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ABSTRACT:   
 

The expressions on the face is the key factor of communication among human beings. 
Facial expression recognition is the computer based automatic process. This process 
works in four major parts such as: Face detection in input image or video, preprocessing 
of the extracted face region, facial expression feature extraction and classification. 
Classification of facial expression is based on either prototype facial expression such as 
happy, sad, anger etc. or on Facial Action units. This paper concentrates on Facial Action 
Coding System (FACS) for classification. Initially system takes the video as an input and 
divide it into frames by using Xuggler Library. These frames are then preprocessed with 
Haar like features, for face, eyes and mouth detection. After this, facial point localization 
and facial feature point are required in FACS based classification. For improving the 
classification accuracy and speed and to reduce the emotion confusion, Concept Map is 
used. Experimental results prove that the FACS and Concept map based classification will 
improve the accuracy of classification results. 
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[1] INTRODUCTION  

In Human behavior, Human face is a very useful as well as powerful source of 

communicative information. It gives the information about human personality, emotions 

and thinking. Facial expression offers sensitive cues about emotional response and plays a 

vital role in human interaction and nonverbal communications. It can complement verbal 

communication, or can forward complete thoughts by itself. 

Facial expressions provide an essential behavioral measure for the analysis of 

emotions, cognitive procedures and social interaction and thus automatic facial expression 

recognition systems can give a less intrusive method to capture the emotion action of a 

person of interest. With the availability of low cost imaging and computational devices, 

automatic facial recognition systems now have a potential to be useful in several day-to-
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day application environments like in detecting suspicious persons in airports, railway 

stations and other places with higher threat of terrorism attacks. 

The research of Facial expression has wide range of applications in area such as 

social psychology, video conferencing, user profiling, image retrieval, psychological area, 

face animation etc. It help coordinate conversation, and have considerably greater effect 

on whether a listener feels liked or disliked than the speaker's spoken words. Facial 

expressions have been analyzed by cognitive psychologists, social psychologist, 

neurophysiologists, cognitive scientist and computer scientists. Based on Computer vision 

approaches  facial expression analysis differentiate among a small set of emotions. 

 

Basic working of facial expression recognition system: 

The basic need of Face Expression Recognition system is Face Detection which is 

used to identify the face [1]. The next phase is feature extraction which is help to choose 

and extract relevant features like as eyes, eyebrow, nose and mouth from face. It is very 

important that only those features should be extracted from image that has highly 

contribution in expression identification. Classification is the last step in facial expression. 

Depend on extracted relevant features it classifies the facial expressions. 

 

 
Figure 1. Basic Flow of Facial Recognition System 

    1.1 Challenges: 

It has already been stated that due to the all difficulties and limitations face 

expression recognition methods have always been a very difficult task for researchers. 

The challenges associated with face expression recognition can be attributed to following 

factors:  

 Pose:  

The images of face changes due to relative camera face position such as frontal as 

well as non-frontal. Face may have a distinct angle so some of the facial features 

such as an eye or the nose may become partially or wholly occluded. To overcome 
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this challenge implements good pre-processing techniques which are invariant to 

translation, rotation and scaling.  

 Occlusion:  

Faces may be partially occluded by other objects. In an image if face is occlude by 

some other faces or objects such as mask, hair, glasses etc. For that image extraction 

of expression features are complex. 

 Illumination:  

If the images are taken in different lights. Then expression feature can be detected 

inaccurately and hence the recognition rate of facial expression is low. This factor 

would typically make feature extraction more difficult. To compensate the variation 

of illumination in an input image, image preprocessing methods like DCT 

normalization, Histogram Equalization, Rank Normalization can be applied before 

feature extraction. 

 

Primarily system takes the video as an input and split it into frames by using 

Xuggler Library. These frames are then preprocessed with Haar like features, for face, 

eyes and mouth recognition. After that, facial point localization and facial feature point 

are required in FACS based classification. Concept Map is used to enhancing the 

classification accuracy, speed and minimize the emotion confusion. This paper focused on 

Facial Action Coding System (FACS) for classification. It explicitly analyzes appearance 

changes in localized facial features in frames of input video. Since each AU is related 

with a particular set of facial muscles, it believes that accurate geometrical modeling and 

tracking of facial features will lead to better recognition outcomes. Moreover, the 

information of exact facial feature positions could be useful for classification of features. 

This paper explains the automatic human affect recognition system for given input video. 

To recognize facial emotions this system uses three approaches named as video framing, 

face detection, feature extraction and classification 

 

[2] STATE OF THE ART  

In [2], Yang Li introduce a new face recognition algorithm which is depend on 

adaptive 3-D Local Binary Pattern and Singular Value Decomposition method. This 

developed method can successfully extract the features of face images. Concurrently, this 

approach has a faster recognition rate than other traditional algorithms. This paper 

compared the result and shows that, this method has good robustness and effectiveness. 

The main characteristic of this feature extraction algorithm is using the set of discriminate 

vectors obtained from test sample as initial knowledge. The database used in this is 

FEGCv2.0 face database. It contains 2D face images as well as 3D face images with 

different expression of different people. 

In [3], Latif, M.H, Md. Yusof,H., Sidek, S.N, and Rusli, N proposed a method for 

affective states recognition depend on frontal face (periorbital, supraorbital, 

maxillary/nose and mouth region) thermal images. The GLCM features derived from the 

PCA of the four level decomposition of 2D-DWT (Daubechies-4 Mother wavelet) and 

LBP features are exploited to provide useful information related to the affective states. 
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GLCM is a feature extraction method which is used to illustrate the texture information 

encoded in an image. It classified six basic emotions depend on Ekman’s Emotion Model 

exploiting the frontal face thermal image. It effectively accomplished 98.6% average 

classification accuracy with respect to every emotion. It support the feasibility and 

plausibility. This paper, used thermal image dataset which including six different 

expression of emotions derived from 30 subjects. 

In [4], Md. Zia Uddin, Ahmad Almogren, Atif Alamri, presented a novel feature 

extraction technique to extract important features from the human face. A new robust 

feature extraction process is applied in this work which is named as Local Directional 

Position Pattern (LDPP). In this work, the LDPP features are extended by Principal 

Component Analysis (PCA) and Generalized Discriminate Analysis (GDA) to make them 

more robust for better face feature representation in expression. An FER facial expression 

recognition system basically includes of three fundamental parts: face image 

preprocessing that captures the image and enhance the quality of the image, feature 

extraction that obtains distinguishable robust features for each expression, and a 

recognition part that recognizes facial expression. A depth database used in this work 

which including six facial expressions: namely Anger, Happy, Sad, Surprise, Disgust, and 

Neutral. 

In [5], Matlovic, Tomas, et al presented two methods, namely emotions detection 

using facial expressions recognition and electroencephalography (EEG). Firstly, it study 

existing tools that employ facial expressions recognition for emotion detection and then, 

developed a technique of emotion detection using EEG that employs previous machine 

learning approaches. It achieved 53% accuracy in classifying a correct emotion, which is 

better compared to 19% accuracy of the existing facial expression based tool Noldus 

FaceReader. It evaluated the proposed method on DEAP dataset. 

In [6],Mayya, Veena, Radhika M. Pai, and MM Manohara Pai proposed an efficient 

and faster technique to identify the micro-expressions in video sequences. The video 

sequences are interpolated using temporal interpolation(TIM) and then the facial features 

are extracted using deep convolution neural network(DCNN) on CUDA enabled General 

Purpose Graphics Processing Unit(GPGPU) system. Deep Convolution Neural Network 

(DCNN) framework is used for extraction of features from the images. The experimental 

results show that the proposed combination of DCNN and TIM can accomplish better 

performance than the results published in baseline publications. This proposed method is 

evaluated on two spontaneous micro-expressions datasets. Tesla K20Xm GPU system 

with compute version 3.5 is used to develop and test the proposed model. 

In [7], Das, Arundhati, Mameeta Pukhrambam, and Ashim Saha implemented an 

algorithm for detecting  human face named as Haar based algorithm. This approach 

executed the face tracking in two steps, first step is used to the detection and the second 

one is for face tracking as it will make movements in the live video. The experimental 

results describe that the proposed algorithm can strongly detect and track human face(s), 

even in the environments of harsh lighting, unexpected occlusions and vertical or 

horizontal rotation of face to a considerable extent. 

In [8], Gaus, Yona Falinie A., et al presented an automatic affective dimension 

recognition system depend on wavelet filtering and PLS regression for naturalistic facial 
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expressions. This method achieve better performance than baseline method. This 

proposed approach is tested on the Audio/Visual Emotion Challenge (AVEC 2014) 

dataset, In this dataset, the video and audio recordings were divided into three partition: 

training, development, and testing set of 150 Northwind-Freeform pairs, totaling 300 task 

recordings. 

In [9], El Meguid, Mostafa K. Abd, and Martin D. Levine discusses the design and 

implementation of a fully automated comprehensive facial expression detection and 

classification schema. It uses a proprietary face detector (PittPatt) and a novel classifier 

including a set of Random Forests paired with support vector machine labellers. In 

addition with, this approach achieved real-time performance in a spontaneous 

environment.The acted still-image Binghamton University 3D Facial Expression database 

was used for training purposes, while a number of spontaneous expression-labelled video 

databases were used for testing. 

In [10] Singh, Maninderjit, Anima Majumder, and Laxmidhar Behera proposed a 

hierarchical method for modeling emotions from facial expressions images using 

Bayesian Network. It trains the network using probabilistic modeling that draws 

relationship between facial features, action units and finally detect six basic emotions. 

This paper used extended Cohn-Kanade dataset which has 327 instances of image 

sequences from 123 subjects with annotated landmarks, peak emotions and Aus. It 

achieved high recognition accuracy. An average emotion recognition accuracy of 95.7% is 

achieved. 

In [11], Velusamy, Sudha, et al perform an in-depth study of state-of-the-art FER 

methods to further understand their performance gaps under realistic conditions. It 

develop an appropriate Region Of Interest (ROI) selection strategy for every AU and also 

an appropriately designed robust Local Binary Pattern (LBP) based descriptor that applies 

spatially spinning bin support for histogram estimation The developed spin support based 

feature descriptor gives unique representation for AUs by encoding both appearance and 

geometry of the facial features in its description and results in a better detection accuracy. 

It compare the performance of the proposed solutions with the key state-of-the-art 

techniques and show clear improvement. This paper used the databases like CK+, ISL, 

FACS, JAFFE, MultiPie, MindReading and also on an internally collected real-world 

data. 

 

 [3] PROPOSED APROACH 

   In Architectural view of the proposed system is depicted in figure 2. The system is 

working in following phases: 

1. Input Dataset 

2. Framing 

3. Preprocessing 

4. Feature Extraction 

5. Classification 

1. Video Framing 
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For input of affect recognition system, we randomly take video from you tube. 

Initially videos are divided into a number of frames to improve the accuracy of facial 

expression classification results. For framing, Xuggler Library is used. Xuggler allows Java 

programs to modify any format of video. Xuggler divides the videos into number of frames 

at evry 0.1th second.  These frames are further used as a input image for affect 

classification. 

 

2. Preprocessing 

In this step, we detect the face, eyes and mouth from each frame of video. For this Haar like 

features [11, 12] are used. Haar features are the digital image features. These features are 

used for object detection in given input image or in our case frame. With these features, 

detection accuracy is improved with less computation time [13]. Haar feature is the single 

value obtained with calculation of pixels. In haar like feature calculation, adjacent 

rectangular area is considers at a specific location of image. Then make sum of the pixel 

intensities in each separate region and get the difference between these sums. This 

difference is used as a features to differentiate the subsections of an image. 

 

Face detection Process: 

Input: Video Frames 

Output: Detected face, eyes and mouth 

Process: 

i. Load the required XML classifiers OpneCV already contains many pre-

trainedclassifiers for face, eyes, smile etc. 

ii. Load input image in grayscale format. 

iii. Use vz.cascadeClassifier.detectMultiScale() to find faces or eyes. 

iv. If faces are found, it returns the position of detected faces as Rect(x, y, w, h) 

Once get locations, create Region of Interest (ROI) for face and apply eye detection on the 

ROI 

 

https://en.wikipedia.org/wiki/Digital_image
https://en.wikipedia.org/wiki/Feature_(computer_vision)
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Figure 2. Architectural View of Proposed system Architecture 

 

3. Feature Extraction 

In this step, features of eyes, mouth and face are extracted with following techniques: 

 

Feature point localization: 

In this step, boundries are detected and feature points are localized on eyes, eyebrows, lips, 

cheek and nose. Feature point localization is the important step for feature extraction. This 

will help us to calculate the feature vector. Feature point localization [14] is an iterative 

method which initially estimates the initial positions of feature points. Then search the 

neighboring vertices around each feature point on a face image. In this system, 17 feature 

points are used as shown in figure 3, including: 

 

6 Points on Left and Right eyebrow 

4 Points on left and right eyes corner 

2 Points on left and right upper eye lids 

1 Points on nose 

2 Points on left and right cheeks 

2 Points on lip corners 

 

This system makes use of Flandmark model for localization of points. For each frame, 

Flandmark_model.dat file is call to place 17 points on face properly. 
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Figure 3. Facial Feature Points 

Feature Vector Formation: 

Here, distance between [15, 16] each feature point is calculated for each frame image. As 

the distance between feature points is varies in all state of emotions and expressions. 

Therefore this feature vector plays very important role in emotion identification system. 

This distance is calculated based of X and Y coordinates of each feature point. All these 

distances are stored in vector format. This feature vector is used to decide the emotion label 

and action unit of each frame. 

 

Feature Vector is represented as follows: 

FV = {d1, d2, d3, d4, d5, d6, d7} 

Where,  

d1 = Distance between F1 and F6 

d2 = Distance between F3 and F4 

d3 = Distance between F2 and F8 

d4 = Distance between F5 and F11 

d5 = Distance between F13 and F16 

d6 = Distance between F14 and F16 

d7 = Distance between F15 and F17 

 

Facial Action Coding System (FACS): 

For each image, we need to identify the emotion label. This emotion label is computed with 

the help of FACS [17] and feature vector of each image. The action units of upper face and 
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lower face are depicted in figure  4 and 5 respectively. Table 1 describes the combination of 

action units for particular type of affect like happy, sad, surprise and anger. 

 

Figure 4. Action units for Upper Face [18] 
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Figure 5. Action Units for Lower Face [18] 

 

TABLE I: basic affect mapped to faces au combination  

 
Affects AU Combination 

Happy 1. AU6 : cheek Raiser + AU 12: Lip Corner Puller 

 

Sad a) AU15: Lip corner Depressor + AU17: Chin Raiser + AU42: 
Lip Droop 

b) AU11: Nasolabial Deeper + AU41: Lip Drop 

c) AU15: Lip Corner Depressor + AU4: Brow Lower 
 

Surprise a) AU1: Inner Brow Raiser + AU5: Upper Lid Raiser + AU 22: 

Lip Funneler 

b) AU1: Inner Brow Raiser + AU5: Upper Lid Raiser + AU27: 
Mouth Stretch 

c) AU1 : Inner Brow Raiser + AU28: Lip Suck 

Anger 1. AU4: Brow Lower + AU5: Upper Lip Raiser + AU23: Lip 
Tightener 

 

 

4. Classification with Concept Map 

 

Here, the test video is classified according to 4 emotions described in table 1. Test video is 

also going through framing, preprocessing and feature extraction steps. For classification, 

concept map [19] and FACS is used. After feature extraction of all frames of input video, 

among feature, respective value and identified emotion label. This step is repeated for all 

numbers of frames. All this data is treated as trainging data. For test video, concept map is 

generated which is classified against the trained concept map. It will return the appropriate 

emotion label of test video. 
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Figure 6. Concept Map with Example 

 

[4] RESULTS AND DISCUSSION  

The system is built using Java framework(version jdk 6)onWindows platform. The 

Netbeans (version 6.9) is used as adevelopment tool. The system doesnt require any 

specifichardware to run; any standard machine is capable of runningthe application. For 

framing of video FFMPEG tools is used and for face detection, haar like features [25] are 

extracted by using theOpenCV library. 

 

Figure 7 depicts the result comparison of classifiers used for affect recognition. 

Classification time is measured in terms of milliseconds. Concept map is more faster than 

SVM for affect recognition, because it is not get confused to classify the confusing 

emotions. 

 
Figure 7. Affect Recognition Time Comparison 

 

Figure 8 depicts the accuracy comparison of concept amp and SVM classifier. Accuracy is 

measured in terms of percentage. Concept map more accurately classify the emotions like 

happy, sad, surprise and anger on the basis of actions units. Because of this, concept map is 

more accurate than SVM. 
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Figure 8. Human Affect Recognition Time Comparison  

 

[5] CONCLUSION 

This Paper presents the automatic human affect recognition system for given input 

video. System combines various technique to achive the high recognition rate.  Initially, 

system makes use of xuggler library for framing, after this haar like features are used for 

face detection, then FACS and feature points are used for feature extraction aneed finally 

concept map is used to appropriate classification of human emotion in given video. This 

system achives higher speed and accuracy than SVM classification algorithm. 
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