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Abstract—This position paper presents a human robot interaction 
framework for emotional regulation through social interaction 
with a robotic agent using a consensus-based algorithm and a 
multi-agent control approach. This model-based framework 
provides a parameterized and dynamic approach for emotional 
interaction with a robotic agent, and can be applied to social 
robotic-based therapies and virtual agent-based social/emotional 
interactive studies. 
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I.  INTRODUCTION 
Human-robot interaction has been a fast growing field of 

research, having its application domains on social interaction, 
assistive robotics, behavioral therapy, and educational robotics 
[1-3]. Study on regulating and expressing emotions through 
physical or animation-based facial expressions through robotic 
platforms has been conducted with many systems [4,5]. 

What needs to be researched further, given that there are 
sufficient work on artificial representation of emotions through 
robotic agents, is that an efficient framework for modeling and 
guiding the emotional interaction between human and robots. 
For the interaction with robots to have some implications on 
the daily lives of humans, the robot should be equipped with its 
own control mechanism for regulating its emotional status for 
the purpose of causing positive changes on the emotional status 
of humans. For this purpose, we take the approach of agent-
based emotional interaction using a consensus-based approach 
[6]. 

II. ROBOT-BASED SOCIAL AND EMOTIONAL INTERACTION 

A. Related Work 
Robotic emotions, which enables a robotic entity to 

function as a social agent, has made consistent progress over 
the past decades. Breazeal’s artificial facial expression 
framework [8] has inspired many research projects in social 
robotics [9,10], and Scassellati’s approach [11] based on the 
Theory of Mind has enabled diverse multi-disciplinary 

approaches in terms of human robot interaction. Study on the 
effects of robotic facial expression in terms of interactive 
learning scenarios [12] and turn-taking based methodology in 
terms of human-robot interaction [13,14] were among many 
exemplary research in social robotics. 

B. Consensus-based Emotoinal Interaction Model 
While previous studies focused more on expressing 

artificial emotions through robotic systems, estimating 
emotional responses of humans, or assessing engagement in 
task-based settings, realistic model for emotional interaction 
has not shown much progress. This research proposes to 
provide a novel theoretical framework for emotional interaction 
by incorporating consensus theory on emotional engagements. 
Our model includes three emotional agents: human emotion, 
robotic emotion, and a target emotional goal for emotional 
regulation and therapy.  

Our emotional domain is based on the 2- dimensional (2D) 
mapping of emotions with arousal (A) and valence (V) based 
on Russell’s circumplex model [7]. In this 2D plot (Fig.1), we 
can then represent a person’s emotional status as xH and a 
robotic agent’s emotional status as xR. By adding an emotional 
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Figure 1.  The emotional mapping of our agent (robotic) system based on 

Russell’s circumplex model [7]. 
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regulation goal of xG, we can then form a consensus equation as 
in (1): (𝐵𝐵(): character bias function, 𝑎𝑎R : 𝑎𝑎𝑝𝑝𝑝𝑝𝑟𝑟𝑜𝑜𝑎𝑎𝑐𝑐h 𝑟𝑟𝑎𝑎𝑡𝑡𝑒𝑒) 

         
(1) 

The consensus approach guarantees the convergence of 
multi-agents. Although the human node xH is not controllable, 
all the nodes exists in a bounded domain (bounded input, 
bounded output) and thus provides connected stability for 
emotional interaction and regulation. 

 

III. EMOTIONAL INTERACTIN MODEL FOR SOCIALLY 
ASSISTIVE ROBOTICS 

In applying the consensus algorithm, we design extra 
mechanisms for emotional interaction: rapport and character. 
Since the human agent is not controllable directly, the robot 
dynamically allocates the goal node to initially approach the 
human’s emotion to form a rapport with the user and then 
gradually moves the goal emotion to the target emotion for 
emotional regulation. Thus the consensus algorithm can 
gradually lead the human’s emotion to the desired emotional 
state with the interactions with the robotic agent and the 
moving goal emotion. 

The second mechanism of character is represented by 𝐵𝐵(), 
which is a character bias function, and 𝑎𝑎R, which is an 
𝑎𝑎𝑝𝑝𝑝𝑝𝑟𝑟𝑜𝑜𝑎𝑎𝑐𝑐h 𝑟𝑟𝑎𝑎𝑡𝑡𝑒𝑒. One simple model can be a linear speed 
model in which the speed of emotional change on the 2D 
emotional plan is linear to the output of control algorithm (1). 
Another example can be a spring-damper model which takes 
into account of the directional input of emotional change 
(spring term) and the resistance of abrupt emotional change 
(damping term) based on the emotional characteristic of the 
agent.  

To show the feasibility of this methodology, this work 
employed robotic characters designed in [15] and created a 
graphical user interface (GUI) based emotional game (as 
shown in Fig. 2) in which the robotic agent and human 
expresses emotions in a turn-taking fashion. 

 
The emotional interaction protocol then becomes: 

1) Robot expresses its initial emotion (animation in left) 
2) Human clicks on the emotional state that are closest 
3) Emotoinal expression of the human user is expressed in 

the right 
4) Robot agent allocates the target goal location and the 

temporary goal (e.g. target=”happy” and 
temp.goal=”sad”) 

5) Robot calculates the consensus algorithm 
6) Robot projects its emotion considering the 

characteristic constraints 
7) Robot shows its new emotional expression. 

IV. RESULTS 
Fig. 3 shows one case interaction between the robot and a 

human user, with the robot calculating its consensus equations 
based on the linear model for its emotional changes. This 
model temporarily follows too closely to the human user’s 
emotion (thus showing just “mimicking” of human emotion), 
but then gradually lead toward positive emotional states.  

 
 

Fig. 4 (on next page) shows another case with the robot 
utilizing the spring-damper model for its characteristic model. 
The flow of the emotional change can be seen as more 
“smooth” than the linear model, but sometimes a bit “slow” or 
“indifferent” to user’s emotional change. Based on these two 
comparative scenarios, we can see that this framework is 
feasible of modeling different emotional characters as well as 

 
Figure 3.  Emotion game example with the robot’s emotional change 

model being linear. 
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Figure 2.  GUI-based emotional interaction game with character-

based agents. 



interacting with human user while emotionally guiding 
(regulating) for therapeutic or social purposes. 

V. DISCUSSION 
This work presents a new framework for emotional human-

robot interaction with multi-agent based consensus approach. 
To further advance the model, the author plans to apply 
reinforcement learning so the robotic agent can learn to 
“better” interact with human emotion by learning different 
policies (emotional interaction tactics) as well as applying prior 
understanding of psychology into artificial agents. 
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Figure 4.  Emotion game example with the robot’s emotional change 

model including the damping component. 
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