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Abstract: Human-computer interaction (HCI), in recent times, 

is gaining a lot of significance. The systems based on HCI have 

been designed for recognizing different facial expressions. The 

application areas for face recognition include robotics, safety, and 

surveillance system. The emotions so captured aid in predicting 

future actions in addition to providing valuable information. 

Fear, neutral, sad, surprise, happy are the categories of primary 

emotions. From the database of still images, certain features can 

be obtained using Gabor Filter (GF) and Histogram of Oriented 

Gradient (HOG). These two techniques are being used while 

extracting features for getting the expressions from the face. This 

paper focuses on the customized classification of GF and HOG 

using the KNN classifier.GF provides texture features whereas 

HOG finds applications for images exhibiting differing lighting 

conditions. Simplicity and linearity of KNN classifier appeals for 

its use in the present application. The paper also elaborates 

various distances used in KNN classifiers like city-block, 

Euclidean and correlation distance. This paper uses Matlab 

implementation of GF, HOG and KNN for extracting the required 

features and classification, respectively. Results exhibit that the 

accuracy of city- block distance is more .  

Keywords : Gabor Filter, Histogram of Oriented Gradient,  

Human-computer interaction, k-nearest neighbors.   

I. INTRODUCTION 

One of the recent topics in today‟s research is the 

automated facial expression recognition. Many challenges are 

being faced by researchers in the field of the human facial 

recognition system. They need to be addressed with the 

incorporation of optimized and robust techniques which 

include a choice of appropriate classifier and application of 

feature engineering. The automation feature of machine 

learning algorithms makes them an efficient and effective 

choice for the detection of human emotions. There are three 

phases in emotion recognition based on the facial expressions 

of a human being. In the first phase, the still images from the 

database are captured and processed. During the second 

phase, the facial expressions are processed for extracting 

features with the use of information from the edges of images 

and other facial data. The result of the second phase are the 

feature vectors containing information about various human  
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emotions extracted from expressions of the face. Feature 

vectors for classification of emotions from facial expressions 

are used in the third phase.  

There are various constituent parts in human emotions 

based on human physiology. During social interactions, these 

constituent parts include 7% verbal, 38% vocal and 55% 

facial part [6, 10]. Facial expressions[9] being a dominant 

part of expressing emotions, it has been considered for 

various research works. Various researchers have emphasized 

the use of geometric features for emotion recognition based 

on facial expressions[15]. This approach has exhibited less 

efficiency for emotion recognition [4]. Appropriate features 

need to be selected for efficient emotion recognition based on 

a specific application. The various challenges faced by 

researchers during emotion recognition based on facial 

expressions are face shape, size, viewing angle, change in 

object pose, exposure to illumination[7,11,12] and occlusion. 

In this paper, an increase in the efficiency of facial expression 

detection in HCI using machine learning is attempted using 

HOG and GF. The paper explains the use of KNN classifier 

that applies various distances like city-block, Euclidean and 

correlation. Amongst these distances city-block distance 

provides robust and significant results during the 

classification of human emotions. 

The paper is organized into the following parts: Section II 

describes current practices and Section III presents the 

framework of proposed work, along with experimental 

results.  

II. RELATED WORK AND PROPOSED 

FRAMEWORK  

This section presents the proposed methodology of HCI. 

The section begins with the block schematic of implemented 

work, followed by various steps involved in feature 

engineering and classification of emotions based on facial 

expressions.  

The block schematic of the implemented framework of 

HCI for human emotion detection has been presented in Fig. 

1. Preprocessing, feature engineering (extraction) and 

classification[8] form the major components of the proposed 

framework. The proposed framework has been further 

explored in detail in the subsequent sections.  

A. Pre-Processing 

In this, local normalization reduces the noise, and the 

degraded image component so that the system would give 

better performance in emotion 

recognition [5].  
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Local mean along with a variance of an image under 

consideration have been normalized using the local 

normalization algorithm.  

),(/),(),(),( baibamibaiban              (1) 

Normalized form of an image under consideration has been 

presented in (1). Here a and b   map to x and y-axis 

respectively on the Cartesian coordinate system. In (1), 

),( bai contains pixel information of the image under 

consideration, ),( bami  and ),( bai represent 

respectively the estimations of the local mean and local 

variance of ),( bai .  

 

Fig. 1. Block Schematic of implemented HCI 

B. Feature Extraction 

The original image has been pre-processed, and further 

various features have been extracted using HOG and GF. The 

following subsection provides a brief overview of HOG and 

GF used during feature extraction. 

1) Histogram of Oriented Gradient 

One of the feature descriptors used during feature 

extraction is HOG[1,8]. HOG has been extensively employed 

in computer vision and image processing applications. The 

occurrence of gradient orientation has been counted in a 

localized region. The localized intensity distribution has been 

computed by using HOG. 

The pre-processed image forming the input to the feature 

extraction block has been divided into a number of small 

cells. The pixels of every cell has been further compiled using 

histogram gradient [1]. HOG feature descriptor is formed by 

concatenating the histograms gradients so compiled. Amongst 

the three transformations, namely, object orientation, 

geometric and photometric transformation, which operate on 

local cells, the HOG feature descriptor is invariant to 

geometric and photometric transformations. 

Various steps in the implementation of the HOG are 

described in the following text: 

Step 1: Gradient computation  

The X and Y gradient values have been computed initially. 

Using Sigma as 0.5, the Gaussian filter has been applied for 

smoothing of the image under consideration. Using the 

magnitude and angle of every edge, the edge gradients have 

been computed.  

Step 2: Orientation binning 

This step involves the computation of histogram for each 

cell after gradient computation. Weighted votes are computed 

for each pixel in every cell by applying the gradient 

computation step, which contributes towards the formation of 

histogram channels. The gradient magnitude provides 

weighted votes. The shape of the cell, either radial or 

rectangular and gradient of the cell, either „signed‟ or 

„unsigned‟, decide the even spreading of histogram channels 

between either 0-180 or 0-360. 

Step 3: Formation of descriptor blocks  

The contrast and illumination of the image are observed by 

locally normalizing the oriented gradient values. To aid this 

process, the spatial blocks are formed by combining the pixels 

of each cell. The histogram gradients from each normalized 

cell are concatenated to form histogram descriptor. 

Step 4: Block normalization 

 The condition for the normalization process is given in (2). 

 evvfLnorm nnnn  /           (2) 

where,  

nnv  is the non-normalized vector and 

        e is the error vector. 

2)  Gabor Filter 

The edge detection of an image is performed by extracting 

features with the aid of a Gabor filter [2]. The Gabor filter's 

impulse response is computed using the sinusoidal wave and 

the Gaussian function. The convolution function is applied to 

Fourier transforms of Gaussian and harmonic functions. This 

results in the Fourier transform of the impulse response of the 

Gabor filter. Equation (3) represents the real and imaginary 

components of the Gabor filter. 

 

))/2(()2/( 2222

),,,,,(    piqp eeqpg   (3) 

where, 

    = Wavelength  

    = Orthogonal to parallel stripes orientation 

   


= Offset in the phase 


= Spatial aspect ratio and 
 = Standard deviation 

Here p and q   map to x and y-axis respectively on the 

Cartesian coordinates system.  Equation (3) is useful in 

computation of orientation of orthogonal to the parallel 

stripes of the Gabor function and the wavelength of the 

sinusoidal factor. The offset in the phase is computed using 

the standard deviation of the Gaussian envelope. Spatial 

aspect ratio, that specifies Gabor function, has been used in 

creating the Gaussian envelope. The features from any image 

are extracted using a Gabor filter that has different orientation 

and frequencies. 

The Gabor filter is represented by using following 

equations: 

))sincos(2cos(],[1 )2/)(( 222

 jifAejiG qp  

                       (4) 
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))sincos(2cos(],[2 )2/)(( 222

 jifBejiG qp  

                       (5)                       

where, 

 A and B= normalizing factors 

f =frequency 

 = Normal to parallel stripes orientation and 

 = Standard deviation 

All submitted paper should be cutting edge, result oriented, 

original paper and under the scope of the journal that should 

belong to the engineering and technology area. In the paper 

title, there should not be word „Overview/brief/ Introduction, 

Review, Case study/ Study, Survey, Approach, Comparative, 

Analysis, Comparative Investigation, Investigation‟. 

C. Classification 

The primary purpose of classification in emotion 

recognition is to separate out various emotion classes. The 

classification can be performed on binary or multiple classes. 

Identification of classes is the primary step in classification. 

This paper presents KNN classifier being a simple classifier 

based on the criteria of the neighborhood.  

KNN Classifier  

In pattern recognition, K-Nearest Neighbor [5, 13, 14] 

classifier applies a non-parametric method for classification 

of various classes. The classifier checks for the classes that 

are nearer to the test pattern. The classifier input is formed by 

using the K closest set of training patterns. The classification 

algorithm functions based on the odd number of training 

patterns that form the nearest neighborhood. The output of the 

classifier has been computed using class of the maximum 

number of training patterns that form the nearest 

neighborhood.  The classification of feature vector into a 

particular class is hence performed by comparing it with an 

odd number of nearest neighboring training feature vectors. 

For example, for K=1, it is a single nearest neighbor, while for 

K=3, the classifier compares test vector with three training 

feature vectors and finds a maximum match of testing feature 

vector with other three training feature vectors, and for 

K=5,7,9 and so on. The entire classification algorithm has 

been presented in Fig. 2. 

  

 

Fig. 2.KNN classification[18] 

In Fig. 2, three geometric patterns, namely triangle, 

rectangle and circle, are presented as feature vectors. The 

geometric patterns are chosen so as to provide ease of 

understanding. The training features are represented by a 

triangle and rectangle, whereas the circle forms the testing 

feature. As shown in Fig. 2, the test feature (circle) is 

compared with three nearest neighbors, two out of which are 

triangles and one is a rectangle. According to the KNN 

classification algorithm, the circular pattern is classified into 

triangle class, as two out of the three nearest neighbors are 

triangles. The methodology presented applies to all the 

real-time classes.   

The KNN classifier uses the following distance metrics 

[16]: 

1. City Block Distance 

In this metric, the absolute value of the difference between 

Cartesian coordinates is summed up over a limited range to 

get the neighborhood distance value.   

 





n

j

tjsjst qpd
1

               (6) 

where, 

    p and q= Cartesian coordinates 

The city block distance is computed using (6). 

 

2. Euclidean Distance 

This distance metric is computed as the multiplication of 

the differences between Cartesian coordinate of one point and 

the transpose of the Cartesian coordinate of the same point.  

  '2

tstsst qpqpd               (7) 

where, 

 p and q= Cartesian coordinates 

Euclidean distance is computed using (7). 

3. Correlation Distance 

This metric is computed using the correlation of statistical 

dependence between two vectors.  
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Correlation distance is computed using (8). 

In the research area of investigation of pattern recognition, 

the efficiency of a classifier is judged by various measures 

like confusion matrix, classification accuracy and time 

required for classification of a sample test image. Confusion 

matrix provides the percentage of misclassification. 

Classification accuracy is computed using (9). 

 

FFTT
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Accuracy




        (9) 

where, 

TP = Positively True 

TN = Negatively True 

FP = Positively False 

FN = Negatively 

False. 
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Every classification algorithm requires a finite time to 

classify the test image. This time provides the speed of 

classification of the algorithm in the testing phase. For a 

classification algorithm to work efficiently, this time should 

be as short as possible. 

III. RESULT AND DISCUSSION 

Results after experimentation over proposed HCI system 

have been discussed in this section. The section also describes 

the database and system specifications where experimentation 

is carried out.   

A. Database and Experimental setup  

The standard dataset JAFEE database [17] comprising of 

213 static images has been used for experimentation purpose. 

The database comprises of images in TIFF format having 

dimensions 256×256 pixels and storage size in the range 

between 60 to 70 KB. The use of standard database facilitates 

accuracy, more specific results and comparison of results. The 

employed database is classified into testing and training 

datasets. Training dataset contains 140 images, whereas the 

testing dataset uses the remaining 73 images. The 

experimental setup consists of Matlab version 2014a software 

installed on a laptop having Windows 7 OS, i3 processor and 

3 GB RAM. The purpose of Matlab software is to run the 

simulation of the proposed algorithm on the said dataset. 

B. Results and Confusion Matrix 

In this work, KNN classifier has been applied to training 

and testing datasets. In the training phase, the HOG feature 

vectors of training dataset are computed. The testing phase 

involves computation of the HOG features of the image under 

test and comparing with the HOG features of all the images in 

the training dataset. The best match is based on the closest 

distance of the testing feature from that of training dataset 

feature. Using a similar methodology, GF features are 

computed and applied to training and testing datasets. KNN 

classifier is applied on GF feature vectors, and the results are 

presented in terms of the confusion matrix shown in Table I. It 

can be seen from Table I that Happy and Surprise class 

recognition rate is maximum. Another finding from Table I is 

that sad and fear expressions are not distinguished accurately 

due to the high level of similarity in the feature vectors.  

Table- I: Confusion matrix for KNN applied to GF 

features 
Emotion Fear Neutral Sad Surprise Happy 

Fear 70% 0 20% 10% 0 

Neutral 0 60% 20% 0 20% 

Sad 40% 0 60% 0 0 

Surprise 10% 10% 0 80% 0 

Happy 0 10% 10% 0 80% 

On similar lines, KNN classifier is applied on HOG feature 

vectors, and the results are presented in Table II,   in terms of 

the confusion matrix.  

Table- II: Confusion matrix for KNN applied to HOG 

features  
Emotion Fear Neutral Sad Surprise Happy 

Fear 80% 0 20% 0 0 

Neutral 0 70% 10% 20% 0 

Sad 20% 0 60% 0 20% 

Surprise 0 0 0 100% 0 

Happy 0 10% 0 0 90% 

From Table II, it is seen that for Happy and Surprise classes 

recognition rate has increased in comparison with that of GF 

feature vector. From the confusion matrix presented in Table 

II, it can be observed that sad and fear emotions are not 

distinguishable due to the high level of similarity of feature 

vectors. 

Further in this work, various distance metrics namely 

city-block, Euclidean and correlation are computed for KNN 

classifier. The accuracies of the results of the distance 

computation of the said distance metrics are presented in 

Table III.  

Table- III: KNN classification accuracy based on 

various distance metrics. 
Distance / 

Feature 

Correlation 

Distance 

Euclidean 

Distance 

City-Block 

Distance 

Gabor Filter 68% 69% 80% 

HOG 

Transform 
69% 65% 82% 

It can be seen from Table III that the accuracy of HOG 

transform is much more for city-block distance as compared 

to that for than that for Euclidean and correlation. Amongst 

HOG and GF transforms, excepting the case of Euclidean 

distance, the accuracy of HOG transform is more than that for 

GF transform. 

 

Fig. 3. Test image[17] for computation of execution time 

Fig. 3 depicts a sample image taken from test dataset for 

computation of execution time[3] of the KNN classifier. 

Using the HCI presented in this paper, this image is correctly 

classified into happy class. The image is processed with the 

help of KNN classification algorithm presented in this work, 

and the execution time is computed using Matlab. The 

execution time is computed for both HOG and GF features 

using KNN classifier and using Table IV, the results are 

presented. 

Table- IV: Execution time for GF and HOG features 

computed using KNN classifier 

Feature Execution Time  

Gabor Filter 2.6064 

HOG Transform 0.7684 

From Table IV, it can be seen that the execution time of the 

HOG transform is much less than that for GF transform for the 

selected sample image. After carrying out experimentation on 

all the test images from the database, it has been observed that 

72% of the test images exhibit execution time similar to that 

depicted in Table IV. Hence, the HOG transform is much 

faster than GF transform in case of KNN classifier. 

IV. CONCLUSION 

In this paper emotions are recognized from still images of 

face using JAFEE database. GF and HOG are used for 

extracting various features. KNN classifier is used for 

identifying individual emotion class from features extracted 

using GF and HOG.  
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The HCI system presented in this paper is able to detect 

five emotions, namely fear, neutral, sad, surprise and happy, 

based on facial expressions. From the simulation results, it 

can be seen that happy and surprise classes are well 

distinguished due to the non-similarity in facial expressions. 

On the other hand, sad and fear classes are not distinguished 

due to the high level of similarity in the facial expressions. 

The accuracy of HOG is 10-15% more as compared to that of 

GF. Although the combination of HOG and KNN exhibits 

good accuracy, some other combinations like fusion of 

features along with various classifiers may provide better 

results. The execution time for HOG is less than GF. In terms 

of distance metrics, HOG proves better for city block distance 

than Euclidean or correlation distance. 
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