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ABSTRACT 
Recent research in the field of human-robot interaction (HRI) aims at recognizing human interaction 
with the robot. The interaction requires a tool to analyse the outcome. Therefore, one of the analysis is 
by recognizing a human's mood while interacting with the robot. A smile can be categorized as a 
positive emotion and image processing is one of the applications to identify the changes in the human 
face.  The objective of this study is to identify the best software to be used in the application of image 
processing for HRI field. Existing algorithms that have been used include the Haar features based 
classifier, AdaBoost and Gabor filters for the feature extraction. These algorithms are trained by 
GENKI dataset, Japanese female facial expression (JAFEE) dataset and British Broadcasting 
Corporation (BBC) dataset and to train smile identification algorithms and improve their accuracy. 
Most widely used image processing software for smile detection are MATLAB and OpenCV. In this 
study, both software are compared with regards to suitability in HRI applications. In short, OpenCV 
offers a better option in term of speed, resources, cost and support. 

Keywords: Human-robot interaction, smile, image processing, MATLAB, and OpenCV.  

Introduction 
Robotics is a technology that keeps on advancing at a rapid pace. Robots can interact with humans 
emotionally. Since before, there are researchers that link robot interaction with human emotion. 
Therefore, humans can control robots through brain activation [Azmy H., Safri N.M., ]. Apart from 
that, robots can learn and adept to mechanism [Wan Zakaria W. N., 2016] and one of the robotics 
technology is a Human-robot interaction (HRI), which is a field of study dedicated to understanding, 
design, and evaluate robots. Figure 1 illustrates the interaction between human and robot where the 
transmission involves both parties. HRI is an evolving juncture of research where intelligent robots 
support human lives by improving the quality of social and behavioural engagements whilst protecting 
the safety of both entities [Shamsuddin S., Yussof H., Ismail L.I., Mohamed S., Hanapiah F.A., Zahari 
N.I., 2012]. 

The most common mood changes that were observed in human is a smile. It indicates a person’s 
happiness, appreciation, or satisfaction [Messinger D. S., Fogel A., and Dickson K. L., 2012] [Tsujita 
H., Rekimoto J., 2011]. The mental condition of an individual can be judged through smiling. 
Therefore, in a session with the robot, facial expressions of people were observed to identify “how 
much does the audience enjoy” the interaction with the systems. Therefore, to analyze mood changes, 
a suitable tool needs to be developed. Hence, image processing has the capability to identify mood 
changes where it processes the image using mathematical operations [Ram I., Elad M., and Cohen I., 
2013]. By using any form of signal processing and use a set of images and video as input; the output 
obtained from image processing may be either an image showing characteristics or parameter to read 
mood from the image [Acharya T., Ray A. K., Gallagher A., 2006]. 
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The aim of this review is to collect information on image processing tools that are used for smile 
detection. Next, the purpose of this review is also to identify suitable system and method in image 
processing to be implemented in human-robot interaction. Thus, in this review, Google Scholar and 
IEEE Explore search engines were used for information mining. 

!  
Figure 1: Interaction between human and robot 

There is a significant number of literature on facial expression recognition. However, only a few 
papers focused on smile detection. The main focus of this paper is smile detection from images, hence, 
facial recognition has the ability to detect a face from an image. To detect an image for a smile, the 
algorithm needs to locate the mouth of the object to identify a smile. Different sets of images 
contained smile are compared in order to identify the best smile. 

Previous Works 
Over time, there are several types of research works were carried out on emotion recognition using 
image processing. Table 1 shows the details of work that has been done so far. Most of the studies 
aimed to improve accuracy by manipulating the feature extraction and image classifier. From the 
reviewed studies in Table 1, the database used to execute the system were either by lab trained image 
or public database.  

The GENKI Database develop by MPLab is an expanding database of the image containing faces 
spanning from a wide range of illumination conditions, geographical locations, personal identity, and 
ethnicity [Whitehill J., Littlewort G., Fasel I., Bartlett M., Movellan J., 2009].  The database of the 
image was divided into overlapping subsets each with its labels and descriptions. Jacob Whitehill et al. 
uses the GENKI database with labels of “happy” and “not happy” to detect emotion. From GENKI 
database, 25 000 images were extracted, and the smiles label came with 17 822 images followed by no 
smiles 7 782 images. The GENKI-4K dataset contains 4 000 face images spanning from a wide range 
of subjects, with different facial appearance, illumination, geographical locations, imaging conditions, 
and camera models. All images were labelled for both smile content (1=smile, 0=non-smile) and Head 
Pose (yaw, pitch, and roll parameters, in radians).  

Caifen Shan [2012] use GENKI-4K database to normalise images to reach the face of 48 X 48 pixels, 
referring to manually labelled eyes positions. The algorithm used was to detect the differences between 
pixels in the grayscale face images are used as features. It is used as data training for the system.  

The Japanese female facial expression (JAFEE) database also was used to train the classifier. The 
database contains 213 images of 7 different facial expressions (6 basic facial expressions + 1 neutral) 
posed by 10 Japanese female models. Each image was rated on 6 emotion adjectives by 60 Japanese 
subjects. Five different OpenCV-compatible XML Haar features were trained referred from [Hromada 
D. D., Tijus C.,2010]. The performance was at 77.5%-90.5% after tested on JAFEE dataset. The study 
also highlights “smile intensity”. Smile intensity can be used in this HRI study as it includes in 
cognitive psychology studies of emotional resonance.  

Haar features also can be used in pattern recognition applications [Bilal S., Akmeliawati R., El Salami 
M. J., Shafie A. A., Bouhabba E. M., 2010]. This algorithm we smile samples from which these 
features were derived had been trained and are presented at this moment as a new open source. The 
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smile uses in an incremental learning machine to exploit previously trained detector in order to add 
and label new elements of positive example set. Dataset from CK+ and MPL3 was using to evaluate 
an automatically evaluating content effectiveness based on facial responses. 
Literature in [Chang C., 2014] mentioned that the researcher collects face images from 10 people in 
real-time and classify into four different type of smile intensity levels and test multi-level measuring 
performance. Therefore, this work presents a multi-level smile intensity measures for happiness 
detection. The proposed algorithm can efficiently use to measure the different level of smile intensity 
for smile recognition in HRI study. 

Literature in [Liu H., 2010] uses facial action units (AUs) to train the smile detection. BBC dataset 
was used in training. Action Units, AU6 and AU12, are found to be crucial to distinguish between the 
true and fake smile. AU6 is the cheek raiser and lid compressor while AU12 is the lip corner puller. 
Corresponding to the two morphology makers above, if a smile is a true one, AU6 and AU12 need to 
happen together at the same time. Moreover, in feature extraction and classification, AU6 and AU12 
are treated together. This work applied Adaboost to reduce dimension and make the analysis easier.  

Literature in [Dibeklioglu H., Valenti R., Salah A. A., Gevers T., 2010] also uses BBC dataset. The 
study differentiates the spontaneous smiles and posed smiles. Smiles are distinguished by extracting 
and analysing both global (macro) motion of the face and subtle (micro) changes in the facial 
expression features through both tracking a series of facial fiducial markers as well as using dense 
optical flow. The results of eyelids movements provide a high rate of 85% on BBC datasets. 

There are several tools that already in the market. The software was developed primarily for facial 
recognition and only has smile detection for its additional features.  For example, Affectiva, EmoVU 
and Face++. The software offers SDKs and APIs for mobile developers and provide visual analytics to 
track expressions including smiles. 

Table 1: Previous Works on image processing application in smile detection 
Ref, Year Proposed Databas

e
Software Feature 

Extracti
on

Classifier Finding Accuracy

[Hromada 
D. D., 
Tijus C., 
Poitrenaud 
S., [Nadel 
2010], 

2010 

Trained 
SMILE 
smileD. 
Extended 
sample. 
Increment 
learning 
algorithm

JAFEE OpenCV Means 
ROCR 
library 

Haar-
feature 

AUC performance 
77%-90.5%. New 
classifier of 
permeance method 
and reduction of 
manual labelling

77%

[Chang C, 
2014], 
2014

Perform low-
complexity 
multi-level 
smile 
intensity 
based on 
mouth-
corner

Lab 
trained 

MATLA
B

MCFs Binary Proposed algorithm 
able to measure 
smile intensity in 
multi-face 
environment.

80%
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[Whitehill 
J. et.al, 
2009],2009

Develop an 
expression 
machine 
learning 
method for 
recognition 
system in 
realistic 
condition.

GENKI OpenCV Gentle 
Boost

Archived human-
level expression in 
real life. Data set 
used overly 
constrained 

98%

[Liu H.
2012], 
2012

Train AU6 
and AU12 
simultaneous
ly for smile 
deceit 
detection

BBC 
Dataset

MATLA
B and C+
+

Gabor 
Filters

SVM Applied Adaboost to 
reduce dimension 
and make the 
analysis easier.

85.9%

[Dibekliog
lu H. et. al,
2010], 
2010

Classify 
spontaneous 
versus posed 
smiles on 
eyelids 
movements

BBC 
Dataset

MATLA
B

Distanc
e-based 
and 
angular 
features

CHMM Feature groups, 
eyelids movements 
provide high rate 
85%

91%

[An L., 
Yang S., 
Bhanu B., 
2015], 
2015

Efficient 
smile 
detection 
based on 
Extreme 
Learning 
Machine 
(ELM)

 
GENKI
-4K

MATLA
B

LBP, 
LPQ 
and 
HOG.

LDA 

SVM

The results proposed 
for the proposed 
method achieves 
without pre-
processing 

94.6%

[Bilal S. 
et.al, 
2010],, 
2010

An 
automated 
method 
detection of 
smile 
intensities in 
uncontrolled 
settings

CK+ 
and 
MPL3

MATLA
B

FIR 

LDA

NB 

HCRF  

LDCRF

Automatically 
evaluating content 
effectiveness based 
on facial responses

77%

[Shan C., 
2012], 
2012

Differences 
between 
pixels in the 
grayscale 
face images 
are used as 
features.

GENKI
-4K

MATLA
B

Gabor 
Filters

AdaBoost  

SVM

Match the accuracy 
of the Gabor-
feature-based 
support vector 
machine

85%
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Smile Identification 
Previously, several studies were carried out on emotion recognition using image processing. Table 1 
displays the details of work that has been done so far (from the year 2009 until 2017). Most of the 
studies aim to improve the accuracy of the emotion recognition system by manipulating feature 
extraction and image classifier. From the reviewed studies in Table 1, the smile detection starts with 
facial recognition.  

However, it is hard for a human to catch such a subtle difference between two different smiles, since, 
different people may have a different perception of the smile. In contrast, the main advantage of smile 
detection is to ensure the presence of smile from the audience. Generally, from the present system 
available, capturing a decision boundary of spontaneous expressions is very difficult. 

Furthermore, to determine smile, figure 2 is present as a combination of techniques that were used. 
Apart from that, detection of certain points is one out of many techniques which were used; top of the 
upper lip, bottom of the lower lip, left and right mouth comers [Engineering K., 2001]. A smiling 
person tends to produce more edge than an unsmiling person. This is due to the presence of teeth in a 
smile. To plot the edge detection points, a threshold must be set to minimum, calculate best-fit line on 
the scatter plot. This allows subject’s mouth region and density of edge points stays within the region. 
Lastly, the plotted point in the region can be used to identify smile shape.  

Image Input 
Image input is important because it serves the purpose to determine the overall processing program. In 
obtaining the input images, it was collected from the library. The library or database that contain image 
can be used as input and classified it as an image source. This is good for analyzing the collective and 
combination of a lot of images. Apart from this, an image input can also obtainable from a live 
recording session. The recording will feed the image at real-time processing and applicable for 
immediate results.  

Finally, the input image can be sourced from recording or storing which the recording can be recorded 
using devices such as video recorder. The recorder will store the file and be feed into the program as 
an external reference. In HRI study, the type of image input that is suitable, most probably come from 
recording. The video stream is computationally expensive and are inapplicable to real-time 
applications or require specialized hardware to operate in the real-time domain [Lipton A. J., Fujiyoshi 
H., Patil R. S., 1998]. Furthermore, the advantages of using recording due to the source file produce 
the high-quality picture. Real-time capture is unable to process the high-quality picture in instant. 

Face Detection 
From raw image input, certain traits need to be extracted. The targeted traits can be any desired to act 
as input images. Using this HRI study, the traits were selected in the human face region. The human 
face is chosen as traits because the objective of this experiment is to recognized mood changes. The 
raw physiology image is always mixed with noises and other external environments. In addition to the 
noises [Lipton A. J., Fujiyoshi H., Patil R. S., 1998], the face recognition tracked by plotting the 
important nodes such as eyes, nose, lips and face curvature. 
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Figure 2: Common steps in smile recognition in current literature 

For face detection purpose, usually, Viola-Jones based algorithm is implemented. The exact algorithm 
used was outlined by Lienhart, et al. [Shamsuddin S. et. al,2012]. This algorithm uses an extended set 
of Haar.  

Features to determine the position of a face in an image. When a Haar-like wavelet passes over an 
image, edges become intensified. Edges will have a significant difference between the white and black 
regions of the wavelets. By setting a high-intensity threshold, the points above the threshold will likely 
be edges. A face image will exhibit many edges at different facial landmarks. Hence, to determine if a 
windowed region of the image is a face, several sweeps of different Haar features are done to ensure 
high enough accuracy of detecting a face. Detection of a face should also beattempted with several 
window sizes as face size within an image can vary [Hershler O. et. al, 1998]. This method takes 
longer time and computationally expensive if all Haar features were swept over all possible windows 
of the image. Thus, to speed this up, a cascade of feature classifiers is used. Therefore, at each stage of 
the cascade, less common Haar features with more strict rules are added for quick throw out windows 
that do not have a face [Pertsau D.,Uvarov A., 2013]. If the image passes one stage of the cascade, this 
will weakly indicate the presence of a face. However, if it passes all classifiers, there will be a high 
confidence level that a face is present. 

Facial Action Units  
The overall of the human face needs to be distinguished. Once the signals are pre-processed, it is 
necessary to extract statistical information or features from the signal which can be used to detect the 
image content of the signal.  Training AU 6 and AU12 [Liu H., Wu P., 2012]. 
  
Facial Action Separations 
Once the signals are pre-processed, it is necessary to extract only certain part on the face to be 
analyzed. Processing all over the face region makes burden to the system. Most of the literature choose 
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mouth [Chang C., 2014] [Engineering K., 2001] [Ambadar Z., 2009] as the region the observe smiles. 
The mouth region is important to determine either the person poses a smile or not. 

Face Classification 
The features extracted from the various recognition that may or may not correlate with the emotion. It 
is important to remove the features that might not have any correlation between the different emotional 
states. This is due to uncorrelated features reduce the performance of the classifiers [Wang S. B., et. al, 
2006]. 

Smile Detection Decision 
All smiles are not the similar as they distinguished based on emotions of a person. The dynamics of 
smiles can be perceived from amused, polite, and embarrassment or nervousness [Ambadar Z., Cohn J. 
F., Reed L. I., 2009]. Gesture sequences often have a complex underlying structure. Discriminative 
temporal models in Hidden Conditional Random Fields (HCRFs) and Lanterns Dynamics Random 
Fields (LDCRFs) has been used to classify noisy behavioural data. Wang et.al [Wang S. B., et. al, 
2006] derived a discriminative sequence model with a hidden state structure. The authors demonstrate 
its utility both in detection and in multi-way classification formulation. On the other hand, [Lipton A. 
J., Fujiyoshi H., Patil R. S., 1998] using a Gaussian temporal-smoothing significantly improves 
gesture recognition accuracy. Moreover, to automatically detect spontaneous smile response, Danial et. 
al [McDuff D. et.al, 2013] use both static and dynamic model for smiles in the classification of liking 
over interest. 

Software 
Table 2 shows the comparison between MATLAB and OpenCV. In conjunction, the selected criteria 
represent the value of both software in HRI study. The scoring weight was done based on the program 
adaptability for each criterion [O’Malley R, 2017]. The final scores suggested that OpenCV has the 
advantage over MATLAB for video processing development. However, MATLAB has it owns 
beneficial criterion such as relatively easy language to use as it comes with decent libraries to be used 
with a high-level scripting language and MATLAB was built on a good memory management. 
However, MATLAB is built on JAVA, and JAVA was built on C thus, the disadvantage of MATLAB is 
slow [Ubaidullah , Khan S. A., 2011] because to execute MATLAB program, it needs to interpret all 
those codes. In code execution, OpenCV directly built function in C. Program that is written in 
OpenCV would run faster than similar programs written in MATLAB. In HRI study, a program might 
be written to detects people smiles in the sequence of video frames. Thus, MATLAB can offer 3-4 
frames per second, compare to OpenCV can get up to 30 frames per second which can be shown in the 
differences of time of execution. 

Resource used to execute the programming closely related to the amount of random access memory 
(RAM). Typically, in HRI study requires translating both image and video processing. Hence, high 
resource needed due to a large amount of pixel data in each image. Typically to run smile detection 
program, MATLAB codes require 1GB RAM in contrast with OpenCV that only requires 70mb of 
RAM. 

Due to cost efficiency, MATLAB purchasing for the commercial single user is approximately cost 
1800USD. However, OpenCV with Berkeley Software Distribution (BSD) license is free, imposing as 
a free licensing. In memory management, MATLAB has an advantage due to the nature of MATLAB 
itself is smart, as it can automatically allocate and release memory in the background [Fatica M., 
2007]. In contrast with OpenCV, it is based on C. Every time the program allocates a chunk of 
memory it will release again [Lewandowsky S.,, 2010]. In HRI study, video analyzes programs 
consumed a lot of memory due to an increase in overall memory footprint. Memory management is 
important because a memory leak can lead to a program crash which is a failure. 

Integrated development environment (IDE) is a software that provides comprehensive facilities 
computer programmers for software developments. MATLAB comes with its own development 
environments. Figure 3 shows the sample of output produced by MATLAB and figure 4 from 
OpenCV. For OpenCV, there is no particular IDE in use. It has a choice of any C language depending 
on the operating system. In HRI, there is no exact IDE platform to be used. Whether it’s NetBeans, 
Eclipse or Visual Studio, it is still suitable for use. 
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MATLAB IDE features useful. It offers usage outlines for each function and long with sample code 
demonstrating their use [Lewandowsky S., 2003]. There is various toolbox integrated. To learn the 
functions in OpenCV, it’s hard due to not user-friendly. However, in OpenCV, a huge sample of code is 
available online. There are communities that contribute to the implementation of the resources.  
OpenCV has a vast number of images processing function available online for download [Zelinsky A., 
2005]. This is a major help in developing image processing in HRI studies. 

 

Figure 3: Output from MATLAB 
 

Figure 4: Output from OpenCV 

Table 1: Score comparison between MATLAB and OpenCV 
MATLAB OpenCV

Ease of Use 9 3

Speed 2 9

Resource 4 9

Cost 4 10

Environment 8 6

Memory 9 4

Assistance 8 9

Total 44 61
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In conjunction, MATLAB offers easy adaptation learning, built-in memory management and 
informative IDE [S. R. Otto and J. P. Denie, 2005], however, MATLAB code is slow to execute, and it 
is expensive. As for OpenCV is difficult to debug and requires a lot of information, inefficient memory 
management, header files and no particular IDE but an OpenCV has an advantage as it is very cost 
effective [Zelinsky A, 2009]. The sample code is available online, therefore, the short development 
path from prototype code to embedding code, and its super-fast speed.  

MATLAB has more “comprehensive” programming language that was designed for various uses, 
demonstrated by numerous toolboxes ranging from financial to specialized deoxyribonucleic acid 
(DNA) analyzing tools. OpenCV was made for image processing. Each function and data structure 
was designed with image processing coder It is clear, to develop image processing for human-robot 
interaction, the crucial part lies in the whole image and video processing area or looking to make a 
change in programming environment [Zelinsky A, 2009]. Therefore, it is recommended to a use 
OpenCV. 

Conclusion 
In this paper, various smile recognition algorithms using image processing have been reviewed and 
presented. In short, image processing application used in human-robot interaction is still in its early 
stage. Thus, the database that contains collective images of smiles is very useful to train the algorithm 
effectively. Moreover, HRI prioritizes in resource, speed and cost to develop image processing for 
smile recognition. Lastly, OpenCV has the advantages over MATLAB based on the discussion in this 
reviewed paper. This review will be used to develop image processing in smile recognition for a 
patient with depression by using animal robot PARO as a therapeutic device in HRI study. 
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