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ABSTRACT 

   In this paper, an extension model of emotion in robot [8], [9] 

using a cognitive appraisal and knowledge-based system is 

presented. As an application of this model in healthcare, the robot 

can report emergency and nonemergency cases to the experts and 

communicate with patients with a proper expressive face in a 

reasonable and faithful way.  
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1 INTRODUCTION 

   There is a huge daily increase in demands to make practical and 

effective use of social robotics, especially in the healthcare 

industry. The tricky part of having an active Human-Robot 

Interaction (HRI) is to make the robot more realistic and 

explainable. Also, prompt response and expressing the emotions 

play a significant role in any interaction between robots and 

humans [1]. One interesting discussion is; which strategy make 

quick interaction? And, another question is, how we can make 

robots explainable? In other words: how do people interpret the 

robot behavior and what are their expectations? It makes the robot’s 

tasks more reasonable when people feel better in interaction with 

them in a reasonable time (real-time communication) and in a 

reasonable way (the environment feedback) [12]. Having and 

making emotional robot with a system for analyzing the agent  

(human or robot) emotion can help to have more interactive robots. 

Based on some recent researches, because of the relationship 

between emotion and cognition, containing cognition in the 

emotional model can contribute to a more descriptive framework 

for the emotion. In addition to the impact of an advanced-design 

emotional model, having a cognitive model which include most 

parameters and their rules, relations, and correlations, and organize 

these with a rule-based system, can lead having a more accurate and 

communicative system [2], [13]. As a result, taking the cognitive 

and emotion into account in the human-robot interaction is a recent 

challenge that many researchers are working on it and presented 

several models [3][5], However, in the end, the proposed model can 

be modified based on the different conditions and applications 

[4][6].  

   In the last research, we worked and tested the models on the 

double telepresence robot. At the first step of the study, some parts 

such as facial detection, facial expression and speech recognition 

are implemented in the system to follow the people and have 

primary interaction with them [7]. At the next step, a model for 

emotion analysis in robot using Convolutional Neural Network 

(CNN) [11] presented and tested with facial expression, and 

partially with speech and gestures data.  The architecture that 

introduced here is an extension of the model that introduced in the 

second step of our research [7], [8], [9]. It involves the cognitive 

and knowledge-based solution for a more generalizing emotional 

system on different robots. However, it can be customized directly 

or indirectly by the user (feedback and expectation) and changing 

the rules database respectively based on the different applications.  

   In our proposed architecture, the impact of cognition on the 

performance of the system is highly considered. Also, using a 

Knowledge-Based System (KBS) is the main extension of the 

model that it can result in a more realistic, interactive emotional 

machine. Here, the interaction between robot and human can be 

understood, designed, and evaluated through three most important 

modalities: speech, gestures, and facial expressions [7] [10]. The 

system is deploying users’ feedback in the real-time interaction for 

modification and on the other hand, through the time, rules database 

can be changed based on user expectations. 

   The rest of paper is as follow: The next section explains the theory 

and details of the model and the last part concludes the article and 

describe the future works. 

2    THEORY AND DETAILS OF MODEL 

   The presented architecture has six major units: the input data 

which come from the environment, Perception, Knowledge-Based 

System (KBS), Cognitive Appraisal (CA), Emotion Appraisal 

(EA), and Robot Behavioral (RB). All of these parts will describe 

briefly in the next sections. 
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 2.1 Cognitive-based emotion model 

   There are a lot of definitions for emotion and cognition from 

different aspect such as psychology, neuroscience to computer 

science, but most of the time, when researchers try to explain the 

cognition aspect of the mind, then they include directly or indirectly 

emotion in their words [14]. After looking more at the models and 

theories about the cognition of the mind and the emotion, it can be 

inferred that for analyzing the emotion, most recent promising 

approaches can be the cognition oriented. Also, There are some 

models and theories which they don’t mention any connections 

between emotion and cognition, but the recent research shows that 

with cognition concepts, emotion phenomena could be described 

better, and currently the social robot’s architectures which include 

these two together, shows more robust and reliable results [15]. The 

proposed goal for the presented model here is to implement the 

model on a healthcare assistant robot which helps experts in this 

area (Robot Nursing Assistant (RNA)). It helps clinicians promote 

healthcare by exploring the usage of our advanced cognitive-based 

emotion model within experimental hospital circumstances to 

oversee clinical consulting services, provide patient care, and 

maintain enhanced relation and communication between patient 

and experts. The proposed model is composed of five major units 

with interconnections that result in an optimized robot behavior 

over time (Figure 1).  

 

 
Figure 1: The cognitive knowledge-based model. 

Figure 1 shows the cognitive-based emotion model consists of five 

major units, Perception, Knowledge-Based System (KBS), 

Cognitive Appraisal(CA), Emotion Appraisal (EA), and Robot 

Behavioral (RB). 

2.2  Perception 

   There are 3 parts in the perception unit, which are connected to 

the environment to take in the user’s behavior information: 1) user 

emotion states, which can be recognized as either basic or 

secondary user’s emotional states (human or robot), 2) user action, 

which is the current action of the user (human or robot), such as 

resting, walking, or speaking, and, 3) the environmental model 

consists of the environmental parameters which are a set of 

variables that can affect the robot behavior. The first and second 

parts are user-oriented, and the third one is environment oriented. 

All decisions in the robot behavior control will be completed based 

on the data that are collected in this section, and then these data set 

will be transferred to the KBS, CA, and EA.  

2.3  Knowledge-Based System 

   The Knowledge-Based System (KBS), stores the necessary data 

(can be defined by the system designer based on the user or 

application demand), in the memory to make it possible for the 

system to generate a proper decision by deploying the rules, data, 

and facts. KSB contains a data behavior control mechanism that 

involves the current robot behavior rules (actions & emotions) in 

the system which it can be changed according to the application or 

user goals. It is made up of one inference engine and three types of 

data: 1) the system facts: some are fixed, because they are necessary 

for all social robots and some may vary based on the robot 

environment or the application, 2) the user inference that it includes 

the perception and robot behavioral, cognitive and emotion 

appraisal data, and, 3) the third one is formed from knowledge rules 

that can be initialized at the beginning of the implementation 

process but can change over time through applying minor or 

significant changes by the designer based on the user feedback or 

expectation from cognition, behavior, and emotion parts. These 

three parts are connected to the inference engine which it is 

responsible for searching and selecting the correct rules based on 

the system knowledge (user or application demand oriented) and, 

finally, the output of the inference engine feeds to the cognitive unit 

which is going to be used as the main factor to determine the robot 

behavior. 

2.4  Cognitive Appraisal 

   There are several different architectures for cognition [5].  Some 

of these architectures such as SOAR, ACTR, and CLARION are 

well known and have different techniques. The cognitive appraisal 

model presented here is designed based on the CLARION 

architecture, which involves most conditions and helps to 

generalize the model. The inputs of the cognitive units come from 

three parts, i.e., perception (in the environmental model, belief and 

goal have the most effects), KBS, and EA.  The cognition can 

directly lead some actions and emotional states, and some need the 

direct information from the EA as well. On the other hand, some of 

the actions and emotion states need to be led indirectly which can 

be done by different weighted data that are presented to the CA 

through the KBS output [16], [17]. The cognitive appraisal portion 

is the system core in this model, and all processed and unprocessed 

data are feeding to this part for a final decision for behavior control. 



 3 

2.5  Emotion Appraisal 

   According to the Arnold and Lazarus theory, EA is personal 

interpretation, evaluation, and explanation of any situation and 

event, which can cause the emotional state in the robot. Here, in the 

model, the emotion appraisal section gets the data and information 

from the perception segment, and, it is communicating with the 

cognition and KBS directly. The behavior and the emotion 

appraisal model in RNA project are based on this architecture [3]. 

2.6  Robot Behavior 

   The model output is the robot behavior which has two major 

parts: 1) the robot actions which are the actions that robot is 

currently doing or is expected to do such as cooking, driving, or 

any other skills, and 2) emotion expression that can be expressed 

by the facial expressions, gesture, and speech. Both the robot 

cognition and emotion can change the actual robot’s behavior by 

direct commands as well as the information regarding the robot’s 

behavior in each step by transferring the data to the KBS. In the 

RNA project, the actions and emotion expression are limited to 

robot-patient interactions and expressions which can be customized 

by the clinical expert based on the patient’s needs. 

3  CONCLUSIONS AND FUTURE WORK 

    In this article, an architecture for emotion in social robotic with 

an extension of our last presented model by adding a knowledge-

based system and the cognitive appraisal has been presented. 

Deploying input data, system facts and the five significant units 

give the designer, this opportunity to change the robot behavior 

easily.  The proposed robot for testing the model is an assistive 

social robot: “Robot Nursing Assistant” (RNA) that it helps 

clinicians to have better interaction with patients and follow up with 

self-reported symptoms. The model can be specified, customized, 

and analyzed based on different environmental models and user’s 

requests. The users’ feedbacks which show their inference and 

expectations about the robot tasks and the level of its reality can 

modify the rules through the time. In the next step, the implemented 

model will test in the clinical conditions and a fuzzy model will add 

to the KBS to control better. 
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