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Abstract— The smart tourism service provides tourists with
travel planner services and tour guide services for easy and
convenient travel throughout the entire travel process. In this
paper, we develop the Al-based chatbot service using a
pretrained language model (PLM) and provide tourism
information so that tourists can make their travel plans. The
proposed chatbot system consists of the DST server, the Neo4J
graph DB and MySQL DB servers, and the natural language
generation (NLG) server. The dialogue state tracking (DST)
server understands the intention of tourists' questions to
overcome the shortcomings of the previous rule-based chatbot
system [7]. We define the domains and slots of the tourism
information DST model with the 4W1H method and develop
the dataset [12] for transfer learning of the SOM DST model
[14]. The Neo4J and MySQL web servers search tourism
information from the tourism information knowledgebase and
the smart tourism information system, respectively. The NLG
server provides the searched tourism information to the smart
tourism app.

Keywords— Al-based Chatbot, Smart Tourism, Dialogue
State Tracking, Pre-trained Language Model, Tourism
Information Knowledgebase.

1. INTRODUCTION

Smart tourism provides the travel planner and tour guide
services to tourists using the Internet of Things (IoT),
communication infrastructure, big data, artificial intelligence
(AI), and AR/VR, which are the main technologies of the 4th
industrial revolution. The travel planner service should be
able to create a personalized itinerary including reservations
for tourists. A smart tour guide service should be able to
provide tourists with the same quality of service as traveling
with a professional tour guide according to their itinerary.
One of the ways to easily and conveniently provide smart
tourism services to tourists is to use an artificial intelligence
(AI)-based chatbot system [1][2]. In this paper, we develop
the tourism information chatbot service that uses multi-
domain tourism information dialogue state tracking (DST)
algorithm [4][5] and tourist information knowledgebase of
Neo4] graph DB. In Section II, we introduce Android and
React smart tourism apps, the Text-to-Speech (TTS) server-
based audio tour guide service, the rule-based chatbot system,
and the tourism information DST dataset as previous studies
to provide smart tourism services to tourists. In Section III,
we describe the Al-based chatbot system using the multi-
domain tourism information DST algorithm and the tourism
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information knowledgebase. Finally, in Section IV, we
present our conclusions and future research.

II. RELATE WORKS

A. Android and React Smart Tourism Apps

We have been developed the smart tourism Android and
React apps that provide the personalized tour planner service
and the tour guide service [6]. Figure 1(a) shows the main
menu of the smart tour app. The smart tourism app consists
of six menus: Best Tour Packages, My Travel Itinerary,
Hallasan Beacon, Tourist Attractions, Accommodation, and
Chatbot. Figure 1(b) shows the Best Tour Packages menu
which provides travel products recommended by experts and
local experts. Users can create their own travel itinerary in
the My Travel Itinerary menu using the recommended travel
products as shown in Fig. 1(c). In this paper, we develop the
smart tourism chatbot system so that users can easily and
conveniently select tourism information and use these to
establish their travel plans. The Hallasan Beacon menu
provides beacon-based tourism information and traveler
safety services in Mt. Halla [7]. The Accommodation menu
provides information such as restaurants, cafes, and lodging
necessary for creating a travel plan. The smart tourism app
also provides the tour guide service using walking, bus, and
navi according to the their itinerary during travel with
commercial map APIs. In addition, it provides real-time and
weekly weather information for tourist destinations
interworking with the weather API Korea

of the
Meteorological Administration.
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Fig. 1. Smart tourism app.
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B. Audio Tour Guide Service Based on the TTS Server

We developed the Infodio™ app using the TTS server to
provide location-based audio tour guide services to tourists at
travel destinations according to the their itinerary [8]. The
Infodio app consists of the tour guide service system, the
wiki-based tour information collection system, the tourist
information MySQL DB, the server-based TTS engine, and
Android and IOS apps. Tourist location information is
acquired through GPS coordinates, Beacon ID, WiFi ID, etc.
The audio tour information system extracts the optimal tour
information from the tour information DB and provides it to
individual tourists. We provide natural language generation
(NLG) service of smart tourism chatbot system using Infodio
service.

C. Rule-based Tourism Information Chatbot Service

We developed the rule-based tourism information chatbot
system [9] using the Khaiii (Kakao Hangul Analyzer III)
morpheme analyzer [10] and the tourism knowledgebase of
Neo4]J graph DB [11]. To efficiently provide tourists with the
tourism information provided by the smart tourism app as
shown in Fig. 1, the tourism knowledgebase of the rule-
based chatbot system was developed using the tourism
information DB used in the app as shown in Fig. 2. The rule-
based chatbot system provides an answer by understanding
the intention of the question using the result of morpheme
analysis using Khaiii for the user's question.

D. Tourism Information Multi-domain DST datasets for
Chatbot System

The tourism information multi-domain DST dataset has 5
domains and 22 slots to provide appropriate tourism
information by understanding the intention of the tourist's
question [12]. The tourism information DST dataset was
developed in the JSON format of the WOS dataset [13]. The
tourism information DST dataset does not have
DONTCARE and DELETE operations in value to improve
the F1 score of the DST algorithm. The developed multi-
domain tourism information DST dataset was evaluated
using the selectively overwriting memory for dialogue state
tracking (SOM DST) algorithm [14]. Experimental results
show that the joint goal accuracy, turn_slot_accuracy, turn
slot F1, operation accuracy are 0.9533, 0.9982, 0.9927, and
0.9992, respectively.

III. TOURISM INFORMATION CHATBOT SYSTEM USING THE
MULTI-DOMAIN DST DATASET

A. Smart Tourism Service Platform

We develop the smart tourism service platform to provide
tourist information, the recommended travel products, the
personalized travel itinerary, and the tour guide services with
smart tourism apps and chatbot services. Figure 2 shows the
smart tourism service platform. The smart tourism service
platform consists of the smart tourism information system for
smart tourism services and the smart tourism chatbot system
to provide chatbot services as shown in Fig. 2. The smart
tourism information system has the tourist information DB,
the recommended travel product DB, and the personalized
travel itinerary DB built in MySQL DB. The Map view and
the real-time weather information are provided through
Naver, Daum, and Google Map APIs and the Korea
Meteorological Administration weather API, respectively.
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The smart tourism service and chatbot service are provided
to users through Android and React apps as shown in Fig. 1.
The TTS server-based audio tour guide service is provided
through the Infodio app according to the tourist's itinerary.
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Fig. 2. The smart tourism service platform.

The tourism information chatbot system is developed by
replacing the khaiii morpheme analyzer and the rule-based
servers to the DST and policy servers. In the proposed
chatbot system, the function to correct typos in user
questions is the same as that of the rule-based chatbot system.
In addition, the named-entity recognition (NER) [15] and the
question answering (QA) datasets are developed for the
smart tourism chatbot system using pre-trained language
models. The tourism information DST model in the DST
server is trained with the tourism information multi-domain
DST dataset.

B. Tourism Information Knowledgebase using Neo4J
Graph Database

The smart tourism chatbot system should be able to
provide easy and convenient travel services by integrating
with the smart tourism apps that provide tourist information,
the recommended travel products, the personalized itinerary,
and the tour guide service to individual tourists. In this paper,
we replace the khaiii morpheme analyzer and rule-based
chatbot system used to understand the intention of the user's
question with the tourism information multi-domain DST
model. The tourism information knowledgebase of the Neo4J
graph DB should be newly designed and built according to
the domain, slot, and value of the DST model. We create the
tourism information knowledgebase so that nodes and
relationships of the Neo4J graph DB can be set according to
the domain and slot of the DST model. In the design and
development of the new tourism information knowledgebase,
the following items are considered based on the domain, slot,
value of the DST model, the tourism information MySQL
DB of the smart tourism information system, and the
previous tourism information knowledgebase of Neo4J DB.

(1) As OSMU (One-source Multi-use), the tourism
information chatbot service have to use the same contents
of the smart tourism information system provided in the
smart tourism app as shown in Fig. 1. The tourism
information chatbot system provides answers to user
questions with the tourism information knowledge base
of the Neo4J graph DB, and provides detailed tourism
information requested by users through MySQL DB.



(2) The tourism information chatbot service also have to use
the same tourist destination classification system as that
of the smart tourism app. Through this, the chatbot
system can provide users with the same tourist
information provided by the Tourist Attractions menu.

(3) The tourism information chatbot service should be linked
with Instagram and YouTube services.

(4) Redesign domain, slot, and value of the DST model and
additionally develop the related datasets to accurately
understand the intention of tourist’s questions.

The tourism information knowledgebase used in the rule-
based chatbot system has 3 nodes of Area, Contents and
Services. The Area node represents the location of a tourist
destination in terms of administrative districts and districts,
and is created based on the address of the tourist destination.
The Area node is used to provide tourist information within
the region requested by the user. The Contents node
represents tourism information provided to users and is
created with some tourism information data of MySQL DB
in the smart tourism information system. Detailed tourism
information requested by the user is provided in the smart
tourism information system using the tourism information id
provided by the Contents node. The Services node is
composed of attribute data that can provide appropriate
tourism information according to the intention of the user's
question identified by the DST server. The attribute data of
the Services node is made as shown in Table 1 according to
the 4W1H method. The quality of the smart tourism chatbot
system is determined by the performance of the DST model
and the quality of the attribute data of the Contents node. We
modify and redesign the attribute data of the Services node to
provide personalized tourism information to tourists. Table 1
shows the modified slots of the tourism purpose domain
using the 4W1H method.

TABLE L. THE MODIFIED ATTRIBUTE DATA OF THE SERVICES NODE

Who | Travel commentator, Alone, Friend, Family, Child, Couple, Colleague, Pet

What | Cultural tourism, Dark tourism, Sea experience, Wellness experience, etc.

When |Season(Spring, Summer, Autumn, Winter), Time(weekdays, weekends, now, morning,
noon, evening, day, night), Duration(Festival, Flower, open time), etc.

Where| Category(Large, Medium, Small), Photo(Flowers, Sunrise/Sunset), etc.

How

Climbing, Walking, Driving, Biking, Personal transportation, etc.

C. Neo4J Query Statement and Search Results from the
Tourism Information Knowledgebase

The DST server analyzes the user's question and
determines the domain, slot, and value. Figure 3 shows the
process of providing answers to user questions in the smart
tourism chatbot system. The DST server generates domain,
slot, and value for user questions by using the DST model
that performed transfer learning on the SOM DST model
with the tourism information multi-domain DST dataset. The
DST server creates Neo4J query statements to search tourism
information in the tourism information knowledge base
according to domain, slot, and value of the DST model.
Figure 4 shows an example of a Neo4] query statement
according to the domain, slot, and value analyzed by the
user’s question in the DST server to search from the tourism
information knowledgebase. The Neo4J] query statement
consists of 4 nodes of Area, Contents, Category, and
Services and 3 relationships of IN_ AREA, IN_ CATEGORY
and IN_SVC. The Category node provides not only tourism
information but also lodging, restaurants, and travel products
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as chatbot services. The Neo4J graph DB server searches for
tourism information according to the WHERE syntax of the
Neo4J query statement and transmits the search result to the
DST server according to the RETURN syntax. Regarding the
Neo4J] query example in Figure 4, the Neo4] DB server
searches for tourist information matching Area node (= East
of Seogwipo-si) and Services node (family, medium-class
category=Oreum). The Neo4J DB server transmits 10 tourist
information to the DST server in the order of likes (vcount)
among the searched tourism information according to the
RETURN syntax (tourist information id, tourist destination
name, address, etc.). The DST server creates answer
sentences to user questions according to the domain, slot,
value of the DST model and the tourism information search
result from the Neo4J graph DB server.

| chatbot app | | DST server | | Neo4) graph DB server |

us

domain-slot-value

Neo

4
Query State'“nent
Tourism information
knowledgebase

answer sentence
answer output

provide
tourist information

Fig. 3. the process of providing answers to user questions in the smart
tourism chatbot system.

User : Please tell me which oreum is good to go with my family in the east of Seogwipo City.

DST analysis : ['Tourism information-Classification-Oreum’,
'Tourist area-Aread-East of Seogwipo-si', 'Tourism purpose-Who-Family']

Neo4d) query statement :
MATCH (a:Area)<-[:IN_AREA]-(c:Contents)
- [IN_CATEGORY]->(ca:Category{name:'4000000'"}), (s:Service)<-[ :IN_SVC]-(c)
WHERE (a.area_div =~ 'East of Seogwipo-si’)
AND (s.where_medium =~ 'oreum’) AND (s.who_family =~ ‘family’)

RETURN DISTINCT c.id AS -, c.name AS , caddr AS , c.tel AS
chomepage AS , clatitude AS =7, clongitude AS =7, c.desc AS
c.vcount ORDER BY c.vecount DESC LIMIT 10

Fig. 4. An example of the Neo4J query statement in the DST server.
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Fig. 5. The tourism information app screen in the smart tourism app.



Figure 5 shows the tourism information app screen in the
smart tourism app. Figure 5(b) shows the main screen of the
smart tourism chatbot service. Figure 5(c) shows that the
chatbot system provides the tourism information of Mt. Halla
retrieved from the tourism information knowledgebase as an
answer to the user's question of "Please tell me information
about Mt. Halla in Jeju Island?". The user can request detail
tourism information to select tourist destinations to create his
or her own travel plans. Figure 6 shows the process of
providing the detail tourism information as that provided by
the Tourist Attractions menu in the smart tourism
information system. The smart tourism chatbot app requests
medium-class category tourism information to the smart
tourism information system using the tourism information id
(c.cnt _id) that is composed of large-class, medium-class, and
small-class categories.

chatbot app

select
tourist destination

T

%
select DB using id
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Quer:
Y Statemem
tourist information
e |
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medium category
tourist information
= info.
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tourist information
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select (cart)
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Fig. 6. The process of providing the detailed tourism information in the
smart tourism information system.
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Fig. 7. The tourist information from the smart tourism information system.

Figure 7 shows the tourism information provided by the
smart tourism information system in the chatbot app. When
the user requests tourism information on Baengnokdam as
shown in Fig. 7(a), the smart tourism information system
retrieves tourism information from MySQL DB and provides
it as shown in Fig. 7(b). The user can select tourism
destinations with the cart icon in Fig. 7(b) to create his or her
own travel plans and can check the selected tourist
destinations in the My Travel Itinerary menu. The tourism
information chatbot app provides tourism information on the
7 climbing courses of Mt. Halla as medium-class category
tourism information along with Baengnokdam as shown in
Figure 7(c).

IV. CONCLUSIONS AND FURTHER WORKS

Smart tourism services should be able to provide tourists
with context-aware personalized tour planner services and
tour guide services such as those with professional guides.
Although there are still some inaccurate contents in the
answers provided by the Al-based tourism information
chatbot service to tourists, it will be able to provide smart
tourism services in the future. In this paper, we propose the
Al-based tourism information chatbot system that combined
with the smart tourism apps to easily and conveniently
provide smart tourism services to individual tourists. The
proposed chatbot system uses tourism information multi-
domain DST model and Neo4J graph DB to retrieve tourism
information for context-aware personalized travel planner
service. In addition, the chatbot system provides tourist
destination information from the smart tourism information
system so that users can select tourist destinations for the
travel planner service.

The proposed tourism information chatbot system
consists of gateway, the DST server, the Neo4J graph DB
server, and the management server. The DST server uses the
SOM DST model [14] to understand user's questions with
the newly defined tourism information domain, slot, value. In
this paper, we performed transfer learning by complementing
the existing tourism information multi-domain DST dataset
[12] according to the newly defined domain, slot, and value
based on the 4W1H method. The supplemented DST dataset
also does not use DONTCARE and DELETE operations to
improve the performance of the DST model. The tourism
information knowledgebase consists of the Area, Contents,
and Service nodes and three relationships. Contents node is
created using the tourism information DB of the smart
tourism apps so the tourists can use smart tourism apps,
Instagram, and YouTube services through the smart tourism
chatbot service. In the future, We will develop the smart
tourism chatbot service that provides the recommended
travel packages, the personalized travel planner service, and
the smart tour guide services. We also plan to improve the
quality of smart tourism services by applying NER and QA
models to the smart tourism chatbot system.
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