly.  If the 

face appears neutral over a particular period of time, the system changes the mode 

of the game accordingly. 

 

4. Elementary education: To check which topic some students are finding difficult 

to cope up with. It is difficult for teachers to check the coping capability of each 

student. A system to monitor them can be useful in such cases. 
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Since, the application is real time; it has an added advantage over research done in this 

area previously.  

Challenges faced:  

Many Problems occurred in the preprocessing phase of creating the model. Eigen faces 

work with only a supported set of image types. It was also a challenge to choose 

between Eigen, Fisher and LBPH recognizers. Also, keeping the correct image step size 

was an issue. Problems like low lighting, inadequate face displayed also persisted.  

 

Resources used:  
A color camera for providing the live feed. OpenCV API’s for Face detection and Eigen 

Face models. Databases used: We initially tested our model over the JAFFE database 

and on the Yale Faces database. But later, we created our own testing and training set. 

The platform used for building the software is Linux. 

 

Working:  
 

The system works as follows:  

 

Firstly, a “trainer” program starts which prompts the user to show the 5 basic emotions 

and train the machine. The concept of this “trainer” program originated because every 

person has a different way of expressing a particular emotion. Generalizing it using 

template matching results may give inaccurate results. Therefore, the trainer app creates a 

new dataset for every user. Also, before the trainer app starts, the system checks if the 

user has already registered previously, by matching with images saved from previous 

data sets. If it is present, it uses that dataset. If not, it creates one.  

The trainer app clicks and separates the photos into appropriate folders automatically.  
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The database looks like:  

HAPPY      SAD 

 

  SURPRISE     DISGUST 

 

Figure 1.1: Dataset comprising of 4 basic emotions namely Happiness, Sadness, 

Surprise and Disgust.  

 

 

Once, the folders are created, a python script runs automatically and creates a Comma 

Separated Values or a CSV file. The file contains path of every image and associates a 

label with each of them. The file looks like:  
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Figure 1.2: Comma Separated Values file showing path to each image and associates a 

label with each of them. Label 0 with surprise, 1 for disgust, 2 for sad and 3 for happy.  

 

Once, the CSV file is created, a test program loads images one by one and trains the 

recognizer. We had 3 options for choosing the recognizer:  

1. Eigen Models. 

2. Fisher Models. 

3. LBPH or Linear Binary Pattern Histograms.  

Minute changes are easily detected in the Eigen-Face models, therefore it was chosen. 

Eigen Face recognizer works better if the facial region is extracted from the background. 

Thus, each image undergoes a segmentation process in which the facial region is 

extracted.  

For face segmentation, haar cascades for frontal face can be used. This method for face 

detection using Haar wavelets was proposed by Viola and Jones in 2001. The approach 

uses 4 key concepts:  

1. Simple rectangular features called Haar features. 

2. Integral image for rapid feature detection. 

3. Adaboost machine-Learning method which combines weak classifier to form a 

strong classifier.  

4. Cascade classifier to combine many features.  
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Preprocessing of the images: The region of interest is cropped from each image using 

OpenCV„s API for face detection. The cropped images need to be aligned at the eyes 

before being trained, and this is done by running another Python script in the backend. 

This script was also provided with the OpenCV API. The image is also converted to 

grayscale before creating the training set. This forms the training set. 

For the testing phase, a live video stream is captured from the camera. The frame is then 

passed to the face detector which crops the facial region and passes to the predictor. 

 

Now, the set of original images are converted into Eigen Faces which are extracted using 

a mathematical tool called the Principal Component Analysis (PCA). By means of PCA 

one can transform each original image of the training set into a corresponding Eigen face. 

An important feature of PCA is that one can reconstruct any original image from the 

training set by combining the Eigen faces. A view of the created Eigen Faces in HSV 

format for our test set is shown below: 

 

 

Figure 1.3: 10 Eigen Faces created through the trainer. They have been displayed in HSV 

format.  

 

Weights are allotted to each Eigen Face and mean face is calculated and subtracted from 

the original face. Next a Covariance matrix is built from which Eigen values and Eigen 

vectors are calculated. For our set, we have 10 Eigen faces created with the following 

values:  

In the screenshot below, Eigen values can be seen on the left side while, the cropped data 

set can be seen on the right side. Each image is cropped and then used for training.  
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Figure 1.4: Eigen values for each of the 10 Eigen faces have been displayed in the 

screenshot. Also, on the right, we see cropped, grayscale images of each emotion 

displayed. They have been used for training instead of the entire image.  

 

The classification takes place by calculating the Euclidean distance nearest to the Eigen 

vector. The predictor then predicts the class label closest and maps to its corresponding 

emotion. Then the predicted emotion is displayed on the live video frame. 

 

 

Figure 1.5: Mean Face of all images. 
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Flow of Working:  
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Results:  
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Figure 1.6: Simulation of the four basic emotions 
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Boundary conditions for the system:  

1. Tilting of head: 
 

 

Figure 1.7: The application works well on tilting the head at maximum angle of 35o 
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Figure 1.8:  Showing emotions with face tilted at 35o to the normal.  
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1. Distance from the camera: 

The app works well till a distance of about 17 cm from the camera. It will work 

well until a face can be detected in the frame.  

 

 

Figure 1.9: The program works perfectly fine till a face can be detected in the frame. Distance 17cm 

from the camera.  

 

Conclusion:  
 

A robust system can be developed to recognize Human Emotions. The system 

successfully classified the user‟s expressions from the real time video stream into distinct 

expressions: Happy, Sad, Surprise and Disgust. The system can be used to improve the 

user interface with the machine.  

At boundary conditions, the application works well with the head tilted to a maximum of 

35
o
.  Also, it works well within 17cm of distance from the camera. For longer distances, 

it works well till facial features are seen clearly.  
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Future Prospects:  
 

The system can be associated with sound and speech processing can be performed to 

detect emotions and give a better system for Human Computer Interaction. Speech and 

Video processing together can be used to give better results and better understanding of 

Humans. An android application is in process of being created using this to make a 

Driver monitoring system.  
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