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Abstract – Service robots are developed with the assistance of rapidly growing aging 
and disabled population due to busy lifestyles of the human. Emotion recognition 
applications of service robots are still in developing stage. Service robot eye gets vision 
input to the intelligent system and finally give an output signal to the interaction part 
of the service robot. Therefore, robot eye design is an important factor to develop an 
accurate interacting service robot to care elders and disables.  This paper introduces a 
method to develop an interactive service robot eye which has the capability to emotional 
recognition and expression based on the human motion by using haar cascade 
classification. Happy, sad and relax are the emotion types that elders and disables 
perform frequently. Therefore, intelligent system was developed to sense those emotions 
by training different classifiers for each emotion type. Parameters for haar classifier 
training involves the behavior of full body of the person by using the shapes of faces, 
hands, and legs. Developed robot eye was implemented and tested with different 
persons and finally, the results of the experiment are presented with the accuracy of the 
intelligent system to each tested person. According to the results, the emotions are 
detected more than 65% overall accuracy for each person. 

 
Keywords: Domestic environment, Emotion recognition, Haar classification, Robot 
eyes, Service robotics 

 

 

1    INTRODUCTION 

A service robot is a robot which operates semi or fully autonomously to perform services 
useful to the well-being of humans (Ceccarelli, 2012). A significant growth of research 
and development on the field of service robots has been experienced in the recent past. 
The annual growth rate of the variety of application opportunities for service robotics 
and the number of potential users increased to 11.5 percent (Lamberti et al., 2016). Latest 
service robotics offers welcome assistance to people while performing household chores 
to helping the sick, elderly or disabled. The elderly and disabled population has grown 
rapidly over the past several decades (Suryadevara and Mukhopadhyay, 2015). Sri 
Lankan society enriched with the culture of caring for the elderly by family members. 
However, with the change of traditional living patterns as migration, a shift to a nuclear 
family structure and increasing dual-earning households necessitates and migration of 
young talented caregivers as a labour force, increase the disabled and elderly percentage 
of isolated. Therefore, most of them need physical and cognitive assistance from 
caregivers. Shortage of caregivers will become a serious problem in near future. 
Therefore, service robots are developed as a solution to the crisis of caregivers with the 
rapid rise of disabled and elderly population in busy lifestyles (Sirithunge et al., 2017). 
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Emotion is a sequence of alterations. Some of them are anger, sadness, happiness, fear, 
surprise, disgust and tease. (Tosa and Nakatsu, 1996). Emotion can be defined as a 
consecutive and not in a static state. In our daily life interactions, the communication 
assumed by 55% of body language (Dammak, Ammar, and Alimi, 2012). Emotions and 
expression play an important role in how we think and behave in the day to day 
activities. The emotions we feel each day can compel us to act and influence the decisions 
we make about our lives, both large and small. Mainly emotions are expressed through 
verbal expression and nonverbal expression. As an example of verbal communication, by 
seeing that someone is crying, for instance, we might assume that he or she is in the sad 
mood. Nonverbal communication has been defined as communication without words. It 
includes apparent behaviours such as facial expressions, gestures, gait, physiological 
signals, linguistic information and acoustic features. Although verbal output can be 
turned off, nonverbal output cannot. Even silence speaks. To care persons, the robot must 
have an idea of emotional states of them. Many of researchers try to invent different 
kinds of service robots to replace caregivers, especially with voice recognition. But it 
couldn’t use for deaf and dumb persons. Deaf and dumb persons can’t give a voice 
response to the service robots. When they try to communicate with others, they are 
unable. However, they can communicate easily with others by using different body 
postures, facial expressions etc. 

Computer-based emotion recognition is a growing field which develops new needs in 
terms of software modelling and integration of existing multimedia models. There must 
be a strong emotion classification system to distinguish one emotional state from another 
to recognize emotions (Wickramaratne, Buddhika, and Jayasekara, 2017). But emotion 
recognition technology is still in the developing stage (Laranjeira et al., 2016). Recently 
human emotion recognition systems have become one of the most prominent 
technologies in the field of human-robot interfaces. Such systems are used for 
maintaining an effector communication process between human and anthropomorphic 
robot since the emotional reaction is one the most natural communication channels used 
by people. 

The human eye has been called the most complex organ and the most important sense in 
the body (Han, 2017). The eyes bring colourful sights to the people to see the beauty of 
the life. Rapid and accurate eye movements are crucial for the coordinated direction of 
gaze. Still human couldn’t develop a perfect identical eye to human eye. Stereo vision, 
high frames per second, flexibility, instant reactions increase the complexity of human 
eyes. Robot eye must be binocular, active, wide field of view and it must have high-
resolution capabilities to achieve the complexities of the human visual system.  Human 
eyes have more than two degrees of freedom, but the pan and tilt movements are 
sufficient to scan the visual space (Maes et al., 1996). 

Therefore, this paper proposes a method for developing an interactive service robot eye 
which has the capability for emotional recognition and expression based on human 
motion especially focusing the deaf and dumb persons. The overall function of the 
proposed robot eye is explained in section 2. The proposed methodology to emotion 
recognition robot eye based on human motion is explained in section 3. Experimental 
results are presented and discussed in section 4 according to emotion recognition process. 
Finally, the conclusion is presented in section 5. 
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2     SYSTEM OVERVIEW 

Controlling mechanism of the robot eye is shown in figure 1. Rotation of the robot eye is 
an involuntary response of the human vision system. It has more complex eye 
movements. Binocular vision with two degrees of freedom eye movements helps to get 
the robot eye common pan and tilt movements with more human-like manner. It 
facilitates tasks such as reaching and grasping performed with close targets. The main 
effect of binocular viewing is to reduce the time taken for the task (Hayhoe et al, 2009). 
Field of view of the web camera that used to robot eye is 60 degrees (Logitech, 2017). 
Therefore, by using binocular vision, the displaying range of service robot eye can be 
increased. So, two web cameras are used to reach vision requirement for the robot eye to 
give vision input for the intelligent system for the process of emotion recognition. Servo 
motors are used as actuators for the system. Mechanical stops were included on each 
robot eye to permit a 120-degree pan rotation and a 60-degree tilt rotation to approximate 
the range of motion of human eyes (Komogortsev et al. 2012). Therefore, each robot eye 
rotates 60 degrees to the left and right in pan axis and 30 degrees for up and down in tilt 
axis during implementation. An Arduino microcontroller is used to control the servo 
motors. Serial communication between personal computer and microcontroller help to 
accurately focus robot eye on the human emotional states. A printer cable is used to build 
communication between the PC and the microcontroller. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3     EMOTION RECOGNITION ROBOT EYE BASED ON HUMAN MOTION 

An intelligent system is developed to perform main processing task in the research 
project. Vision feedback from the two webcams is taken as the input to the intelligent 
system. Algorithms were developed to search, detect, focus person’s emotional states by 
using openCV, visual studio C++ and haar cascade classifier. In the beginning, the robot 
eye is continuing searching an emotional state. If it is detected emotional state like haar 
cascade classifier that trained, then the robot eye focus to it. Emotions are limited in the 
trained intelligent system. They are focused to detect three emotions types. They are 
happiness, sadness and relax. Because they are the widely accepted and recognized 
emotions for elders and disables. The emotions are classified according to those body 
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right eye pan 

movement 

Servo motor for 
eye tilt 

movement 

Figure 1: Controlling mechanism of the robot eye 
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postures of the human by using the shape of faces, hands, and legs, relevant to each 
emotion type. Figure 2, figure 3, and figure 4 shows all the types of body postures related 
to emotions which detect by the intelligent system under relaxing mood sad mood, and 
happy mood. Shapes of hands, faces and legs are used to classify emotions according to 
the body postures.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  All the types of body postures that trained for relaxing mood 

Figure 3: All the types of body postures that trained for happy mood 

Figure 4: All the types of body postures that trained for sad 
mood 
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3.1 Implement the Robot Eye Movement Focus to an Emotion of a Person 

Implementation of the intelligent system can be shown in Fig. 5. The methodical 
approach is done by using four stages. First, design and development of robot eye with 
pan-tilt movement to reach more human-like. Second, identify the emotional status used 
in daily activities by elderly and disable in the domestic environment by using their body 
postures. Next, develop an intelligent system for understanding emotional status. Data 
classification, serial communication between intelligent system and microcontroller, 
tracking and focusing on human emotions are the common features of the intelligent 
system.  All the recognized emotional states are classified in this context memory as sad 
mood, relax mood and happy mood. Finally, test the developed intelligent system with 
the service robot eye in the domestic environment by using three persons to check the 
accuracy of the system.  
 

  

 

 

 

 

 

 

  

 

 

                 

 

3.2 Haar Classifier Training 

The Haar Cascade classifier is used widely for object detection purposes by using images. 
It is developed by Viola and Jones that combined with Haar-like feature and a boosted 
cascade classifier. It is famous among researchers because of the higher calculating speed. 
Haar features can easily be scaled by increasing or decreasing the size of the pixel group 
that is examined. This feature allows detecting objects of various sizes (Viola and Jones, 
2001). This method has been applied successfully in several object detection systems. 
Detect and count vehicles in traffic surveillance systems by using Haar-like feature shows 
above 90% accuracy for the developed system (Choudhury et al, 2017). Detect white 
blood cells by using haar cascade classifier shows to localize white blood cells with high 
precision and high recall values as 95% and 74% respectively (Budiman et al, 2016). Haar 
classifier training used several numbers of positive images and negative images to 
classify emotions. This feature allows detecting emotion in human with different body 
postures. The Extensible Markup Language (XML) file is the creation of classifier training 
which includes body postures related to emotions. Images of two persons were used to 
train each emotion classifier of the developed intelligent system. They are the known 
persons in the intelligent system. The number of positive and negative images are taken 

Test the human-like eye movements 
in the human robot interaction in 

domestic environment 

Implement the intelligent system 
with machine vision applications 

for emotional states 

Implement the robot eye 
movements focus to full body of a 

single person Display 
output of the 

emotional 
state 

Figure 5: Implementation of intelligent system 
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by most of the researchers in the ratio of 1: 2 (Budiman et al. 2016; Ulfa and Widyantoro, 
2017). Therefore 2000 of positive images and about 4500 of negative images were used to 
train each emotion classifier training process. 

3.3  Emotion Recognition Using Intelligent System 

Functional flow of the intelligent system is shown in Fig. 6. Developed robot eye model is 
continuing searching for a person’s body posture to detect his emotional state. Always 
the robot eye tries to find an emotional state according to train emotion classifiers until 
detection of an emotional state. Therefore, the robot eye only rotates with pan till 
movement to detection of an emotion of the person. The values of field of view, focal 
length, optical resolution and frame rate are used to select a camera for the robot eye 
(Logitech, 2017). Each camera captures the video separately. Each resultant window has a 
video resolution of 640 pixels wide and 480 pixels high with 30fps maximum frame rate. 
First, emotions are classified according to body postures. These classifiers are created by 
using about 2000 images with the same body posture pattern. The regions and their 
events are contained within the regions of each classifier according to body postures for 
each emotion. This intelligent system was developed by using twelve emotional 
classifiers. During the implementation of the robot eye, the intelligent system checks that 
image pattern by using live video stream. If a trained emotion classifier detects in the 
intelligent system during implementation, the Region Of Interest (ROI) is chosen 
according to the classifier. After detecting an emotional state, the focusing algorithm 
always tries to get the ROI to the middle of the window by using pan and tilt movement 
of the robot eye. Pixel numbers of depth and width are used in the resultant window to 
develop that focusing algorithm.   
 

3.4  Graphical User Interface (GUI) for Display Emotions 

A GUI is used to display the emotional state of the human. It was created by using an 
algorithm in visual studio C++ to display four resultant windows inside in one resultant 
window. It comprises left robot eye, right robot eye, emotional state and feeling faces 
according to the emotions. According to the train classifiers, the intelligent system gives a 
signal to the GUI model to state the emotional state as happy, sad and relax. This given 
signal can be used to develop various algorithms for service robot to do separate tasks 
according to given signal. The emotional state with their feeling faces according to each 
emotion type are shown in Table 1. 

 

Table 1: Emotional states with their feeling faces 

Emotional state Feeling face 

  

  

  

                                

 

Happy Mood 

Sad Mood 

Relax Mood 
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Figure 6: Functional flow of the intelligent system 
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4    RESULT AND DISCUSSION 

4.1 Experiment Setup 

The experiment conducted environment is shown in figure7. There are some unnecessary 
things in the environment like chairs, a table, a curtain and a flower vase. But during the 
implementation, the intelligent system detects and focuses only person’s emotional state 
according to the body posture while rejecting the other things in the environment. Figure 
8 shows the implementation of the robot eye. 
 

 

 

 

 

 

 

    

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 Speed of Robot Eye Rotation 

Servo motor rotation speed is an important factor which affects the behaviour of the 
robot eye. During the high-speed eye rotation by using servo motors, there can be some 
vibrations of the robot eye and missing ROI ranges during implementation due to not 
focusing ROI range according to body postures. It will be harmful to the robot eye visual 
feedback to the intelligent system. Table 2 shows the angles per each step and the rotation 
speed of the servo motors for those steps. As a result of this the robot eye is developed by 
using the slowest speed of servo motors. It also helps to detect emotional states 
accurately by correct focusing on the person’s emotional state. 

Chairs 

Flower Vase 

Curtain 

Robot eye 

Computer 
Table 

Figure 7: Domestic environment that trains intelligent system 

 

Figure 8: Implementation of the robot eye 
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Figure 9(a):  Result obtain in GUI by focusing to the Happy mood of known 
person 1 on intelligent system (T=4s) 

 

Table 2: Servo motor rotation speeds during implementation 

 

 

 

 

 

 
                                                  

         

4.3  Results of the Emotion Recognition 

A simple experiment was conducted to ensure the success of robot eye in emotion 
recognition. Performed sample experiment includes two of happy emotion body 
postures, two of sad emotion body postures and two of relaxing emotion body postures. 
Three persons are selected for the experiment which includes two known persons of 
intelligent system and one unknown person in the intelligent system. Detection of 
emotions in GUI and the rotation angles during implementation is shown in Figure 9(a) 
to Figures 9(f).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Angles 
per 

each 
step 

 

Time for 
rotation 

Angle 
per 

second 
(pan 
axis) 

Angle 
per 

second 
(tilt axis) 

Pan 

axis 

Tilt 

axis 

10 8.0s 6.9s 8.750 8.60 

20 4.0s 3.5s 17.50 170 

30 2.6s 2.3s 26.90 25.40 

40 2.0s 1.8s 350 33.20 

Figure 9(b):  Result obtain in GUI by focusing to the Relax mood of known 
person 1 on intelligent system (T=13s) 
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Figure 9(c): Result obtain in GUI by focusing to the Happy mood of known 
person 2 on intelligent system (T=21s) 

 

Figure 9(d): Result obtain in GUI by focusing to the Sad mood of known 
person 2 on intelligent system (T=31s) 

 

Figure 9(e): Result obtain in GUI by focusing to the relax mood of 
unknown person on intelligent system (T=37s) 
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Figure 10 shows the servo angle rotation of robot eye during implementation. This 
experiment was conducted in a 50s-time period. Classifiers are detected emotions only 
for the trained body postures. If not detect a trained classifier, then the robot eye always 
tries to find an emotional state. Six places have constant rotation angles in the pan motor 
rotation. The robot eye detects emotions of the person during that time periods and they 
are the time periods that body postures are similar to trained emotion classifiers. After 
detecting emotion type, pan and tilt motors try to focus it to the middle of the window. 
Therefore, the tilt motor rotation angle is also stable in each case. There are also some 
time period’s in high gradients. It means during that time period, the robot eye is trying 
to find an emotional state by using the pan and tilt movement.  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                 Tilt Motor rotation                         Pan Motor rotation 

Figure 10: Servo angle rotation of the robot eye during implementation 

Figure 9(f): Result obtain in GUI by focusing to the sad mood of unknown 
person on intelligent system (T=46s) 
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4.4 Accuracy of the Intelligent System to Detect Human Emotion 

As a result of this experiment the emotions are detected successfully. Table 3 shows the 
summary of experimental results with the accuracy of each classifier. 
 
 

 

This experiment was done in a domestic environment. Therefore, the room size is limited 
to 20.25m2. The table includes the average distances between robot eye and the person to 
detect emotions in each classifier. During the experiment, the person is changed for 
different 40 positions in the environment. Therefore, the accuracy of each classifier states 
separately. Finally, the overall accuracy of the intelligent system was calculated for each 
person. According to the results of Table 3, the trained classifier detects emotions with 
high accuracy for known persons in the intelligent system. The result of unknown person 
is lower than known persons of intelligent system. By analyzing the results during 
implementation, there were some places that couldn’t identify emotions accurately due to 
the availability of some disturbance in the domestic environment. Changing light 
illumination of corners of the experiment conducted room and limited field of view of the 
robot eye are the disturbances for the intelligent system. Fig. 11 shows the result of the 
experiment by using the detected and undetected areas during implementation. 

 

 

  

 

 

 

 

 

 
 

Emotion type 
Room 
size 
(m2) 

Emotion 
detecting 
distance from 
robot eye(m) 

No. of samples 
taken from 
each person in 
different 
positions 

Accuracy of 
system with 
known 
person-1 

Accuracy of 
system with 
known 
person-2 

Accuracy of 
system with 
unknown 
person-1 

Relax in a 
chair 

20.25 3.0 40 82.5% 85.0% 65.0% 

Relax in 
standing 

20.25 3.6 40 80.0% 72.5% 62.5% 

Happy in a 
chair 

20.25 3.0 40 75.0% 80.0% 70.0% 

Happy in 
standing 

20.25 3.6 40 82.5% 77.5% 65.0% 

Sad in a chair 20.25 3.0 40 72.5% 77.5% 57.5% 

Sad in 
standing 

20.25 3.6 40 87.5% 82.5% 75.0% 

Overall accuracy of the intelligent system for each 
person 

80.0% 79.2% 65.8% 

Areas that easily detect 
emotions in environment 

Areas that couldn’t detect 
emotions easily in the 

environment 

 

Table 3: Summary of experimental results with the accuracy of each classifier 
 

Figure 11: Areas that emotions easily detected and undetected during the experiment 
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The middle of the room has a wall with white background. Therefore, a weak classifier 
also can detect emotions easily from using those areas in the intelligent system. But in 
corners of the room resist recognizing emotions from the weak classifier due to 
disturbances that shown above, but the emotions are detected with low accuracy in those 
areas. Each classifier in the intelligent system is trained by using about 2000 positive 
images and 4500 negative images. This experiment was done by using three persons. Two 
of them are known persons of the intelligent system and one person is an unknown 
person in the intelligent system. A strong classifier can be made by using more images by 
using different light illuminations and images of different persons to get a maximum 
result from the intelligent system. 
 

5     CONCLUSION 

The robot eye is designed for service robots to replace caregiver. As the first step of 
human-robot interaction, it must identify the emotional states of the human. After the 
recognition of emotion, algorithms can be developed to the interaction part of the service 
robot. Therefore, robot eye development is an important factor in service robot designing. 
There are some factors to be considered to increase the accuracy of the developed system 
during designing, tracking and focusing robot eye. They are camera selection, actuators 
selection, material selection for the robot eye design and software selection to develop the 
intelligent system. Each haar classifier training spends about 4 hours to train each 
experimental classifier. It depends on the data set which provides to the classifiers. Light 
illumination is a factor in classifier training. If the lighting condition change during 
capture images to haar training process, the data set should have more images to train a 
successful emotion classifier and it also spends more than four hours. Therefore, the 
maximum accuracy of the robot eye can be obtained only in a domestic environment 
where the intelligent system was trained. Emotion types are trained by using two 
people’s images in the intelligent system. A strong classifier can make from using 
different person images with different colour illumination backgrounds. It also increases 
the classifier accuracy. Then the robot eye can be used for any domestic environment to 
detect emotions of the human successfully. The designed robot eye has been tested for 
different test cases by changing the emotional states of the person. From this test, 
scenarios can conclude that the haar classifier training algorithm is superior to other 
algorithms in order to track and search the position of the respective emotions according 
to body postures of elders and disables. The system can be developed by adding more 
images to haar classifier training process to make strong classifiers.  

The proposed robotic eye is designed in such a way that it can be used as a platform for 
facilitating further developments in integrating more interactive features to the robotic 
eye. The robot eye could significantly improve with redesigning. After trials with robot 
eye for service robot to determine whether it is feasible to use the robot for its intended 
purpose, the overall design, materials and manufacturing techniques should be evaluated 
and optimized for the number of robots that are expected to be made. Designed robot eye 
model size is not equal to the human eye. By using a proper design, the outward 
appearance of the robot eye also can be improved to equal for human eyes. A proper 
outer cover helps to enhance the appearance of the robot eye. It is better to design an 
outer cover using molding techniques with low weight materials. The robot eye will 
interact well if it has more sensors in robot eye design. Therefore, the research project has 
further developments. The robotic eye can be used as a research platform for 
implementing various control strategies such as artificial intelligence systems and 
machine learning techniques to smooth the emotion recognition process as more human-
like manner. 
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