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Abstract—The history of humanity has reached Industry 4.0 

that aims to the integration of information technologies and 

especially artificial intelligence with all life-sustaining 

mechanisms in the 21st century, and consecutively, the 

transformation of Society 5.0 has begun. Society 5.0 means a 

smart society in which humans share life with physical robots 

and software robots as well as smart devices based on 

augmented reality. Industry 4.0 contains main structures such 

as the internet of things, big data analytics, digital 

transformation, cyber-physical systems, artificial intelligence, 

and business processes optimization. It is impossible to consider 

the machines to be without emotions and emotional intelligence 

within the transformation of smart tools and artificial 

intelligence, in addition, while it is planned to give most of the 

commands with voice and speaking, it became more important 

to develop algorithms that can detect emotions. In the smart 

society, new and rapid methods are needed for speech 

recognition, emotion recognition, and speech emotion 

recognition areas to maximize human-computer (HCI) or 

human-robot interaction (HRI) and collaboration. In this study, 

speech recognition and speech emotion recognition studies in 

robot technology are investigated and developments are 

revealed. 

Keywords—speech data, speech emotion recognition, speech 

recognition, robots  

I. INTRODUCTION  

Communal living has been progressed as hunter and 
collector tribe (Society 1.0), agricultural society (Society 2.0), 
industrial society (Society 3.0), information society (Society 
4.0) [1]. Industry 1.0 and Industry 2.0 have caused the 
transformation of industrial society, and Industry 3.0 (digital 
revolution) to information society [1, 2] as shown in Fig. 1. 
The history of humanity has reached Industry 4.0 which aims 
integration of information technologies and especially 
artificial intelligence with all life-sustaining mechanisms in 
the 21st century [3], and consecutively, the transformation of 
Society 5.0 has begun [3, 4].  

Society 5.0 means a super-smart society in which humans 
share life with physical robots and software robots as well as 
smart devices based on augmented reality [1–5]. Industry 4.0 
has main structures such as the internet of things, smart 
sensors, internet of services, big data analytics, digital 
transformation, cyber-physical systems, cloud computing, 
artificial intelligence [3, 5] as shown in Fig. 2.  

Within this huge artificial intelligence transformation, it is 
impossible to think the machines to be without emotions and 
emotional calculations [6,7]. Emotionally intelligent systems 

are necessary for the modern society of the internet of things 
(IoT) [8, 9] as these systems have a big effect on making 
decisions, social communication, and smart connections. In 
addition, while most of the commands are given through voice 
and speech (Google Home, Amazon Alexa [10], Apple Siri, 
Microsoft Cortana, Google Now [11], transport [12], safety  
[13, 14], health [15, 16], robot applications [17, 18] etc.) it 
became more important to develop algorithms which interpret 
voice data and recognize the emotions from voice data [19]. 
New and rapid methods are needed for speech recognition, 
speaker recognition, emotion recognition, and speech emotion 
recognition areas to maximize human-machine [20], human-
computer [20], and today, human-robot [21] interaction and 
collaboration [22]. 

  

Fig. 1. Society transformations over time 

In the last two decades, artificial intelligence researchers 
have tried to give machines cognitive abilities to recognize, 
interpret and express emotions, such efforts are considered 
emotion computation or emotional information processing 
research [6, 7].  

In the last fifty years, speech/speaker recognition studies 
and since 1978, speech emotion recognition (SER) studies 
have continued [20, 23]. Advances in SER also contribute to 
speech and speaker recognition [24]. Advantages of SER [24], 
[25]; ease of obtaining speech data; absence of mimic 
movements as in facial analysis; glasses, moustache, beard, 
etc. absence of visual defects; it can be listed as the absence of 
concerns such as the protection of privacy and personal data. 
In addition, since the speech data is not as large as the videos, 
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it does not require large memory storage support, not much 
hardware is needed for audio recording.  

Fig. 2. The key structures of Industry 4.0 and Society 5.0 

The human voice is a complex signal with biometric 
properties that is not linear and static. Therefore, there are 
great differences between the pronunciations of the same 
sentence by different speakers. Differences are found even 
between speech signals from the same speaker recorded at 
different times [26]. Speech includes information about 
human thought, emotion, age, gender, physiology, health, 
culture, language, region and even sound recording 
environment [26]. With these features, it is an important data 
used in voice and speech, speech recognition, speaker 
recognition, age and gender recognition, emotion recognition, 
speech synthesis, natural language processing, text-to-speech 
translation, speech-to-text translation applications [26]. 

Although speech processing is the subject of different 
research areas, it is mainly the study subject of digital signal 
processing. Speech processing methods are used in the field 
of HCI such as security applications, computer training 
applications, tool card systems, automatic translation systems, 
call center applications, psychosis monitoring and diagnosis 
of neuropsychological disorders, voice mail sequencing, 
telecommunications, assistant technologies, and voice mining 
[27]. At the same time, speech data are used in forensic 
computing [28], in the legal assessment of an individual's 
psychological integrity, in robots [29], in games[26, 30]. 

These studies show that SER is an important discipline for 
the highest level of human-computer interaction and 
collaboration. Speech signal with different frequencies and 
characteristics is difficult to analyze, so recognizing emotions 
from speech data is a difficult problem for artificial 
intelligence and its sub discipline machine learning. In this 
study, how speech signal contributes to HRI was investigated 
and some important conclusions were reached.  

• From a human perspective, a robot with an emotion 
function must be able to convey an emotional 
interaction with users. In other words, they should have 
the ability to perceive, interpret, express and regulate 
emotions. 

• From a robot perspective, recognizing the user's 
emotional state is one of the key requirements for 
robots to successfully interact with humans. 

• In order to understand the communication process 
between robot and human, the definition of expression 
and emotional states should be improved. 

II. AN OVERVIEW OF THE ROBOTICS LITERATURE 

A. Emotional Intelligence in Robots 

The emotional function of the human mind has an 
important role in decision-making, memory, action and good 
communication. In particular, the emotional characteristics of 
the voice are very important for warm communication, 
successful business, good person-to-person relationship, good 
care for children, the disabled and the elderly. On the other 
hand, the market of service robots such as educators, 
assistants, secretaries, distributors and guides has been 
growing recently. In this case, the emotion function is needed 
in these areas. The emotional characteristic of the sound 
depends on the pitch contour, acoustic energy, vocal tract 
characteristics, speech energy, etc. it depends. In real robot 
society, robots can be taught to interact with humans and 
recognize human emotions for communication. As the service 
robot grows, e.g. robotic pets, delivery robot and care robot 
must be able to understand not only verbal commands but also 
emotional state. In other words, the intelligent emotion robot 
system should have features to detect and adapt to user 
emotions [31].  

D. H. Kim [31] contributed to robot technology by using 
pitch, slope contour and acoustic energy. D. H. Kim 
concluded that the energy and pitch characteristics depend on 
the size of the sound or the distance and therefore are not 
robust in a noisy environment, and that mood can be 
controlled using intensity.  

In [32], M. A. Miskam et al. used a humanoid robot to 
physically demonstrate emotional poses and play a simple 
guessing game with children. The aim is to empower non-
technical people who use robots to interact with children with 
autism for learning and therapeutic purposes. Nine different 
emotions using the robot's body poses were developed using 
the Choregraphe. A pre-test was conducted with a normal 6- 
year-old developing boy. Some qualitative findings found 
during child-robot interaction have been reported. An Android 
application is targeted as a simple tool that can be used on 
smartphones. 

In [33], A. Esposito et al. investigated their preferences for 
female robots (two androids and a humanoid robot included in 
the study) showing different levels of human resemblance. 51 
elderly (29 females) over the age of 65 were recruited. Video 
clips showing three talking female robots (Erica, Pepper, 
Sophia) were shown to the participants, and the Robot 
Appearance Questionnaire was administered after each video 
clip. Ultimately, the elderly preferred female androids over 
humanoid robots. The three robots selected for the experiment 
were Pepper, Erica and Sophia as shown in Fig.3. Pepper, the 
humanoid robot developed by SoftBank Robotics, has been 
renamed "Tina" to identify her gender as female. Erica is an 
android robot with Asian features created by Hiroshi Ishiguro 
and Dylan Glas. Sophia is a robot developed by the Hanson 
Robotic company. For each robot, a video clip was selected 
from the videos on "YouTube" and the selected video clips 
were addressed directly to the elderly. The half body of the 
robots is shown in a face-to-face position. The video clips 
were modified to last approximately the same time (5-7 
seconds) and each robot was given a female synthetic voice. 
Synthetic female voices were created using the Natural Reader 
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Synthesizer (www.naturalreaders.com), recorded using the 
free audio software Audacity (www.audacityteam.org), and a 
video clip of each robot is included with the free 
"Videomomenti" and "Ciao sono Erica / Tina" in Italian. / 
Sophia se vuoi posso aiutarti nelle tue attività quotidiane" so 
(Hi, my name is Erica / Tina / Sophia. If you wish, I can help 
you with your daily activities) sentence had been added. 

Fig. 3. Erica [33, 34], Pepper [33-36], Sophia [33, 34] robots 

Aging causes physiological and cognitive declines, 
making the elderly more vulnerable and less productive than 
younger ones in their autonomous lives. Therefore, the elderly 
are considered potential users of robot assistants. Robots can 
assist the elderly in performing a variety of home-based tasks, 
such as living independently in their own home, performing 
various daily activities, and monitoring their cognitive and 
health status. 

In [37], S. Zhou et al. investigated the effect of non-verbal 
emotional expressions of robots on human-multi-robot 
cooperation. By evaluating objective and subjective measures 
during a cooperative game between one person and two 
Cozmo robots, they found that emotionally expressive robots 
benefited human perception of robots as well as the results of 
human-multi-robot collaboration. They investigated the effect 
of non-verbal emotional expressions of robots on human 
multi-robot cooperation. They concluded that humans have a 
more enjoyable experience interacting with emotional robots 
and perceive them as more competent. 

B. Dancing Robots 

M. Destephe et al. [38] investigated the effects of the 
emotional gait of the bipedal humanoid robot on the subjects' 
robot perception (speed of recognizing emotions, reaction 
time, anthropomorphism, safety, similarity, etc.). The robots 
were run towards subjects with different emotional gait 
patterns. Positive (Happy) and negative (Sad) emotional gait 
patterns were evaluated on 26 subjects divided into two groups 
(regardless of whether they were familiar with robots). 
Although the recognition of different types of patterns did not 
differ between groups, it was concluded that the reaction time 
varied. Current research describes, for the first time, an adult 
sized humanoid robot that expresses emotions with its gait. It 
has been seen that a similar methodology can be successfully 
applied to adult-sized humanoid robots such as ASIMO, 
ATLAS or HRP-2 as shown in Fig.4 [34]. 

M. Langen et al. [18] describe various use cases of a 
humanoid robot in an innovation lab setting. It has been 
implemented in Pepper, a commercially available robot. 
Pepper is used as a digital consultant at Siemens AI-Lab. 
Besides the built-in speech and visual recognition system 
provided by the robot, the developed AI technology is also 
integrated. Developed by Aldebaran Robotics, a France-based 
humanoid robot developer later renamed SoftBank Robotics, 
Nao is a 58cm bipedal robot as shown in Fig.5, first released 
in 2008. It was originally developed for universities and 
laboratories for research and education purposes. Nao became 

popular through RoboCup, an international robot soccer 
competition.  

Fig. 4. Asimo(Honda), Atlas(Boston-Dynamics), HRP-2(AIST) robots [34] 

Nao's successor, Pepper, is the first commercially 
available humanoid robot designed for commercial scenarios. 
Pepper was launched in 2015 by SoftBank and Aldebaran 
Robotics. It is a 120 cm tall humanoid robot with two arms, a 
10.1 inch touchscreen on its chest, sound, visual and tactile 
sensors, and a wheeled base. More AI-based features are 
planned to be integrated into Pepper to prepare it for industrial 
use cases. In the future, if the capabilities of commercially 
available humanoid robots develop rapidly, there will also be 
industrial use cases for humanoid robots. 

 

 

 

 

 
 

 

Fig. 5. NAO [39] and PEPPER [34-36,39] 

A. H. M. Pinto et al. [40], LARA and NAO as shown in 
Fig.5. They conducted research with NAO robots. They tried 
to find out which one was more successful at reflecting 
emotions. LARA was more successful at projecting emotions 
because it had a facial expression on the computer. 

H. D. Bui et al. [41] proposed a new developmental 
approach to emotion generation architecture to meet user 
expectations of social robots. The architecture completely 
combined two main factors that contributed to the 
development of robot emotions: (1) social influences such as 
social referencing and social sharing, and (2) robot personal 
experiences. They designed robot long-term memory by 
extending the developmental memory architecture through 
which the robot can acquire information, gain emotional 
experiences, and create emotional assessments for future 
access. They developed a memory forgetting mechanism 
based on emotional salience and time parameters to eliminate 
outdated information and improve memory performance. The 
proposed architecture was evaluated in a two-stage 
experiment consisting of a training and a testing phase. 
Specifically, human subjects interacted with the ready-to-use 
robot Pepper via a speech interface. In summary, participants 
enjoyed teaching the robot through interactions. Robot 
responses were understandable by the participants. Also, 
participants gave positive feedback on the robot's "cognitive 
ability" and other human-like features. 
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III. HOME AND WORKPLACE ASSISTANT ROBOTS 

S. Konngern et al. [42] have developed a mobile 
ANDROID reminder that is conjuncted to the robot assistant 
ZENBO (as shown in Fig. 6.) developed by ASUS. With this 
study, ZENBO robot's face recognition, voice recognition, 
object tracking etc. many of its features have been introduced 
with the ZenboSDK.  

C. W. Chen et al. [43] proposed a customer service system 
for the smart Pharmacy. The system includes pharmacy 
related Q&A (Question & Answer) and multimedia feedback. 
The whole system is divided into two parts. One is the expert 
system for the pharmacy and the other is the multimedia 
feedback. The designed expert system, health information 
question and answer, product location, issues related to 
special diseases, etc. includes. It is given back to the user 
using the robot's platform and voice. In the future, the corpus 
of the dialogue system may be modified in other areas such 
as the market or restaurant. Finally, for the store, the system 
can connect to IoT applications and devices deployed in the 
environment. We can improve system backend operation 
through IoT to make the system more perfect. A human-
machine interaction and multimedia feedback system focused 
on making the intelligent system more functional has been 
proposed. This system combines various functional 
applications such as member recognition, drug identification, 
multimedia system, question answering. 

Fig. 6. AIDO and ZENBO home assistant robots [44] 

C. Hsieh et al. [45], this article proposed an "Interactive 
Health Promotion System" to promote movement and 
rehabilitation of people through simple actions. The system 
was developed through a motion detection input device 
(Kinect's camera v2) combined with the smart home robot 
(Zenbo), thus increasing the accuracy of rehabilitation. As 
Taiwan enters an aging society, rehabilitation and fitness 
needs have become an important issue many people have to 
face.  

 S. Park et al. [46], Sophia-Hubo, developed a human-like 
robot, Sophia, to perform walking mobility on a robot. The 
robot performed the walking motion to anchor the Hubo's 
lower body. Also, arm movements are needed to interact with 
people, such as handshakes and gestures. Therefore, to shake 
hands with a person, we used Sophia-Hubo's right arm 
inverse kinematics to stretch the arm to the person and torque 
control for the handshake.  

S. Rossi et al. [47] conducted a cross-subject experimental 
study using a humanoid robot in a movie suggestion scenario 
to gain a deeper understanding of how the robot's emotional 
non-verbal behavior can shape human perception of 
interaction when making suggestions. This experiment aims 

to assess whether the inconsistent use of emotional behavior 
in relation to the presented content can produce some sort of 
humorous effect that positively influences the user's 
perception of the recommendation. Ultimately, he showed 
that a robot's inconsistent behavior does not distract the user, 
but increases engagement by generating a positive emotional 
response. Accordingly, in this study, the effect of consistent 
and inconsistent emotional behaviors of a humanoid robot on 
users' emotional responses in the case of a movie 
recommendation task was investigated. 

 In [48], X. Liu et al. propose a continuous cognitive-
emotional regulation model for the robot in the state of 
external emotional stimuli from the interacting person's 
expressions. It integrates a cognitive reassessment strategy 
that guides the HMM (Hidden Markov Model) emotional 
interaction model to build empathy between robot and 
person. The expression and behavior robot has validated this 
cognition-emotion interactive model. Empathy is the main 
distinguishing feature of the work and is accomplished by 
emotion regulation operating in a continuous 3D emotional 
space that allows for a wide range of intermediate emotions. 
The experimental results show acceptability, accuracy, 
richness, fluency, interestingness, sincerity that the robot 
with cognition and emotional control can be better accepted 
in HRI.  

M. J. Salvador et al. [49] presented results comparing the 
emotion-expression recognition abilities of children 
diagnosed with high-functioning Autism using Zeno, a 
humanoid robot. The study investigated the effect of 
including gestures on the predictive accuracy of emotion 
expression in both groups of children. A certain shortcoming 
has been found in accurately describing “fear” for children 
with autism. Therefore, it is important to use gestures to 
convey emotional expressions by a humanoid robot in a 
social skills therapy setting. It also has the ability to convey 
all six basic emotional expressions while using the Zeno R-
50's facial and body movements together. Through this work, 
contributions to the Autism research community for 
improved social emotion skill development and the 
development of more targeted therapies were made. 

B P. Salaris et al. [50], roboticists aimed to separate robot 
actions into a set of motion principles in order to simplify the 
robot-programming phase. Choreographers aim to capture 
the essence of human body movements in a series of symbols 
that dancers can understand. In this context, robotics and 
choreographers are in the same quest. In this study, a 
multidisciplinary approach was adopted, combining the 
dance notation system (Kinetography Laban system) with a 
robot programming system [Stack-of-Task (SoT)]. 
Movement scores are used instead of quantitative data to 
compare and illuminate differences in robot and human 
movements. Next, the plausible origins of these differences 
are discussed, taking into account the implicit rules of the 
Kinetography Laban system for how a movement is carried 
out by humans.  

T. Kishi et al. [51] have implemented a system that 
includes a mental model and real-time behavioural control 
implemented in a 65-DOF walking humanoid robot 
KOBIAN-R. Thanks to the proposed model, the robot can 
dynamically change its emotional state based on external 
stimuli during the execution of the action, express its current 
emotions and change its behavior accordingly. Different 
behaviors were integrated and performed in real time in a HRI 
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scenario. Although the results obtained suggest that the 
inclusion of movement alone does not seem beneficial for 
improving robot acceptance; i) dynamically updating the 
internal emotional state based on external stimuli, ii) 
accordingly generating behaviors and iii) expressing 
emotions caused the robot to be perceived as more friendly, 
human-like and useful.  

Y. Lin et al. [52], National Chiao Tung University, 
developed several location-based IoT applications on campus 
based on an IoT device management platform called IoTtalk. 
Applications include dog tracking, emergency buttons and 
indoor/outdoor conditions monitoring (PM2.5, temperature, 
CO2 etc.). Some IoT devices for these applications have 
simple hardware structures to save energy and are therefore 
not equipped with positioning sensors (e.g. GPS or iBeacon). 
A geolocation mechanism has been developed in IoTtalk to 
support mobility management for these simple IoT devices. 
It is an important study for home location in home robots such 
as ZENBO robot. 

 N. Tuyen et al. [53] proposed a new emotional body 
expression model for the robot, inspired by the infant's social 
and emotional development from its parents. An infant is 
often influenced by social references, meaning they perceive 
their parents' emotional comments to form their own 
interpretations. Similar to infant development, robots can be 
designed to generate representative emotional behaviors 
using Self Organizing Neural Networks - Self Organizing 
Map (SOM) - trained with various examples of emotional 
behavior from their human partners. In this article, they 
proposed a new approach to generate emotional body 
expression in robot using human behavior during daily HRI. 
Future purpose; robot behavior can also adapt to the personal 
and cultural identity of the owner.  

S. Lee et al. [54] aimed to develop a companion robot to 
support the life tasks of the elderly in Korea. First, the basic 
needs of older users were divided into 4 groups based on 
ethnographic research. Second, the functional elements and 

physical actuators of the robot are mapped according to user 
needs in the function-needs distribution matrix. The final 
design of the assistant robot is derived as a verbal, non-touch 
multi-modal interface with emotional facial expression. The 
usability test of the interface was carried out targeting 8 old 
users and the response and acceptance of the users was 
positive. 

IV. CONCLUSION 

Creating emotional body and vocal expressions for 
socially assistive robots is important for improving 
participation and empathy in human-robot interaction. Many 
intelligent features have been given to robots. The TEMI, 
ROBELF, JIBO robots in Fig. 7 have the following features: 
smart sensors, IoT, smart phone and watch conjunctions, Wi-
Fi, face recognition, speech recognition, location mapping and 
remote control. They have no emotıon recognition system. 
Machines devoid of emotions and emotional intelligence are 
unthinkable in this great smart device and artificial 
intelligence transformation. Voice and face recognition is a 
very important development for robot technology. It has made 
human-robot interaction more effective.  

Today, new and rapid methods are needed in the fields of 
speech recognition, speaker recognition, emotion recognition 
and emotion recognition from speech in order to maximize 
human-robot interaction and cooperation. Fig. 8 shows the 
robots which have speech recognition and speech emotion 
recognition features. Fig. 9 shows that how the robots (NAO 
and PEPPER) can interact with each other. This shows that 
not only HRI but also robot-robot interaction studies will be 
more in the future. 

This study examined home and workplace robots and their 
features. We examined the importance of emotion recognition 
and robots with emotional intelligence features for human-
robot interaction. Speech recognition and speech emotion 
recognition should be available in the robot society, and new 
models that will contribute to this field need to be developed. 

          

   Fig.7. TEMI [34, 35, 55], JIBO [34, 56] and ROBELF [57] home assistant robots 
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 Fig.8. BUDDY [44], MY PERSONAL ASSISTANT [55] and CRUZR [58] emotional robots 

       Fig.9. NAO and PEPPER conversation that will change tourism industry [59]
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