
Abstract 

Some robots have been given the emotional state 
(expression and recognition) to make human-robot 
interaction (HRI) and robot-robot interaction (RRI) 
better. In this article we analyze what it means for a 
robot to have emotion and distinguishing emotional 
state for communication from emotion state as a 
mechanism for the organization of its behavior 
with humans and robots by convolutional neural 
network (CNN). Also, we discuss about the rela-
tion between deep emotion and cognition and illus-
trate about the biological aspect of emotion. We try 
to discuss about these relations and explain why it 
can be more effective by CNN in comparing with 
other methods for having better emotion in the ro-
bots. In this way, we present an Architecture based 
on Emotions for Robots by CNN. 
Keywords: Emotion, Robot, CNN, Facial Expres-
sion, Architecture. 

1 Introduction 

Machines are the main part of our daily life and in the 

close future robots can be anywhere with us and emotion in 

robots can make the human robot interaction (HRI) better 

and more realistic. In the recent years, having the robots 

with emotions has been one of the challenges in computer 

science, but simulating emotion can be different from hav-

ing tangible emotion which needs good knowledge about 

cognition, emotion and their relations by using the most 

similar methods to the brain learning behavior. There are 

many reasons for having real emotion in the robots such as: 

 

•  Current technology shows the importance of providing 

robots with emotional functionality to facilitate and im-

prove Human Computer Interaction (HRI) and Robot 

&Robot Interaction (RRI). 

• Emotional robots could also provide a testing situation for 

biological and psychological theories. 

For this purpose we should study human emotion and the 

Human emotional state has the focus of attention in several 

areas from biology, psychology and neuroscience to cogni-

tive and computer science due to its importance in human 

communication, interaction and social relations. The con-

sideration and application of emotions for HRI and RRI are 

important for the acceptance of robots by humans. A robot 

that is able to recognize and express emotions can com-

municate in a more natural and more accepted manner. For 

emotional state we have, Emotion Expression (EE) and 

Emotion Recognition (ER) parts. 

If we would like to have emotion expression (EE) in ro-

bots then we should know about all of these areas in details 

and try to simulate them by the reasonable and proved rela-

tions between them. Different emotions from humans can be 

learned by robot, and find when it is suitable to deploy them 

[Gadanho, 2003]. A robot which recognizes emotions can 

be used as a human partner in the social tasks [Breazeal and 

Brooks, 2004].  

On the other hand we need emotion recognition (ER) as a 

main part for starting the interaction process between the 

human and robot. The research study by Mehrabian 

[Mehrabian, 2009] has indicated that 7% of the communica-

tion information is transferred by linguistic language, 38% 

by paralanguage, and 55% by facial expressions in human 

face-to-face communication. These information indicate 

that, the facial expressions provide a large amount of infor-

mation in human communication. Cabanac [Cabanac, 2002], 

explain, there is no coherence in the literature to describe 

emotional states, but the observation of several criteria, es-

pecially, facial expressions, are used for recognizing. Ek-

man [Ekman and Friesen, 1971] described face expressions 

such as universal, culturally and racially invariant emotion 

characteristics are very important for emotion recognition. 

They implemented a psychological analysis system on ob-

servation of the whole body for emotional recognition. They 

demonstrated that using only face expression by itself may 

contain wrong information, especially when applied to the 

interaction and social activities. Deploying different modali-

ties and multimodal systems, such as body posture, gestures 

and speech, improved the deter-mination of the emotional 

state.  

The work of Adolphs [Adolphs, 2002] shows how the 

human brain recognizes emotions from visual stimuli and-

correlating information from different areas. The brain cor-
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relates past experiences, context, motion information in the 

visual stimuli, and face expressions. The brain is also capa-

ble of integrating this multimodal information and generat-

ing a representation for the visual stimuli based on all of 

them. The simulation of this process in computer systems 

can be achieved by neural network models, particularly ones 

which are able to create a hierarchy of feature representa-

tions such as Convolutional Neural Networks. Convolution-

al Neural Networks (CNN) were introduced formally by 

Lecun [Lecun, Bottou, Bengio, and Haffner, 1998]. They 

are inspired by the hierarchical process of simple and com-

plex cells in the human brain to extract and learn different 

information from visual stimuli.  

Here we plan to describe and explain the features which 

are more effective on emotion recognition and an Architec-

ture based on Emotions for robots by CNN. In this paper, 

cognitive science and neuroscience have been presented as 

two major parameters of emotion in robots. We plan to find 

a model to modify emotion recognition by extracting new 

filters and pooling system based on the neuromodulation 

systems, cognitive concepts and features in emotion recog-

nition with CNN is more effective and the result will be 

deployed on a robot. 

This paper is organized as follows: The next section ex-

plains the emotion states. Section 3 describes ethology of 

emotion in robots. Relation between emotion and cognition 

is given in Section 4. In Section 5 we explain interactions 

between emotion and neuromodulation. Section 6 present 

architectures and explains about deploying deep learning for 

emotion in the robots by using CNN. Conclusions and fu-

ture works are presented in Section 7. 

2 Emotions States 

There are a large variety and spectrum of feelings, from the 

‘motivation’ such as search for food by hunger to ‘emo-

tions’ that might be linked to emotions such as, feeling love, 

sadness, happiness. We can also analyze emotion in two 

main senses: 

 

• Emotion Expression (EE) for social interaction and  

• Emotion Recognition (ER).  

Robots and humans need to survive and perform effi-

ciently to communicate with other humans and robots. High 

pitch sound and silence also have significant impact on 

emotion expression.  The similarity in the facial expressions 

between certain animals and humans prompted classic evo-

lutionary analyses [Darwin, 1872], which support the view 

that mammals have emotions, and work reviewed below 

explores their biological underpinnings.  

Ekman [Ekman, 2003] explains that there are 6 basic 

emotion states (anger, disgust, fear, happiness, sadness, 

and surprise) which can be regarded as primary emotions. 

We have secondary, tertiary and opposites emotion states 

too. 

For emotion expression (EE) in robots, knowing about 

the biology, psychology, neuroscience, cognitive and com-

puter science are necessary to make it more realistic. In ad-

dition in emotion recognition (ER) steps analyzing the cap-

tured data and giving some weights to data based on their 

importance are the main issues. 

3 Ethology of Emotion in Robot 

3.1 Ethology of Robot 

Each drive, motor, and emotion-related process is modeled 

as a different ‘specialist’ [Minsky, 1988] or ‘schema’ [Ar-

kin, 1989]. Each schema calculates on the foundation of its 

inputs to update its ‘activation level’ and internal state, and 

sends appropriate outputs. A robot controller based on the 

ethology [Arkin R.C. et al. , 2000] providing four different 

Visio-motor behaviors: acquisition, predator avoidance, 

mating and chantlitaxia (coined by Rolando Lara, from the 

Nahuatl word chantli for ‘shelter’ and the Latin taxia for 

‘attraction’). 

3.2 Emotion in Robot 

Emotions are involved in developing social context. Hu-

mans are social and most of the causations and constitutions 

of their emotions are social. There are different social as-

pects of emotions influenced by various factors such as so-

cial context and social relationship type. For instance, a 

dominant-submissive social relationship can cause and con-

tain different emotions with different intensities compared 

to a reciprocal or a friendship social relationship type. As 

another example, an emotion can be interpreted in a certain 

way when an individual is situated in an environment with 

other people who are expressing a particular emotion. Arbib 

[Arbib, 2005] has suggested that human emotion modes 

might be assigned to ‘robot emotions’. Consider a robot 

with a set of basic functions, each with appropriate percep-

tual schemas and access to various motor schemas. Each 

perceptual schema evaluates the current state to come up 

with an ‘urgency level’ for activating various motor sche-

mas, as well as determining appropriate motor parameters.  

3.3 Cognition in Robot 

Robot learning process steps should be very similar to hu-

man and it needs to include cognition. There are several 

integrated cognitive architectures trying to produce all as-

pects of behavior as a single system while remaining con-

stant across different domains [Laird, 2012]. There are 

many examples emphasizing the importance of cognitive 

robotics from this perspective. Some of these cognitive ar-

chitectures are biologically inspired, e.g., eBICA, while 

some others are inspired by psychological theories, e.g., 

[Dominey and Warneken, 2011] in which some of them also 

incorporate the concept of affect in their design. There are 

the interplay of affect (value), motivation (action tenden-



cies), cognition (meaning), and behavior at three levels of 

information processing: 

• Reactive: a hard-wired releaser of fixed action patterns 

and an interrupt generator.  

• Routine: the locus of unconscious well-learned automa-

tized activity and primitive and unconscious emotions. 

• Reflective: the home of higher-order cognitive functions. 

 

3.4 Neuromodulation in Robots 

Neuromodulation refers to the action on nerve cells of en-

dogenous substances called neuromodulators. Three main 

neuromodulator systems involved in emotion: 

 

1) Dopamine based communication and motor activation: It 

plays essential roles from ‘basic’ motivational to working 

memory systems essential for linking emotion, cognition 

and consciousness [Schultz, 2004]. 

2) Serotonin based regulation of behavior: It has been 

implicated in behavioral state regulation and arousal, mo-

tor pattern generation, sleep, learning and plasticity, food 

intake, mood and social behavior [A. et al., 2004].  

3) Opioid based regulation and relaxation: The opioids, are 

found particularly within regions involved in emotional 

regulation, responses to pain and stress, endocrine regula-

tion and food intake. [Panksepp, 1998].  
If we would like to simulate the EE in the robots, know-

ing about these parameters in details and their weights on 

the emotion state types for simulating the human emotion 

in robots can help us. 

4 Emotion and Cognition 

Based on the traditional approaches, cognition emphasizes 

on information processing which normally has excluded 

emotion. On the other hand, new development of cognitive 

neuroscience as an inspiration for understanding human 

cognition has highlighted its interaction with emotion. In-

vestigations into the neural systems underlying human be-

havior demonstrate that the mechanisms of emotion and 

cognition are intertwined from early perception to reason-

ing. These findings suggest that the classic division between 

the study of emotion and cognition may be unrealistic and 

that an understanding of human cognition requires the con-

sideration of emotion. Emotions influence fundamental pro-

cesses mediating high level cognition such as: 

• Attention speed, duration and capacity 

• Working memory speed and capacity 

• Long term memory recall and encoding 

It is also apparent that cognition divided functions into dif-

ferent domains, such as memory, attention, and reasoning. 

The concept of emotion has a structural architecture that 

may be similarly diverse and complex.  

 

5 Emotion and Neuromodulation 

Emotion can be seen as continuous patterns of neuromodu-

lation of certain sets of brain structures. All EE and ER 

functionalities are related to the special activities in the 

brain for example for facial expression, the smiles are initi-

ated in the motor cortex and routed via the pyramidal motor 

system. The neuromodulation offered a new way to quantify 

and characterize emotional dynamics that had advantages 

over the more neuron-centered view. Some aspects of neu-

romodulation could be implemented at the operating system 

level as system wide control of some of the parameters of 

the many ongoing and parallel processes that make up the 

robot behavior. This suggestion is admittedly vague and 

would require tight collaborations between neuroscientists 

and roboticists in order to be refined, but because of the 

very complicated characteristics of emotions, its simulation 

needs knowledge of the main parts in brain which are affect 

emotion and their relations then it could lead to important 

advances in robot system designs.  

6 Deep learning and Emotion 

Deep Learning-based approaches and solutions, particularly 

those using CNNs, have been common on image-based 

tasks in the recent years. One of these tasks is human emo-

tion recognition. Finding out a person’s emotion can be 

hard, due to many differences in the expressions between 

emotions. Deep learning can be applicable in robots and 

make the robot emotions more realistic and HRI & RRI 

more tangible. Although CNN has many advantages, there 

are some issues such as computation time.  For making 

CNN applicable in robots especially in emotion recognition 

and generation, at the first we should clear issues such as 

high computation time and overfitting. Here we present an 

integrated architecture for emotion in robots and deploy 

some improved filtering and some heuristic pooling system 

to optimize CNN for real emotion generation and recogni-

tion by robot. 

 
6.1 Convolutional Neural Network (CNN) 

Deep learning aims to learn multiple levels of representation 

with intent to discover high-level abstractions for discrimi-

nation. In spite of the expressive power of deep architec-

tures [Bengio, Delalleau, 2011], learning in deep architec-

tures [Bengio, 2009] is still a challenge. Since 2006, several 

deep learning algorithms like greedy layer-wise training of 

deep networks [Bengio et al, 2007] that initializes weights 

by greedy layer-wise unsupervised training, a fast learning 

algorithm for deep belief nets and strategies for training 

deep neural networks were proposed. The convolutional 

neural network (CNN) introduced by LeCun et al. in 

[LeCun e al, 2010], [Lecun et al, 1998], is the most popular 

deep neural network model in use for computer vision prob-

lems. A lot of research has been done in these area and one 



of them which showed good results in comparison to all 

previous methods is facial expression. There is a great deal 

of improving CNN’s efficiency based on its problems, such 

as high computation time and overfitting. In our previous 

research we presented several modified filtering methods 

and abstract mathematical theory such as group theory to 

solve these problems [Ghayoumi and Bansal, 2016]. Here 

we present an integrated architecture for emotion in robots 

with CNN to deploy our previous methods. 

 
6.2 CNN and EE 

There are some models for emotion expression (genera-

tion).In all of these models we have several inputs which 

can be collected by the sensors. Then based on the emotion 

categorization, one emotion state will be selected and its 

signs and expressions will be shown through the robot be-

havior. The selection parts can be done by the CNN which 

can be done adaptively and can be change through the time. 

Patterns of emotion have long been researched with an in-

terest in describing emotional experiences in terms of under-

lying dimensions. Traditionally theorists have only looked 

into two dimensions, pleasantness and arousal. With the 

review of two theorists, Roseman [Roseman et al, 1996] and 

Scherer [Scherer, 1982]. There has been a new proposal of 

eight cognitive appraisal dimensions to distinguish emotion-

al understanding. “Most people refer to emotions in categor-

ical terms: ‘I was scared’ or ‘I was sad’.” [Ellsworth et 

al,1985]. Most categorical theorists explain emotions as 

unstructured collections of distinct beings and, therefore, 

fail to capture the similarities and differences of emotions. 

A dimensional view of emotions is not incompatible with a 

categorical view. “Interrelations among emotions are not 

new. In 1896 Wundt [Wundt, 1897] proposed a three-

dimensional structure of emotions, and in 1941 Schlosber 

[Schlosberg, 1941] began a series of investigations into the 

structural interrelations among emotions.” [Engen et 

al,1958]. Pleasantness and level of activation (or arousal) 

are the only dimensions that have been found consistently 

across studies. Here the Roseman’s cognitive appraisal theo-

ry is used to present the cognition. 

 

Figure 1.The EE architecture 

Roseman’s cognitive appraisal theory is representative of ap-

praisal theories in general. It has concrete definitions of criteria 

of cognitive appraisal and a structure that is amenable to com-

putational implementation [Roseman, et al, 1996]. Figure 2 

presents the structure of elicited emotions arrived at via cogni-

tive appraisal of six criteria according to Roseman’s theory. 

 

 
Figure 2.The Roseman’s theory 

6.3 CNN and ER 

There have been several expression recognition approaches 

developed in the last decade and a lot of progress has been 

made in this research area recently. A full survey can be 

found in [Caleanu, 2013]. It can be recognized by speech, 

gesturer and facial expression. As mentioned before, the 

effect of facial expression on emotion recognition is more 

than 55% and in the recent years, researches shows emotion 

recognition works with CNN perfectly. 

 

 
Figure 3.The ER architecture 

 

Figure 3, show the general architecture for emotion recognition 

with CNN. The modified method based on the new filtering 

and modified polling system use in the experimental tests 

[Ghayoumi and Bansal, 2015].  
 



6.4 Integrated Model  

Robot’s emotional states can be generated through the pro-

posed computational process, in accordance with the task man-

aging processes in the deliberative process framework. Cogni-

tive appraisal theory explains that there exists a standard set of 

criteria which distinguishes emotional states. 

 

                    
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.Our Integrated Model 

 

Figure 4, shows the integrated model which contains both 

EE and ER for emotion in robots and creating better HRI 

and RRI [Ghayoumi, 2015]. Here we used the fusion of data 

in the ER portion and Diffusion in the EE part [Ghayoumi 

and Bansal, 2015]. 

7 Conclusion 

Human emotion state has been the focus of attention in the 

several areas from biology, psychology and neuroscience to 

cognitive and computer science due to its importance in 

human communication, interaction and social relations. The 

simulation of brain process and how it is working for the 

emotion expression and emotion generation in the computer 

systems can be achieved by neural models, particularly ones 

which can create a hierarchy of feature representations such 

as CNN.  However, it has some limitations that needs to be 

removed and the model needs to be optimized. Research on 

the cognitive, psychology, biology and the neuroscience can 

help to find out the proper aspects and the features in details 

about emotion states which are more affective on real and 

deep emotion. Having a real emotion in robot needs to re-

gard the cognitive aspects and use methods similar to brain 

behavior. We present an integrated model inspired by neuro-

logical and biological concepts that contains cognition fea-

tures and parameters for adaptive deep learning for social 

robots. Here at the first we present a brief review on the 

emotion aspects and then present the architectures for ER 

and EE and finally integrate architecture which deploys 

modified CNN for emotion in robots alongside with using 

the multimodal system for getting better results. We plan to 

apply the model on the double robot as a telepresence robot. 
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