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Introduction

When a tourist decidesto visit an unfamiliar city or region, they face a practical problem: how
to choose which cultural and historical sites to visit, in what order and under what conditions, so that
the visit is both feasible and satisfying. This problem remains unsolved despite the growing volume
of available information about cultural heritage — descriptions, categories, locations and so on —
which by itself is not sufficient for making a decision. Today the user no longer expects merely access
to a catalogue of tourist sites, but an intelligent environment that helps them make an informed choice,
assess the key constraints of the specific situation and obtain a practically feasible route!. This
dynamic is particularly pronounced in mobile tourist applications [1], [2], in which the decision of
which next site to choose is strictly contextual and is taken on the spot, underthe influence of multiple
variables: time constraints, spatial proximity, physical accessibility and individual user preferences
[31, [4], 5], [6], [7], [8]

Classical electronic tourist guides traditionally provide list-based or map-based
representations of attractions, a brief description, images and sometimes basic category filters.
Although such systems have high reference value, they leave the user with the difficult task of
combining on their own the thematic interest, the current location, the available time, their personal
constraints and the changing conditions of the environment. Their informational value remains high,
but they exhibit a deficit of contextual intelligence. The present work realizes the notion of “ambient
characteristics” — dynamic properties of the sites and the environment around them (location,
accessibility, weather conditions, exposure and time availability) — which determine the practical
suitability of a given visit at a particular moment. From this arises the need for a new generation of
tourist guides capable of integrating semantic knowledge representation, dynamic context awareness
and an algorithm for personalized decision making [9], [10], [11], [12], [13]. The scientific and
applied problem ofthe present work is thus outlined: how to design a tourist guide that simultaneously
integrates semantic representation of cultural and historical sites, dynamic context awareness and
personalized decision making. The ultimate aim is the generation of practically feasible and
explainable itineraries under conditions of variable external context and diverse user profiles.

In the scientific literature the problem of tourist recommendation is examined along several
intersecting lines. Recommender systems use content-based, collaborative and hybrid models for
selecting sites according to the user’s profile [11], [14], [15], [1]. Mobile guides and context-aware
applications use location, time and behavioural signals in order to provide more relevant content [10],
[8], [16]. Ontological and semantic modelling of the tourism domain enables a formal description of
cultural sites, their categories, properties and relationships [17], [18], [19]. In additiontothese three
lines, interest is also growing in accessible tourism, the explainability of recommendations and the
handling of incomplete data, which raise the question of the applicability of and trust in intelligent
tourism systems [20], [21], [22], [23], [24].

The present dissertation is positioned precisely at the intersection of these lines. It addresses
the problem of an ambient-oriented intelligent tourist guide, in which tourist sites are not realized as
purely static.

The thesis of the work is that the intelligent tourist guide should be modelled as a context-
sensitive, semantically informed and explainable recommendation environment. In such an
environment, the initial selection of candidate sites can be performed through several equivalent
paths: spatial discovery of nearby sites, search by ontological concepts, navigation to similar sites on

! In the present work, a “route” is understood as a prioritized list of candidate sites for visiting, ordered
by their degree of contextual suitability, rather than as a geographical path of movement.



the basis of semantic closeness, or explicit user choice. All these paths feed candidates into a shared
ambient re-ranking component that integrates both the external context and the explicit user profile.

Objectives of the dissertation

The main objective of the dissertation is to design, implement and substantiate a two-stage
model of an ambient-oriented intelligent tourist guide, in which a semantic retrieval of candidates
based on ontological knowledge is followed by an ambient re-ranking that takes into account the user
profile and the dynamic external context, with the aim of generating practically feasible and
explainable routes (in the sense defined above) to cultural and historical sites.

To achieve this objective, three main sub-objectives are formulated, elaborated in specific
research tasks:

* Objective 1. To develop a theoretical and architectural framework for an ambient-oriented
intelligent tourist guide, in which the semantic description of tourist sites is combined with a
multidimensional model of the ambient factors.

o Task 1.1. To systematize and analyze the current state of scientific work in the field of tourist
recommender systems, context-aware tourist guides, ontological models and accessible tourism,
in order to identify the research niche in which the work is positioned.

o Task 1.2. To define a formal model of a tourist site as an ontological instance extended with
ambient characteristics, and to build a multi-layered architecture compatible with the principles
of the virtual physical space, which clearly separates the stage of semantic retrieval from the stage
of ambient re-ranking and enables the integration of knowledge, user profile, services and
external context.

* Objective 2. To implement a prototype system that materializes the two-stage model in a working
software project with support for semantic search, ambient re-ranking, explainability and
uncertainty management.

o Task 2.1. To implement the main modules of the prototype — search by ontological concepts,
retrieval of similar and nearby sites, management of user profiles and ratings, ambient re-ranking
algorithm — and to integrate a dynamic meteorological context so that the system reacts to
environmental conditions in real time.

o Task 2.2. To formalize accessibility (motor, visual, auditory) as a real constraint in ambient re-
ranking, rather than a descriptive attribute.

o Task 2.3. To propose a cautious mechanism for controlled completion of missing or incomplete
ambient characteristics through a language model and the possibility of expert verification, which
raises the coverage of applicable routes without sacrificing reliability.

o Task 2.4. To embed recommendation explainability and uncertainty management as inalienable
qualities of the guide.

* Objective 3. To formulate and apply a methodology for experimental validation of the proposed
model, including comparison with baseline recommendation strategies, ablation analysis of the
individual ambient factors, scenario-based validation by user profile types, and verification on
both a synthetic and a real corpus from the subject domain.

Structure of the dissertation

The dissertation moves from theoretical foundation (Chapter 1 — current state of the field and
the research niche) through the architectural design (Chapter 2) and the engineering implementation
of the prototype (Chapter 3) to the experimental validation on synthetic and real corpora (Chapter 4);
the Introduction derives the goals and tasks, while the Conclusion summarizes the results, limitations,
future directions and publications.



Chapter 1. Current state of the art

1.1 Recommender systems in tourism

Recommender systems encompass content-based [15], collaborative [11] and hybrid [14]
approaches. In tourism, however, this general categorization proves insufficient, because the sites are
simultaneously spatial, temporal and semantic units, and their applicability depends on distance,
working hours and momentary constraints. Ricci [25] outlines the specifics of recommender systems
for travel as a separate class, Gavalas et al. [1] later systematize contemporary mobile tourist
recommender systems, while earlier works on route planning [9], [26], [27] introduce the formal
constraints of time windows and profits.

Content-based models are useful in the “cold start” situation, when sites have rich semantic
descriptions [18], [15], [19]. For cultural sites, however, metadata are rarely complete and
homogeneous, which makes these models fragile with respect to dynamic context and real
applicability.

Scenario: a tourist with motor impairments looks for sites on a rainy Sunday afternoon. A
system without accessibility knowledge may recommend an open-air archaeological reserve —
thematically relevant but physically infeasible; a system with accessibility databutno weather context
will offer an accessible open-air site without accounting for the rain. Only when accessibility,
weather, working hours and proximity are evaluated simultaneously can the system eliminate
inapplicable candidates and prioritize the truly feasible ones.

1.2 Interactive tourist guides

An interactive tourist guide combines mobile access, localization and adapted content, and
early systems such as Cyberguide [8] laid precisely this foundation. For solving the actual tourist
choice, however, this is not sufficient, because location must be supplemented with a richer context
and a mechanism for assessing applicability [10], [16], [28].

Interactive guides combine search, navigation and recommendation around the user’s
movement in space [3], [4], [5] and are increasingly part of broader intelligent architectures with
services, knowledge bases and external sources [29], [30]. This functional diversity in itself does
not guarantee intelligent behaviour, unless the system formally models the knowledge and the
dynamic context of the choice.

From the standpoint of the dissertation problem, the most essential point is that interactive
guides show how a tourist system can be placed in a real context of use, but they do not always
provide a sufficiently strong model for explainable and context-aware recommendation. The ambient
approach extends the idea of the interactive guide by introducing formalized characteristics of the
environment and of the suitability of the site for a visit.

1.3 Ontologies, context and personalization in tourism systems

An ontology provides a formal description of tourist sites and the relationships between them,
so that the knowledge is optimized for search and reusable [17], [18], [19]. The semantic description
alone, however, does not resolve whether the site is applicable at the current moment for the specific
tourist.

Ontological and taxonomic models allow a single site to be described along several semantic
axes, while the context links this stable knowledge with the specific use [17], [30]. The critical point
is that without a formally represented context the ontology remains good for search but insufficient
for a dynamic decision in a real tourist situation.



1.4 Accessibility, explainability and uncertainty in intelligent tourism

The term “smart tourism” is used in the present work in the sense given by Gretzel et al. [31],
as a tourist environment in which information and communication technologies, together with data,
transform services into adaptive, context-sensitive and personalized ones. Within this framework,
accessibility, explainability and the management of uncertainty emerge as fundamental, but
insufficiently jointly developed, requirements. Accessibility cannot be modelled as a single binary
attribute; it requires at least a distinction between different types of constraints and forms of
disadvantage [20], [23], [24]. Without such a distinction, the tourist system risks recommending
sites that are formally close but practically infeasible [32].

The literature on routing for users with motor impairments shows that spatial proximity by
itself does not guarantee the practical applicability of the route [20], [23]. The route must not merely
be short, but physically feasible and consistent with theuser’s constraints. Analogously, in the tourism
domain a site must not be recommended solely because it is nearby or popular if the conditions for
visiting it are absent. This makes accessibility a structural rather than a peripheral factor.

Combining accessibility, explainability and uncertainty management raises the bar for an
intelligent tourist guide: the system must not only find good candidates but do so transparently, fairly
and robustly to incomplete data — a distinction that sets the ambient-oriented approach apart from

simpler recommendation strategies.

1.5 Comparative analysis of existing solutions

On the basis of the approaches considered so far, the present section proposes a systematized
comparative analysis of leading existing systems along the five axes by which the result of the
dissertation is delineated: semantic description of the site, multidimensional accessibility, dynamic
weather context, controlled completion via Al and explainability of the recommendation.

The choice of these five axes is not arbitrary. The semantic description has been identified as
a necessary condition for reusability and thematic search in numerous independent surveys [17],
[18], [19]. Accessibility is recognized as an autonomous research direction in the tourism domain
[23], [24], [32]. The dynamic weather context is identified as a significant factor for tourist behaviour
[33], [34], [35]. Controlled data completion addresses the documented problem of incompleteness
of cultural and historical metadata [36], [37], [38]. Explainability is established as a separate
taxonomy within recommender systems [21], [22], [39]. The following table additionally includes
an axis for global route optimization, on which existing systems surpass the present prototype, in
order to ensure a balanced comparison.

Table 1. Summary positioning of the proposed model with respect to existing solutions.

Criterion Typical solutions Proposed model
Semantics Categories, tags or ontologies Ontological concepts and instances
Accessibility Descriptive attribute Hard constraint in case of
incompatibility
Weather context Rarely dynamic Exposure with current weather
Explainability Often absent Factor explanations and reason for
elimination
Missing data Ignored Al inference with expert verification

For a more precise positioning of the proposed model with respect to related classes of
systems, it is useful to consider several conceptually similar types of solutions described in the
literature and in practice. Such a comparison shows not only what the present prototype does, but also

how it differs from other types of tourism and recommender systems.



1.6 Conclusions of Chapter 1

The analysis of the current state of the field allows several summarizing conclusions to be
formulated.

Tourist recommender systems are multi-criteria and context-dependent; existing guides use
location and mobility but do not sufficiently integrate a rich semantic model, multidimensional
accessibility and handling of incomplete data, while ontological models are an appropriate foundation
that must be augmented with a contextual and user layer. Accessibility and explainability are
structural requirements, not peripheral properties, and missing data and uncertainty require cautious
mechanisms for enrichment and validation, including careful use of Al services.

The analysis outlines five concrete research opportunities: (1) semantic description of sites
through ontological concepts and instances as a basis for thematic search and reusability; (2)
multidimensional accessibility, treated as a hard constraint; (3) dynamic weather context modelled
through the ambient characteristic of exposure; (4) controlled completion of incomplete data through
Al services with protective strategies; (5) explainability of ranking through traceable factor
contributions and an explicit reason for elimination. These five opportunities define the scope within
which the architecture of Chapter 2 and the implementation of Chapter 3 localize the specific research
contributions of the dissertation.



Chapter 2. Architecture of an ambient-oriented intelligent tourist guide

2.1 Main functionalities of the intelligent tourist guide

The architecture addresses the five research opportunities from §1.6: semantic description —
through the knowledge layer; multidimensional accessibility — through the ambient characteristics;
dynamic weather context — through the integration layer; controlled Al completion — through an
isolated module; explainability — through traceable orchestration. The system covers the full tourist-
support cycle (registration, semantic search, ambient re-ranking, feedback) as a sequence of
interrelated operations, not isolated screens or API calls.

The first group of functionalities covers user identification and profiling: registration, storing
basic coordinates, available time window, preferences and constraints. The profile is the main input
structure for the model — from it, the weights of ambient factors, spatial coordinates and constraints
that participate in ranking are derived. The data are obtained through a questionnaire on the client
side with the approach of explicit profiling in an intelligent personal tourist guide.

The second group of functionalities encompasses the semantic search and the access to the
ontological knowledge base. The user must be able to search concepts by type and keyword, retrieve
instances by a chosen concept, view the details of a particular site and find similar sites by shared
semantic characteristics. This functional group plays the role of a thematic filter and prepares the
initial set of candidates for subsequent ambient evaluation.

The functionalities defined in this way show that the proposed tourist guide is an integrated
intelligent environment, in which knowledge, profile, context and algorithmic logic interact within a

common architectural model.

2.2 Virtual physical space

The concept of a virtual physical space fits within the broader research field of the Internet of
Things [40] and of context-aware computing [41], and at the same time offers a concrete architectural
form for combining the physical world, the digital representation and the social interaction in a single
applied environment [29], [30]. In the context of the intelligent tourist guide, this means that the
system must be able to connect the real location of the tourist, the real properties of the cultural sites
and the digital knowledge about them in a single operational cycle. Without such a framework, the
tourist guide remains either a purely reference system or a purely geolocation tool.

The first explicit formulation of ViPS as a reference architecture for [oT applications is given
in [42], where the space is described as an architecture capable of adapting to different domains and
considered in close connection with cyber-physical and cyber-physical-social spaces. This line is
developed in greater detail in [43], where ViPS is presented by the authors as the first general
reference architecture of an [oT ecosystem, and in [44], where the transition from DeLC and Virtual
Education Space to Virtual Physical Space is systematized as a more general model for integrating
the virtual, the physical and the social world.

Architecturally, ViPS is not reduced to an abstract idea of connectivity, but to a concrete
composition of formalisms and active components. The summary description in [29] and the earlier
publications [43], [45] and [46] show that the core of the environment includes the Event
Engine/ENet for the representation and dissemination of events, TNet for the temporal aspects,
AmbiNet for spatial modelling, personal and operational assistants for rational behaviour and a guard
layer for the interface with the IoT nodes. Of particular importance is the work [46], because it
specifies how events can be categorized, serialized, packaged and routed through different message
brokers without binding the business logic to a particular transport technology.

In the present architecture the virtual-physical space is used as a design principle: the
knowledge base contains the ontological concepts and instances (virtual model), the ambient
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characteristics link knowledge with the physical feasibility of the visit, and the user profile anchors
behaviour to the real tourist. The route is a dynamic product of the interaction between knowledge
about the site, context about the user and dynamic data about the environment.

2.3 Architecture of the tourist guide

The proposed tourist guide follows a multi-layered architectural model, in which the
individual components are organized around clearly delineated responsibilities in the spirit of Clean
Architecture [47] and of domain-driven design [48]. Atthe most general level, a presentation layer,
an application layer, a knowledge layer and an integration layer can be distinguished. This
decomposition is chosen not only on engineering grounds [49], but also for the scientific need that
the individual research ideas be localized in concrete architectural units. The mapping with respect to
the ViPS framework of Section 2.2 is as follows: the knowledge layer realizes the ontology-ambient
core, corresponding to the AmbiNet component [45]; the application layer plays the role of an
operational assistant, analogous to the assistants of the tourist guide in [3] and [29]; the integration
layer corresponds to the guard layer towards external services and events [43], [46]; and the
presentation layer provides a technologically neutral REST interface to this environment [50].
Semantic search, ambient ranking, user profiling, weather integration and Al inference are different
tasks and must be encapsulated so that the interaction between them is controllable. In the
implementation, these logical layers are organized as vertical slices by domain context — each
context (ambient, ontology, users) contains its own REST resources, services, models and
repositories, instead of being grouped in horizontal packages by technical criterion.

In the knowled ge layer, ontological concepts and instances are mapped to separate JPA entity
classes and relational tables: OntologyConcept is stored in ontology concept, and
OntologyInstance —in ontology_ instance. Both types have an external identifier, name,
description and a hierarchical relationship parent_id; the many-to-many relationship between
concepts and instances is realized through the intermediate table
ontology instance_ontology_ concept. Inthis way, one concept can group together multiple
tourist sites, and one instance can belong to more than one semantic category. The ambient
characteristics are linked to the specific instance through ontology_instance_idand are stored
in a base table ambient_characteristic with specialized tables for location,
accessibility, exposure and working hours. [47] [48] [49] [45] [3] [29] [43] [46] [50]

The term “ontological model” is used in the present work in an engineering and applied sense.
The model contains hierarchically organized concepts, instances and relationships between them, but
does not claim to be a complete formal OWL/RDF ontology. From a strictly logical point of view,
part of the structure can be regarded as a domain taxonomy, enriched with links to instances and
ambient characteristics. This does not diminish the added value of the model, because it is precisely
this structured semantics that enables search by concepts, grouping of sites, retrieval of similarity and
subsequent ambient re-ranking. [47] [48] [49] [45] [3] [29] [43] [46] [50]

The mapping of the proposed architecture to ViPS is conceptual and not technologically
literal. The original ViPS architecture envisages asynchronous dissemination of events through the
Event Engine and temporal modelling through TNet, implemented over a message broker
infrastructure [46]. In the present system these functions are adapted to a synchronous request—
response model: the orchestration of contextual changes (weather data, Al inference, user profile) is
carried out within a single HTTP request, rather than through a publish—subscribe mechanism. This
choice is dictated by the nature of the application — the tourist guide serves individual requests with
a specific user context, rather than a stream of asynchronous sensor events. Accordingly, ViPS is used
as a design principle for the separation of responsibilities, rather than as a concrete technological
specification.

10



The integration layer connects the system with external services: a weather source for current
conditions and an Al service for inferring missing characteristics. From an architectural point of view,
this is a layer with lower reliability compared with the local database, which is why access to it is
isolated through dedicated services, fallback behaviour (fallback) and protective mechanisms.

11
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Figure 1. Block diagram of the architectural layers and main subsystems of the ambient-oriented tourist guide.
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2.4 Conclusions of Chapter 2

The proposed architecture shows that the ambient-oriented tourist guide can be implemented
as a multi-layered intelligent environment, rather than as a monolithic algorithm. Semantic search,
ambient evaluation, the user profile and the external context are separated into autonomous
architectural units, which facilitates both the extension of the system and its analytical description.

The architecture is consistent with the principles of the virtual physical space, since it links
the digital description of the sites with the real conditions for visiting them, and rests on established
architectural principles — Clean Architecture [47], domain-driven design [48] and stabilizing
patterns (circuit breaker, bulkhead, timeout) for external integration [51]. In this way, the results of
the dissertation are localized in concrete architectural units, rather than remaining at a conceptual
level.

The first essential result is the ontology-ambient core in the knowledge layer. Through the
common base table with specializations (class table inheritance [52]) the ambient characteristics can
be processed polymorphically, while at the same time each characteristic retains its own evaluation
model. This provides a direct architectural realization of the requirement for extensibility and resolves
the problem of multidimensional accessibility formulated in Section 1.6.

Finally, the modular decomposition provides a good basis for scientific defence, because it
allows the results to be clearly localized: ontological model, ambient layer, contextual integration and
mechanism for handling incomplete data. The same decomposition creates the natural transition to
Chapter 3, in which each of these architectural units is examined at the level of data models,
algorithms and concrete rules for ambient ranking.

Table 2. Architectural layers and concrete implementation.

Layer Role Implementation
Presentation Access to functions REST API for the client
Application Orchestration AmbientService, OntologyService,

ExplanationService
Knowledge base Semantic model OntologyConcept and OntologyInstance
Ambient Physical and situational constraints Location, Accessibility, Exposure,
WorkingHours

Integration External services WeatherService and Al inference

13



Chapter 3. Implementation of a prototype of an ambient-oriented intelligent
tourist guide

3.1 Technical implementation

The technical implementation is a server-side Java/Spring core exposing a REST interface
(Java 21, Spring Boot 3.5, MySQL 8.0). The Spring ecosystem provides a clean separation between
the web layer, domain services, data repositories and integrations, matching the architectural setup of
the previous chapter and facilitating the application of the scientific ideas.

The prototype is organized by domain — domain/ontology, domain/ambient,
domain/user —plus infrastructure modules for weather integration, Al inference and import. The
ontology model, ambient characteristics and user profile are thus actually implemented as separate
interacting modules of the system.

Built into the model of the exchanged data is the principle of traceability: the system
distinguishes directly available values from inferred ones and allows the origin of the individual
factors to be shown (directly entered, inferred or the product of the fallback mechanism).

The data model is a relational schema with three sub-domains: an ontology layer
(ontology_instance, ontology concept and a link table); an ambient layer (common
ambient characteristic table with specializations for accessibility, exposure, location,
working _hours — polymorphic treatment with distinct scoring models); and a user domain
(identity plus algorithmic parameters — coordinates, time window, constraints and factor weights).

14
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FK parent_id self

PK id
name
descr

UuID
Role
STR

user_authority
FK user_id
FK authority_id

PK id

FK user_id
longitude
latitude
available_from
available_to
is_deaf
is_blind
is_disabled
has_umbrella
tolerates_cold
tolerates_hot

user_profile

uuID
DBL
DBL
TINY
TINY
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL

PK id uuiD
external_id STR
name uQ
FK parent_id self

created_at / version

FK ontology_instance_id
FK ontology_concept_id
PK (instance, concept)

PK id

FK profile_id
char_type
weight

INT

user_oi_rating
PK id
FK user_id
FK instance_id
rating 1..5

Ambient subdomain

PK id

name
description
effective_date
term_date

type

FK ontology_instance_id
inferred
fallback

uuiD

STR

STR

DATE

DATE

ENUM (LOCATION,
WORKING_HOURS,
ACCESSIBILITY,
EXPOSURE)

BOOL
BOOL

«)JOINED inheritance»

working_hours

PK,FK id PK,FK id
longitude DBL || from_hour TINY
latitude DBL || to_hour TINY

PK,FK id
is_available_for_disabled
is_available_for_blind
is_available_for_deaf

BOOL
BOOL
BOOL

PK,FK id

is_outdoors
has_air_conditioning
has_shelter

exposure

BOOL
BOOL
BOOL

Figure 2. ER diagram of the relational model of the AmbientRouter database.
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The user context is collected at registration through a questionnaire, implemented in the client
application. The explicit profiling approach is the one described by Kristian Milev [53] in the context
of an intelligent personal tourist guide. The collected data — coordinates, time window, constraints
and weights of the ambient factors — feed directly into the ranking algorithm, which ensures
personalization from the very first use.

Alinference is integrated with the deterministic ambient model as structural enrichment under
managed uncertainty, not as a replacement of the deterministic logic. Three specialized services are
implemented — AccessibilityInferenceService, ExposureInferenceService and
WorkingHoursInferenceService — each with a structured prompt, low temperature and a
clearly defined output format, which transfers Al inference from free text to a constrained structural
channel.

For accessibility the model extracts three separate values (motor, visual, auditory); for
exposure — isOutdoors,hasAirConditioning and hasShelter; for working hours — start
and end hour. Unresolved fields receive a neutral rank (1.0) uniformly across all three characteristics
— this leads to neutral treatment, rather than to pessimistic fallback values.

The language-model context is constructed from the description of the ambient and the
available ontological concepts of the associated site: the ontology provides structured domain context,
while the language model performs probabilistic completion of missing attributes. The Al output is
treated as a conditionally inferred value, distinguishable from observed dataand subject to subsequent
human verification.

3.2 Operating logic of the tourist guide

The operating logic of the guide follows a two-stage model. At the first stage, an initial set of
candidate sites is formed through semantic search by ontological concepts, retrieval of nearby sites
around the user, or selection of similar sites with respect to an instance already being viewed. At the
second stage, this set is interpreted with respect to the current profile and environment, so that the
system answers not only which sites are thematically meaningful, but which are applicable right
now.

Intermediate results from the development of this two-stage approach have been published in
[7], where an algorithm is presented for generating and visualizing the route of an intelligent tourist
guide, and in [6], where the model is extended with ambient characteristics, personalization and
ontological concepts. The present work builds upon these results by integrating them in an overall

architecture and validation methodology.
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Ambient route re-ranking algorithm

UserPreferences
lat, Ing, availableFrom/To, E
or each OntologyInstance
REST request \ isDea, isBlind, isDisabled, K 9y
/apifvl/ambients/route hasUmbrella, toleratesCold/Hor, from the primary route

weightedAmbientCharacteristics

LocationAware workmgHourSA.ware Accgfs;lhi!iWAwarg » ExposureAware
e G ) Overlap of the time Com;::ubmw /v;rm da/;gessbrﬂty G
6 threshold steps (0-50 km) I B 0 SR AT needs (deaf/blind/disabled) preferences (rain, cold, heat)
rank € [0, 2] ’:ﬁ“" €10, fl 'a“; €1 231 rank € (0, 2]
0 when no overlap 0 on explicit incompatibility
ki —~ 1
0 when d > 50 km null - 1.0 (fallback data) null — 1.0 (fallback data o weather daa - 1.0 (neutral)

Aggregation and final ranking

A Sort

ambientRank = ¥ (rank; x weight) | ¥ (weight) ; f:::;’:g:::ggg

3. externalld ASC

Yes ¢
A4

Any rank == 0?
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Ambient rank = 0 Rank scale: 0~ climinai i / Final \
Site is excluded ank scale: 0 = elimination - - 1.0=neutral - 1.5 positive - 2.0 : mbie“t‘orien‘ed

from the route ST [EEIVE § \ route /

Figure 3. Flowchart of the algorithm for ambient re-evaluation and ranking of candidate sites using personalized information and an initial list of ontological instances.
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The algorithm provides explainability by construction: for each site, the intermediate scores
per factor and their weights are available, the elimination logic is explicit, and the DTO models
include the contextual data that participated in the evaluation — for example, whether it is raining,
whether it is hot or cold.

The implemented endpoint GET  /api/vl/ambients/{id}/explain returns
ExplanationDTO with an explicit classification of the effect of each factor (ELIMINATED,
STRONGLY_NEGATIVE, NEGATIVE, NEUTRAL, POSITIVE, STRONGLY_POSITIVE), a textual
reason and a summarized description. For each factor the rank, the weight, whether the value is
inferred or fallback, and a textual explanation of its specific contribution are provided. The
explanation is constructed deterministically from the data that the algorithm already computes,
without an additional inference layer.

Uncertainty is treated conservatively: missing values receive a neutral rank (1.0), while an
explicitly established incompatibility in accessibility or working hours leads to elimination. The
system distinguishes directly available, inferred and fallback values, which allows the explanation
layer to indicate the origin of each factor.

3.3 Limitations of the prototype

The prototype has four clearly recognizable limitations: (1) no full route optimization with
transport times and a global daily programme — the focus is on re-ranking candidates; (2) the
database contains synthetically generated users and ratings, which limits behavioural inferences; (3)
Al inference uses a probabilistic model that does not replace expert verification as a source of truth;
(4) the REST interface is sufficient for the prototype but not finished as a public industrial API, as
administrator operations and a richer classification of errors are missing.

3.4 Toolkit for expert validation

For expert validation of the prototype, a dedicated checklist has been developed for reviewing
newly added or Al-enriched sites, covering semantic description and ontological categorization,
spatial data, working hours, multidimensional accessibility, exposure and recommendation
explanation. The full toolkit and its application procedure are described in the dissertation and turn
expert evaluation from an intuitive activity into a more structured and repeatable procedure, useful
both for operational support and for future experiments and for demonstrating the reliability of the
system before a scientific audience.

3.5 Analysis of the influence of individual ambient factors

The ambient factors carry different types of constraint: location is a spatial filter, working
hours is a temporal filter, accessibility is a personal filter tied to route feasibility, and exposure is a
contextual adjustment factor for comfort and reasonableness of the visit under specific weather
conditions.

The exposure rank is formed multiplicatively from an initial value of 1.0: under precipitation
without shelter the rank is divided by 4, under cold without tolerance — by 4, and under favourable
weather or the presence of shelter/umbrella — multiplied by 2 (capped at 2.0 via min(1.5 X rank, 2.0)
to avoid overcompensation). The multiplicative nature, combined with the absence of a hard-
elimination condition, explains why exposure is a corrector, not a filter: it does not remove sites, but
can substantially change their ordering.
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Logic of the ranking models (AwareModel)

Each model returns rank € [0, 2] and weight (user-configurable weight)

LocationAware — Proximity to site

Input: user coordinates (lat, lon) and site
Haversine formula - distance (km)
Condition Rank

distance > 50 km

40 < distance < 50 km

20 < distance < 30 km

10 = distance < 20 km

3 = distance < 10 km

"
>
30 = distance < 40 km ! ﬂ 05
>
o
{

distance < 3 km "{ 2,0 walking distance

closer —. higher rank

AccessibilityAware — Accessibility

Input: user needs (isDeaf, isBlind, isDisabled)
and site support (isAvailableForDeaf / Blind / Disabled)
Condition Rank

User has no accessibility needs

1.0 neutral
lisDeaf A lisBlind A lisDisabled

Explicit incompatibility (FALSE)

e.g. isDeaf=true but isAvallableForDeal=false

Support missing

at least one required flag is missing

1.0 neutral

Full support (TRUE)

all required flags = true

2.0 strongly positive

LA A 2
-

-_—

Conditions are checked sequentially for each need (deal - blind . disabled). A single FALSE is enough for elimination.

WorkingHoursAware — Working hours

Input: working hours [fromHour, toHour] and availability [availableFrom, availableTo]

Formula: overlap = min(toHour, userTo) — max(fromHour, userFrom)
Condition Rank

Working hours missing
fromHour or toHour missing

=

—p 1.0 neutral

userFrom > toHour v fromHour > userTo

Overlap < 1 hour —p 0.5

1= werlap‘ < 2 hours 7>[ D ]
% urgency — closing soon

2= overlap < 3 hours —)-| 15

Overlap 2 3 hours Y 1.0 neutral

plenty of time

ExposureAware — Weather exposure

Input: weather data (isRaining, isHot, isCold) x site type (isOutdoors)
x user preferences (hasUmbrella, toleratesCold, toleratesHot)
Base rank = 1.0, modified by multipliers

No weather data - rank = 1.0 (neutal fallback)

Outdoor site (isOutdoors = true) Indoor site (isOutdoors = false)
Pleasant weather &0 Rain outside
no rain, cold, heat ideal shelter
x2 } Heat | cold, has AC
)@ Heat ] cold, no AC, not tolerated

Cold [ heat, tolerated B P Heat | cold, no AC, tolerated
max 2.0 max 2.0
r 12 | Pleasant weather outside
L P better outside

Multipliers accumulate sequentially (rain - cold/heat). If isQutdoors is mis

Rain, no shelter, no umbrella

Rain, has shelter or umbrella

Cold | heat, not tolerated

sing — rank stays 1.0 (neutr

Thresholds: rain = 0.1 mm - hot 2 28°C - cold < 10°C

Figure 4. Decision tables describing the ranking logic of the individual AmbientCharacteristicAwareModel implementations.
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The absence of feedback data in the "cold start" situation justifies the choice of a heuristic
rather than a fully trainable model at the present stage: heuristically formalized factors are directly
interpretable and defensible, without precluding future machine learning — an intermediate, yet
strongly explainable, solution.

The process of ambient re-ranking is based on a mathematical model for a weighted
assessment of the applicability of each tourist site, the formal description of which follows.

Let C = {c1, c2, ..., cm} be the set of ambient characteristics (e.g. weather conditions,
accessibility, time window), and W = {w1, w2, ..., W} their corresponding weights, defined through
the user profile. The final applicability score A(O) for a given site O is computed by the formula:

m

r(c;,0) - w;

j=1
m
j=1

where 1(cj, O) € [0, 2] represents the coefficient of correspondence of the site with respect to
the specific characteristic cj; a value of 0 denotes critical incompatibility and leads to the elimination
of the site from the route.

A(0) =

Algorithm 1. Ambient ranking of a site

Input: ontological instance O, set of characteristics C(O) and their corresponding weights W.
Output: final score A(O) € (0, 2] or 0 (elimination)

1 sumRatings « 0, sumWeights < O

2 For each characteristic ci € C(O):

3 ri « r(ci, O)

4., Wi « W [C i ]
5. If ri = 0: return O // critical incompatibility
6 sumRatings « sumRatings + ri X Wi

7 sumWeights « sumWeights + wi

8 A(0) « sumRatings / sumWeights

9 Return A (O)

If the input initial route is empty, the system retrieves via spatial query sites within a 50 km
radius and applies the above algorithm per candidate; results are sorted descending by final rank with
complexity O(n'm). The weighted arithmetic mean with hard elimination at zero rank separates soft
preferences from hard constraints and provides an interpretable baseline model, where n is the number

of candidates and m the number of ambient characteristics.

Table 3. Ambient factors in the re-ranking algorithm.

Factor Input data Thresholds / scale Effect
0-3 km — 2.0; 3-10 —» 1.75; 10-20 — P
; ; > .
Location coordinates of user and site 1.5; 20-30 — 1.0; 30-40 — 0.5; 40-50 30 km — elimination; threshold
heuristic
— 0.25; >50 -0
. . no overlap - 0; <l h—0.5; 1-2h — no overlap — elimination; max
Working hours access hours, free window 20: 23h—>15: >3h — 1.0 rank at 1-2 h
Accessibility motor, visual, auditory po constrfunt — 1.0; compatible — 2.0; incompatibility — elimination;
incompatible — 0; unknown — 1.0 unknown — neutral
indoor/outdoor, shelter, air multiplicatively frgm 1.0; rain without corrector, not filter; demotes or
Exposure . shelter + 4; cold without tolerance + 4; .
conditioning, weather boosts, does not eliminate
favourable weather x 2; max 2.0
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3.6 Extensions of the data and knowledge model

The current data model is sufficient for the implemented prototype, but leaves natural points
for extension: adding new ambient characteristics (price, seasonality, congestion, transport
accessibility, terrain difficulty) without radical architectural changes; enriching the ontology layer
with thematic routes by historical period or institutional affiliation; and formally recording data
provenance and confidence — especially useful for a stricter scientific interpretation of uncertainty.

3.7 Ethical and applied aspects of the proposed solution

Working with accessibility, location and personal constraints requires ethical decisions at the
prototype level: passwords are stored hashed, sessions are stateless through JWT with a limited
validity period, and the user’s coordinates are stored as part of the profile and are not refreshed
automatically — the system does not support background tracking and does not store trajectories.
Architectural decisions on security are thus not only technical, but also ethical.

The ethical aspect is also linked to Al inference. Ifthe language model is used without control,
there is a risk that the system may “invent” properties of the site and mislead the user. For this reason
the present work adopts a conservative position: Al inference is used only as a mechanism for
structured enrichment of the dataand does notreplace domain verification. This is a more responsible
setup than uncritically trusting a probabilistic model and is consistent with the principles of
Regulation (EU) 2024/1689 on artificial intelligence [54].

3.8 Conclusions of Chapter 3

Several important conclusions follow from the analysis of the implementation.

» The proposed model is technologically achievable through the use of contemporary server
technologies, a standard REST interface and a relational database.

* Ontological search and ambient evaluation can be integrated sequentially without breaking
the modularity of the architecture.

* The user profile is sufficiently rich to support working personalization from the very first
use.

* The weather context and Al inference can be included as external sources of knowledge that
strengthen the system, provided that they are managed through cautious fallback mechanisms.

» The REST interface of the system materializes clearly delineated domain responsibilities
and provides a good basis for future extension.

In the next chapter, these architectural and algorithmic decisions will be subjected to
experimental validation on a synthetic and a real corpus of data.
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Chapter 4. Experimental validation of the proposed model

4.1 Experimental setup

The experimental validation uses two complementary corpora: a controlled synthetic set of
100 sites in Plovdiv and a real corpus of 143 sites from across Bulgaria. The two corpora cover
mutually exclusive risks: the synthetic one allows clean ablation experiments under full expert control
of the distribution, while the real one tests the robustness of Al inference against authentic missing
values. Results are presented in parallel, so that every quantitative claim is verified under both a
controlled and a realistic setup across hard constraints and various user profiles.

Within this setup a controlled corpus with expert-defined ambient characteristics was
constructed and three strategies were compared: proximity without personalization, ambient
evaluation without dynamic weather context and the proposed ambient model. The methodology was
supplemented with ablation experiments and scenario-based profile validation, so that the quantitative
analysis takes into account the real effect of location, accessibility, exposure and working hours in

the re-ranking process.

Evaluation is carried out for five profiles: a standard tourist, a wheelchair user, a tourist on a
rainy day without an umbrella, a tourist on a hot day without tolerance for high temperature and a
user with a limited time window. For each profile an expert set of relevant sites is defined, which
allows comparison of the top 10 results on a catalogue in which the recommended 10 positions

account for only 10% of all available candidates.

The quality of the ranking is evaluated with Precision@k and nDCG@k [55], supplemented with
the Feasibility % metric — the share of the returned top-10 recommendations that retain a positive
rank after the full ambient model is applied. The “working hours” factor modulates the rank along a
non-monotonic urgency curve: with overlap < 1 h the site receives a rank of 0.5 (a risky but
admissible opportunity); <2 h — 2.0 (maximum urgency); <3 h — 1.5 (moderate acceleration); >
3 h — 1.0 (neutral). The curve directs attention to time-pressed sites, rather than linearly to a longer
overlap.

4.2 Quantitative results from the comparison of strategies

Table 4 summarizes the comparison of the three strategies on the synthetic corpus, and Table
5 (§4.6) — on the real corpus. The k values differ: the synthetic corpus is evaluated at k =5 and k =
10, while the real corpus at k = 3 and k = 5, since after spatial filtering the surviving candidates in the
radius around Gabrovo are 14-25, which would make k = 10 trivially padded.

For the standard profile the proximity baseline reaches P@5 = 0.400 and nDCG@10=0.376,
while the full ambient model reaches P@5 = 1.000 and nDCG@ 10 = 0.857 thanks to the preference
for outdoor sites under pleasant weather. The strongest effect is for the wheelchair profile (baseline
P@10=0.100 — full model 0.900; feasibility from 70% to 100% after elimination of 25 inaccessible
sites and 7 with incompatible working hours). Under rain and heat the "Ambient without weather
data" strategy matches the baseline — confirming that it is the dynamic weather layer that brings the

added value.

Under a limited time window (16:00—18:00), the full ambient model reaches P@5 = 1.000,
P@10=0.700 and nDCG@10 = 0.791 against 0.237 for the baseline (A = +0.554). The difference is
dueto the combined effect of the exposure factor (preference for outdoor sites) and the urgency model
for working hours: sites with 1 h overlap receive the maximum urgency rank (2.0), while sites with
full coverage (2 h) receive a moderate rank (1.5), prioritizing sites that will close soon.
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4.3 Ablation analysis of the ambient factors

Inorder to assess the effect of each ambient factor in isolation, an ablation analysis was carried
out, in which the individual characteristics are selectively turned off in the model without changing
the rest of the architecture. The analysis is carried out in parallel on the two corpora: Table 6 presents
the summarized results for the two corpora. The comparison between the two ablation matrices is
discussed in Sec. 4.6.

The ablation analysis uses a full nDCG@ 10 matrix under selective removal of each ambient
factor.

For the standard profile, removing exposure brings nDCG@ 10 down from 0.857 to 0.376 (A
= +0.482) — distinguishing outdoor from indoor sites is the main driver; location shows no ablation
difference due to the dense intra-urban distribution, in which all sites fall into two adjacent distance
classes without sufficient dispersion.

For the wheelchair user profile, exposure yields the greatest value (A = +0.655), followed by
accessibility (A =+0.422) — accessibility acts as a filter eliminating 25 inaccessible sites and 7 with
incompatible working hours, while exposure provides granular ranking among the 68 surviving
candidates. Under rain and heat, the "Ambient without weather data" strategy matches the proximity
baseline (0.763 and 0.624), confirming that the dynamic weather context is a necessary component
of the ambient model.

4.4 Scenario validation and qualitative analysis

A scenario validation checks the domain invariants (elimination of infeasible sites, promotion
of suitable candidates, stability under incomplete data) on both corpora; Table 7 (§4.6) summarizes
surviving and eliminated sites and key metrics for each profile across the two corpora.

The larger number of eliminated sites (32 against the originally introduced 25 inaccessible) is
due to the fact that the ambient filter is cumulative — in addition to the physical barriers, the system
also eliminates in parallel sites that are temporally incompatible with the user’s profile.

4.5 Discussion of results and limitations of the validation

The combined analysis shows that the model is a context-aware re-ranking layer, not a
universal replacement for the proximity baseline. Standard profile: P@5 = 1.000 vs 0.400; with
additional constraints — up to a ninefold increase in P@10 for the wheelchair profile and +50% in
nDCG@10 on a hot day. The synthetic corpus is expertly constructed and the baseline is deliberately
elementary — the profiles are purely ambient, with no thematic component against which a semantic
or collaborative baseline would have anything to compare.

4.6 Validation with real data from the subject domain

In order to complement the validation on the synthetic corpus, the present section presents the
results of applying the same set of strategies and metrics to real data from the subject domain. The
corpus includes 143 sites of Bulgaria’s cultural and historical heritage, loaded from the production
JSON file of the prototype (raw-ontology-instances.json) and transformed into
OntologyInstance objects by a test execution task, which reproduces the structure expected by
the ranking layer. The primary source for the names, descriptions, coordinates and initial
categorization, from which the ontological concepts are derived, is the public Trips Journal catalogue,
“Sights” section, from which the data were collected via a script for the purposes of the prototype
[56]. Unlike the production import, the test process reads pre-cached Al-inferred characteristics in
order to guarantee reproducibility without API calls on every benchmark run. The centre of the
experiment is Gabrovo (42.8742°N, 25.3187°E), chosen because of the presence of a sufficient
number of accessible sites in the vicinity for validating the user-with-disabilities profile.
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Origin of the data: the coordinates of the 143 sites are real (from the primary JSON corpus);
working hours, accessibility and exposure are inferred via an Al model (GPT-5.4 at temperature =
0.0) with prompts functionally equivalent to the production services. API calls for accessibility and
exposure succeeded for all 143 sites (0% errors); for working hours 142/143 (99.3%). The share of
unresolved fields ranges from 7.7% (isOutdoors) to 74.8% (isAvailableForDeaf); for
wheelchair accessibility it is 54.5%. Unresolved fields receive a neutral rank (1.0) uniformly across
all three characteristics.

An expert correction of accessibility was simulated: for 54.5% of sites the
isAvailableForDisabled field remains unresolved, and for indoor museums a conservative
expert correction was applied in which wheelchair accessibility is assumed present when no indicators
of inaccessibility are available. The step is marked as simulated and serves as a sensitivity check,

rather than as a replacement for actual expert annotation.

On the real data, the full model reaches nDCG@5 = 1.000 for three of the five profiles
(standard, wheelchair, limited window) and P@5 = 1.000 for the wheelchair profile vs 0.600
(feasibility 60%) for the baseline; under a hot day the improvement is +31% in nDCG@5. Ablation
confirms the factor profile from the synthetic experiment: accessibility and location under mobility
constraints, exposure on a hot day; under rain the deltas are zero because of the specific geographical
configuration around Gabrovo, in which the nearest sites have shelter.

The two corpora — synthetic and real — complement each other: the synthetic enables clean
ablation conclusions, while the real confirms that the effects reproduce under a less controlled
distribution. The whole setup is fully reproducible without external API calls: the synthetic corpus is
generated programmatically, the real Al inferences are cached in the source code of the prototype,
and the two benchmarks run through the project’s standard test tasks (BenchmarkOutputTest and
RealDataBenchmarkOutputTest).

4.7 Conclusions of Chapter 4

The systematic verification shows that the ambient-oriented model brings added value across
all tested scenarios — the strongest effect for profiles sensitive to accessibility and weather conditions
(up to ninefold improvement in P@10 for the wheelchair profile, from 0.100 to 0.900), with 100%
feasibility guaranteed by construction.

Since the reference sets are built by the author from explicit domain rules rather than through
independent expert annotation, the results should be regarded as a systematic check of internal
consistency and a proof of concept. Outlined directions for development: more realistic corpora,
externally validated data, stronger baselines, verification with real users, sensitivity analysis of the
chosen thresholds and an empirical check of the non-monotonic urgency curve against simpler
monotonic alternatives.

Table 4. Comparison of strategies on a synthetic corpus of 100 sites.

Profile Proximity only Without weather Full model Full model P@5
nDCG@10 nDCG@10 nDCG@10
Standard 0.376 0.376 0.857 1.000
Wheelchair 0.139 0.272 0.927 1.000
Rainy day 0.763 0.763 0.870 1.000
Hot day 0.624 0.624 0.934 1.000
Limited time 0.237 0.511 0.791 1.000
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Table 5. Comparison of strategies on a real corpus of 143 sites.

Profile Proximity only Without weather Full model Full model P@5
nDCG@5 nDCG@5 nDCG@5
Standard 0.869 0.869 1.000 1.000
Wheelchair 0.723 1.000 1.000 1.000
Rainy day 0.684 0.684 0.684 0.600
Hot day 0.553 0.553 0.723 0.600
Limited time 0.869 0.830 1.000 1.000

Table 6. Summary of the ablation analysis.

Profile

Synthetic: largest drop

Real: largest drop

Standard Exposure +0.482 Exposure +0.131
‘Wheelchair Exposure +0.655; accessibility +0.422 Accessibility +0.661; location +0.384
Rainy day Exposure +0.107 no distinct drop

Hot day Exposure +0.309 Exposure +0.170

Limited time

Exposure +0.280; working hours +0.077

Location +1.000

Table 7. Summary of the scenario validation: surviving and eliminated sites by profile and corpus.

Profile Synth.: Total Synth.: Synth.: Real: Total Real: Real:
Surviving / nDCG@10 Surviving / nDCG@5
Elim. Elim.

Standard tourist 100 99 /1 0.857 143 25/118 1.000
Wheelchair 100 68 /32 0.927 143 14/129 1.000
Rainy day 100 99 /1 0.870 143 25/118 0.684
without
umbrella
Hot day 100 99 /1 0.934 143 25/118 0.723
Limited time 100 99 /1 0.791 143 25/118 1.000
window
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Conclusion

The present work proposes and substantiates a model of an ambient-oriented intelligent tourist
guide that combines an ontological representation of cultural and historical sites, an explicit user
profile with weights, a dynamic external context and a cautious mechanism for completing missing
ambient data. The main thesis: a tourist recommendation is not only a problem of retrieving relevant
sites, but also of assessing their applicability in a specific situation.

The literature analysis outlines a gap between semantic tourist guides, context-aware systems,
accessibility models and the new Al approaches for data enrichment; the result of the work is in a
unified architectural and algorithmic setup that links these lines into a common model, instead of
regarding them as isolated techniques.

At the conceptual level, the work formalizes the role of ambient factors as constraints and
correctors with different semantics over the ranking. Particularly significant are the multidimensional
representation of accessibility, the separation of exposure as a contextual factor, and the treatment of
uncertainty as a manageable property of the system.

Atthe applied level, a working prototype has been implemented (REST, ontology and ambient
layers, relational database, Open-Meteo, controlled Al inference) with pre-defined scenario
conditions for reproducibility. The ablation analysis over the two corpora shows an individual
measurable effect: location dominates in spatial scenarios, accessibility — under motor constraints,
exposure — under meteorological stress, and working hours — under a restricted time window.

On the synthetic corpus of 100 sites, the full ambient model raises nDCG@ 10 for the standard
profile from 0.376 to 0.857, under heat from 0.624 to 0.934, and under a restricted window from
0.237 to 0.791; for the wheelchair profile P@10 rises from 0.100 to 0.900, and feasibility — from
70% to 100%.

On the real corpus of 143 sites the full model reaches nDCG@5 = 1.000 for three of the five
profiles — a result of the strength of the elimination filter (fixed location Gabrovo shrinks the set to
14-25 surviving sites). A more substantial indicator is the behaviour on the wheelchair profile and
under meteorological stress, where the ambient factors make the difference with respect to the
proximity strategy.

Limitations: the reference sets are built from objective domain rules (a check of internal
consistency); the methodology is applicable with an external reference set without changing the setup.
The high share of eliminated sites on the real corpus (over 90%) limits the statistical power over the
small surviving set. The prototype does not implement global route optimization — the scoring layer
works on list ordering, rather than over a traversal with transport times.

In summary, the dissertation proposes and tests a framework in which ontological retrieval,
multidimensional accessibility, weather-conditioned exposure, a parametrizable profile, factor-based
explanation and controlled Al completion are connected in a common model. The result lies in the
semantics of the factors and their interaction; the prototype demonstrates each component’s own
measurable contribution and is designed for extension toward richer ambient factors and full route
optimization and user validation.

Results of the dissertation

Conceptual and scientific-applied results

* A two-stage architectural setup: semantic retrieval of candidates followed by ambient re-ranking
through a set of ambient characteristics with distinct semantic functions (spatial, temporal,
personal, contextual) — a basis for ranking and for explanation of the obtained recommendations.
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* A multidimensional model of accessibility (motor, visual, auditory) treated as real constraints on
the ranking, integrated with a dynamic weather context as an external factor in exposure
assessment — the model responds to personal and environmental conditions, not only to static
properties of the site.

* A cautious mechanism has been implemented for completing missing ambient data through a
language model (currently GPT-5.4) with structured outputs (JSON schema), domain rules and
distinction of explicit values from inferred ones. Unresolved fields receive a neutral rank (1.0),
consistently across accessibility, exposure and working hours, and the architecture is open to
subsequent expert verification through a data-provenance and confidence layer. The result lies in
the controlled use of Al, not in the automatic acceptance of the inferred values as fact.

Applied results

* A modular server-side prototype has been implemented with a REST interface, ontology layer,
relational database with JOINED inheritance, a parametrizable user profile, Open-Meteo
integration, controlled Al inference with circuit breaker and bulkhead protection, factor-based
explanation and storage of user ratings (intended as a basis for future hybrid recommendation).

Methodological results

* A methodology for validating ambient-oriented route recommendations through comparative
baseline strategies, ablation analysis and scenario-based profile checking on a controlled corpus;
it can be applied with an external reference set without changing the setup, and the benchmarks
are implemented as automated tests embedded in the prototype, which guarantees reproducibility.

* Explainability, accessibility and uncertainty management are argued to be first-class properties of
the intelligent tourist guide, rather than as peripheral additions.

Directions for future research

A natural direction for development is the transition from ambient re-ranking to multi-criteria
route planning (transport times, visit sequence, duration of stay, overall utility), in which the ambient
model is used as an evaluation layer within a more complex optimization mechanism.

Beyond route optimization, the ambient layer can be enriched with new characteristics —
price, seasonality, congestion, safety, transport accessibility, terrain difficulty, proximity to parking,
food or sanitary services — which makes the route even more sensitive to the real conditions of the
visit.

A more rigorous handling of uncertainty includes explicit storage of data provenance, Al-
inference confidence and the date of the last verification, which would allow the data to be arranged
in a hierarchy according to the degree of trust.

The accumulated user ratings open the possibility of hybrid recommendation, in which
behavioural signals enrich the profile-contextual model without replacing its explainability; the
factor-based explanation layer can be augmented with natural-language formulations, visualizations
and interactive exploration of alternatives, so the user receives both the final result and an
understandable rationale for the ordering.

As a natural continuation of the directions outlined, several research questions and working
hypotheses can be formulated, which follow from the present dissertation. They show that the
proposed model is not a closed construction, but a starting point for a next stage of systematic
scientific research.
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* Working hypothesis 1: the inclusion of a multidimensional accessibility model as a first-class
factor raises the practical applicability of routes compared with models that use only proximity
and topic. This hypothesis can be verified by comparing the share of feasible routes for profiles
with constraints with and without an accessibility layer, where the key measure is the share of
routes with at least 5 applicable sites.

» Working hypothesis 2: the inclusion of an exposure model sensitive to meteorological context
improves recommendation quality under adverse conditions. Verification of this hypothesis can
be performed through scenario experiments under precipitation, high temperature and low
temperature, comparing the ambient-oriented strategy with a version without meteorological
context, with necessary supplementation by a user study rather than IR metrics alone.

* Working hypothesis 3: controlled Al inference of missing ambient characteristics leads to higher
coverage of applicable routes compared with a regime in which missing values are ignored. The
key balance here is between coverage and reliability. For this reason, the hypothesis should be
verified not only through quantitative metrics, but also through expert assessment of the
plausibility of the inferred values, with the central measure being the accuracy of the inferred
values against expert annotation.

» Working hypothesis 4: the presence of factor explanations — increasingly relevant in the context
of the regulatory requirements for transparency (Regulation (EU) 2024/1689, EU Al Act [54])
— raises users’ trust in the system and their willingness to follow the recommendations. Such a
hypothesis can be verified through a user study with control groups, in which one group receives
only a list of recommendations and another — the same recommendations with brief explanations
of the reasons for the ordering.

» Working hypothesis 5: explicit profiling is more effective at the early stage of use than models
relying only on accumulated behavioural signals. This is particularly relevant in the tourist
domain, where user behaviour is often episodic. Verification of this hypothesis requires a
comparison between an explicit profile, a behavioural model and a combined approach for new
users.

Two research questions remain open: to what extent the weights of ambient factors can be
automatically calibrated rather than fully user-provided (semi-adaptive models with explicit
initialization and behavioural calibration), and to what extent the same ambient model can be
transferred to other domains — urban services, health tourism, educational routes or ecological walks.
The outlined hypotheses and questions sketch a concrete research program on the infrastructure of
the current prototype.

Publications on the topic

The main publications on which the present dissertation rests and which it develops are the following:

1. Georgi Kostadinov; Kristian Milev; Stefan Staynov; Asya Stoyanova-Doycheva, Algorithm
for Generating and Visualizing Routes of an Intelligent Tourist Guide, Automatics and
Informatics (ICAI), 1-3 Oct. 2020, Varna, Bulgaria, Article number 9311310, DOI:
10.1109/1CAI150593.2020.9311310, (IEEE, SCOPUS)

o https://ieeexplore.ieee.org/document/9311310

2. Stefan Staynov, Kristian Milev, Georgi Kostadinov, Asya Stoyanova-Doycheva, Traditional
Bulgarian Costume Classification in a Tourist Guide application, Automatics and Informatics
(ICAI), 1-3 Oct. 2020, Varna, Bulgaria, Article number 9311384, DOL:
10.1109/ICAI50593.2020.9311384, (IEEE, SCOPUS)

o https://[ieeexplore.ieee.org/document/9311384

3. Kiristian Milev, Georgi Kostadinov, Stefan Staynov, Asya Stoyanova—Doycheva, Intelligent

Tourist Guide — Generating Ambient-Oriented Routes and Digital Classification of Elements
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