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Abstract: Although its unique geographical location and one of the oldest cultures in Europe and the world our cultural 

heritage is little known outside Bulgaria. Currently, modern information and communication technologies have not been used 

in their full potential to promote and advertise it. This article presents an intelligent touristic guide, known as TG, that takes 

into account various factors, such as the tourist's preferences, location, time available, and the presence and location of cultural 

and historical objects in the area, in order to propose virtual or real cultural and historical routes. The guide is being 

implemented as an Internet of Thing (IoT) application. Furthermore, the general architecture and individual components of the 

touristic guide are presented in detail. Some remarks about the implementation of the TG software are given as well. 
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1. Introduction 

Due to its unique geographical location, our region used to 

be a crossroads for many nationalities for thousands of years. 

It was a cradle for one of the oldest cultures in Europe and 

the world. This enormous cultural heritage is little known 

outside Bulgaria and modern information and communication 

technologies have not been used in their full potential to 

promote and advertise it. Our region and Bulgaria in 

particular are an interesting tourist destination. For the digital 

presentation of our cultural and historical heritage, the BECC 

(Bulgarian Electronic Cataloguing Cultural) environment 

was developed more than ten years ago [1], which uses the 

CCO standard [2]. 

The project was updated in connection with the 

development of an e-learning environment, known as the 

Virtual Education Space [3]. The space provides e-learning 

services and learning content for blended, self-paced, and 

lifelong learning. The Lifelong Learning Program provides 

electronic content on the subject of Cultural and Historical 

Heritage. 

Recently, using the results of previous developments, we 

have been working on an intelligent guide that takes into 

account various factors, such as the tourist's preferences, 

location, time available, and the presence and location of 

cultural and historical objects in the area, in order to 

propose virtual or real cultural and historical routes. 

Additionally, the tour guide will be able to direct and advise 

the tourist when performing the route. Currently, the guide 

is being implemented as an Internet of Thing (IoT) 

application. 

The article presents the general architecture and individual 

components of the system. Chapter Two provides a brief 

overview of such personal assistants. The general 

architecture of the tour guide is presented in Chapter Three. 

The two basic components of the server hosting the guide are 

discussed in the following two sections. The final part of the 

article briefly summarizes the current state of implementation 

and presents some ideas for the future extension of the 

application. 

2. Related Works 

Generated at the end of 20
th

 century, the idea of using 

intelligent agents for assisting people in their daily business 

and personal activities [4] has developed as an area of ever 
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increasing scientific and practical interest. Artificial 

intelligence techniques have offered opportunities for 

constructing intelligent systems that can autonomously 

execute tasks on behalf of the users, and in their benefit. 

Intelligent assistants can support both the operative daily 

management and the long-term strategic management, the 

execution and control of various types of tasks, for instance 

ones related to planning, reservation, shopping, payment, etc. 

Nowadays, these assistants are usually located on mobile 

devices and they can use social networks as a resource, and 

learn. 

In the United States, PAL (Personalized Assistant that 

Learns) [5] is one of the first multipurpose research 

programs in the area of cognitive systems. The program 

aims at the radical improvement of the way computers 

interact with people. One of the most interesting systems 

developed in the PAL is the personal assistant CALO 

(Cognitive Assistant that Learns and Organizes) [6]. In 

Europe, in the Horizon 2020 programme, the project for 

development of intelligent assistants COMPANIONS [7] 

aims to change the traditionally perceived way in which 

people and computers interact. A virtual "Companion" is an 

agent that shares long periods of time with the user while 

‘creating’ a friendly relation and ‘exploring’ the person’s 

preferences and desires. 

Some corporate developments of personal assistants for 

supporting people in their daily routine are, for instance, Siri 

[8] (which is currently being migrated from a mobile 

application to a standalone device/gadget), Microsoft 

Cortana [9], Google Now [10], Google Assistant and Google 

Home (a voice-activated digital assistant), LG Voice Mate 

[11] and LG Hub Robot (commanding LG home appliances), 

Amazon Alexa (a voice-activated personality) and Amazon 

Echo (a voice-activated digital assistant), Samsung “smart 

assistant” add-on for Family Hub refrigerators, Samsung 

Voice, and others. 

In recent years, significant efforts have been made to 

develop intelligent assistants for support of disadvantaged 

people. Realizing the need for multimedia technologies for 

people with disabilities, the Center for Cognitive Ubiquitous 

Computing (CUbiC) in the University of Arizona has 

concentrated their efforts on solving this challenge. A sample 

project of the Center is dedicated to the design and 

implementation of a social interaction assistant for improving 

the interaction opportunities of people with visual 

impairments [12]. The aim of this assistant is to improve the 

accessibility of the nonverbal social signals for blind people 

or people with impaired vision. It comprises a pair of glasses, 

equipped with a special camera. The input video stream is 

being analyzed with the help of algorithms for machine 

learning and computer vision, which allow retrieval of 

relevant non-verbal signals, and as a result, the user is being 

supplied with this information. 

Another trend involves personal assistants to support 

users’ personal mobility. IRMA [13] researches the personal 

mobility in a probable scenario of the near future, oriented 

towards green, shared and public transport. The project aim 

is to offer a scalable, easily executable and sustainable 

module platform that makes a combined use of information 

sources and offers with added value, each serving a 

particular group of interested users. In this way, IRMA 

assists users in the complete life cycle of mobility 

management. The platform has been developed as a 

Service-Oriented Architecture/ Event-Driven Architecture 

(SOA/EDA) infrastructure, offering a hierarchy of reusable 

services, which can be embedded on mobile devices, as 

well as on the web. In this line of reasoning, a perspective 

direction of scientific research is the so-called Internet of 

Services, which enables integration of different kinds of 

basic services (even ones from different providers) into a 

single component service from the first moment of the user 

demand. Moreover, this component service is personalized 

and profiled for the particular user, taking into 

consideration all aspects of the user’s current context in 

accordance to one’s individual profile [14]. With the 

increase of urban population, the mobile behaviour of 

people in large cities is changing more rapidly than ever. 

The new opportunities for mobility, together with the 

comfort and increased ecological awareness, lead to 

increasingly common behaviour of intermodal mobility. 

The wide dissemination of mobile devices and the 

availability of broadband Internet in vehicles allows users 

to be updated about the huge diversity of mobility 

opportunities. Moreover, the huge volumes of such 

information available to users is a source of inconvenience. 

The Digital Mobility Assistants can ease the difficult choice 

of the best mobility option for each particular user, 

rendering an account of the users’ habits and preference, 

supplying them with the relevant information in the right 

moment. For ensuring such intelligent support, personalized 

models of mobility are proposed in [15] that include not 

only information about the regular routes and destinations 

but also take into consideration the preferred ways to 

commute. The proposed system is specially designed to use 

scarce sensor data from mobile devices, aiming at the 

adequate balance between preserving battery life and 

ensuring quality of information. 

Another characteristic is that in order to execute their 

functionalities, intelligent assistants use some kind of 

background knowledge, stored in various server back-end 

repositories. For instance, in order to support the users in 

their daily routine, Siri uses in background mode some 

specialized data warehouses to support its language interface, 

e.g. Yahoo Weather, Yahoo Finance, Google, Wikipedia, and 

others. 

In the projects for intelligent assistant development, there 

is a growing trend of combining results from the research in 

the area of Internet of Things (IoT), robotics and machine 

learning. Blending the concept of intelligent assistants with 

the paradigm of IoT offers new opportunities to provide 

context-aware services to the end-users. In [16], a healthcare 

assistance scenario has been offered where a mobile gateway 

has been integrated into an intelligent assistant. Using this 

gateway, personal information about the physical status of 
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the individual is transferred to the assistant in real time, 

which is obtained from a bodily sensor network. The PAL 

(Personal Assistant for healthy Lifestyle) Project [17] 

envisages development of a NAO-based social robot, its 

mobile avatar and a scalable set of mobile applications in the 

area of healthcare, which use a shared knowledge base and 

inference method. The PAL can serve as an assistant and 

teacher of kids, too. 

Personal assistants are a substantial characteristic of the 

fourth industrial revolution, and they will be an integral 

part of the future interaction between humans and the vast 

computational and information power of the connected 

digital societies. It is a growing trend to have personal 

assistants developed with the intent to serve various social 

groups of users. Special attention is paid to the assistance 

of people with different disabilities, elderly people, 

children, and patients. Personal assistants are increasingly 

being embedded within a growing diversity of end-user 

devices, robots and automated systems. In their work, 

personal assistants use information warehouses in 

background mode, which are stored on respective server 

configurations. There is a trend to develop intelligent IoT 

assistants that are capable of perceiving and affecting the 

ambient physical world. Despite the intensive research 

interest, there are no standardized models and genetic 

architectures, supporting the development of personal 

assistants, adaptable for various application areas, user 

groups and user devices. 

3. Tourist Guide Architecture 

The Touristic Guide (TG) provides personalized 

assistance to users in the form of tourist services. The 

behavior of the TG is represented by its life cycle, which is 

an algorithm for generating a suitable route for the tourist, 

taking into account their personal preferences and the 

physical features of the area of visit. The life cycle includes 

the following basic steps: 

a. A tourist inquiry – in order to "get acquainted" with the 

tourist, the TG conducts a brief survey, which gathers 

information about the tourist's personal preferences and 

interests, as well as the time available to him or her. 

b. Selection of appropriate cultural and historical objects – 

using the information from the survey, the guide 

chooses objects to visit in the area that would be of 

interest to the tourist. 

c. Generation of a tourist route – from the selected set of 

cultural and historical objects, the system prepares a 

route taking into account the physical characteristics of 

the area to visit, such as its location, distance, working 

hours, and time available to the tourist. Because of any 

planned or occasional events (e.g. incidental failure to 

view the object), individual objects can be excluded. 

The route also offers a sequence for viewing the 

selected objects. 

d. Route realization – the tourist can choose one of the two 

options to realize the route: 

1. A virtual tour – the TG provides information about 

selected cultural objects in the form of text, photos 

and videos, depending on the information stored on 

the system server. 

2. A real walk – the TG assists the tourist during their 

visit and viewing of the objects. 

3. Each object has two types of presentation on the 

guide’s server: 

e. A cultural and historical object (CHH objects) – 

depending on the nature of the presentation, it includes 

different features in accordance with the CCO 

standard. 

f. Ambient – for characterization of the location and 

condition as a physical feature in a real location (area) 

of a separate CHH object or a group of CHH objects, 

designated as an exposition. 

g. In reality, the TG is a multi-agent system that 

includes intelligent and executive (reflex) agents. 

The life cycle architecture includes two basic 

components (Figure 1.): 

h. A back-end component: it consists of different modules, 

distributed in two layers – a knowledge base and 

operational assistants performing the tasks of gathering 

information for the client's needs and generating it in an 

appropriate cultural and historical route; 

i. A front-end component: it consists of an intelligent 

assistant that takes care of presenting the route and 

object information to the client's mobile device using 

the information generated by the operational assistants 

in the back-end layer. 

The active modules of the back-end component are the 

following assistants: 

a. QGA (Questioner Generation Assistant) – the 

responsibility of this operational assistant is to generate 

and conduct a survey with the tourist to identify his or 

her preferences, wishes, and time available. The survey 

results are used to generate a tourist profile. 

b. KGA (Knowledge Generation Assistant) – using the 

tourist profile, the assistant selects the elements of the 

primary route. The pimary route elements are 

expositions or separate CHH objects. 

c. CCAA (Calculus of Context-aware Ambients Assistant) 

– it generates a final route by completing the primary 

route with additional information such as the location 

and status of the expositions (or individual objects), the 

working time, etc. The assistant uses the ambient 

presentation of the CHH objects included in the primary 

route. In fact, the final route is a set of possible 

sequences for viewing the objects. 

d. The TGA (Touristic Guide Assistant) operates in the 

Front-end component and performs the following basic 

functions: 

e. It serves as a tourist's GUI – the tourist can only 

communicate with the guide through this assistant. This 

agent is responsible for the proper visualization of the 

information received from the operating agents on the 

client's mobile device. It visualizes the questions that 
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the QGA generates and returns the received answers 

back to it. It is responsible for visualizing the 

information about the various cultural and historical 

objects and for visualizing the route generated by the 

CCA. 

f. Establishing the tourist location – by using the GPS 

capabilities of the client’s mobile device to determine 

his or her position. 

g. Life Cycle Management – it prepares a "schedule" for 

visiting the cultural objects and follows its observance. 

The communication between the agents of the tourist guide 

is presented in the sequence diagram of Figure 2. The 

communication is carried out mainly between the TGA, 

QGA, KGA, and CCAA agents. Once the user has requested 

to use the tourist guide, the TGA sends a message to the 

QGA to start a survey. The QGA begins to question the user 

by starting with a series of more general questions and 

ending with specific questions about the objects he or she 

wants to visit and the time they want to visit them. All the 

questionnaire information is collected in Client Profiles. 

From the collected information the QGA generates a list of 

objects preferred by the client. The QGA sends a message to 

the KGA to obtain specific information about those objects 

such as the exposition in which the objects are located. The 

KGA retrieves this information from the ontologies in the 

CHH OntoNet. The created list is sent to the CCAA which 

processes the information in an appropriate format and 

submits this information to the CCA system. The CCA 

generates scenario models of tourist routes according to the 

user's requirements and the features of the cultural and 

historical objects – for example, due to a museum's working 

time, it can change the route in spite of the proximity of the 

object. The CCAA sends the generated routes to the QGA, 

which in turn sends them to the TG for visualization. The 

client has to select a route and then a route type which can be 

virtual or physical. If the client has selected a virtual route, 

the QGA sends a message to the KGA to collect information 

about all the objects on the route, which is then sent to the 

TGA for visualization. In the case of a physical route, the 

object information will be displayed according to the location 

of the client. The location of the user will be determined by 

the GPS on their mobile device and will be sent to the KGA 

by the TGA. In turn, it will send information about the 

specific cultural and historical object. 

 

Figure 1. General architecture of the TG. 
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Figure 2. Communication between assistants. 
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4. CHH-OntoNet 

This TG server component is a repository implemented as 

a network of ontologies to support two functions: 

a. Defining expositions of interest to the tourist; 

b. Preparing information about the objects included in the 

offered tourist route. 

c. Ontologies are developed in accordance with the 

Cataloging Cultural Objects (CCO) standard, which 

contributes to the easy and convenient dissemination 

and sharing of data between different systems, 

communities, and institutions. 

Eight ontologies have been developed to represent 

different aspects of the CHH objects (Figure 3). The 

distribution of knowledge in particular ontologies is of 

paramount importance, since in this way it is easy and 

convenient to compare knowledge to the standard 

requirements. Furthermore, the division of the domain of 

Bulgaria's cultural and historical heritage into separate 

subdomains provides an opportunity for effective distributed 

maintenance and editing of ontologies and knowledge in 

them. Particular ontologies can be upgraded and altered 

without any effect on the other ones. Moreover, the addition 

of new knowledge and new ontologies is also relatively easy. 

Currently, the CCH objects stored in the ontologies are 

traditional Bulgarian costumes, along with information about 

the expositions and museums in Bulgaria where they are kept. 

It is important to note that ontologies are interrelated. For 

example, the basic ontology containing descriptions of the 

Bulgarian costumes is titled Costumes. It references 

knowledge from other ontologies – for example, clothes as a 

type of object (along with their basic characteristics) are 

described in the Objects ontology. The Objects ontology, in 

turn, uses concepts from other ontologies, e.g. Materials. The 

descriptions of the folklore regions of Bulgaria use 

knowledge from the Locations ontology (cities within the 

regions, mountains, rivers, plains, and other geographical 

locations). The museums with their architecture and history 

are regarded as objects of cultural and historical heritage but 

also as the place where the costumes are preserved and can 

be seen. Accordingly, some of the knowledge needed to 

describe the expositions and museums is also defined in other 

ontologies, for example the materials for the construction of a 

museum are contained in the Materials ontology. The 

museums and exhibitions as an object were created by 

someone, i.e. knowledge from the Agents ontology is used 

and, by analogy to costumes, they are also defined in the 

Objects ontology. 

The Meta-ontology is the only ontology that does not 

contain knowledge about Bulgaria's cultural and historical 

heritage. It plays the role of a sort of a "catalog" comprising 

supporting information, which makes it easier to work on the 

ontology network – for example, by the service-providing 

assistants when creating surveys or generating descriptions of 

the CHH objects on a single route. 

 

Figure 3. Linked ontologies in the domain of the cultural and historical heritage of Bulgaria. 
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The CCO standard distinguishes between two separate 

components in the presentation of data: dictionaries and work 

records. The authorized dictionaries (authoritis) serve as 

repositories for the most commonly used terms in the description 

of the objects. The standard defines four such dictionaries in 

which the terms are logically grouped together: Concepts, 

Personal and Corporate Names, Subjects, and Georaphy Places. 

In the field of the cultural and historical heritage of Bulgaria such 

dictionaries can present knowledge related to the materials for 

making the objects, the types of cultural and historical items, the 

folklore regions of Bulgaria, museums, and others. 

Along with the dictionaries, the standard defines how to 

describe the objects themselves, or the so-called work record. 

Currently, two types of work records are presented in the 

ontologies: 

a. The first type are the Bulgarian traditional costumes 

typical of the folklore regions of Bulgaria; 

b. The second type are the expositions and museums and 

they are considered as stand-alone work records to 

present distinctive features in accordance with the 

Personal and Corporate Name Authority. 

In addition to the way the data is distributed, the CCO also 

defines a wide range of elements that particular data can hold. 

Each dictionary defines specific elements necessary for the 

complete description of the terms. The standard offers 

mandatory and optional elements, both of which are presented 

in the ontologies through properties. In Figure 4 can be seen 

part of the required elements and their corresponding 

properties for each ontology. For example, as was mentioned, 

the costumes as a type of object are defined in the Objects 

ontology. Each term must have a name that can be the 

preferred or the most commonly used one, an alternative name 

(e.g. in a different language), etc. In our case, we can say that 

the added annotations with a specific language (Bulgarian and 

English) fulfill the standard requirement for the description of 

different existing names of the term. 

The Authority concept has a mandatory field of the term 

(Note), which contains a description of additional 

characterizing information about the term. To achieve this, a 

set of other defined properties of the classes is used that are 

involved in different axioms. Similarly, the recommendations 

and requirements of the standard for dictionaries are followed, 

which are authorized in the presentation of knowledge in the 

other relevant ontologies. 

 

Figure 4. CCO Authorities and Corresponding Ontologies. 

Both the structure of the dictionaries and the objects 

adhere to the requirements for mandatory elements set by the 

standard. In Figure 5. is presented the compliance of the 

objects in the ontologies and the objects of the CCO standard. 

As a mandatory field, each object must have a description of 

what type of objects, already listed in the Objects Authority, 

it belongs to. In the created ontologies this is realized 

extremely easily because the classes describing the costumes, 

expositions and museums (in the Costumes, Expositions, and 

Museums ontologies respectively), are the parent subclasses 

defined in the Objects Authority.  

Figure 5. CCO Work Record and the Corresponding Ontologies. 
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The Costumes ontology presents knowledge about the 

most common types of costumes, their characteristics, which 

include mandatory or additional items (clothes), depending 

on the region in which they are used, and others. For each 

costume different clothes are described along with their 

distinctive features. One of the main classes in the ontology 

is the BulgarianNationalCostume, which defines traditional 

Bulgarian costumes. It is a subclass of the Costume class, 

defined in the Objects ontology. The costumes are divided 

into two main groups, implemented as the FemaleCostume 

and the MaleCostume subclasses. For each of them, a 

hierarchy of other classes was created representing male and 

female costumes. 

The structure of the ontology is demonstrated with the 

TwoApronWomanCostume class (Figure 6). The class 

presents a woman's two-aproned costume. Typically, every 

Bulgarian traditional costume is determined by the types of 

clothes involved in the composition. Additionally, each 

costume has permanent constituents that further characterize 

the costume. In this case, the permanent components that 

define the appearance of the two-aproned costume are a 

back- and a front- apron and a shirt. There may also be outer 

garments and a belt or a girdle, which in turn, in addition to 

the permanent constituents, also determine the type of 

costume. These characteristics are described by the set 

axioms, some of which define necessary and sufficient 

conditions. The figure also shows the corresponding classes, 

which represent some of the clothes that make up the 

traditional Bulgarian costumes. Such classes are, for example, 

brachnik, okrel, and others, which are subclasses of a back 

apron class. Brachnik and okrel are types of a back apron 

characteristic of the two-aproned costume. These classes, on 

their part, have subclasses that describe the varieties of this 

type of garment in more detail, taking into account the 

differences in the respective regions of Bulgaria. Thus are 

realized the other classes as well which are used in the 

description of the traditional Bulgarian costumes. 

 

Figure 6. A two-aproned woman costume. 

5. CHH AmbiNet 

To model the scenarios in the CHH AmbiNet we will use 

the Calculus of Context-aware Ambients (CCA) [18], which 

enables mobile ambients to respond to environmental 

changes. Consequently, the mobility and awareness of 

context gain particular significance and importance. To 

represent the properties of the CCA processes, a logical 

language is used, in which the contextual expression plays a 

major role. Contextual expressions are used to ensure the 

fulfillment of a given option only under certain 

environmental conditions, i.e. in a particular context. 

The CCA is based on the ambient notation. The term 

"ambient" means surrounding and it is an identity that is used 

to describe an object or a component – a process, a device, a 

location, etc. Each ambient has a name and boundaries. It 

may contain other ambients within itself and be included in 

another ambient. There are three possible relationships 
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between two ambients – parent, child and sibling. Each 

ambient can communicate with the ambients around it and 

they can exchange messages with each other. The process of 

messaging is performed using the handshaking process. The 

notation "::" is a symbol for sibling ambients; "↑" and "↓" are 

symbols for parent and child; "<>" means sending, and "()" – 

receiving a message. An ambient can be mobile, i. e. it can 

move within the surrounding environment. With the CCA, 

there are two ways to move: in and out, which allow 

ambients to move from one location to another. In the CCA, 

four syntax categories can be distinguished: processes P, 

capabilities M, locations α and context expressions k. 

In the CHB AmbiNet we will present the CCA modeling 

of the following service: Generating a route with a visit to 

requested objects determined by a tourist survey. Figure 7. 

presents the main ambients in the CHH AmbiNet and the 

interaction between them. 

 

Figure 7. CHH AmbiNet. 

Service description and scenario: 

a. After a dialogue with the tourist, the QGA generates a 

list of PrimaryRoot objects that he or she wants to visit 

and sends it to the CCAA specialist assistant responsible 

for the service. 

b. The CCAA specialist assistant communicates with the 

CHH_AmbiNet space to realize the service. 

c. The CHH_AmbiNet space processes the query data, 

retrieves a list of the objects that match the tourist wishes; 

discovers the expositions in which these objects are 

located; looks for a tourist map with the requested 

expositions; checks for each exposition whether it is 

currently open for visits; searches for and identifies 

possible routes in which only open-to-view expositions 

are involved, and transmits this list titled List_FinalRoots 

to the QGA. 

d. During the realization of the service, it communicates 

with the real world to check whether the respective 

expositions with tourist objects are open for a real or 

virtual visit. 

The search for suitable tourist routes can be realized 

through different algorithms. Since the tourist map with the 

location of all objects is known, one way to improve the 

search efficiency is to set a limited number of open-to-visit 

expositions with tourist objects (islands) through which the 

search is done with fewer steps. For example, if we are 

looking for a path between a tourist's current location and the 

furthest tourist destination, it is appropriate to limit the search 

to a few steps: first to the nearest object, then to some of the 

other ones and so on, to the furthest object. Intuitively, these 

particular positions are the Search Graph islands, which are 

required to be a mandatory part of the route to move from a 

location to a destination. 

Once the islands are identified, we can break the common 

problem of searching into several simpler problems. This 

reduces the search space because, instead of dealing with one 

solving problem, a few simpler ones are considered. This 

helps to reduce the search volume and is an example of how 

we can dynamically use the incoming information from the 

real world to improve the search efficiency. 

The search for a path between the current location and the 

destination by using this approach is realized using the 

following formally described algorithm: 

a. identify a set of objects (islands) i0,…, ik 

b. find paths from a location to i0, from ij−1 to ij for each j, 

and from ik to a destination. 

Each of these problems is expected to be simpler than the 

common one and therefore easier and quicker to solve. The 

preliminary identification of the islands is of particular 

importance, as the use of inappropriate islands can make the 

problem even more difficult than the original one. It is also 

possible to determine an alternative decomposition of the 

problem by selecting a different set of islands. For each 

selection of islands, the complexity of the algorithm is 

different. This algorithm does not guarantee the detection of 

an optimal route but it ensures the discovery of one or several 

possible routes. If we want to provide the tourist with the 

optimal route, we need to additionally implement an 

optimization algorithm. In the presented model, the time for 

providing a route is limited, and so are the computing 

resources, which determines the choice of the considered 

search method. 

CCA modelling of the service 

The ambients, involved in the modelling, are: 
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a. QGA – Question Guide Assistant 

b. CCAA – an Assistant, providing Ambient modelling of 

the service for generating the tourist route. 

c. CHH_AmbiNet – the parent ambient of the CCA 

AmbiNet space. 

d. RCHHO (Real Culture Historical Heritage Object) – an 

ambient containing as subambients tourist objects with 

their physical characteristics such as location, 

exposition, in which they are currently included, 

working time, etc. 

e. ExpID – an ambient of a specific exposition, in which 

the tourist object is located 

f. TourMaps – an ambient containing tourist maps as 

subambients 

g. Routes – the generated tourist routes 

h. SIPW – Standard interface to the real world 

i. PW – an ambient representing the real world. 

The CCAA receives a QGA request containing the 

location of the tourist and the list of objects desired to be 

visited (primaryRoute), and then sends a message to the 

CHH_AmbiNet requesting the generation of appropriate 

routes. Upon receiving the list of tourist routes 

(ListFinalRoutes), it passes it to the QGA. 

PCCAA ≅
! :: ( , ). _ :: , , .0 |

! _ :: ( , ). .0

i

i

QGA location primaryRoute CHH AmbiNet location primaryRoute QGA

CHH AmbiNet ListFinalRoutes QGA QGA ListFinalRoutes

< > 
 < > 

 

When the CHH_AmbiNet receives a request from the 

CCAA, it sends a message to the RCHHO, from where it 

obtains the list of only the open-to-visit expositions in which 

the desired objects are located (ListOpenedExpositions). In 

parallel, it sends a request to the TourMaps to search for a 

tourist map including these expositions (TourMap). It then 

transmits the received map and the ListOpenedExpositions to 

the Routes to generate a list of routes comprising the 

expositions from the list. As a result, it returns a list of 

possible FinalRoutes to the CCAA. 

PCHH_AN≅

! :: ( , , ).

, ,

. , , .0 |

( , ).0 |

( , ).0 |

i

i

i

i

i

CCAA location primaryRoute QGA

RCHHO location primaryRoute QGA

TourMaps locations primaryRoute QGA

RCHHO ListOpenedExpositions QGA

TourMaps TourMap QGA

Routes ListOpenedExposit

↓< >

↓< >

↓

↓

↓< , , .0 |

( , ). :: , .0

i

i i

ions TourMap QGA

Routes ListFinalRoutes QGA CCAA ListFinalRoutes QGA

 
 
 
 
 
 
 
 
 > 
 ↓ < > 

 

When the RCHHO receives from its parent the 

CHH_AmbiNet a request, which contains a primaryRoute, it 

checks for each desired object in which exposition it is 

located and sends a number of requests to the relevant 

expositions to request their position. The received 

information is sent to the dedicated interface to the real world 

SIPW, asking for verification of whether the respective 

expositions are open for a real or virtual visit. After receiving 

the ListOpenedExpositions list, it forwards it to the 

CHH_AmbiNet. 

P RCHHO≅ 

_ ( , ). , .0 |

! ( _ ). :: , _ .0 |

:: ( , ). _ , .0i

CHH AmbiNet location primaryRoute ExpID location ExpID

ExpID location ExpID SIPW ExpID location ExpID

SIPW reply ExpID CHH AmbiNet ListOpenedExpositions QGA

 ↑ ↓< >
 

↓ < > 
 ↑< > 

 

When the TourMaps receives from the RCHHO a request that contains a primaryRoute, it sends a tourist map comprising 

these objects. 

PTM≅ 
! :: ( , , ).

:: , .0

i

i

RCHHO location primaryRoute QGA

RCHHO TourMap QGA

 
 < > 

 

The Routes receives a request from the RCHHO containing the list of the open-to-visit expositions and a tourist map with all 

the tourist objects from the primaryRoute. Then it generates a list of routes and sends it to the RCHHO. 

PR≅ 
! :: ( , , , ).

:: , .0

i

i

RCHHO location ListOpenedExpositions TourMap QGA

RCHHO ListFinalRoutes QGA

 
 < > 

 

The SIPW receives a request from the RCHHO to verify that the exposition is available for visits. It sends the request 
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to the ambient supporting real world information RW and as 

a result obtains a reply that contains a confirmation or 

information about the reason why the real world exposition 

REXpID cannot be visited. 

PSIPW≅ 
! :: ( , _ ). :: , _ .0 |

:: ( , ). :: , .0

RCHHO ExpID location ExpID RW ExpID location ExpID

RW reply RExpID RCHHO reply ExpID

< > 
 < > 

 

CCA Admin Display 

The realization of tourist services is dependent on changes 

in the world. This determines the need for continuous 

monitoring of the processes of the described ambients in the 

CHH AmbiNet. The CCA Admin Display module is 

designed to track the processes in the scenario 

implementation. For this purpose, simulators of the presented 

tourist services have been developed. We will look at a 

simulator described in the presented CCA model which 

tracks the processes of searching and discovering a tourist 

route. It is difficult to reproduce the syntax of the CCA by 

using a text editor due to the specific symbols that are 

included, such as "↑" and "↓". Therefore, the programming 

language ccaPL was developed, which is a computer-

readable version of the ССА syntax [19]. The executable 

ccaPL environment is developed on Java. Based on the basic 

version, a special simulation is developed to track the 

processes of the personalized contextual-sensitive tourist 

guide. 

Each line of the output data of the program execution is 

read as follows: the notation "A === (X) ===> B" means that 

ambient "A" sends an "X" message to ambient "B". The 

"Child to parent", "Parent to child," and "Sibling to sibling" 

notations provide information about the relationship between 

the sender A and the recipient B in terms of the hierarchy of 

ambients. 

The output data from the environment is difficult to read 

without prior knowledge of the CCA formalization. For ease 

of use, an animator for the ccaPL environment has been 

developed. The aim of the animator is to present graphically 

the ambients and their processes in a ccaPL program. Figure 

8. shows the output screen for tracking the basic scenario for 

implementating the service modelled in the previous section. 

 

Figure 8. Admin Console for Process Tracking. 

The System administrator can track the implementation of 

a model scenario in simulation mode both via a console and 

the animator in the ccaPL environment. 

For example, after a dialogue with the tourist, let the QGA 
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identify three objects for a visit in the primaryRoute – 

traditional costumes from the Rhodope region, traditional 

crafts and Renaissance houses, and let the tourist’s mobile 

device identify his or her location in the town of Smolyan. 

The QGA transmits the location and the primaryRoute to the 

CCAA, which transfers this information to the 

CCA_AmbiNet. There, after a dialogue between the 

ambients described, it is established that the three desired 

objects are physically located in three separate expositions 

that are currently open for visits. The search method 

described defines the location of the nearest exposition, then 

the next one, and so on, until generating several possible visit 

routes – the ListFinalRoutes. This list is transferred to the 

tourist and after he or she chooses a route, the PTG launches 

the next services related to visiting the objects. On Figure 9. 

is presented the animated simulator of the discussed example. 

 

Figure 9. An animated ccaPL simulator. 

6. Conclusions 

The basic components of the TG are assistants and 

ontologies. The assistants are implemented as intelligent 

rational agents with BDI architecture [20]. The assistants are 

located on mobile user devices and on the TG server. The 

server agents were developed using the JADE development 

environment [21], and those for mobile devices – in the 

Jadex environment [22]. The ontologies were implemented in 

the Protégé environment [23]. 

Currently, new expansions of the TG are being prepared. 

The TG can offer various auxiliary tourist services such as 

information about suitable restaurants, hotels, shops, and 

medical assistance. A module for the recognition of folklore 

elements is being developed by machine learning methods. 

Another idea is to integrate the TG into a virtual reality 

environment. 
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