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Abstract 

Smart Cities concern a variety of domains such as information, data, energy, transport, 

health, etc. The ‘Information Age’, which shifts from the Industrial Revolution to 

information computerisation, accesses to large volumes of data explored by 

sophisticated computer based analytics. ICT solutions interconnect businesses and 

customers through the cloud while driving the global economy and development of 

Smart Cities. This MSc thesis aims to investigate connections between Smart Cities and 

cloud-based Cognitive Computing, then demonstrate with instances how the 

combination of Watson cognitive system and Pepper humanoid robot can enhance 

living experience. The investigation is based on literature review in the area of Smart 

Cities and ICT focusing on Internet of Things, Cloud Computing, and Cognitive 

Computing, observation of services on Bluemix, and interview with consultants and 

engineers of IBM. The services of Watson cognitive computing system enable Pepper 

to process unstructured information and interact with humans. The results also 

contain use cases of the functionality of Watson-powered Pepper, which could be 

further implemented for public services. 
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1. Introduction 

Cities have been playing a crucial role in terms of civilisation; moreover, they will also 

be mankind’s future. The early consideration of Smart Citiesi can be traced back to the 

1960s as cybernetically planned cities, and then as networked or computable cities 

from the 1980s (Gabrys, 2014). Modern concepts of Smart Cities were developed as 

Smart Growth Movement in the work of Harrison and Donnelly (2011). It is constantly 

being modified and refined, which leads to no absolute definition of a smart city. 

Urbanisation has made cities generate 80 per cent of global economic output and 70 

per cent of global energy consumption and greenhouse gas emissions, according to 

ITU-T’s Technical Reports and Specifications in 2016. In order to deal with urbanisation, 

smarter and sustainable means are developed using the definition of Smart 

Sustainable Cities outlined by United Nations Economic Commission for Europe 

(UNECE) and International Telecommunication Union (ITU) in its technical report in 

2014 as  

‘A smart sustainable city is an innovative city that uses information and communication 

technologies (ICTs) and other means to improve quality of life, efficiency of urban 

operation and services, and competitiveness, while ensuring that it meets the needs of 

present and future generations with respect to economic, social, environmental as well 

as cultural aspects.’  

The development of Smart Cities concept is rather regarded as a process or series of 

steps by which cities become more “liveable” and resilient and, hence, be able to 

respond quicker to new challenges, which is discussed in Smart Cities: Background 

paper (Anon., 2013).  

At the turning from the Industrial Age brought by the Industrial Revolution to the 

Information Age which is leading to a high-tech global economy, an increasing number 

of companies and local governments aim to implement Information and 

Communications Technology (ICT) integrated with traditional infrastructures. IT 

companies such as IBM, Google, Microsoft, Amazon, etc. are developing 

methodologies and technologies for Smart Cities. This thesis is completed in 

cooperation with IBM as the Smarter Cities initiative of IBM launched in 2009 has been 

a part of its new strategy and worldview via Smarter Planet, launched in 2008. It 

analyses cities’ future and implements its cognitive approach, Watson.  

Problem statement 

Since Smart City was concerned at the first time about 50 years ago, the definition has 

been continuously changing along with the evolution of technology. It is significant to 

                                                      

i In this paper, we interchangeably use the terms Smart Cities and Smarter Cities. 
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understand how a Smart City should be built, managed, and influenced starting with 

considering Information and Communication Technology as most of the data and 

resource of cities are managed by those technologies. Meanwhile, the relationship and 

interaction between human and technology are also one of the key factors which drive 

the development of human society.  

International Business Machine Corporation (IBM) has been working on approaches 

for the Smart Cities since it introduced the Smarter Planet view. In this Master Thesis 

performed in cooperation with IBM, the following two questions are discussed: 1) 

What is the impact of IBM Smart Cities initiatives on cities worldwide, in particular, its 

Smarter Planet initiative, Cognitive Solutions and services on Cloud Platform? 2) How 

could IBM’s Watson cognitive system and Bluemix cloud platform be implemented to 

provide better experience of living in Smart Cities? The exploration of these questions 

would provide blueprint for the company as well as research institutes in terms of 

cloud-based Cognitive Computing power for Smart Cities. 

Aim 

This MSc thesis is focused on technology aspects of Smart Cities. It investigates the 

potential of applying IBM Watson’s cognitive technology to enhance the experience of 

public services, and then develops use cases to bring Watson from cloud platform to a 

humanoid robot, which may be implemented for public services, commercial use, or 

household assistant in Smart Cities. 

Objectives 

 To review IBM Smarter Planet vision in terms of strategy and technological solutions.  

 To review how existing technical solutions in Internet of Things (IoT), Cloud 

Computing, and Cognitive Computing areas influence the development of Smart 

Cities.   

 To analyse feasibility and capability of ICT solutions for Smart Cities in four areas: 

IoT, Cloud Computing, Cognitive Computing, and Robotics. To identify examples of 

these solutions from IBM and other companies, such as Google and General Electric, 

and analyse their potential impact on Smart Cities.  

 To review use of robots in people’s daily life by categories, hardware, and 

interaction method. 

 To analyse the current trends and expectations of cutting-edge technologies such 

as Machine Learning, Cognitive Computing, Smart Home, Smart Robots, IoT 

Platform, and Natural-Language Question Answering.  

 To explore Application Programming Interface (API) and services of IBM Watson and 

Bluemix, to compare their cognitive features, and to find appropriate ones to be 

potentially applied on Pepper, a humanoid robot from SoftBank. 
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 To explore Pepper’s features and capabilities, investigate existing use cases of the 

product. 

 To develop use cases of Pepper powered by Watson with practical scenarios 

according to their combined functionality.  
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2. Study areas and methods 

2.1 Smarter Planet and Smart Cities of IBM 

Globalisation, especially the institutional harmonisation and economic integration are 

changing not only people’s daily life, but also the world’s future. People are paying a 

great deal of attention to sustainable development, resource management, 

transportation, healthcare, education, and so on to observe the changes and address 

the problems in those fields. The world becomes instrumented and interconnected 

because of the invention of transistor and Internet. At the same time, powerful 

computing models in both macro and micro aspects are making the devices intelligent 

in our hands, on the desks, around us in the cities, and on the “clouds”. In a word, 

according to Palmisano (2008), our planet is becoming smarter.  

IBM designed its Smarter Planet vision to explain how a completely new generation of 

intelligent systems and technologies — more powerful and accessible than ever before 

— could be put to use for profound impact and to encourage further thinking.ii (IBM, 

2017) These intelligent systems make, among others, power grids, food systems, and 

healthcare systems smarter. The vision is driven by the three aspects: instrumentation, 

interconnectedness and intelligence. It deploys computational power with smart 

systems to achieve better industrial and economic improvement, with consideration 

of sustainable development. 

The Smarter Planet as a general strategy and world view of IBM, consists of a variety 

of technical solutions and business opportunities. Smarter Cities is an essential aspect 

and outcome of Smarter Planet within the company’s strategy, which was launched as 

Smarter Cities campaign in 2009. The idea of Smarter Cities may enhance energy 

efficiency, financial management, and citizens’ life quality in different domains. The 

Smarter Planet vision has been developed into about twenty branches and they are 

still under development. The vision of Smarter Planet and its branches is illustrated in 

Figure 1.1. The Smarter Cities, a part of the Smarter Planet vision, are built upon key 

cognitive approaches based on IBM’s Watson cognitive computing system with 

Bluemix cloud computing platform. There are no clear boundaries in-between the 

solutions or technologies as they are integrating with each other. The discussion in the 

thesis is within but not limited to the vision of Smarter Planet. 

                                                      

ii ibm.com. (2016). IBM - United States. [online] Available at: http://www.ibm.com/smarterplanet/us/en/ 
[Accessed 20 Sep. 2016]. 

http://www.ibm.com/smarterplanet/us/en/
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Figure 1.1. Smarter Planet vision. Adapted from solutions of IBM Smarter Planetiii.  

2.2 Watson Cognitive Computing 

The 20th Century was called the ‘Industrial Age’ giving birth to the industrial revolution. 

The 21st Century is being called the ‘Information Age’ where access to large volumes 

of data explored by sophisticated computer based analytics and interconnecting 

businesses and customers through the cloud are driving the global economy.  

IBM Watson is a technology platform and cognitive computing system that processes 

natural language with machine learning to answer questions, extract information, and 

reveal insights across unstructured data. Comparing to document search, question 

answering systems use natural language as input by comprehending the text or speech, 

                                                      

iii Icon source: http://www.ibm.com/smarterplanet/us/en/smarter_cities/infrastructure_solutions/index_C.html 
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then answer the question precisely (Craig, 2011). Watson Developer Cloud helps to 

address problems in many fields such as retail, healthcare, IT, banking, education, 

government, non-profit, etc. by offering a number of Application Programming 

Interfaces (APIs) for language, speech, vision, and data insights, 

Cognitive Computing makes Watson powerful and unique by the following capabilities 

(High, 2012): 

 Natural language processing. 

 Hypothesis generation and evaluation. 

 Dynamic learning. 

Together with Watson, more than 130 services are offered on Bluemix which is a cloud 

platform as a service (PaaS) for deploying applications. It combines IBM’s software, 

third-party, and other open technologies. The hybrid clouds and open ecosystem 

provide opportunities for innovation in Big Data, Analytics, and Cloud Computing.  

2.3 Pepper, the humanoid robot 

Being empowered by modern technologies, robots are attracting more and more 

attention. They are acting as important roles for manufacture, entertainment, 

education, and public services to enrichment people’s lives. Such as domestic robot, 

humanoid robot, cognitive robotics, micro robotics, etc., a great number of robots is 

serving or under development for various purposes. According to International 

Federation of Robotics statistics (ifr.org, 2016), industrial robot sales and professional 

service robot sales are 253,748 units and 41,060 units in 2015, respectively. The total 

numbers increase by 15% and 25% compared to 2014. 

Pepper is a humanoid robot announced by SoftBank Robotics in June 2014 as the 

world’s first personal robot that reads emotions (Byford, 2014). It is equipped with four 

microphones, two 2D cameras, one 3D camera, accelerometer, gyrometer, six lasers, 

two IR sensors, two ultrasonic sensors, thirty MREs (Magnetic Rotary Encoders), and 

an amount of motors (Aldebaran Documentation, 2016). These give Pepper the 

capabilities to sense the environment, objects, and even human’s emotions then it can 

adapt its behaviour. Figure 1.2 demonstrates the appearance of Pepper. 

 Pepper has already been used by many companies in different areas such as SoftBank 

itself, Nestlé, SNCF, and Carrefour to enrich customer experience (SoftBank Robotics, 

2016). However, most of Pepper’s features are based on built-in programmes, which 

does not make it intelligent enough to response to different questions from people. In 

terms of hands-on interaction, it becomes a new level with cognitive computing when 

Pepper is powered by Watson. This approach will enable Pepper to understand the 

hidden meanings in speech and data which cannot be understood by regular 

computers or robots. On the other hand, Watson will be able to interact with people 
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through Pepper instead of computers or mobile phones.  

Figure 1.2. Pepper. Source: SoftBank, 2016iv 

2.4 Methods 

We started exploring the Smart City concept, its example and future potentials by 

reviewing the initiatives under IBM Smarter Planet. The methods included literature 

review and interviews with staff from IBM. The literature review was conducted to 

identify the relevant research results and companies’ strategies on three topics: 1) 

Smarter Planet vision of IBM, 2) Cloud-based ICT solution for Smart Cities, and 3) Robot 

applications in daily life. Literature is acquired through various sources such as Google 

Scholar, KTH Library (KTHB), IEEE, ScienceDirect, Springer, etc. Literature resources 

included published research about Smart Cities and cloud-based ICT solutions; 

Aldebaran’s documentary (user guide and developer guide of its autonomous robot); 

government reports for environment and sustainability; IBM Redbooks (technical 

books developed and published by IBM's International Technical Support Organization) 

of how Watson works; official website of IBM, Google, General Electric about their 

visions and solutions. 

Interviews with IBM staff included interviews with a consultant of Cognitive Business 

Solutions, a partner manager and a business developer of IBM Client Center Nordic 

Sweden, technical sales, a client executive of healthcare, and an employer branding 

leader.  

The next step of the research was an analysis of technical structure of Smart Cities with 

focus on contemporary Information and Communication Technologies related to 

Cognitive Computing and humanoid robots. The study was conducted through 

reviewing previous research about building smart cities with information flow 

procedures, measurable and unstructured data processing, and communication 

                                                      

iv SoftBank, (2016). Pepper. [image] Available at: 
https://www.ald.softbankrobotics.com/sites/aldebaran/files/images/en_savoir_plus_sur_pepper_2.png 
[Accessed 23 Sep. 2016] 
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networks. Further, Smart Cities’ social aspects were analysed according to objectives 

of main stakeholders. 

The review of examples of ICT for Smart cities included analysis of IBM Smarter Planet 

strategy and vision as well as the recent years’ trends and expectations of technologies 

that were illustrated according to Gartner Hype Cycle for Emerging Technologies. 

Example solutions of Google and General Electric are reviewed to analyse their 

contribution to Smart Cities development focusing on decrease of carbon emission 

and energy consumption. The examples include Google’s energy consumption strategy 

and carbon emissions promise, and General Electric’s Intelligent Environments, which 

help to build urban digital infrastructure with improved energy efficiency. 

Development of new solutions for Smart Cities within a cognition-based humanoid 

robot project required exploring Cognitive Computing and Cloud Platform potentials, 

as the cognitive interaction features are derived by the cloud-based cognitive 

computing systems. Correspondingly, a case study and a demo application of IBM 

Watson cognitive services and Bluemix cloud platform were performed to study how 

they work and what features they provide in order to identify potentials of their 

implementing on further use cases with a humanoid robot, Pepper, as interactive 

carrier of Watson. 

Following results of observation of features and specifications of Watson, Bluemix, and 

Pepper, use cases of Watson-powered Pepper were designed based on interviews with 

engineers, consultants, customer support, and marketing experts. The interviews were 

organised as follows:  

 Developers from IBM demonstrated existing applications of Watson, and explained 

how they would modify Pepper’s programme in order to listen to Bluemix’s APIs 

and obtain responses from Bluemix; 

 Consultants and experts from public sector provided their experience about how 

they would like to use the Watson-powered Pepper as a product for their customers 

in different areas such as transport stations, hospitals, shops, and households. 

Finally, when a group of use cases based on the functionality of Pepper with Watson 

were designed, we explored what features of Watson could be delivered through the 

humanoid robot to public by analysing the data processing capabilities of Watson 

services. We studied demo and implemented examples of both Watson and Pepper 

and then anticipated features for further development by interviewing Watson 

developers about what Watson would be capable to do in the near future. Using the 

interviews, we classified the existing services adaptable to Pepper and proposed how 

Watson could be developed as a robot for serving people. The use cases considered 

the unique functionality of Pepper powered by Watson, which should be different 

from other existing robots and cannot be achieved without the implementation of 

Cognitive Computing.   
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While developing the use cases, certain concerns should be taken into account about 

the problems that might follow when we introduce the humanoid robot and artificial 

intelligence into people’s daily life, such as safety, ethics, convenience, and the 

relationship between humans and robots.  

Due to resource limits, implementation of the use cases is out of the scope of this 

Master Thesis. The use cases provide suggestions and inspiration for further research 

and business development.  
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3. Background Research 

3.1 Smarter Planet vision of IBM 

IBM embarked on discussing a smarter world to provide strategic agenda for progress 

and growth in 2008 with the conditions of global economic recession. In terms of the 

recession, a company may be more entrepreneurial and regard it as a long-term 

beneficial chance for economy recovery in the future. Consequently, the Smarter 

Planet view has been IBM’s primary progression strategy since then. Meanwhile, other 

companies such as Google, Microsoft, Siemens, Cisco, and GE have also announced 

their approaches for Smart Cities, which will be discussed in Section 2.5. 

In 2009, the Smarter Cities campaign was launched, which has been a broad vision to 

enhance energy efficiency, people’s life quality, and resource allocation in the unit of 

individual cities. Hence, the Smarter Cities section is playing an important role in the 

broader view of Smarter Planet. Practically, the situation and demands of individual 

cities may be very different from each other. 

Globally, the world population has reached 7.347 billion in total and there are 53.67% 

people living in urban areas. (The World Bank, 2016) In the past fifty years, there has 

been a significant increase in the numbers of urban population and its proportion of 

the global population. The fact of this fifty-year continuous growth of urban 

population demonstrates that the trend will probably not stop in the following 

decades. Meanwhile, the rural population has been increasing very slowly in those 

years, especially since 2000. In 2007, it was the first time in history that the global 

urban population exceeded the global rural population and the global urban 

population proportion will be about 66% by 2050. (United Nations, 2014) The figure 

illustrates urban population increased from 1.015 billion in1960 to 3.943 billion in 

2015 according to the statistics of The World Bank, 2016. 

 

Figure 3.1. Urban population. Data source: The World Bank, 2016 
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The rapid and continuous increase of urban population leads to a number of 

challenges as well as opportunities. With increasing demand and consumption of 

resources and materials, solutions and systems are constantly under development to 

address problems and enhance living experience for citizens. Therefore, urban areas’ 

sustainability is important to Smarter Planet.  

Paroutis, et al. (2014) identified the technology and primary stakeholders for Smart 

City solutions: one is the city itself that adopts the solutions and the other is ICT 

organisation that develops and delivers the technologies. The key stakeholders and 

connection are shown in the following figure. Moreover, Smart Cities will be 

considered as a strategic option for companies and ICT organisation. In a strategic view, 

Smart Cities consist of specific technological infrastructure while ICT organisation and 

companies are key factors from the left side to develop solutions and deliver to the 

cities and citizens. On the other hand, the main connection to the right side refers to 

the utilisation of technologies in cities in order to address problems or make 

improvements. Smart Cities are complex systems within the socio-technical system 

view with various subsystems that contribute to the overall goals and interact with 

each other. This view has been supported by the work of the BSI Group (2016).  

Figure 3.2. Key stakeholders and views of Smart Cities. Source: Paroutis, et al., 2014v 

Objectives on the Smart Cities vision are defined in two abstracts by Kehoe, et al. 

(2011).  

 For citizens and visitors, the quality of life is taken into account. For this purpose, 

a Smart City should be well-managed, safe, sustainable, and with good 

governance. It incorporates cultures and events. What’s more, it should focus on 

citizens by providing information and access to city services in a convenient and 

easy-to-use manner. As a result, both citizens and government can benefit. 

 In terms of business growth and development for building the economy of the city. 

                                                      

v Paroutis, S., Bennett, M. and Heracleous, L., 2014. A strategic view on smart city technology: The case of IBM 
Smarter Cities during a recession.Technological Forecasting and Social Change, 89, pp.262-272. 
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The city should be built with digital innovation and commerce. Then it is able to 

attract and keep skilled workers. At the same time, the demand of free flowing 

traffic should be accomplished by improving the cost effectiveness and efficiency 

of various transport methods. 

Empowered by IBM’s Cloud Computing technologies, solutions are able to be dynamic 

regardless of location and facilities. For the views of both business and community, 

IBM Bluemix cloud services can provide a more cost-effective solution with more 

flexibility, and enhanced resource efficiency. By the autumn of 2016, the company is 

integrating hardware, software, business consulting, and IT services into business 

solutions in a variety of industries.  

Table 3.1. Solutions and Industries of IBM (2016)vi 

Solution Topics Industry Solutions 

 Analytics 

 Application lifecycle 

management 

 Asset management 

 Application infrastructure 

 Business process 

management 

 Cloud computing 

 Commerce 

 Complex and embedded 

systems 

 Connectivity and 

integration 

 Data management 

 Data warehousing 

 Energy & environment 

 Enterprise content 

management 

 Enterprise 

modernisation 

 Enterprise resource 

planning 

 Expert integrated 

systems 

 Marketing 

 Product lifecycle 

management 

 Security 

 Service-oriented 

architecture (SOA) 

 Smarter computing 

 Social collaboration 

 Unified 

communications 

 Virtualisation 

 Web experience 

 More capabilities 

 Aerospace and defence 

 Automotive 

 Banking 

 Chemicals and petroleum 

 Communications 

 Consumer products 

 Education 

 Electronics 

 Energy and utilities 

 Financial markets 

 Government 

 Healthcare 

 Insurance 

 Life sciences 

 Media and entertainment 

 Metals and mining 

 Retail 

 Travel and transportation 

 

3.2 ICT for Smart Cities 

Smart Cities may be regarded as cities that have integrated ICT with traditional 

infrastructures. In terms of hardware, an increasing number of state-of-the-art 

                                                      

vi IBM Site map. [online] Available at: https://www.ibm.com/sitemap/uk/en/ [Accessed 27 Sep. 2016] 
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technologies are rapidly replacing the equipment and facilities we use in our daily life. 

In the meantime, early research (M. Batty, et al., 2012) demonstrated that Smart Cities 

connect their instruments through both practical and virtual networks on which data 

is being generated and flowing continuously. Citizens’ daily activities generate 

information on these networks. The research of M. Batty, et al. about Smart Cities of 

the Future is related to the objectives of this Master Thesis as they focused directly on 

how the data are being collected and mining, how services can be organised and 

delivered much more efficiently using new technologies. In order to sketch the 

rudiments of key elements of a Smart City which are defined with merged ICT, M. Batty, 

et al. (2012, p482) proposed seven projects for Smart Cities using contemporary digital 

technologies to develop urban intelligence functions:  

‘Integrated Databases for the Smart City; Sensing, Networking and the Impact of New 

Social Media; Modelling Network Performance, Mobility and Travel Behaviour; 

Modelling Urban Land Use, Transport and Economic Interactions; Modelling Urban 

Transactional Activities in Labour and Housing Markets; Decision Support as Urban 

Intelligence; Participatory Governance and Planning Structures for the Smart City.’ 

Subsequently, according to those projects, they described the understanding of Smart 

Cities in seven specific areas while ICT solutions are addressing the issues in each of 

them: 

 Sensing and measuring 

 Movement and networks 

 Travel behaviour 

 Land use and transport 

 Urban markets and exchange 

 Firms and organisations 

 Communication and networks 

The data provide details to explore citizens’ behavioural patterns and models. 

Therefore, the cities can become smart in terms of the ways we monitor the city and 

allocate resources to improve efficiency, sustainability, and quality of life in real time.  

There are numerous ICT solutions and related work affecting and improving our daily 

life. In the following Section 3.2.1, 3.2.2, and 3.2.3, the main discussion is about 

Internet of Things, Cloud Computing, Cognitive Computing, and Robotics for building 

public services of Smart Cities in the aspects of concepts and instances. 

3.2.1 Internet of Things 

As a consequence of the fast development of information and communication 
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technologies, we entered the age when data, objects, people, and communities 

connect and communicate through the Internet. In terms of the technical dimension 

of Smart Cities, the Internet of Things (IoT) approach is one of the key factors in the 

vision of Information and Communication Technology for the overarching field of 

Smart Cities. An urban IoT system is relatively a broad category while the applications 

can be deployed in different fields. A. Zanella, N. Bui (2014), etc. discussed several 

instances of different systems involved IoT, which presents paradigm and potential of 

IoT for Smart Cities. 

For Smart Waste Management, early research (Nuorito, et al., 2006) shows transport 

vehicles such as smart containers and trucks communicate with a control centre that 

stores and processes the data to provide optimal routes and schedules for collecting 

and managing waste.  

For Air Quality, Al-Ali, et al. (2010) found that IoT enables monitoring of air quality in 

particular areas. This information is then delivered to the users for arranging routes 

and activities. 

Another example is applying IoT on monitoring energy consumption. With this 

approach, the whole city’s energy consumption can be measured and monitored in 

detail. The data is valuable for further analysis and optimisation of energy usage, which 

provides a clear view of energy demands of different industries, customers, and even 

devices for various purposes. Moreover, IoT can provide solutions for noise monitoring 

according to Maisonneuve, et al. (2009), as well as traffic congestion (Li, et al, 2009), 

parking (Lee, et al., 2008), lighting, and sustainable buildings (Kastner, et al., 2005). 

In the scale of a city, IoT systems mostly follow a centralised structural design. Each 

terminal consists of a large amount of end devices, spots, or end-users that collect 

real-time information and transfer to a central controller via corresponding 

communication means. The central controller, or control centre, can be cloud-based 

or localised processing units that store and process the data. Results of analysis can be 

extracted from the processing as well as optimal solutions and delivered back to the 

terminals through the same network. One of the crucial elements of the architecture 

is the ability to merge various technologies based on available communication 

technologies. Meanwhile, new IoT solutions, data, and devices should be capable to 

provide up-to-date services and functionalities. Access to data for both administration 

and citizens’ is essential (Mulligan & Olsson, 2013). 
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Figure 3.3. Architecture of ICT for Smart Cities. Adapted from source: Mulligan & Olsson, 2013vii 

Figure 3.3 illustrates the information structure for fundamental elements of Smart 

Cities. Generally, end users and the environment generate a huge amount of data and 

information that may contain certain variables or subjective requests. More specifically, 

these data can be categorised as time, location, and sensor context, which is 

standardisable. In addition, some contexts are more complex as high-level context 

such as human’s feelings, feedbacks, or speech. This type of data is normally use-case 

specific and it contains more information but it is difficult to understand automatically 

by machines. Therefore, Cognitive Computing will be needed to deal with the 

unstructured data, which will be discussed later. All those data will be collected by 

collectors, sensors, terminals, and other input methods. Then through the access 

network of modern communication technologies and protocols, the data will be 

transferred to the control centre where they are going to be stored, analysed, and 

shared with other systems. The control centre can be centralised on cloud platform, 

or it can be local devices in separated areas or even terminals owned by individual 

people. From the applications and services, feedbacks and output commands are 

transmitted back towards to the public section. Particular actuators will make 

                                                      

vii Mulligan, C.E. and Olsson, M., 2013. Architectural implications of smart city business models: an evolutionary 
perspective. IEEE Communications Magazine, 51(6), pp.80-85 
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corresponding events take place. 

3.2.2 Cloud Computing 

Instead of heavily investing, constructing, and maintaining the IT infrastructure by the 

users themselves, Cloud Computing provides the approach to access the computing 

services only when it’s necessary. Therefore, users can reach the services regardless of 

the location and hardware. This model is known as the fundamental notion of Cloud 

Computing, or Utility Computing, defined by Buyya, et al. (2009). 

Clouds enable users to access the services from any place and deploy their applications 

considering costs of facility and network. There are usually three models of Cloud 

Computing solutions: Software as a Service (SaaS), Platform as a Service (PaaS), and 

Infrastructure/Hardware as a Service (IaaS/HaaS). Respectively, SaaS provides 

customers with applications and services that can be accessed at anytime from 

anywhere. PaaS hosts the applications for developing on the clouds as a platform that 

provides APIs, frameworks, services, and systems. The solution normally applies to 

developers, which offers an integrated environment to design, develop, test, deploy, 

and support custom applications (Jiang, et al, 2009). Infrastructure as a Service (IaaS) 

or Hardware as a Service (HaaS) delivers virtual data centre with virtualised hardware 

and storage, it is the most flexible cloud computing solution because the users have 

practical operation over the infrastructure.  

3.2.3 Cognitive Computing 

Before the Cognitive Era, there have been two eras of computing: the Tabulating Era 

(1900s–1940s) and the Programming Era (1950s–present), as IBM reported in 2015. 

The early tabulation machines had simple mechanical systems to input and store data 

by punched cards. Then due to the rapid evolution of digital computers, the computing 

was powered by electronic systems instead of physical tabulators.  

Cognitive Computing aims to empower systems to be able to scale and reason on 

purpose, to make decision like humans, and to interact with humans naturally. It has 

been implemented in Artificial Intelligence (AI) applications and it uses AI theories and 

algorithms to improve itself. In such a way, Cognitive Computing and Artificial 

Intelligence are widely known of their similarity and interplays. However, Cognitive 

Computing is different from AI by its definition, components, characteristics, and 

applications. In order to mimic human brain and interact with humans, the system 

incorporates Machine Learning, Data Mining, Reasoning, Pattern Recognition, Natural 

Language Processing, Robotics, Human-Computer Interaction, and more state-of-the-

art technologies.  

Cognitive systems should have at least the following features: adaptive, interactive, 

iterative and ‘stateful’, and contextual. These characteristics enable the systems to be 
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self-learning to interact with not only humans but also other devices and services. The 

inputs’ contextual factors will also be taken into account in order to deal with 

unstructured data and information. 

The initiative of Cognitive Computing was announced by IBM when the company 

introduced the Smarter Planet vision and smarter systems. Moreover, by introducing 

the Watson system, the company brought the power of Cognitive Computing into 

reality. The functionality of Watson will be discussed later in Section 4.2. The principal 

capabilities of Cognitive Computing are described as the following in the work of Jiang, 

et al. (2009): 

 Create deeper human engagement. It processes not only the quantifiable 

information but also unstructured data that is complicated or impossible to 

measure. So that the systems create more interactive engagement with people. 

 Scale and elevate expertise. The expertise has been rapidly expanding since the day 

of discovering the professional fields. Cognitive systems are able to cope with the 

scale of any expertise and to keep the pace of development because the systems 

can always improve themselves by answering questions. 

 Infuse products and services with cognition. As digital products and services are 

growing in an exploding way, cognition will enhance them. 

 Enable cognitive processes and operations. Cognitive systems empower business to 

exploit data more effectively and efficiently with decision-making capabilities.  

 Enhance exploration and discovery. For industries, cognition will accelerate 

innovation and provide extra methods to discover opportunities.   

3.3 Robots in daily life 

There has been increasing interest in making humanoid robots for the activities in 

people’s daily life. Along with the implementation of modern technologies, there are 

higher requirements of robotic functions. Communication and manipulation are 

required as the very basic functions. Autonomous robots have been changing 

industries and now they are about to enhance living experience and improve 

productivity.  

A lot of research and development initiatives are aiming at providing more 

entertainment, constructing the robots with two legs, or letting the robots behave like 

humans.  

There are two available ways to classify robots: by application or by its locomotion 

methods. In order to have a better look at robots nowadays, the two categories can 

contain specific functions and the way they move, which may inspire further 

investigation of use cases for those robots. 
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Table 3.1. Types of robots by application. Source: allonrobots.com, 2016viii 

Types of robots by application 

Industrial robots Arms for producing and auto-navigated vehicles 

Domestic or household robots Help with housework or house management 

Medical robots Surgery robots 

Service robots Robots to provide information or public services 

Military robots For military purposes such as strike or transport 

Entertainment robots 
Provide entertainment for both public and domestic 

aspects 

Space robots Such as rovers and shuttles 

Hobby and competition robots Made for fun or competition 

 

Table 3.2. Types of robots by locomotion mode. Source: allonrobots.com, 2016 

Types of robots by locomotion mode 

By move mode By travel environment 

 Stationary 

 Wheeled 

 Legged 

 Swimming 

 Flying 

 Tracks 

 Others 

 Land or home 

 Aerial 

 Underwater 

 Polar 

From a historical point of view by Chen, et al. (2012), robots started to make an impact 

on our society from 1950 to 1970 when industrial robots started contributing to 

industries as tools. By following programmed actions, a robot is able to repeat the 

same sequence for a relatively long time. It can be re-programmed or equipped with 

accessories to work on other tasks. The industrial robots helped people to do hard, 

dirty, and dangerous tasks, which made them useful. With emerging new technologies, 

robots’ capabilities can be extended in terms of the range of tasks. When it came to 

the early 70’s, the development of computers made a positive impact on robots. 

From 1970 to the early 21st century, the capabilities of robots were enhanced over 

enormous range, very quickly. The most important aspects during this period are 

                                                      

viii allonrobots.com. (2016). Types of robots. [online] Available at: http://www.allonrobots.com/types-of-
robots.html [Accessed 1 Oct. 2016]. 
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giving robots autonomous systems and mobility. Therefore, industrial robots became 

more useful in more fields such as medical sector, military, space, and it helped to 

make economic growth according to the work of Chen, et al. (2012).  

More complex features and higher level of capabilities with wider range were achieved 

in the 21st century. Sensors and detectors are used in robots to provide them vision 

and sensing of the environment. Because of the growth of computing power, Artificial 

Intelligence is more practically implemented on robots to enable them to make 

decisions. Furthermore, nowadays robots are widely used in many areas including 

education, entertainment, construction, and especially households. Robots become 

more affordable for private use than before so that they present in houses to serve, 

entertain, and educate. Not only the range of use has been increased, but also 

nowadays robots are able to help professional and complicated tasks.  

Breakthroughs have been made during the last decade. As the humanoid appearance 

of robots is preferred, special movements that mimic humans are designed for robots 

in detail. For example, they have legs to move instead of tracks and wheels. Robots 

can have dozens or hundreds of joints to make gestures and motions. What is more 

important, rather than the physical capabilities, robots are being given intelligence to 

make them think or compute autonomously like human brains, which accelerates the 

evolution and give boundless potentials to robots.  

Media is also playing an important role to introduce and promote robotics to the public. 

Attention has been attracted by the advanced approaches and products. The impact 

of movies and literature also provide the shape and functions of robots in the future 

in a fictional way.  

3.4 Examples of Smart City Solutions and Robots 

3.4.1 Smart Cities 

The Internet of Things vision is empowering cities with Information and 

Communication Technology for a number of aspects such as energy, urban planning, 

transport, environment, waste management, traffic data, water, building, and public 

services. And there are also some other aspects for Smart Cities within the concept of 

Industry 4.0 researched by Pang, et al, (2015). Internet of Services (IoS) that enables 

individual components and devices to be extended and Internet of People (IoP) (Pang, 

et al., 2015) which concerns people-centric applications with IoT and IoS embedded. 

Internet of Internet of Energy (IoE) interconnecting energy grids via the Internet, it 

focuses on energy efficiency and renewable energy (de Andrade, 2013). 

IT companies and other industries are participating in this global competition to fulfil 

the potential of Smart Cities and develop solutions for citizens’ requirements.  
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Google 

As one of the IT giants, Google or as known as its parent company Alphabet Inc. has 

always been involved in building smart cities with its power on the Internet, Big Data, 

Cloud Computing, and other cutting-edge technologies.  

In terms of the company itself, its net carbon emissions were cut to zero by minimising 

energy consumption, improving energy efficiency, purchasing renewable energy, and 

offsetting emissions. In other words, if a user uses Google services for one month, the 

total energy consumption is less than driving a car one mile.ix It has been making 

efforts in many aspects by Google Green, 2016: 

 Google data centres use 50% of the energy of other typical data centres by 

measuring PUE, managing airflow, adjusting the thermostat, utilise free cooling, 

and optimising power distribution. 

 Purchase green energy for its facilities.  

 Building its office campus with over four million square feet with LEED green 

certification, shuttle programme, electric vehicle charging stations, and 1.9 MW of 

solar panels producing over 3 million kWh every year at Mountain View. 

 Investing in projects which reduce carbon emissions. Google has agreements to 

fund about 2.5 billion dollars in related projects. 

By the above methods and efforts, Google is able to substantially decrease carbon 

footprint or even bring it down to zero according to Cameron-Cole.x 

As one of the biggest Cloud Computing platforms in the world, the Google Cloud 

Platform provides cloud-based services and APIs. Google is one of the companies 

taking advantage of the voluminous data with variety, velocity, variability, and veracity. 

The cloud-based software actually enhances hardware’s effectiveness with higher 

utilisation rate and hence higher efficiency. The following tables illustrate the products 

and services of Google Cloud Platform in seven categories.  

  

                                                      

ix The calculation and certification can be found at 
https://www.google.com/intl/en/green/bigpicture/references.html [Accessed Oct. 2016] 

x Verification Statement by Cameron-Cole: 
https://static.googleusercontent.com/media/www.google.com/en//green/pdf/2014-carbon-footprint-
verification.pdf [Accessed Jan. 2017] 

https://www.google.com/intl/en/green/bigpicture/references.html
https://static.googleusercontent.com/media/www.google.com/en/green/pdf/2014-carbon-footprint-verification.pdf
https://static.googleusercontent.com/media/www.google.com/en/green/pdf/2014-carbon-footprint-verification.pdf
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 Table 3.3. Google Cloud Platform products. Source: Google Cloud Platform, 2016xi 

Compute 

 Compute Engine 

 App Engine 

 Container Engine 

 Container Registry 

 Cloud Functions 

 

Storage and Databases 

 Cloud Storage 

 Cloud SQL 

 Cloud Bigtable 

 Cloud Datastore 

 Persistent Disk 

 

Networking 

 Cloud Virtual Network 

 Cloud Load Balancing 

 Cloud CDN 

 Cloud Interconnect 

 Cloud DNS 

 

The platforms and programmes from other companies such as Amazon Web Services 

                                                      

xi Google Cloud Platform. (2016). Products & Services | Google Cloud Platform  |  Google Cloud Platform. 
[online] Available at: https://cloud.google.com/products/ [Accessed 24 Nov. 2016]. 

Developer Tools 

 Cloud SDK 

 Dev Manager 

 Source Repositories 

 Loud Endpoints 

 Cloud Tools for AS 

 Cloud Tools for IntelliJ 

 Tools for PowerShell 

 Cloud Tools for VS 

 Plug In for Eclipse 

 Cloud Test Lab 

Management Tools 

 Stackdriver Overview 

 Monitoring 

 Logging 

 Error Reporting 

 Trace 

 Debugger 

 Deployment Manager 

 Cloud Console 

 Cloud Shell 

 Cloud Mobile App 

 Billing API 

 Cloud APIs 

Big Data 

 BigQuery 

 Cloud Dataflow 

 Cloud Dataproc 

 Cloud Datalab 

 Cloud Pub/Sub 

 Genomics 

Identity & Security 

 Cloud IAM 

 Resource Manager 

 Security Scanner 

 Security Overview 
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(AWS)xii, Microsoft Cloud Platformxiii, the ‘City 2.0’ vision of HPxiv, and Cisco’s Smart+ 

Connected Cities programmexv provide approaches to build Smart Cities with various 

points of views and technologies. More importantly, the cooperation among those ICT 

leaders is accelerating the progress. 

General Electric 

GE’s growth strategy is defined as ‘Ecomagination’ to improve productivity of resource 

and reduce impact on the environment through commercial solutions. It is a series of 

sustainability solutions that deliver power generation, energy management, water, 

transportation, and healthcare. (Source: GE Ecomagination Growth Strategy)xvi 

The company provides solutions for urban digital infrastructure with their product, 

Intelligent Environments. It helps to build cities with lower energy consumption, on-

site power generation, energy balance, and improved energy performance. More 

specifically, the solutions and products are smart LED lighting, energy storage, EV 

charging, wireless controls, on-site generation (solar and CHP). (Source: GE Intelligent 

Environmentsxvii) 

GE Lighting announced its smart LED lighting solution in 2015 aiming to replace the 

streetlights with LEDs with sensors, controls, wireless transmitters, and 

microprocessors. Firstly, LED has the nature of lower energy costs, long lifetime, and 

reduced maintenance, which makes it sustainable. GE is making it as a gateway to 

intelligent environment for cities with sensor, transmission, control, and 

microprocessor components built in the LED systems. In addition, the industrial Cloud-

based platform (PaaS) GE Predixxviii connects the smart streetlights with data and 

people. With the Cloud Computing power of GE Predix, advanced lighting control, 

parking optimisation, traffic optimisation, surveillance, and environmental monitoring 

                                                      

xii Amazon Web Services, Inc. (n.d.). Amazon Web Services (AWS) - Cloud Computing Services. [online] Available 
at: https://aws.amazon.com/ [Accessed 25 Jan. 2017]. 

xiii Microsoft.com. (n.d.). Microsoft Cloud Platform - Advantages of Cloud Computing | Microsoft. [online] 
Available at: https://www.microsoft.com/en-gb/server-cloud/default.aspx [Accessed 25 Jan. 2017]. 

xiv www8.hp.com. (2017). Products and Solutions | HP Environment | HP® Official Site. [online] Available at: 
http://www8.hp.com/us/en/hp-information/environment/productsandsolutions.html [Accessed 25 Jan. 2017]. 

xv Cisco. (n.d.). Smart+Connected Communities. [online] Available at: 
http://www.cisco.com/c/en/us/solutions/industries/smart-connected-communities.html [Accessed 25 Jan. 2017]. 

xvi ge.com. (2016). Ecomagination. [online] Available at: http://www.ge.com/about-us/ecomagination [Accessed 
24 Nov. 2016]. 

xvii Digital, G. and Environments, I. (2017). Smart Cities | Intelligent Environments for Cities & Buildings. [online] 
GE Digital. Available at: https://www.ge.com/digital/industries/intelligent-environments [Accessed 25 Jan. 2017]. 

xviii Digital, G. (2016). Predix | Cloud-Based Platform for the Industrial Internet. [online] GE Digital. Available at: 
https://www.ge.com/digital/predix [Accessed 2 Oct. 2016]. 
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& analysis will be provided to the city-end. 

3.4.2 Robots 

From industrial robots to the recent artificial intelligent robots, they are involved in 

our industries and daily life. The multimodal interaction, both the verbal and 

nonverbal, is still a difficulty for the robot industry. However, there are a number of 

robots serving people in our daily life for households, research, and industries. 

Robot vacuums 

One of the most popular daily-use robots nowadays among household users is robotic 

vacuums. There are many models and brands of them available today with affordable 

price ranging from $50 to $1300xix. Apart from their fundamental function, vacuum 

cleaning, they are usually equipped with cliff sensors, self-charger contacts, tracked 

wheels, IR sensors, and microprocessors. This type of robots does not interact with 

people but they are able to finish the task completely without monitoring.  

The self-navigation system makes robot vacuums different from traditional vacuum 

cleaners. The robots will firstly roam in the room while sensing the map size and shape. 

Being able to localise themselves, they determine the cleaning routes according to 

each company’s algorithms to cover the most area in the shortest period of time. 

Another important feature is self-charging or so-called smart return. Robots will return 

and connect to the charging station when it detects low-level battery energy. The route 

will always be calculated in advance and it reserves sufficient energy for navigating 

back to the charger; therefore, the robots would barely run out of battery and stop in 

the middle of the room during cleaning tasks. With cliff sensors, robot vacuums are 

able to detect the floor edges to avoid dropping from a height. In addition, the 

bumpers and proximity sensors will prevent the robots from crashing into walls or 

other obstacles. Some robot vacuums have the virtual wall function. With the virtual 

unit, the user can set certain boundaries for robots. 

Humanoid robots 

The appearance, joints, and motors make humanoid robots capable of behaving closer 

to humans physically. They are operated for entertainment, surveillance, and 

education purposes. 

ROBOTIS OP2, as known as the second generation of DARwIn-OP, is a humanoid robot 

designed by Virginia Tech’s Robotics and Mechanisms Laboratory (RoMeLa) in 

collaboration with Purdue University, University of Pennsylvania and Korean 

manufacturer ROBOTIS. It has advanced sensors, high payload capacity, and dynamic 

motion ability to enable research, education, and outreach activities. It is PC-based 

                                                      

xix Price range based on ‘robot vacuum’ on amazon.com, accessed in October 2016. 



 

 24 / 57 

 

with Intel Atom N2600 CPU as its brain as well as RAM and hard drive. The hardware 

and software are open platforms for the main goal in education and research.  

Figure 3.5. ROBOTIS OP2. Source: Robotis.com, 2016xx 

Besides Pepper, SoftBank Robotics has another two products. A 58cm tall humanoid 

robot called NAO with legs, camera and sensors, and sonars. Directional microphones 

and loudspeakers enable NAO to listen and speak. It is also an open platform for users 

so that users can programme it on their own interests or study purposes. Another 

member of the family of SoftBank Robotics is ROMEO, 140cm tall robot designed to 

provide home assistance especially for the elderly and people with disabilities. 

Because of its size, it is able to complete some physical tasks for people such as 

opening the door, reaching objectives, or helping in the kitchen.  

Figure 3.6. NAO, ROMEO, and Pepper from SoftBank Robotics.  

Source: SoftBank (2016)xxi  

                                                      

xx Source: http://en.robotis.com/index/product.php?cate_code=111310 [Accessed on 1st Oct. 2016] 

xxi SoftBank Robotics. (2016). Robots. [online] Available at: https://www.ald.softbankrobotics.com/en/robots 
[Accessed 21 Dec. 2016]. 

http://en.robotis.com/index/product.php?cate_code=111310
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4. Smart Cities with Watson 

4.1 Humanity and Technology 

In the last few decades, technologies have been rapidly developed and they are 

influencing humans with technological innovations.  

Every few years, the main trend and expectation of technology will change according 

to technical, economic, and political demands as well as barriers. A framework 

developed by Gartner Inc. called Hype Cycle for Emerging Technologies is widely used 

by the public and researchers. It identifies key trends and illustrates a general 

inclination of technologies through time regarding expectations, indicated by 

Dedehayir and Steinert (2016). This summary of the most pioneering technologies will 

also suggest forecasts for investors and other business sectors.  

The following figure demonstrates the Hype Cycle 2016. 

Figure 4.1. Gartner Hype Cycle for Emerging Technologies. Source: Gartner, 2016xxii 

The main trends are centred around these technologies that will be reached in the 

next five to ten years. However, these key elements in the coming years are not 

completely new concepts. Machine Learning, Cognitive Computing, Smart Home, 

Smart Robots, IoT Platform, and Natural-Language Question Answering are all 

expected to arrive by the middle of 2016. Moreover, they have been highly anticipated 

                                                      

xxii Gartner.com. (2017). Gartner's 2016 Hype Cycle for Emerging Technologies Identifies Three Key Trends That 
Organizations Must Track to Gain Competitive Advantage. [online] Available at: 
http://www.gartner.com/newsroom/id/3412017 [Accessed 24 Jan. 2017]. 
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in the Hype Cycle in last three years. These technologies are plotting a perceptual 

smart machine age for the next decade. Meanwhile, Cloud Computing and IoT 

platforms provide connectivity and ecosystems with higher efficiency in terms of both 

hardware and software. The platform revolution is making innovations and business 

opportunities. Another important group of the up-to-the-minute technologies 

introduces transparency between people, businesses, and things. The report of 

Panetta, K., 2016 has supported the trends. 

Table 4.1. Trends according to Hype Cycle 2016. Source: Panetta, 2016xxiii 

Perceptual Smart Machine Age 

Machine Learning 

Cognitive Expert Advisors 

Smart Robot 

Smart Workspace 

Smart Data Discover 

Smart Dust 

Virtual Personal Assistants 

Conversational User Interfaces 

 

Natural-Language Q&A 

Personal Analytics 

Commercial UAVs 

Autonomous Vehicles 

Enterprise Taxonomy and Ontology Management 

DataBroker PaaS 

Context Brokering 

Platform Revolution 

Neuromorphic Hardware 

Quantum Computing 

Blockchain 

 

IoT Platform 

Software-Defined Security 

Software-Defined Anything 

Transparently Immersive Experiences 

Human Augmentation 

4D Printing 

Brain-Computer Interface 

Volumetric Displays 

Affective Computing 

 

Connected Home 

Nanotube Electronics 

Augmented Reality 

Virtual Reality 

Gesture Control Devices 

In terms of Smart Cities’ social interaction apart from the technical view, the Smart 

City model gives an abstract view of the relationship of the main stakeholders. From 

the bottom of Figure 4.2., citizens and organisations in urban areas interact with each 

locally and they are governed by city government and authorities. The market follows 

                                                      

xxiii Panetta, K. (2016). 3 Trends Appear in the Gartner Hype Cycle for Emerging Technologies, 2016 - Smarter With 
Gartner. [online] Smarter With Gartner. Available at: http://www.gartner.com/smarterwithgartner/3-trends-
appear-in-the-gartner-hype-cycle-for-emerging-technologies-2016/ [Accessed 21 Dec. 2016]. 
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the city council’s guide to reach certain objectives. To the other end, the market 

provides services and job opportunities to citizens. 

Figure 4.2. The social view of Smart Cities. Adapted from BSI Group, 2016xxiv 

The interactions and communication among the sectors establish the overall structure; 

meanwhile, they also drive the information flow.  

Companies and city authorities are making efforts to improve one by one of all the 

domains for Smart Cities. Specifically, technologies can help to improve the key 

domains of a city by collecting and analysing information then advising on key 

decisions.  

Energy 

Globalisation and urbanisation have brought severe environmental problems that 

brought about a need to rethink urban development. Smart Sustainable Cities is a 

holistic concept that is considering crucial challenges, including environment and 

energy (ITU, 2014).  

Solution Architecture for Energy and Utilities framework provided by Jeffrey and Julio 

at IBM (2011) is developed to provide the following key software capabilities: 

                                                      

xxiv Imperial Consultants, (2016). Mapping Smart City Standards Based on a data fl ow model. [online] BSI Group. 
Available at: http://www.bsigroup.com/LocalFiles/en-GB/smart-cities/resources/BSI-smart-cities-report-
Mapping-Smart-City-Standards-UK-EN.pdf [Accessed 27 Sep. 2016] 
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 Asset, device and service monitoring 

 Regulatory, risk and compliance management 

 Informed decision making 

 Business process automation 

 Security solutions 

 Asset lifecycle management 

 Improved customer experience 

Moreover, the solution portfolio aims to deliver power generation optimisation, 

transmission and distribution, customer operations transformation, and enterprise 

services. 

Water 

The Water availability, quality, infrastructures, and general water management are 

integrating ICT solutions in order to take over insufficient manual methods.  

Smarter Water vision develops systems with incessant sensing to obtain optimal water 

management and build pricing models. The measuring, sensing, and detecting water 

condition and related supply infrastructure enable interconnection among users and 

systems by sharing information. Then, the intelligent predictive analysis makes the 

optimisation take place. The vision is supported in the work of Julio, et al. (2011) and 

they defined the benefits of Intelligent Water as: 

 Increase work crew productivity. 

 Lower fuel and maintenance costs. 

 Lower work order backlogs. 

 Increase revenue. 

 Target conservation efforts 

 Improve the forecasting of future demand and strategic planning accuracy. 

 Recapture revenue. 

 Improve service to customers. 

Public Safety 

Making public safety systems smarter is crucial as a fundamental duty of a city. 

Advanced technologies such as autonomic sense-and-respond capabilities, analytics, 

visualisation, and computational modelling are contributing to innovate the 

approaches for public safety according to IBM’s Smarter Government solutions (2011). 
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Healthcare 

According to the report of Greater London Authority (2016), in order to assure higher 

quality of life for all, the health of citizens is a major priority for cities. Moreover, 

healthcare is necessary for a productive economy in terms of affordable healthcare 

system. 

Smart solutions for healthcare help people to monitor their health condition, provide 

professional information, and assist the disabled and the elderly. The city should not 

only provide excellent healthcare treatment and facilities but also ‘help its people to 

make healthier choices’, reported by London Health Commission (2014). 

Other domains such as city operation, traffic management, smart building, etc. are 

also of importance in terms of building a smart city. 

4.2 Watson and Bluemix analysis 

Cloud Computing is mentioned more frequently and utilised widely in the recent 

decade. The term can be tracked back to the earliest by Compaq (1996). In 2006, 

Amazon announced Amazon Web Services’ core part Amazon Elastic Compute Cloud. 

Afterwards, a number of companies also began introducing their cloud platforms to 

provide processing units, memory, APPs, and servers from remote data centres. 

Providers include Google App Engine, Microsoft Azure Web Sites, Amazon Web 

Services, Oracle, Alibaba Cloud, and so on, the platforms and services offer a verity of 

features. Comparing it to other providers, Watson is a unique category that contains a 

growing number of Cognitive Computing services.  

4.2.1 Cloud Computing and Cognitive Computing 

Bluemix manages back-end infrastructure for developers through its servers and 

development tools that are already available. In terms of programming languages, 

Bluemix supports Java, Node.js, Go, PHP, Swift, Python, Ruby, etc. It is extensible 

because the platform is built on Cloud Foundry which is open source with buildpacks 

for developing according to Cloud Foundry documents (docs.cloudfoundry.org, 2016). 

Generally speaking, Bluemix has flexible architecture as a cloud platform, which will 

be one of the key factors for the Watson-Pepper project since it is possible to foresee 

the need for services that do not yet exist.  

For line-of-business users, they do not need professional technical skills to create 

applications in the system. Adjusting, updating, deploying could be straightforward 

and flexible in order to meet new demands.  

As a cloud-based question answering system, Watson understands natural languages 

with Deep Natural Language Processing system which can be used to process 

unstructured data. Moreover, Cognitive Systems are defined as applying human-like 
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characteristics to conveying and manipulating ideas (High, 2012). The following figure 

demonstrates key elements of a cognitive system and their further competence. 

Figure 4.3. Elements of a cognitive system. Elements in solid border are available competence 

and dotted outlines illustrate the capabilities in the future. Adapted from source: High, 2012xxv 

Many Smart Cities solutions are technology driven. The approaches include personal 

assistant, smart home, and intelligent device that aim to create interaction with 

humans by returning search results or executing applications. However, solving real 

problems with unstructured data is the main difference between Cognitive Computing 

and other search-based solutions. The figure below is the data layer of Figure3.3 

Architecture of ICT for Smart Cities. 

Figure 4.4. Data layer of Architecture of ICT for Smart Cities from Figure 3.3 

It indicates that the daily data generated from cities can be classified into two types as 

standardisable data and unstructured data. Standardisable data can be measured by 

sensors and monitors, then standardised with title, value, and scale. Within high-level 

context, we consider unstructured data from speeches, human feelings, and feedbacks, 

which is estimated as 80% of the world’s data (Schneider, 2016). Cognitive computing 

is able to manage this type of data to interact with human in natural languages.  

Search engines such as Google, personal assistants such as Siri, and most smart devices 

return search result lists or execute programmed activities according to users’ inputs. 

                                                      

xxv High, R., 2012. The era of cognitive systems: An inside look at IBM Watson and how it works. IBM Corporation, 
Redbooks. 
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Watson derives the response to a question with knowledge corpus, which consists of 

all types of unstructured knowledge. The flow charts below illustrate the procedures 

of programmes and cognitive computing. 

Figure 4.5. Procedure of programmes.  

Figure 4.5. Procedure of Watson derives a response to a question. Source: High, 2012 

 

4.2.2 APIs and Services 

Because of the extensibility of Bluemix, the platform is continuously growing. Accessed 

in early October 2016, there are in total 127 services on the cloud in 13 categories.xxvi 

                                                      

xxvi console.ng.bluemix.net. (2017). Catalog - IBM Bluemix. [online] Available at: 
https://console.ng.bluemix.net/catalog/ [Accessed 10 Oct. 2016]. 
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In this section, relevant services are investigated and explained for the Watson-based 

Pepper project and its use cases for further implementation. The whole category 

structure is illustrated below. 

Figure 4.6. Bluemix Catalogue. Categories in bold outlines may be used for Pepper.  

Source: IBM Bluemix (2016) xviii 

In each category, a number of services and APIs are included that provide 

corresponding features to build a web application or server. Specifically, Watson plays 

the fundamental role in the Pepper project and the other servers may be considered 

as supporting functions. Watson enables the human-computer interaction by 

communicating in natural languages as well as text and visual recognition, which 

matches the nature characteristics of a humanoid robot. 
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Figure 4.7. Watson services. Source: IBM Watson, 2016xxvii 

The figure above shows Watson services. The services which might be helpful to build 

a cognitive Pepper will be discussed in order to explain the benefits of powering a 

robot. 

When inputs are in text or speech format, a functionality structure is shown in the 

following figure with corresponding outputs. These procedures and outputs relate to 

people’s daily life when conversation is regarded as the main Human-Computer 

Interaction method of a humanoid robot. Text documents can be processed by 

AlchemyLanguage services to extract information. Natural Language Classifier can be 

implemented to classify with associated confidence levels to initiate a corresponding 

action. Moreover, Personal Insights and Tone Analyser can be used to recognise 

characteristics.  

                                                      

xxvii ibm.com. (2016). Watson services | IBM Watson Developer Cloud. [online] Available at: 
http://www.ibm.com/watson/developercloud/services-catalog.html [Accessed 11 Nov. 2016]. 
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Figure 4.8. Services and procedures for Text or Speech as inputs. 

Correspondingly, Retrieve and Rank services will manage Documents and 

Questions/Queries as inputs. If the inputs contain images, Visual Recognition service 

is able to understand the contents with class description, class taxonomy, face 

detection, and similar images. 

Moreover, the services of Watson Data Insights enable advanced search, analysis, and 

cognitive applications. The combination of AlchemyData News, Discovery, and 

Tradeoff Analytics index contents, extract patterns and trends, and help to make 

decision in people’s daily life.  

4.2.3 Examples of Watson 

IBM Watson Analyticsxxviii 

The application starts from smart discovery in user’s own database with cognitive 

capabilities. Then it simplifies the analysis and visualises the data insights as well as 

performs advanced analytics which can be accessed through nineteen database types 

of connectors. Natural language can be processed and answered to business questions 

such as:  

 For telecommunications. “How do I create subscriber micro-segments based on 

subscriber usage and other patterns?”  

 For insurance. “How can I better understand my policyholders to improve retention? 

 For retail. How can I infuse local market and social insights into product 

                                                      

xxviii Ibm.com. (2016). IBM Watson Analytics - United States. [online] Available at: 

https://www.ibm.com/marketplace/cloud/watson-analytics/us/en-us#product-header-top [Accessed 23 Nov. 
2016]. 
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merchandising and pricing?” 

 For government. “How do I create subscriber micro-segments based on subscriber 

patterns?” 

 Other industries, for instance, banking, non-profit, education, chemicals, etc. 

Watson Health 

As one of the key products of Watson, cognitive computing reveals unstructured 

health data and translates them into knowledge that helps to make decisions. By 

November 2016, the volume of data is approximately 150 exabytes and increasing at 

a rapid speed (http://www.ibm.com/watson/health/, 2016). Watson is able to analyse 

the huge amount of data and reduce the scale for critical decision points that are 

essential for delivering effective therapies. The solution provides knowledge to doctors, 

customers, and government leaders to enhance well-being, which includes: 

 Analysing the genetic alterations found to help identify potentially treatable 

mutations for each patient’s unique cancer situation. 

 Understanding people’s health situation according to their social contexts such as 

employment status, access to shelter, education, family support services, and 

more that perform as external aspects for the whole view. 

 Encouraging discovery of potential new drugs and identification of potential 

clinical trial options. With unstructured scientific knowledge and data, it is able to 

reveal more knowledge, patterns, and connections. 

  

http://www.ibm.com/watson/health/
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4.3 Pepper analysis 

4.3.1 Humanoid robot and its features 

Pepper was introduced by SoftBank in 2014 as the first humanoid robot to recognise 

human emotions. With human-shape appearance and joints, Pepper is able to behave 

like a human by its body language and speaking systems.  

Figure 4.9. Pepper dimensions. Source: Aldebaran Documentationxxix 

The figure above illustrates the dimensions of Pepper. The height, 1.2 metres, is much 

shorter than a normal adult. The following table shows the sensors equipped on 

Pepper. 

Table 4.2. Sensor overview of Pepper. Source: Aldebaran documentation (2016)xxx 

Sensors Number Location 

Loudspeakers 2 Head 

Microphones 4 Head 

2D cameras 2 Forehead 

3D sensors 1 Forehead 

LEDs 2*(8+10+2) Eyes, Ears, Shoulders 

3-axis gyrometers 1 KneePitch 

3-axis accelerometer 1 KneePitch 

Lasers 6 KneePitch 

Infra-Red sensors 2 KneePitch 

Ultrasonic sensors 2 KneePitch 

Tactile sensors 5 Head, Hands 

                                                      

xxix doc.aldebaran.com. (2016). Dimensions — Aldebaran 2.4.3.28 documentation. [online] Available at: 
http://doc.aldebaran.com/2-4/family/pepper_technical/dimensions_pep.html [Accessed 17 Oct. 2016]. 
xxx doc.aldebaran.com. (2016). Technical overview — Aldebaran 2.4.3.28 documentation. [online] Available at: 
http://doc.aldebaran.com/2-4/family/pepper_technical/index_pep.html [Accessed 1 Nov. 2016]. 
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With these sensors, the robot is capable of interacting with humans through a variety 

of means. 

Voice and hearing 

The four directional microphones and speakers allow the robot not only to hear the 

surroundings but also to identify the location of the sound.  

Vision 

3D sensors and 2D cameras in the forehead area enable the robot to detect the 

environment via image processing. Furthermore, it also has object recognition and 

face identification features. 

The emotion engine 

By detecting voice, individual faces, postures, and gestures, etc. Pepper recognises 

human emotions such as joy, sadness, anger, or surprise and then responds accordingly.  

Movement 

The wheels give Pepper the ability to move freely and 20 engines through the body 

make it gesticulate precisely. Moreover, its anti-collision system makes sure the robot 

will detect any obstacles on the way. 

Because of the features above, the robot can act as various roles in people’s daily lives 

such as serving, entertaining, or educating. The Human-Robot interaction also has 

been discussed for special uses, for instance, to set off Autism Spectrum Disorder (ASD) 

people’s interest as therapy (Ismail et al., 2012). 

4.3.2 Solutions for various purposes 

Originally, SoftBank promotes Pepper for business, education and research based on 

its features. 

For business, Pepper can be deployed in shops to greet and guide customers as well 

as to provide information. Using interactive animations and demonstrations, it can 

collect data such as customer’s emotions and feedbacks while it is communicating with 

people. Humanoid robots set an example in retail industry by dealing with basic 

customer requests (see examples in Section 4.3.4.). Specifically, the functions can be 

greetings, advice, information, presentation, entertainment, self-service, and emotion 

detection for well-identified demands, which can be achieved by programming the 

robots.  

For education, the robots help students to learn robotics and programming. It can also 

be an assistant for teachers or students. For research, the platform is suitable for 

human-machine interaction, navigation, localisation, movement, and trajectory 

algorithms. In terms of programming, APIs and libraries are documented for 
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developing new behaviours and applications.  

4.3.3 Development 

Another key factor of implementing Pepper for Smart City services is its capability to 

be programmed. Default APIs, libraries, and applications support different 

programming languages and platforms. Pepper runs on NAOqi operational system 

embedded GNU/Linux distribution based on Gentoo, and it has been tailored 

specifically to fit Pepper’s needs. NAOqi has built-in APIs including Interaction Engines, 

Motion, Vision, People Perception, Sensors & LEDs, and Device Communication 

Manager (DCM). 

In general, programming an autonomous Pepper will consider State Machine 

Management, Autonomous Abilities, and Extractors Management based on contexts 

as introduced in Aldebaran’s documentary (doc.aldebaran.com, 2016). Specifically, 

extractors begin to adjust the goals according to different states (solitary, interactive, 

safeguard, or disabled), which is called Managed Extractors. Then the Autonomous Life 

State Machine starts and stops activities, behaviours, and autonomous abilities. The 

autonomous abilities are continuously running, which is under the configuration in 

accordance with autonomous life states. However, the abilities can be disabled or 

customised depending on specific demands and situations. The flow chart below 

illustrates the process. 

Figure 4.10. Flow chart of autonomous robot. Adapted from source: Aldebaran Documentationxxxi 

However, the default APIs and libraries control the robot within a limited range of the 

robot’s hardware configuration. With the Internet connection, there can be more 

possibilities for its abilities, which makes it the suitable hardware and platform for 

Watson cognitive system. 

                                                      

xxxi doc.aldebaran.com. (2016). Programming for a living robot — Aldebaran 2.4.3.28 documentation. [online] 
Available at: http://doc.aldebaran.com/2-4/ref/life/index.html [Accessed 24 Jan. 2017]. 
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4.3.4 Examples of Pepperxxxii 

Some companies are using Pepper for their business such as SoftBank itself. Pepper is 

deployed in SoftBank shops in Japan for attracting and greeting customers, and 

providing information. Same use cases are presenting at Nestlé stores in Japanxxxiii, 

specifically, it can introduce different coffee and machines for sale and help customers 

to make decisions.  

In France, SNCF has Pepper in three railway stations for enhancing travellers’ 

experience, which is the first example of choosing Pepper in transport section. 

Specifically, Pepper responds to detection and interacts with people in order to 

provide information as well as recording people’s feedbacks. Another example is 

Carrefour supermarkets which has put Pepper in certain areas offering fun activities 

and collecting customers’ satisfaction.  

According to the case study of b8ta (a tech retailer) in Palo Alto (Anon., 2016), Pepper 

gave a boost of 70% in traffic and customer spend average four times longer on Pepper 

than any other products in this tech shop. In total, it got 60.8 million impressions on 

online social media and broadcast. 

Currently, the use cases are based on Pepper’s features as attracting and interacting 

with people within its capabilities which are hard coded in advance. For instance, it is 

able to answer only the questions that are already programmed according to its 

database. It mimics human behaviour but the performance is limited by its intelligence 

functionality.  

  

                                                      

xxxii SoftBank Robotics. (2017). For business. [online] Available at: 
https://www.ald.softbankrobotics.com/en/solutions/business [Accessed 25 Jan. 2017]. 

xxxiii The Guardian, (2014). Nestlé employs fleet of robots to sell coffee machines in Japan. [online] Available at: 
https://www.theguardian.com/technology/2014/dec/01/nestle-robots-coffee-machines-japan-george-clooney-
pepper-android-softbank [Accessed 25 Jan. 2017]. 
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5. Investigation and analysis of use cases 

The initiative of powering Pepper with Watson targets on enhancing the experience of 

public services and practically bringing those two products to daily life. At the moment 

when this Master Thesis is composed, developers of both IBM and SoftBank are still 

working on connecting Bluemix APIs and services to the robot. As Bluemix is flexible 

in terms of modifying the use of different services as well as adding on more services, 

and Pepper is capable of being programmed in order to adjust to various scenarios, it 

is assumed that the services of Bluemix especially Watson would be accessible for 

Pepper. Correspondingly, Pepper should be able to behave within the range of its 

features. In this section, use cases of the combination of Watson and Pepper will be 

designed and the related features and scenarios will be discussed. 

5.1 Demands and targets 

Firstly, the limits of both Watson and Pepper will be discussed when they are deployed 

individually for different industries to find the demands and innovation of linking them 

together. 

Bluemix has more than 120 services on the cloud and Watson has 9 categories of 16 

services for various purposes. However, most of the cases and applications 

implementing the services are available on computer and mobile terminals. Therefore, 

the interaction is limited to the devices although Watson is able to communicate with 

humans in natural languages. Watson cognitive system aims to perform naturally like 

human’s behaviour to solve practical problems, however, common use of Watson is 

limited on computers, tablets, smart watches, and mobile phones. For some specific 

situations, such as healthcare and kid/senior companion, people would like to 

practically communicate with humans or human-shape objects, for instance robot, 

which is highly interactive and personable. A physically embodied robot is much more 

preferable than even a virtual embodiment in terms of enjoyableness, usefulness, 

intelligence, social presence, and companion according to the research of Fasola et al. 

(2003).  

As far as the robot is considered, in particular, Pepper, the common methods of 

programming a robot for daily use is probabilistic robots using Finite State Automata 

which performs predefined events depending on states. Powered by growing 

computer processing power, abundant data, and development of technologies such as 

Machine Learning, the robotics area is developing a more intelligent age of Artificial 

Intelligence. The self-learning feature of the task-driven robots focuses on the 

behaviour and communication routines instead of contents. Meanwhile, the tasks with 

high CPU intensity need high computing power which can be achieved by cloud-

enabled robotics (Zhihui, et al., 2016).  
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Therefore, the combination of Watson and Pepper, on one hand, provides a physical 

courier for Cognitive Computing. On the other hand, it empowers the robot with deep 

learning capabilities to cope with unstructured data. For the purpose of enhancing 

public services and living experience with technology products for smart cities, the 

target users are citizens who need information or suggestion to make decisions via 

communicating in natural languages. The robot provide services of different levels 

such as basic information, answers of complex questions, and even expertise for 

specific topics. The conversation or interaction may occur at public organisations, 

stores, restaurants, or home for a variety of intentions such as business, socializing, 

science, etc.  

The following sections of this chapter describe the designed specific use cases based 

on the features obtained by combination of Watson and Pepper.  

5.2 Use cases by functionality 

Here, use cases are investigated according to the functionality of both Watson and 

Pepper individually and the combination of them.  

5.2.1 Cognitive features 

Cognitive Computing is the most important feature for the applications and use cases 

for AI and robotics. The main benefit is the conversational self-service experience 

which can offer answers and take action. With the capabilities of cognitive computing, 

Pepper will be able to answer complex questions even for some expertise such as 

oncology and taxation.  

Instantly interactions with an individual customer will significantly improve the user 

experience and reduce support cost for customer services. For example, with Watson 

Virtual Agent, Pepper becomes the practical agent responding in different languages 

with pre-trained knowledge of different industries to fit specific business needs. In 

addition, it can integrate with other systems such as filling forms and pointing on maps 

on Pepper’s tablet. Meanwhile, the engagement feature collects the data and 

conversations to let the managers know what type of conversation has been made in 

order to personalise and optimize the services. The solution meets the problems such 

as lack of personalisation of interactive response systems and lack of workforce for live 

chat. The system is flexible and configurable for different uses and up-to-date contents. 

As a SaaS solution, it does not need to be installed on Pepper, furthermore, it is easy 

to setup and maintain.  

Watson’s content mining capabilities identify relationships within disparate pieces of 

data to evaluate actionable insights. In other words, the contents hidden in 

unstructured data can be revealed. Both the managers and customers can talk with 

Pepper to identify trending topics, products, and issues which are critical to them. 
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Furthermore, it is able to control and map data access permissions using Watson’s 

security model that guarantees the users to get access to information and data with 

permissions. AlchemyLanguage API allows Pepper to understand the topic mentioned 

in the text to answer questions such as  

“Please recommend a product that I would like.” 

instead of letting them search for a list. 

Language, Speech, Vision, and Data Insights features of Watson improve Pepper’s 

current communication and emotion detection with cloud-based analysers and 

classifiers. Existing Watson applications mostly analyse the database to provide 

dashboards to a user. However, implementing the services on Pepper will regard both 

database and user inputs then provide bidirectional results. 

Speech 

With Speech to Text and Text to Speech services, Pepper can easily switch between 

text and speech, therefore, the conversation provides better input experience because 

users do not have to type. For instance, Watson Conversation Service provides Pepper 

another option to identify the underlying meaning behind what the user says in order 

to automate interaction with humans by grouping example utterances into broad 

intense, detecting the key elements in dialogues. Therefore, with Watson APIs of 

speech, Pepper is able to not only make the conversation, but also answer complex 

questions by understanding the questions and extract key information from 

unstructured data. Watson Natural Language Classifier, for example, enables Pepper 

to classify naturally expressed phrases into categories or classes just like human’s 

abilities by Deep Learning.  

Emotion detection 

Although Pepper can already detect emotions, with Tone Analyser and Personality 

Insights, it can analyse social characteristics and tendencies as well as language styles.  

Therefore, Pepper can give precise answers that are helpful according to the user’s 

emotion. It may have positive effects such as making jokes when it sees a person in a 

happy mood. On the contrary, negative effects can be made while facing a sad person 

in order to cheer him or her up if necessary.  

Visual recognition 

Visual Recognition allows Pepper to recognize different people in a crowd. For instance, 

Pepper can greet a frequent-visit customer before he or she starts the conversation, 

by asking  

“How do you like the coffee machine you bought last week?” 

Or directly recognise if the product is carried on by the customer and ask  
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“You are looking great in the new coat from last week! How do you like it and what 

would you like today?” 

When Pepper recognises certain objects, it could trigger corresponding actions such 

as stopping people from bringing pets into a room. Alternatively, for healthcare 

purposes, it can assess a health situation or help to diagnose certain diseases by 

observing.  

It can also serve as security by face recognition.  

Data Insights 

Pepper can identify patterns, trends, and actionable insights to help people make 

decisions such as choosing electricity tariffs, calculating tax, or making investment 

when people are facing a number of options which they have to compare. Instead of 

filtering and sorting, which narrows down the options, Pepper considers complicated 

criteria even if they conflict with each other. 

The following figure illustrates a basic cognitive process to answer a complex question 

based on unstructured data according to Dr. John E. Kelly III’s report in 2015. 

Figure 5.1. Cognitive process. Adapted from Dr. John E. Kelly III, 2015 

5.2.2 Dynamic features 

As Bluemix is a cloud platform, it is possible to make every interaction dynamic. The 

connection between Pepper and the cloud allows it to know the most up-to-date 

information and data that users need.  

Therefore, real-time information will be provided to users. For example, Pepper will 

reach the real-time electricity price, demands, generation, imbalance, etc. and help 

power generation companies to make pricing decisions. Moreover, the answers and 

feedbacks from Pepper are immediate, which will speed up the response of directors, 

engineers, and managers. When asked questions about current regulatory laws and 

practices, Pepper extracts data from regulatory changes at multiple levels such as local, 
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national, and international. Then it gives an instant response about policy information, 

programme implementation, market analysis, regulatory investigations, etc. Pepper 

plays a role which has faster and more accurate responses than a human assistant for 

certain inquiries. A sample question can be  

“Are we meeting the requirements of the latest environmental, heath, and safety 

regulations?” 

The cloud-based servers can be adjusted to update Pepper with up-to-date 

information. On one hand, if back-end data has changed, Pepper can automatically 

establish new information. On the other hand, if Pepper does not respond accurately 

or properly, developers can make instant modification or refinement. 

5.2.3 Moveable features 

Mobility is the feature of Pepper that makes Watson moveable. At the present time, 

most intelligent applications need to be installed on computers or mobile phones so 

that people need to carry the devices. Pepper is able to not only “look after” itself, but 

also follow or even lead the user. The features can be considered for two cases: 

Firstly, Pepper is able to navigate. For example, in hospital Pepper can lead the patient 

to find, for example, the right room for his/her doctor, or toilet. Pepper can lead to 

wherever the patient would like and have access to go. On the way, Pepper offers 

companion by talking to the patient according to his or her personal information and 

situation. Meanwhile, Pepper can collect information from the patient such as the 

recent situation and current emotion, then provide advice for diagnosis before 

meeting the doctor. 

Secondly, Pepper finds and moves towards the customer instead of letting the 

customer look for help. Normally in a railway station or airport, travellers need to 

spend some time to find the information desk. Pepper can initiatively start a 

conversation by finding the people who may need assistance. 

5.2.4 Adaptable features 

The adaptability and scalability are the features of both Watson and Pepper. Watson 

and Bluemix are constantly under development and expanding, therefore, it is possible 

to modify APIs or add new services to meet new demands. Pepper is also 

programmable to adapt to Bluemix and different use cases.  

The adaptability reduces the maintenance and upgrade cost for both Watson and 

Pepper. When Pepper has been developed into another generation, Watson can still 

be capable of new sensors and inputs data of higher quality. Correspondingly, Pepper’s 

behaviour can be improved by changing its programmes when Watson delivers new 

features. Thus, if any update/upgrade of either Watson or Pepper occurs, the other 
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one could adapt to it. 

Besides, the system design can be transferred to different use cases. For example, the 

structure and instances for a health coach can be converted into a similar one for 

sports trainer by modifying the back-end database. In this case, changing its expertise 

can adapt Pepper into multiple fields.  
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5.3 Use cases by scenarios 

5.3.1 Public services 

In terms of providing public services, we consider two specific use cases. Transport 

stations (railway station and airport) and hospitals usually have a big number of visitors 

everyday so that there is a high demand for workforce to serve the travellers and 

patients. A cognitive robot that can answer complex questions with expertise is 

effective and efficient to reduce human workforce. It may enhance user experience, 

which contributes to building smarter transport stations and hospitals.  

Transport station 

At a railway station, there is a limited number of staff serving at the counters and 

information desks, while there is a large number of travellers looking for help or 

information, especially during the peak hours. As a result, there will usually be long 

queues in front of the desks for different purposes - from asking the location of a 

platform, to complex questions such as refunding. The figure below demonstrates how 

Pepper can serve in a railway station to solve these problems. 

Figure 5.2. Pepper for railway station 

The process starts with either finding a person who seems to need help or being asked 

by a user. After observing and recognizing the user’s personality and emotion, Pepper 

starts a conversation with personalised behaviour. With Watson’s visual detection, 

Pepper can identify the user’s gender, age, and emotion. Pepper will adjust its 

conversation mode according to the user. Especially while facing to a youngster or an 

old person, personalised tones, body languages, information complexity, and even 

Activated by user 

Personalised behaviour 

Simple questions Complex questions Manual service 

Navigation Quick 

answer 

Natural language 

Cognitive computing 

Self-learning 

Feedback 

Further questions 

Live chat 

Answering machine 

Localise the target 



 

 47 / 57 

 

Pepper’s voice can be adjusted.  

Pepper is able to solve both simple problems and complicated ones. Therefore, three 

categories of inquiries are considered. Firstly, answering basic questions that include 

navigation and quick information, for example,  

“Please help me find the platform 7.” 

“When is the next train to Västerås?” 

and so on. 

The second level is complex questions for which information board and online service 

cannot provide a precise answer. According to the dialogue, Pepper takes advantage 

of natural language processing and cognitive computing to provide senior assistance 

and professional information. For instance,  

“Here I’m in Stockholm. I want to catch a flight in Copenhagen at 7 pm today, please 

give me a route that I could visit Malmö. And I want to buy some gifts in Copenhagen 

that the local people would recommend.” 

Pepper knows not only transport information but also tour, weather, and local life of 

all destinations. After providing the answers, Pepper will ask if there is any other 

question and give some relevant options that the user may be interested in according 

to the previous dialogue. During the whole session, Pepper takes feedbacks for self-

learning and improving. Therefore, the conversation would help the system to correct 

and enhance. 

Although Pepper has the capabilities of cognition and analysis, some inquiries may 

exceed the scope because of the complexity, lack of information, or user’s own 

requirements. Hence, it has to be handed to a human, which is defined as manual 

service in the structure above. There are more options for manual service, the user 

can choose to directly have a live chat with staff via Pepper’s camera and display. 

Alternatively, Pepper can act as an answering machine if there is no staff available at 

the moment. The customer tells his or her inquiries to Pepper and selects a maximum 

waiting time, then he or she can leave Pepper and Pepper will reach the user when an 

answer is delivered. Pepper collects user’s voice message and sends it to the 

information desk, the staff can choose to listen to the message or let Pepper convert 

it into text, and likewise, so that the answer is flexible in terms of format. Meanwhile, 

Pepper can offer the basic services which will only take very short time to other users 

while the previous one is waiting for the response. 

The use case for the airport is similar considering the airport is relatively more secure 

and less crowded. Furthermore, the airport normally has more facilities, restaurants, 

and stores than railway station so that Pepper can offer more guidance and 

information. 
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However, the acceptance and safety should be considered. Whether Pepper will 

practically improve the efficiency depends on service quality and people’s acceptance. 

By limiting Pepper’s moving speed and gesture movement range, unexpected crashing 

or hitting could be avoided. It is necessary to think about the robot’s safety because 

people may misuse and harm it. A gradual coverage of the robot’s utilisation can be a 

solution: Pepper would be used firstly in premium lounges of the airport which have 

stable, comfortable, and peaceful environment. Another reason for this selection is 

the fact that lounge operators care less about the cost of equipment but more about 

the quality and experience. Along with the improvement of people’s acceptance and 

behaviour towards robots, Pepper can serve in larger areas for more people. 

Healthcare 

As a health coach in hospital, Pepper has similar functionality as it serves in transport 

station. For example, guiding, navigating, and informing.  

Alternatively, Pepper is able to offer expertise as a personal health consultant. A well-

trained database ensures that Pepper has rich knowledge to provide advice to both 

patients and doctors. Public hospitals have sometimes long waiting times for an 

appointment because of the lack of doctors and nurses. To solve this problem, the 

hospital can use Pepper to talk with a patient in a private space in case the patient 

would not like to talk about his or her disease in public. Pepper collects information by 

asking and observing then answers specific questions individually. All the information 

will be provided to nurses and doctors for further diagnosis. Additionally, pepper 

presents an interactive way for people with autism. Huijnen et al. (2016) researched 

the therapy and educational objectives of robots for children with Autism Spectrum 

Disorder (ASD). The results indicated potentials of applying robots for children with 

ASD. 

5.3.2 Commercial use 

Use cases for restaurants, stores, and companies take advantages mostly of Pepper’s 

cognitive computing and interaction to increase customer engagement.  

Attraction 

Pepper can be set at the entrance of a store to attract attention and gain more traffic. 

For example, Pepper detects the people who seem to hesitate about whether they 

would like to have dinner at the restaurant and Pepper can move towards them with 

greetings. Normally people might ask questions about menu and price. Pepper offers 

more than a paper menu because it can provide information about the food, cuisine, 

and materials in an interactive way such as calculating calorie intake according to 

customer’s requirements. If the customer is still hesitating about what to eat, Pepper 

may help him or her to decide by asking a series of questions or letting the customer 

say what kind, taste, price, etc. he or she likes. At last, if the customer decides not to 
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have the meal at this restaurant, Pepper would be happy to provide suggestions of 

other restaurants.  

Customer service 

It is crucial for a company or store to have return customers. Pepper is helpful to 

enhance customer service. Especially, Pepper is able to recognize the customers who 

have visited before. With all the information left last time, Pepper starts the 

conversation like an old friend. It can recognise if the customer has previous product 

in the hand. While dealing with return or replace issues, Pepper is able to answer 

questions about policy and procedure.  

5.3.3 Home use 

A smart home is usually equipped with smart devices for delivering better living 

experience, increasing energy efficiency, or providing information mainly focused on 

home automation nowadays. Pepper and Watson are able to play the role to answer 

questions and provide information together; moreover, the robot can also offer 

assistance such as opening the door. 

Education 

Taking advantage of its expertise, Pepper can become a personal tutor for people at 

any age. For instance, considering the development and training cost, Pepper can be 

expert in a number of areas depending on customer demands. Besides having a tablet 

with normal educating applications, the user can interact with Pepper in natural 

language. Research of Brown, L.N. and Howard, A.M. (2014) indicates the positive 

effects of verbal encouragement when social robots interact with students in 

mathematics learning scenarios. The results show that robots can maintain or increase 

student engagement for students at different ages and with different mathematics 

levels. 

Pepper does not have to store all the resources locally because it can get access to all 

the packages on the cloud. Therefore, Pepper is capable of providing information in 

some areas, which depends on the packages installed and trained by developers.  

Because of its self-learning feature, Pepper is also learning and improving during every 

conversation. The input training data from all the users contribute to improving 

response accuracy, and the local training results transform Pepper individually for each 

user or family to be the personal tutor.  

Assistance and Companion 

Physical assistance can be provided by Pepper such as fetching, guiding, following, or 

even making some precise and complex movements. An experiment of AI Lab of 
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SoftBank Robotics Europe in 2016xxxiv trained Pepper to play the ball-in-the-cup game, 

which demonstrates Pepper’s physical capabilities to complete dynamic movement 

using an evolutionary algorithm. 

Pepper is able to detect emotions, which makes it suitable to give companion for the 

elderly. In addition to the large scale of its expertise, the user can ask an unlimited 

number of questions which can always be understood. Ch. Schroeter et al. (2013) 

concluded that a socially assistive robot can indeed provide helpful assistance and 

pleasant living experience to the elderly with Mild Cognitive Impairment (MCI) living 

alone. Therefore, a cognitive robot like Pepper provides not only the services or 

companion but also the potential to help them to recover from MCI and loneliness.  

5.4 Discussion and further work 

When technologies have a direct impact on people’s daily life, the privacy and safety 

issues are unavoidable to be discussed. This is equally true for Pepper that has a 

number of sensors recording videos, images, speech, and personal information.  

In public areas, recording is normally allowed. The more critical issue is protecting the 

data on transmission layer. Data encryption on the physical layer of a data transmission 

system is still a specific field involving a lot of research.  

Comparing to public use cases, the private sector, which uses Pepper at home, has 

more concerns about privacy. Pepper is actually watching and listening when it is 

activated, and all the data are exchanged between Pepper and the cloud continuously. 

It is crucial to protect the personal data. Particular solutions depend on specific use 

cases, but the robot must not use the data for any other purpose. No raw materials 

should be accessible to any developers under certain agreements before 

commercializing the product. This will raise the cost of pre-study, development, and 

training process as no one will be allowed to use the real-time data from their 

customers. Meanwhile, all the data must be well encrypted in order to avoid any 

leakage.  

Another concern is safety for both user and Pepper. Depending on practical use cases 

and environment, Pepper’s movement area, speed, and even its gesture movement 

range should be limited to avoid touching and crashing any unexpected object. A 

humanlike sociable machine may be inappropriately treated. The Japan Times 

reported in 2015 that a drunk man entered a SoftBank store and damaged a Pepper. 

Hence, public law and regulation are of importance as well as people’s awareness. 

Social implications of employment changes and job augmentation have been 

                                                      

xxxiv SoftBank Robotics Europe, (2016). Pepper robot learning "ball in a cup". [video] Available at: 
https://www.youtube.com/watch?v=jkaRO8J_1XI [Accessed 1 Dec. 2016]. 
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discussed in research. Concerns about machine and robot taking jobs have been 

argued for centuries, which is discussed in the work of Frey and Osborne (2013). 

Meanwhile, productivity improvements driven by robotics and artificial intelligence 

technologies are promoting the development of the society. The implementation of 

Watson-powered Pepper could potentially take the jobs of basic workforce and even 

positions which require expertise. However, as the Global Priorities Project explained 

in 2016 (p10): 

‘During the industrial revolution, mechanisation did not change long-run equilibrium 

employment because new jobs emerged which were unimaginable at that time. 

Similarly, jobs lost to automation today might be replaced by jobs we cannot yet 

imagine.’ 

Overall, Watson and Pepper provide alternatives to solve problems due to the lack of 

resource instead of replacing human workforce. Acceptance and acculturation are also 

key factors to success. 
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6. Conclusion 

In this Master Thesis, Smart City architecture is discussed in terms of key ICT solutions, 

business functions, capabilities and services.  

The study demonstrated the following: 

 Smart Cities present the core concept of Smarter Planet vision of IBM. Solutions for 

Smart Cities connect the city and related ICT organisations that develop and deliver 

sub-systems in different domains. 

 The citizens and organisations in urban areas interact with each other locally and 

they are governed by city government or authorities. The interactions among these 

sectors establish the overall social structure; meanwhile, these interactions also 

drive the information flow. End users and the environment continuously generate 

standardisable and unstructured data. A technical structure of Smart Cities is 

proposed to centralise with a cloud based control centre. The control centre stores, 

analyses, and shares these data with technologies such as Cloud Computing and 

Cognitive Computing. 

 Cognitive Computing processes unstructured data generated from citizens and the 

environment then provides precise answers to complex questions. Applying Watson 

onto humanoid robot Pepper can improve public services and enhance living 

experience by making natural interactions. Use cases are designed in terms of 

functionality and using scenarios for further implementation.  

Combining Watson’s capability to process unstructured data and Pepper’s interactive 

features, use cases are designed based on Watson-Pepper’s cognitive, dynamic, 

moveable, and adaptable features. Specific use scenarios are considered for public 

services, commercial use, and home use. The approach aims at providing alternative 

means to enhance living experience instead of replacing human force. This Master 

Thesis may improve understanding of Smart Cities from a technical perspective. 

Moreover, it indicates that Cognitive Computing could help to process information for 

public services. 
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