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Abstract: Developments and new advances in medical technology and the improvement of people’s
living standards have helped to make many people healthier. However, there are still large design
deficiencies due to the imbalanced distribution of medical resources, especially in developing
countries. To address this issue, a video conference-based telemedicine system is deployed to
break the limitations of medical resources in terms of time and space. By outsourcing medical
resources from big hospitals to rural and remote ones, centralized and high quality medical resources
can be shared to achieve a higher salvage rate while improving the utilization of medical resources.
Though effective, existing telemedicine systems only treat patients’ physiological diseases, leaving
another challenging problem unsolved: How to remotely detect patients” emotional state to diagnose
psychological diseases. In this paper, we propose a novel healthcare system based on a 5G Cognitive
System (5G-Csys). The 5G-Csys consists of a resource cognitive engine and a data cognitive engine.
Resource cognitive intelligence, based on the learning of network contexts, aims at ultra-low latency
and ultra-high reliability for cognitive applications. Data cognitive intelligence, based on the analysis
of healthcare big data, is used to handle a patient’s health status physiologically and psychologically.
In this paper, the architecture of 5G-Csys is first presented, and then the key technologies and
application scenarios are discussed. To verify our proposal, we develop a prototype platform
of 5G-Csys, incorporating speech emotion recognition. We present our experimental results to
demonstrate the effectiveness of the proposed system. We hope this paper will attract further research
in the field of healthcare based on 5G cognitive systems.

Keywords: 5G; cognitive system; healthcare; speech emotion recognition

1. Introduction

With the development of medical technology, medical theory, medical equipment, and disease
prevention, along with the improvement of people’s nutritional level, people’s health condition
has been improved noticeably [1]. In the 2015 edition of World Health Statistics, the World Health
Organization (WHO) reported that the current global average life expectancy of new born babies
has increased to 71 years, with a 6-year growth compared to those born in 1990 [2]. However, the
scarcity and unbalanced distribution of medical resources still pose great obstacles. A challenging
problem is how to break the limitations of medical resources in time and space, to achieve effective
distribution of medical resources. Telemedicine is a good choice to solve this problem. Using remote
audio, remote video, and other techniques, higher ranked medical institutions can share their resources
with lower ranked medical institutions. Eventually, the medical standard of lower ranked medical
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institutions could be enhanced, and people’s medical service could be improved. However, traditional
telemedicine applications based on audio and video technology are limited in their ability to meet
deeper medical needs, such as remote surgery. In order to solve this problem, a novel technology,
named 5G Tactile Internet, is proposed in [3]. As a new architecture, 5G Tactile Internet can cognize
haptic movements, and efficiently transfer a human’s actions through 5G wireless networks based on
tactile perception, modelling, and transmissions.

Applied in the medical field, 5G Tactile Internet exhibits great potential to enable remote surgery,
as shown in Figure 2a. In the scenario, remote survey is used for curing a patient’s physiological disease.
For those patients suffering from psychological diseases, such as depressive patients, autistic children,
insomnia patients, etc., a challenging problem is still how to remotely detect the joint psychological and
emotional state for an effective psychological treatment [4-7]. In order to overcome this obstacle, this
paper, for the first time, presents a novel 5G Cognitive System (5G-Csys). We propose an innovative
healthcare system based on 5G-Csys (denoted by 5GCS-Health-Sys). The cognition in 5GCS-Health-Sys
is two-fold. On one hand, the cognition of haptic movements in 5GCS-Health-Sys is the key for remote
surgery. On the other hand, the cognition of a human’s emotion status is used to cure the patient’s
mental illness. If a 5GCS-Health-Sys mainly focuses on emotion care, it becomes the 5G emotional
cognitive system, which can perceive the user’s emotion based on the analysis of physiological data,
behavioral data and environmental data. Based on perceived user emotion, the interactions between
doctor, 5GCS-Health-Sys, and patients are helpful for mental healthcare. However, a challenging
problem is how to train 5GCS-Health-Sys to obtain high-level cognitive intelligence for perceiving user
emotion and achieve real-time emotion communications.

In 5GCS-Health-Sys, remote sensing of surgical and emotional states requires real-time and reliable
delivery. So the design of 5GCS-Health-Sys is facing the following three challenges: (i) ultra-low latency;
(ii) ultra-high reliability; (iii) medical cognitive intelligence. In response to these three challenges,
in this paper, we first present the system framework of 5G-Csys, including the design of the network
architecture and communication modes. Second, we present the key technologies that have been
adopted to address these three challenges. Thirdly, we present the application scenario of the proposed
system. Finally, a practical platform of the 5G cognitive system for speech emotion recognition is
presented, which provides validity of our system. In conclusion, the contributions of this article include:

e  We propose a novel 5GCS-Health-Sys. The system can not only enable remote treatment for
physiological diseases, but also achieve emotional and psychological cognition for human beings.

e Based on our framework, in order to meet the requirements of ultra-low latency, ultra-high
reliability, and intelligence of the system, we incorporate the resource cognitive engine and data
cognitive engine. The resource cognitive engine achieves the required ultra-low latency and
ultra-high reliability of the system by using a software defined network (SDN) to cognize the
resources in the network [8-10]. The data cognitive engine achieves the required intelligence of
the system by leveraging machine learning and deep learning algorithms to analyze healthcare
big data [11,12].

e  We present a platform of the 5G cognitive system for speech emotion recognition. The system
can recognize users’ speech emotion with the support of 5G cognition, which validates the
effectiveness of our proposed system.

The remainder of this article is organized as follows: Section 2 describes previous efforts related to
our topic. Section 3 introduces the architecture of 5G-Csys for healthcare. Section 4 introduces the key
technologies of 5G-Csys. Section 5 describes the application scenarios of 5G-Csys. Section 6 introduces
a testbed of 5G-Csys. Finally, Section 7 concludes this paper.

2. Related Work

Some studies on cognitive computing [11-16] on the basis of cloud computing, big data and
machine learning have been done [5,17,18], some of which have also been applied to the domain of
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healthcare [7,19-28]. Pozna et al. [11] proposed a novel method of cognitive system strategy, zeroing
in on the design of a new human knowledge model, considering a new data structure to organize and
operate relative information. Bhati et al. [15] made a concise summary of cognitive computing features
and designed an open question-answering system with cognitive ability through the application of
massive text data and natural language processing. Inspired by the working mechanism of the human
brain, Pan et al. [14] attempted to study how to complete a broken picture with the existing knowledge
in a cognition system. In [12,13], a general survey was conducted regarding the development of
cognitive computing. Zhang et al. [5,17] established cognitive applications by utilizing the big data
analysis technique. In [18], concerning the security of confidential user data, the authors discussed the
security problems that need to be addressed in the design of a cognitive system.

With regard to healthcare, there are three different domains of exploiting cognitive computing
techniques, i.e., physiological healthcare [20,24,25], psychological healthcare [7,19,23,26,28] as well
as medicine analysis [21,22]. In order to provide an advanced healthcare service. Zhang et al. [20]
proposed a patient-centric system, based on cloud computing and big data analysis technologies.
In [24,25], Fortino et al., proposed specific methods for the analysis of blood pressure and heart rate,
respectively. In [7], Chen et al., proposed a novel service framework, which offers a personalized
emotional awareness service by utilizing mobile cloud computing and affective computing techniques.
In [19], the authors proposed an emotional cognitive system based on facial expression recognition,
and discussed the inference mechanism of a cognitive system. Hossain et al., discussed the design of an
emotional cognitive system based on voice [26,28] and facial expression [26]. Chen et al. [23] utilized
a pillow robot, a 5G network as well as a cloud platform to achieve real-time emotional interaction
between remote users. The cognitive computing technique is also applied to drug recommendation
in [21,22], in order to provide an adequate medical service to both doctors and patients.

3. Architecture of 5G Cognitive System

In this section, we will introduce the framework of 5G-Csys from the network architecture,
communication modes, and core components of communication mode perspectives.

3.1. Network Architecture of 5G-Csys

The network architecture of 5G-Csys is shown in Figure 1, which consists of three layers, i.e.,
the infrastructure layer, the resource cognitive engine layer, and the data cognitive engine layer.
The infrastructure layer includes user terminals (e.g., sensors, cognitive devices, smart phones, etc.),
radio access network (RAN), core network, edge cloud, and remote cloud. The RAN and core network
serve as the communication infrastructure of the system. Edge cloud and remote cloud serve as the
storage and computing infrastructure of the system. The variety of terminals, such as smart terminals,
humanoid robots, smart clothing and smart cars, etc., utilize various radio access technologies, forming
the cognitive sensing layer (or the infrastructure layer) of the system [29-32].

The second layer is the resource cognitive engine. This layer can achieve resource optimization
through perception and learning of network contexts (such as network type, data flow, communication
quality, and other dynamic environmental parameters) and user information. Utilizing the resource
cognitive engine, 5G-Csys can achieve green communications and energy efficiency, which are critical
for the healthcare application’s infrastructure to fulfil the requirements of healthcare applications.
Furthermore, the intelligence generated by cognizing hardware systems and various available resources
in terms of computing, communications, and networking, can achieve high reliability, high flexibility,
ultra-low latency, and scalability of 5G-Csys. Recent advanced technologies for network softwarization
include network function virtualization (NFV), SDN, self-organizing network (SON), and network
slicing. Meanwhile, this layer utilizes cloud platforms and intelligent algorithms to construct
a cognitive engine for resource optimization and energy saving, so as to improve user experience and
satisfy the different communication requirements of various heterogeneous applications [33].
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Figure 1. Architecture of a 5G cognitive system (5G-Csys) for healthcare.

The main functionality of the third layer is implemented in the data cognitive engine. In this layer,
data supply is critical. For example, cognitive medical application relies on sustainable provisioning of
healthcare big data. With the big data, the data cognitive engine can achieve environmental perception
and human cognition with specific intelligent algorithms, such as machine learning and deep learning.
Perception and cognition are based on the big data flow in the 5G-Csys system, while the data engine
analyzes the big data flow to detect various healthcare requests. With the gradual enrichment of data
dimension and continuous accumulation of data, the data cognitive engine may be able to simulate
a human’s cognitive behavior. With this kind of ability, 5G-Csys can better cognize the real world
environment and human beings, so as to greatly improve the intelligence of 5G-Csys.

3.2. Communication Modes of 5G-Csys

In consideration of the various communication requirements for geographically distributed users,
the communication modes are classified as in Table 1.

Table 1. Classification of Communication Modes.

Name Abbreviation Communication Mode
5G Communications in Last Mile Network Access 5C-LM Short or Medium Range Communication
5G Communications over Multiple Macro-cells 5C-MMC Long Range Communication without Clouds
5G Communications over Clouds 5C-Cloud Long Range Communication with Clouds
5G Communications over Co-Located Clouds 5C-Cloudlet&Cloud Communications with Flexible Coverage

According to communication distance, this paper classifies the communication modes of
5G-Csys into four categories: (i) 5G Communications in Last Mile Network Access (5C-LM);
(if) 5G Communications over Multiple Macro-cells (5C-MMC); (iii) 5G Communications over Clouds
(5C-Cloud); (iv) 5G Communications over Co-Located Clouds (5C-Cloudlet&Cloud). 5C-LM means
that two users are located in the same cell, where they either communicate with each other via
a D2D link or connect through the base station. When two users belong to different cells, a
further communication mode (i.e., 5C-MMC) is used to connect the remote devices. Meanwhile,
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based on the demand of some individual application scenarios, a remote cloud can be deployed for
big data storage and computing. Then, two users who are far from each other can be put into contact
via the remote cloud. This communication mode is called 5C-Cloud. 5C-Cloudlet&Cloud mode is
applicable to either the network edge or core network. Once users at one edge reach a certain quantity,
cloudlet can be constructed automatically to enhance communication efficiency among local users,
and service offloading can also be implemented by cloudlet. Remote cloud is also critical to provide
stable services among multi-users under 5C-Cloudlet&Cloud mode if there are users who are far from
others. The relative order of communication ranges of the four communication modes is as follows:
5C-LM <5C-MMC < 5C-Cloud < 5C-Cloudlet&Cloud. In real application scenarios, with a dynamic
update of the user location, the communication mode used for users can be dynamically switched
among the four modes.

3.3. Core Components for Communications and Computing in 5G-Csys

In 5G-Csys, the core components include the RAN, core network, cloud and cloudlet. Among
them, the RAN and core network form the communication infrastructure, while the storage and
computing infrastructure is composed by cloud and cloudlet. As shown in Table 2, the requirement
varies for each functional component to enable the four communication modes in 5G-Csys.

Table 2. Components of Communication Modes.

Radio Access Technology = Core Network Cloud Cloudlet

5C-LM D2D, WiFj, 3G, 4G, 5G, etc. N/A N/A N/A
5C-MMC D2D, WiFji, 3G, 4G, 5G, etc. Yes N/A N/A
5C-Cloud D2D, WiFj, 3G, 4G, 5G, etc. Yes Yes N/A

5C-Cloudlet&Cloud D2D, WiFi, 3G, 4G, 5G, etc. Yes Yes Yes

In addition to the various requirements on the infrastructure resource, different communication
modes should provide different guarantees on bounded delay, as shown in Table 3.

Table 3. Comparisons of Delay Bounds in the Four Communication Modes.

Latency Objective in 5G-Csys

Terminal Radio Interface Core Network Total
5C-LM 0-3 ms 2-5ms N/A 2-10 ms
5C-MMC 0-3 ms 2-5ms 10-30 ms 10-40 ms
5C-Cloud 0-3 ms 2-5ms 10-40 ms 10-50 ms
5C-Cloudlet&Cloud 0-3 ms 5-10 ms 10-40 ms 20-60 ms

4. Key Technologies of 5G Cognitive System

In order to meet the requirements of ultra-low latency, ultra-high reliability, and cognitive
intelligence, some key technologies should be deployed in the RAN, the core network, and the
cognitive engine.

4.1. Key Technologies Deployed in Radio Access Network

In order to achieve ultra-low latency and ultra-high reliability in the 5G-Csys network, we employ
the following three key technologies deployed in RAN, i.e., control and data decoupling, uplink and
downlink decoupling, and dynamic access of wireless resources.

e  Control and data decoupling: In RAN, the base stations are classified as control base stations and
traffic base stations to achieve the decoupling of the control plane and data plane. Meanwhile,
control base stations are introduced as an SDN controller to utilize global information of the
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network to dynamically adjust resources at the traffic base station. Thus, the decoupling could
implement functions such as dynamic resource allocation, etc. The main components of the
decoupling technology include a decoupling model, decoupling strategy, collaborative controlling

mechanism and energy consumption assessment, etc.
Uplink and downlink decoupling: Uplink and downlink decoupling will assign uplink and

downlink tasks to different stations to achieve the optimization of user communications.
Uplink selection is based on the principle of minimum transmission distance, i.e., the base
station which is nearest to users is selected as the uplink base station. Downlink selection is based
on the principle of maximizing the power of the receiving signal, i.e., the base station from which
the user terminal receives the most powerful downlink signals is selected as the downlink base
station for the user. Uplink and downlink decoupling technology enables the optimization of
uplink and downlink access of user communications. The main components of the decoupling
technology include environmental awareness, mobile user perception, signaling control and
energy efficiency optimization, etc.

Dynamic access of wireless resources: This technology can dynamically perceive resource
consumption, signal interference, energy consumption and workload in the base station, so as to
allocate the wireless sources elastically and maximize the capacity and efficiency for the entire
network. Furthermore, with the reference of historical data, the technology is able to predict user
behavior, user movement, and traffic requirements, and to allocate appropriate wireless resources
for users in advance.

4.2. Key Technology Deployed in Core Network

We use the technology of content delivery and network fusion in the core network to guarantee

ultra-low latency for 5G-Csys.

Content delivery: The technology builds an overlay network in the traditional network
infrastructure, and achieves effective content delivery with the content delivery network, content

caching, and other technologies, aiming to improve the user’s quality of experience (QoE).
Network fusion: In existing networks, wireless domain and IP domain are separated, which

leads to low efficiency, stiff control, resource waste, disability of unified control, and other issues.
The fusion of the RAN and Core Network is to overcome these obstacles. Furthermore, the fusion
can be implemented by utilizing the RAN wireless multicast mechanism, the content delivery
mechanism of the core network, and the content cache mechanism of user terminals.

4.3. Key Technology Deployed in Cognitive Engine

In order to achieve ultra-high reliability and intelligence of the system, we employ the resource

cognitive engine and data cognitive engine in clouds. The resource cognitive engine can achieve
resource cognition, and then achieve ultra-low latency, ultra-high reliability, and energy efficiency

of the system. The data cognitive engine can cognize health big data, and then perform intelligent
healthcare. The specific description is as follows:

Resource Cognitive Engine: Based on the cloud platform, the resource cognitive engine is capable
of massive storage and powerful computing. Furthermore, various branches of the data cognitive
engine can be deployed according to different healthcare requirements. The main issues that
need to be solved for the resource cognitive engine include classification of the cognitive engine,
functional design of the cognitive engine, modeling of the cognitive algorithm, and interface

design of the cognitive engine.
Data Cognitive Engine: The implementation of the data cognitive engine is relevant to specific

healthcare requirements. Taking healthcare requirements into consideration, the cognitive engine
can take advantage of machine learning, deep learning, cloud computing, big data analytics,
and other technologies to construct the cognitive model and finally achieve the cognitive ability
matching with healthcare requirements.
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5. Applications of 5G-Csys for Healthcare

In this section, we present six application scenarios of 5G-Csys, including remote surgery,
remote emotional pacification, augmented reality game, stunt show, lie detection, and online gaming.

5.1. Archetypal Applications of 5G-Csys

5G-Csys can transmit data among remote clients with ultra-low latency and ultra-high reliability.
In our paper, we propose six archetypal applications of 5C-CSys. As shown in Figure 2a, remote surgery
is one of the typical application scenarios for 5G-Csys. A 5G emotional communication system is also
a typical application scenario for 5G-Csys, as shown in Figure 2b. The remaining potential application
scenarios are shown in Figure 2b—f. In the following, we will introduce these archetypal applications
of 5G-Csys in detail.
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Figure 2. Typical application scenarios of 5G-Csys.

Remote surgery: Due to the lack of medical resources and time, doctors may not reach patients in
time to perform operations, which could cause unnecessary risks to patients due to the delay caused
by long distance. In order to overcome this obstacle, remote surgery has been proposed. In this remote
scenario, patients and doctors are respectively located at remote ends. With the help of display devices
and tactile sensing devices, doctors can have real-time information and understanding of the patient’s
state and perform the corresponding operation according to the patient’s current status. During the
surgery, the haptic device can capture the posture, position, and movement of the doctor’s arm, and
the data are swiftly transferred to the operation terminals at the patient’s side through 5G networks;
then, the mechanical arm of the operation terminals copies the movement of the doctor precisely to
perform the operation on the patient. Meanwhile, the sensing device on the patient’s side can sense
and transfer audio and video information about patient and tactile feedback detected by operation
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terminals to the doctor. All the information that the doctor receives can be used as the reference for
further operation. The information transfer between the doctor and patient forms a communication
loop for remote surgery.

Remote emotional pacification: Due to various reasons, mothers cannot accompany their young
children all the time. When children’s emotions are unstable, utilizing the emotion detection ability
provided by the emotional communication system and using the interactive function supported by, e.g.,
a pillow-robot, mothers can communicate with their children and placate them in real-time. Emotional
communication systems can detect and transfer children’s emotions swiftly, so the mother can know
the child’s current emotional state in real-time and perform proper actions to placate the child during
the communication period.

Augmented reality game: The content of an augmented reality game is always orchestrated in
advance and cannot be changed dynamically along with the change of the gamer’s emotion. Integrated
with the emotional communication system, a new type of augmented reality game can be offered,
which can acquire the gamer’s emotion in real-time and transfer it to the remote content provider,
which will then dynamically generate the corresponding game strategy and game content in accordance
with the gamer’s emotion to improve the gaming experience.

Stunt show: Stunts are popular with the public for their excitement and thrill. For stunt performers,
stable mentality and exceptional skills are the two key factors for success. Any subtle change in the
performer’s emotion may greatly affect the performance and performer’s safety. In combination with
the emotional communication system and smart clothing, the monitoring system can capture the subtle
change in the performer’s emotion and execute the corresponding precautionary measures in case of
danger to the performer.

Lie detection: The polygraph has been a popular tool to interrogate suspects in the past. Now,
the emotional communication system can detect the suspect’s emotion and it is possible to achieve a
joint interrogation of criminals. In international crime cases, the prosecutors appointed by multiple
nations can cooperate with each other to interrogate criminals. Procurators can obtain the real-time
emotional information of criminals and estimate whether they are lying on the basis of criminals’
emotion, i.e., a subtle change in criminals’ emotion may help procurators to evaluate the authenticity
of criminals” answers.

Online game: Real-time online gaming has become a popular activity with tremendous
commercial value. However, existing online games are still lacking with respect to gaming experience.
Integrating the emotional communication system and smart clothing system, all players of an online
game can sense the real-time emotional state of each other. On the basis of emotion sensing, the team
leader can motivate team members more properly and could make better decisions during the period
of the game, which will ultimately improve the gaming experience [15,34,35].

5.2. Analysis of Six Applications of 5G-Csys for Healthcare

In summary, the six typical application scenarios of 5G-Csys are Scene-RS (i.e., remote surgery);
Scene-REP (i.e., remote emotional pacification); Scene-ARG (i.e., augmented reality game); Scene-SS
(i.e., stunt show); Scene-LD (i.e., lie detection); and Scene-OG (i.e., online game). Table 4 lists the feasible
network communication modes and the required intelligent equipment for the six application scenarios.

Table 4. Related Requirements of the Scenes.

Optional Communication Modes Required Equipment
Scene-RS 5C-MMC, 5C-Cloud, 5C-Cloudlet&Cloud  Robot [36,37], Tactile Device [3], Display Equipment
Scene-REP 5C-MMC Pillow-Robot [23], Smart Clothing [38]
Scene-ARG  5C-LM, 5C-Cloud, 5C-Cloudlet&Cloud Augmented Reality Device, Smart Clothing
Scene-SS 5C-LM, 5C-Cloud Smart Clothing
Scene-LD  5C-MMC, 5C-Cloud, 5C-Cloudlet&Cloud Display Equipment, Smart Clothing

Scene-OG 5C-Cloud, 5C-Cloudlet&Cloud Computer, Smart Clothing
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6. Testbed of 5G-Csys

In this section, we design and implement a prototype system which incorporates speech emotion
recognition as a cognitive approach and EPIC-Robot as the interactive terminal to demonstrate the key
factors of the proposed 5G cognitive system.

6.1. Experimental Result of Testbed

The specific procedure of emotional cognition that occurred between the user and EPIC-Robot in
the cognitive system is shown in Figure 3. The entire procedure of voice emotional cognition consists
of five main steps: A. collection of user voice; B. forward user voice; C. emotion detection in cloud;
D. return user emotion; E. behavior feedback from the EPIC-Robot to the user.

Step A: The intelligent terminal collects the user’s voice, then transforms the voice data to a file
with the audio format of wav.

Step B: Utilizing HTTP REST (Representational State Transfer) API to achieve the file transfer
between the intelligent terminal and the cloud, the pattern of REST APl is as follows: http:/ /*** *** ***,
**#:1010/ Version1.0/epicAudio.

Step C: The cloud will extract the MFCC (Mel-frequency cepstral coefficients) feature from the
voice file once it is received. Then, the MFCC feature is input into the trained SVM model to predict the
user’s emotion. The data sets utilized for SVM model training are collected by EPIC Lab. The size of
data sets is 1176, which corresponds to 12 different dialogue scenes. Furthermore, there are 24 people
involved in the recording of the data sets; the number of males and females is 13 and 11 respectively,
and their ages range between 20 and 30 years old.

Step D: The emotions defined by the SVM model are classified into six categories: happiness,
sadness, fear, anger, disgust and surprise. The cloud will encode the emotional results and relay these
to the intelligent terminal.

Step E: The intelligent terminal parses the acquired emotional result, packages the corresponding
instruction according to the emotional result, and sends it to the EPIC-Robot. Then, the EPIC-Robot
performs the corresponding instruction in response to the user’s emotion.
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Figure 3. Implementation of the testbed.

We perform the interactive trials several times, and collect statistical data in terms of elapsed time
and data size, which can reveal the several key performance aspects of the testbed. The statistical
results are presented in Table 5.
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Table 5. Statistical Results of the Testbed.

. Total Elapsed . Elapsed Time Data Volume Elapsed Time
Voice . Elapsed Time .
NO. of Test Duration (A) Time in Cloud (C) in Network  Transferred in of Command
(B+C+D) (B+D) Network Sending (E)

Test1 2749 ms 334 ms 270 ms 64 ms 163 KB 1ms
Test2 2998 ms 277 ms 222 ms 55 ms 181 KB 1ms
Test3 2265 ms 301 ms 239 ms 62 ms 133 KB 7 ms
Test4 3021 ms 321 ms 261 ms 60 ms 181 KB 1ms
Test5 2662 ms 297 ms 230 ms 67 ms 158 KB 1ms
Test6 2808 ms 378 ms 306 ms 72 ms 168 KB 1ms

For real-time applications, time delay is critical. Now we utilize the six pieces of experimental
data shown in Table 5 to analyze the situation of interaction delay. As shown in Figure 4a, there are
four main factors that cause the delay, i.e., delay in backhaul network (Uplink-Delay), data analysis
delay (Analysis-Delay), delay in fronthaul network (Downlink-Delay) as well as action feedback delay
(Action-Delay) [7]. Figure 4a shows the delay of each part of the six experiments, and it displays
that the data analysis delay in the cloud platform occupies the maximum time delay. The statistical
results shown in Figure 4b indicate that the data analysis delay in the cloud platform takes up the
maximum time delay, i.e., exceeding two-thirds of the total time delay, followed by data forward
delay, accounting for 17.6%; then the data backward delay, accounting for 13.8%; and finally the robot
feedback delay, only accounting for 1.0%. Obviously, the bottleneck of the time delay is data analysis
delay; we can focus on the optimization of this part.

300 : . Time Delay : :
275 [ Uplink-Delay 1
@ Analysis-Delay
- B Downlink-Delay || '
225 BN Action-Delay | Analysis-Delay
200
Z i Uplink-Delay
o 150
E
P 125
100 Action-Delay
75
", Downlink-Delay
25
0
Testl Test2 Test3 Test4 Test3 Test6

(a) (b)

Figure 4. Comparisons of Various Delays in the Communication Loop. (a) Comparison of Uplink-Delay,
Analysis-Delay, Downlink-Delay and Action-Delay; (b) Statistics of the Four Kinds of Delays.

6.2. Design of Emotional Feedback of EPIC-Robot

EPIC-Robot is a third-generation bionic robot developed by the EPIC Lab. The profile of the
EPIC-Robot is shown in the right part of Figure 5. As shown in Figure 5, the intelligent terminal collects
the user’s voice and transfers the data to the cloud platform with the help of the LTE (Long Term
Evolution) base station and Internet; the cloud platform exploits the machine learning algorithm to
perform an analysis of the user’s current emotion; then, the cloud platform relays the emotional results
to the intelligent terminal by utilizing the infrastructure of the LTE base station and Internet; finally,
the intelligent terminal receives the emotional results and guides the behavior of the EPIC-Robot to
achieve a real-time emotional interaction between the EPIC-Robot and the user.

The robot mainly consists of the following five parts.
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Head: The head can flexibly turn right, left, upwards, and downwards.

e  Torso: The robot’s torso carries the central control chip and the entire battery system.
Upper limbs: The upper limbs are composed of a left arm and right arm, each of which consists
of a shoulder, elbow, wrist, and hand, and every joint can perform humanoid movement.

o Lower limbs: The lower limbs include a left leg and right leg. The cooperation between left and
right legs can achieve flexible backward, forward, and steering movement.

e  Power system: The last part of the robot is the power system. For flexible movement, we design a
systematic power system, which can provide elastic power required by all kinds of joints.

Data Center (Cloud) 2R 11455

181 Cognitive Interaction

APP
=

3 »
& iﬁmf&

EPIC-Robot
- Video Forward Opened

Raw Data ’
(Send Raw Data to Cloud) (=)

|
| Left StopAll  Right

Action Feadback
(Emotion-aware actions
executed by EPIC-Robot )

Emotional Data
(Emotional Results Feedback)

‘B Emotional Data
P (Forward Emotional Results to EPIC-Robot) Start Recording Voice

LTE Base Station

Figure 5. The Emotional Interaction Loop of the EPIC-Robot.

The basic movement units of the EPIC-Robot, shown in Table 6, are classified into four categories
(i.e., head, left arm, right arm and lower limbs). In total, 36 basic movements have been
implemented [24,25,39-41].

Table 6. Basic Actions of the EPIC-Robot.

Head Al (Lower Head), A2 (Raise Head), A3 (Turn Left), A4 (Turn Right)

B1 (Uplift Shoulder), B2 (Lower Shoulder), B3 (Shift Shoulder Outwards),

B4 (Shift Shoulder Inwards), B5 (Move Elbow Outwards), B6 (Move Elbow Inwards),
Left Arm B7 (Turn Elbow Left), B8 (Turn Elbow Right), B9 (Turn Elbow Outwards),

B10 (Turn Elbow Inwards), B11 (Turn Wrist Left), B12 (Turn Wrist Right),

B13 (Close Left Hand), B14 (Open Left Hand)

C1 (Uplift Shoulder), C2 (Lower Shoulder), C3 (Shift Shoulder Outwards),

C4 (Shift Shoulder Inwards), C5 (Move Elbow Outwards), C6 (Move Elbow Inwards),
Right Arm C7 (Turn Elbow Left), C8 (Turn Elbow Right), C9 (Turn Elbow Outwards),

C10 (Turn Wrist Inwards), C11 (Turn Wrist Left), C12 (Turn Wrist Right),

C13 (Close Right Hand), C14 (Open Right Hand)

Lower Limbs D1 (Forward), D2 (Backward), D3 (Turn Left), D4 (Turn Right)

In the prototype system, six different emotions have been defined, i.e., happiness, sadness,
fear, anger, disgust, and surprise. Once the user’s emotion is detected, the system will transfer the
corresponding emotional command to the EPIC-Robot. The definition of the robot’s actions is provided
in Table 7, which correspond to the six emotions. For each emotion, the EPIC-Robot can provide the
corresponding actions. Dynamically combining the basic movement units in Table 6, the system allows
behaviors to be designed to improve users’ emotional state.
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Table 7. Emotional Actions of the EPIC-Robot.

Name of Actions Description of Actions Orchestration of Actions based on Basic Actions
Action—Happiness =~ Wave arms from side to side [B3, B4, C3, C4, B3, B4, C3, C4]
Action—Sadness Touch [B1, B7, B8, B7, B8, B7, B8, B7, B8]
Action—Fear Hug [B1, C1, B4, C4, B6, C6, B10, C10]
Action—Anger Put hands down [B1, C1, B8, C7, B5, C5, B6, C6, B5, C5, B6, C6]
Action—Disgust Wave left arm [B1, B8, B5, B6, B5, B6, B5, B6, B5, B6]
Action—Surprise Move head from side to side [A3, A4, A3, A4, A3, A4, B1, C1]

Figure 6 shows the Android interface, which supports the actual interactions between users,
the cloud, and the EPIC-Robot. Two specific scenes (i.e., happiness scene and sadness scene) are shown
in Figure 6a,b, respectively (Demo shown in [42]).

PEEE 3G A .l @ 2201

m RobotControlCenter

@ RobotControlCenter

Video Forward Opened Video Forward Opened
Left StopAll Right Left StopAll Right
Base Back Send o Base Back Send o

Your Current Emotion is: [Happiness]! Your Current Emotion is: [Sadness]!

Start Recording Voice Start Recording Voice

(a) (b)

Figure 6. Emotional recognition and care on the Android platform. (a) Emotion—Happiness;
(b) Emotion—Sadness.

7. Conclusions

In this paper, we propose the 5G cognitive system (5G-Csys) for healthcare. We first introduce the
architecture of 5G-Csys, which includes the infrastructure layer and two different types of cognition
engine layer, i.e., a resource cognition engine and a data cognition engine. The resource cognitive
engine can realize cognition of resources, while the data cognitive engine can realize cognition of
healthcare business. Then, in order to guarantee ultra-low latency, ultra-high reliability and intelligence
of 5G-Csys, we discuss the key technologies deployed in the RAN, core network, and cognitive engine.
We then present six promising application scenarios based on 5G-Csys. Finally, we describe a platform
of the 5G cognitive system for speech emotion recognition, which can recognize users’ speech emotion,
thus validating the proposed system. However, there are still many difficulties and challenges to
overcome before the large-scale deployment of 5G-Csys for healthcare can be realized, e.g., the
protection of users’ sensitive data and privacy issues. Besides the problem of security, in the future,
the system needs improving in two main aspects: on the one hand, we should design a unified
development API for the system in order to facilitate the establishment of applications, on the other
hand, we should improve the algorithm accuracy with lower time complexity for the intelligent
algorithm that our data cognitive engine currently utilizes.



Big Data Cogn. Comput. 2017,1, 2 13 of 15

Acknowledgments: This work is supported in part by the National Natural Science Foundation of China (Grant
No. 61572220), “Double First Class” High-End Expert Project, and by the U.S. NSF under Grant CNS-1702957.

Author Contributions: Min Chen proposed the original concept of 5G Cognitive System, and finished the primary
version of the manuscript; Jun Yang performed the experiments of the article, and accomplished the testbed to
validate the idea of 5G Cognitive System; Yixue Hao explored the theoretical foundation about 5G Communication
of this article, and composed the corresponding theories of this article; Shiwen Mao investigated the backgroud
and related work of 5G Cognitive System; Kai Hwang improved this article in terms of architecture, design,
experiments as well as theories, meanwhile polished the article in language and experssion.

Conflicts of Interest: There are no conflicts of interest.

References

1.  Hwang, K; Chen, M. Big-Data Analytics for Cloud, IoT and Cognitive Computing; John Wiley & Sons: New York,
NY, USA, 2017.

2. Organization, W.H. World Health Statistics 2015; World Health Organization: Geneva, Switzerland, 2015.

3. Simsek, M.; Aijaz, A.; Dohler, M.; Sachs, J.; Fettweis, G. 5G-enabled tactile internet. IEEE |. Sel. Areas Commun.
2016, 34, 460-473.

4. Chen, M,; Zhang, Y.; Li, Y,; Hassan, M.M.; Alamri, A. AIWAC: Affective interaction through wearable
computing and cloud technology. IEEE Wirel. Commun. 2015, 22, 20-27.

5. Zhang, Y. GroRec: A group-centric intelligent recommender system integrating social, mobile and big data
technologies. IEEE Trans. Serv. Comput. 2016, 9, 786-795.

6. Zhou, P; Hao, Y,; Yang, J.; Li, W,; Wang, L.; Miao, Y.; Song, ]J. Cloud-assisted hugtive robot for affective
interaction. Multimed. Tools Appl. 2016, doi:10.1007/s11042-016-3849-5.

7. Chen, M.; Zhang, Y.; Li, Y,; Mao, S.; Leung, V.C. EMC: Emotion-aware mobile cloud computing in 5G.
IEEE Netw. 2015, 29, 32-38.

8. Alliance, N. 5G White Paper. 2015. Available online: https://www.ngmn.org/uploads/media/NGMN_
5G_White_Paper_V1_0.pdf (accessed on 17 February 2015).

9. Iwamura, M. NGMN View on 5G Architecture. In Proceeedings of the 2015 IEEE 81st Vehicular Technology
Conference (VTC Spring), Glasgow, UK, 11-14 May 2015; pp. 1-5.

10. Gupta, A.; Jha, RK. A survey of 5G network: Architecture and emerging technologies. IEEE Access 2015, 3,
1206-1232.

11. Pozna, C.; Precup, R.E. Novel design of cognitive system strategies. In Proceeedings of the 2012 4th IEEE
International Symposium on Logistics and Industrial Informatics, Smolenice, Slovakia, 5-7 September 2012;
pp- 205-214.

12. Wang, Y. Cognitive computing and world wide wisdom (WWW+). In Proceeedings of the 2010 9th IEEE
International Conference on Cognitive Informatics (ICCI), Beijing, China, 7-9 July 2010; pp. 4-5.

13. Gutierrez-Garcia, J.O.; Lopez-Neri, E. Cognitive computing: A brief survey and open research challenges.
In Proceeedings of the 2015 3rd International Conference on Applied Computing and Information
Technology/2nd International Conference on Computational Science and Intelligence (ACIT-CSI), Okayama,
Japan, 12-16 July 2015; pp. 328-333.

14. Pan, X; Teow, L.N,; Tan, K.H.; Ang, J.H.B.; Ng, G.W. A cognitive system for adaptive decision making.
In Proceeedings of the 2012 15th International Conference on Information Fusion (FUSION), Singapore,
9-12 July 2012; pp. 1323-1329.

15. Bhati, R.; Prasad, S. Open domain question answering system using cognitive computing. In Proceeedings
of the 2016 6th International Conference-Cloud System and Big Data Engineering (Confluence), Noida, India,
14-15 January 2016; pp. 34-39.

16. Fortino, G.; Guerrieri, A.; Russo, W.; Savaglio, C. Integration of agent-based and cloud computing for the
smart objects-oriented IoT. In Proceedings of the 2014 IEEE 18th International Conference on Computer
Supported Cooperative Work in Design (CSCWD), Hsinchu, Taiwan, 21-23 May 2014; pp. 493-498.

17. Zhang, Y.; Chen, M.; Mao, S.; Hu, L.; Leung, V.C. Cap: Community activity prediction based on big data
analysis. IEEE Netw. 2014, 28, 52-57.

18. Liu, B,; Wu, C,; Li, H,; Chen, Y.; Wu, Q.; Barnell, M.; Qiu, Q. Cloning your mind: Security challenges
in cognitive system designs and their solutions. In Proceedings of the 52nd Annual Design Automation
Conference, San Francisco, CA, USA, 8-12 June 2015; p. 95.


https://www.ngmn.org/uploads/media/NGMN_5G_White_Paper_V1_0.pdf
https://www.ngmn.org/uploads/media/NGMN_5G_White_Paper_V1_0.pdf

Big Data Cogn. Comput. 2017,1, 2 14 of 15

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

Subramanian, K. Human emotion recognition: An interval type-2 fuzzy inference system based approach.
In Proceedings of the 2015 International Conference on Cognitive Computing and Information Processing
(CCIP), Noida, India, 34 March 2015; pp. 1-6.

Zhang, Y.; Qiu, M.; Tsai, C.W.; Hassan, M.M.; Alamri, A. Health-CPS: Healthcare cyber-physical system
assisted by cloud and big data. IEEE Syst. . 2015, 11, 88-95.

Zhang, Y.; Zhang, D.; Hassan, M.M.; Alamri, A.; Peng, L. CADRE: Cloud-assisted drug recommendation
service for online pharmacies. Mob. Netw. Appl. 2015, 20, 348-355.

Zhang, Y.; Chen, M.; Huang, D.; Wu, D.; Li, Y. iDoctor: Personalized and professionalized
medical recommendations based on hybrid matrix factorization. Future Gener. Comput. Syst. 2016,
doi:10.1016/j.future.2015.12.001.

Chen, M.; Ma, Y,; Hao, Y,; Li, Y.; Wu, D.; Zhang, Y.; Song, E. CP-Robot: Cloud-assisted Pillow Robot
for Emotion Sensing and Interaction. In Industrial IoT Technologies and Applications; Springer: Berlin,
Germany, 2016.

Fortino, G.; Giampa, V. PPG-based methods for non invasive and continuous blood pressure measurement:
An overview and development issues in body sensor networks. In Proceedings of the 2010 IEEE International
Workshop on Medical Measurements and Applications Proceedings (MeMeA), 30 April-1 May 2010;
pp- 10-13.

Andreoli, A.; Gravina, R.; Giannantonio, R.; Pierleoni, P.; Fortino, G. SPINE-HRV: A BSN-based toolkit for
heart rate variability analysis in the time-domain. In Wearable and Autonomous Biomedical Devices and Systems
for Smart Environment; Springer: Berlin, Germany, 2010; pp. 369-389.

Hossain, M.S. Patient State Recognition System for Healthcare Using Speech and Facial Expressions.
J. Med. Syst. 2016, 40, 272.

Hu, L.; Qiu, M; Song, J.; Hossain, M.S.; Ghoneim, A. Software defined healthcare networks. IEEE Wirel. Commun.
2015, 22, 67-75.

Hossain, M.S.; Muhammad, G. Healthcare Big Data Voice Pathology Assessment Framework. IEEE Access
2016, 4, 7806-7815.

Chen, M.; Hao, Y.; Qiu, M.; Song, J.; Wu, D.; Humar, I. Mobility-Aware Caching and Computation Offloading
in 5G Ultra-Dense Cellular Networks. Sensors 2016, 16, 974.

Fortino, G.; Galzarano, S.; Gravina, R.; Li, W. A framework for collaborative computing and multi-sensor
data fusion in body sensor networks. Inf. Fusion 2015, 22, 50-70.

Fortino, G.; Trunfio, P. Internet of Things Based on Smart Objects; Springer: Berlin, Germany, 2014.

Chen, M,; Zhang, Y.; Hu, L,; Taleb, T.; Sheng, Z. Cloud-based wireless network: Virtualized, reconfigurable,
smart wireless network to enable 5G technologies. Mob. Netw. Appl. 2015, 20, 704-712.

Andrews, ].G.; Buzzi, S.; Choi, W.; Hanly, S.V.; Lozano, A.; Soong, A.C.; Zhang, ].C. What will 5G be? IEEE .
Sel. Areas Commun. 2014, 32, 1065-1082.

Brettel, M.; Friederichsen, N.; Keller, M.; Rosenberg, M. How virtualization, decentralization and network
building change the manufacturing landscape: An industry 4.0 perspective. Int. |. Mech. Ind. Sci. Eng. 2014,
8,37-44.

Shier, W.; Yanushkevich, S. Biometrics in human-machine interaction. In Proceedings of the 2015 International
Conference on Information and Digital Technologies (IDT), Zilina, Slovakia, 7-9 July 2015; pp. 305-313.
Ma, Y.; Liu, C.H., Alhussein, M.; Zhang, Y., Chen, M. LTE-based humanoid robotics system.
Microprocess. Microsyst. 2015, 39, 1279-1284.

Battaglia, E.; Grioli, G.; Catalano, M.G.; Bianchi, M.; Serio, A.; Santello, M.; Bicchi, A. [D92] ThimbleSense:
A new wearable tactile device for human and robotic fingers. In Proceedings of the 2014 IEEE Haptics
Symposium (HAPTICS), Houston, TX, USA, 23-26 February 2014; p. 1.

Chen, M.; Ma, Y;; Song, J.; Lai, C.F,; Hu, B. Smart Clothing: Connecting Human with Clouds and Big Data
for Sustainable Health Monitoring. Mob. Netw. Appl. 2016, 21, 825-845.

Fortino, G.; Guerrieri, A.; Bellifemine, F; Giannantonio, R. Platform-independent development of
collaborative Wireless Body Sensor Network applications: SPINE2. In Proceedings of the IEEE International
Conference on Systems, Man and Cybernetics (SMC 2009), Hong Kong, China, 11-14 October 2009;
pp. 3144-3150.

Gravina, R.; Fortino, G. Automatic methods for the detection of accelerative cardiac defense response.
In IEEE Transactions on Affective Computing; IEEE: New York, NY, USA, 2016.



Big Data Cogn. Comput. 2017,1, 2 15 of 15

41. Gravina, R.; Alinia, P; Ghasemzadeh, H.; Fortino, G. Multi-sensor fusion in body sensor networks:
State-of-the-art and research challenges. Inf. Fusion 2017, 35, 68-80.

42. 5G Cognitive System Demo Video. 2017. Available online: http://epic.hust.edu.cn/minchen/demo/5G-
Csys.wmv (accessed on 29 March 2017).

® (© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).



http://epic.hust.edu.cn/minchen/demo/5G-Csys.wmv
http://epic.hust.edu.cn/minchen/demo/5G-Csys.wmv
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction
	Related Work
	Architecture of 5G Cognitive System
	Network Architecture of 5G-Csys
	Communication Modes of 5G-Csys
	Core Components for Communications and Computing in 5G-Csys

	Key Technologies of 5G Cognitive System
	Key Technologies Deployed in Radio Access Network
	Key Technology Deployed in Core Network
	Key Technology Deployed in Cognitive Engine

	Applications of 5G-Csys for Healthcare
	Archetypal Applications of 5G-Csys
	Analysis of Six Applications of 5G-Csys for Healthcare

	Testbed of 5G-Csys
	Experimental Result of Testbed
	Design of Emotional Feedback of EPIC-Robot

	Conclusions

