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Abstract. This study aims to enhance the response efficiency of intelligent voice
assistants in tourism industry services by analyzing technical performance im-
provements and application strategies. It thoroughly examines the application of
these assistants in tourism, assessing their functionality in information retrieval,
travel booking, payment services, navigation explanations, cross-language trans-
lation, customer opinion collection, and satisfaction evaluation. The paper then
showcases how upgrading speech recognition and natural language processing
technologies can optimize processing strategies and personalize services. Em-
ploying advanced computational models, such as Convolutional Neural Net-
works (CNNs) and Recurrent Neural Networks (RNNs), the study enhances the
assistants' accuracy in noisy environments and multilingual natural language un-
derstanding. Additionally, large-scale multilingual pre-trained models like
mBERT and mT5 are used to boost cross-cultural adaptability and language
translation capabilities. By integrating these technologies, the research demon-
strates significant enhancements in operational efficiency and user experience,
thereby providing the tourism industry with more efficient and personalized ser-
vice solutions through improved adaptability in complex linguistic and cultural
environments.
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ral language processing

Introduction

Against the backdrop of rapid advances in artificial intelligence technology, intelligent
voice assistants are increasingly being used in the tourism service industry, which has
greatly improved the efficiency and customer satisfaction in information retrieval,
reservation services, tour guide interpretation, and other aspects. However, at this stage,
intelligent voice assistants still show certain limitations in terms of accuracy of speech
recognition, depth of natural language understanding, and provision of personalized
services, which restricts further improvement of their service responsiveness. This
study is dedicated to exploring the application of intelligent voice assistants in the tour-
ism service industry, and based on this, proposes strategies to enhance speech recogni-
tion and natural language processing technology, improve personalized services, pro-
mote multilingual and cross-cultural adaptability, and strengthen security and privacy
protection. The purpose is to enhance the interactive responsiveness of intelligent voice
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assistants in tourism services and provide reference for the intelligent advancement of
the tourism industry.

1. Current application status of intelligent voice assistants in
tourism services

Definition and Technical Principles of Intelligent Voice Assistant

Intelligent voice assistant is a technical system that realizes voice interaction with users
and provides information and services through key links such as speech recognition,
natural language processing, and speech synthesis. As shown in Figure 1, initially,
users use voice to issue search instructions. , Subsequently, the system uses speech
recognition means to convert the speech signal into text information, and uses natural
language processing technology to conduct in-depth analysis of the text content to
reveal the real needs of the user. Subsequently, the system connects to the knowledge
base or related information through the API interface. Database, performs retrieval
functions and processes query information raised by users. Finally, the processed data
is converted into voice information through speech synthesis technology, and this in-
formation is delivered to the user by the voice assistant. The function of the intelligent
voice assistant is not limited to instant information query, it can also perform reserva-
tion services, provide tour guide translation, and collect customer feedback. These
features significantly improve the efficiency and user experience of the service.
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Fig. 1. Working principle diagram of intelligent voice assistant

Application of Intelligent Voice Assistant in Tourism Services

1) Tourism Information Query

In terms of travel information inquiry, intelligent voice assistants can significantly
improve the convenience and efficiency of obtaining information. Users only need to
input the desired destination, attraction introduction, transportation guide and other
information through voice, and the voice assistant can use its voice recognition and
natural language processing technology to quickly convert the user's voice into text,
analyze the user's intention, and find relevant information in the knowledge base. The
user's query is converted into text form through the speech recognition system, and
then enters the natural language processing stage. The system will search for matching
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travel information based on the keywords entered by the user and generate a detailed
answer accordingly. Finally, speech synthesis technology is used to convey the answer
to the user again in the form of speech. When the user asks "the opening hours of the
Forbidden City in Beijing", the voice assistant will convert the user's voice into text,
and then identify the keywords "Forbidden City in Beijing" and "Opening time", and
then retrieve relevant information in the knowledge base and feedback the query re-
sults to the user in voice form. This process improves the quality of user interaction by
optimizing the efficiency of information retrieval, thereby making the retrieval of trav-
el information more intelligent. ization and personalization.

2) Booking and Payment Services

Users can use the intelligent voice assistant to perform various operations such as
hotel reservations, flight ticket orders, and restaurant seat reservations. This system
uses voice recognition and natural language processing technology to convert the user's
voice instructions into executable commands. By calling the corresponding API inter-
face, it interacts with major booking platforms to complete the entire booking process.
When the user expresses a certain demand, such as assisting in booking a flight to
Shanghai, and the time is set for tomorrow morning, the voice assistant will parse this
demand and search the airline's booking system to find flight data that meets the user's
requirements. After the user confirms, the system will guide the user to make online
payment operations through integrated payment interfaces such as Alipay and WeChat
Pay. This process simplifies the user's operations in the booking and payment links,
while enhancing the portability and protection of travel services, ensuring that con-
sumers can obtain efficient travel support at any time and any place. The intelligent
voice assistant can use the user's past booking records and personal preferences to
provide customized suggestions, thereby better improving the user experience.

3) Tour guide and translation services

During the tour, tourists can use the voice assistant as a technical tool to easily ob-
tain detailed explanations and historical information of the scenic spots without relying
on traditional written materials. When tourists ask questions about "the history of this
building", the voice assistant will convert the tourists' voice into text, and then identify
the keywords "architecture" and "history". Then, it will retrieve relevant content from
the preset knowledge base and use speech synthesis technology to explain it to tourists
in detail. One of the functions of the voice assistant is to provide real-time translation
services, which helps tourists who use different languages to overcome language barri-
ers. When the user asks "Where is the nearest toilet?", the voice assistant will translate
it into Chinese and provide the location information of the nearest toilet. The applica-
tion not only enhances the travel experience, but also acts as a medium of communica-
tion in the exchange between different cultures, thereby promoting tourism services to
become more diversified and personalized.

4) Customer Feedback and Satisfaction Survey

During or after the trip, consumers can submit their feedback through the intelligent
voice control function. The system uses voice recognition software to convert voice
input into written text, and then uses natural language processing methods to summa-
rize and analyze the text information obtained. For example, in the user experience
evaluation, the satisfaction with the tour guide part is higher, and improvement sugges-
tions are made for the catering part. Then, the system will store this information in the
database
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Companies can use satisfaction scoring formulas
, Positive Feedback
Satisfaction Score = OSTHVE FeeeDaCK 4 100% to analyze the collected data and un-
Total Feedback

derstand user satisfaction and improvement needs.

2. Strategies for Intelligent Voice Assistants to Improve the
Responsiveness of Tourism Services

Improving speech recognition and natural language processing technologies

1) Improving the accuracy of speech recognition

Improving the accuracy of speech recognition is the key to improving the quality of
intelligent voice assistant services. For the recognition problems in noisy environments
and accents and dialects, convolutional neural networks (CNN) and recurrent neural
networks (RNN) in deep learning algorithms can be used for multi-level feature extrac-
tion and sequence modeling. For example, by optimizing the loss function,

N
L =-Y"log P(y, x,) where is the probability of P(y,! x,) predicting the correct label
i=1

y;when a given input is given X, , and by increasing the diversity and scale of the data

set, the generalization ability of the model is enhanced. In addition, the adaptive noise
cancellation (ANC) technology 1is used. Through a mathematical model
y(t)=x(t)+n(t), where y(f) is a noisy speech signal, x(¢)is a pure speech signal,
and n(f)is a noise signal, the pure speech signal is extracted through filtering and
noise reduction algorithms to further improve the accuracy of speech recognition.

2) Enhancing the depth of natural language understanding

Enhancing the depth of natural language understanding is an important step in im-
proving the responsiveness of intelligent voice assistants. Using the attention mecha-
nism and transformer model in deep learning can significantly improve the understand-
ing of complex sentences and the effect of multi-turn dialogue processing. By optimiz-

N
ing the loss function L :—Z logP( i xl.,context) , where context is context infor-
i=1
mation, and through weighted calculation of context information, the accuracy and
coherence of semantic understanding are improved. In addition, the bidirectional long
short-term memory network (Bi-LSTM) is used to improve the comprehensive under-
standing of sentence structure and semantics through forward and backward contextual

information. 4, = o(W,x, +U,h_, +b,)

Personalized services and user experience optimization

1) Personalized recommendations based on user data

Personalized recommendations based on user data can significantly improve the
service quality and user experience of intelligent voice assistants. Build a personalized
recommendation model by analyzing users' historical behavioral data and preferences.
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For example, the collaborative filtering algorithm is used to find similar users and rec-
ommend their favorite items by calculating user similarity based on the user's historical

rating matrix R = {rm.} , which 7, represents user u's rating of item 1 .
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In addition, a content-based recommendation algorithm is used to extract the sum

sim(u,v) =

of feature vectors of users and items u , i calculate the similarity sim(u,i)=——,

lulli |

and recommend content that matches the user's interests.

2) Optimize user interaction interface and experience

Optimizing the user interaction interface and experience is an important aspect of
improving the practicality of intelligent voice assistants. First, by improving the user
interface (UI) design, the efficiency and comfort of interaction between users and voice
assistants can be improved. For example, a simple and intuitive interface design and a
humanized interaction process can be adopted to enable users to quickly find the re-
quired functions and information. Secondly, by applying human-computer interaction
(HCI) technology and optimizing the dialogue management strategy, voice assistants
can conduct multiple rounds of dialogue and task switching more naturally and
smoothly. Reinforcement learning algorithms can be used to define reward functions
R(s,a) to evaluate the effect of each interaction action a in state s, and the dialogue

strategy can be continuously optimized. In addition, sentiment analysis technology can
be used to analyze the emotional characteristics in the user's voice
S = f(audio features), adjust the response mode and tone of the voice assistant, and

provide more intimate and personalized services.

Multilingual Support and Cross-Cultural Adaptation

1) Expanding multi-language recognition and translation capabilities

By introducing advanced neural machine translation technology, translation quality
and speed can be significantly improved. Specifically, a sequence-to-sequence
(Seq2Seq) model based on the attention mechanism is used to convert the input speech
signal into text in the target language. For example, the loss function in the model can

T
be defined as cross-entropy loss L :—ZIOgP( v y<,,x) , wWhere x represents the
=1

input sequence and y, represents the t-th word of the target language. By optimizing

the loss function, the accuracy of translation is improved. In addition, using multi-
language pre-trained models, including mBERT or mT5, can handle multiple lan-
guages at the same time and enhance the system's multi-language processing capabili-
ties.

2) Improve the flexibility of cross-cultural interaction
Through the cultural adaptation model, the intelligent voice assistant can adjust the
interaction method and content according to the user's cultural background. For exam-
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ple, a rule-based cultural adaptation strategy is adopted to define the interaction rule
sets of different cultures, and the behavior and response methods of the voice assistant
are dynamically adjusted during the interaction process. In addition, the transfer learn-
ing technology in machine learning is applied to transfer the knowledge of a specific
culture to a new cultural background through training on different cultural data sets.
The specific method includes optimizing the transfer loss function
L L. +AL where L __and L are the data losses of the source cul-

transfer = source target 2 source target

ture and the target culture respectively, and A is the weight coefficient. By balancing
the knowledge transfer of the source culture and the target culture, the performance of
the model in the new cultural background is improved.

3. Conclusion

Research in the tourism services sector demonstrates that intelligent voice assistants
significantly enhance information retrieval, reservation services, guide translation, and
customer feedback mechanisms. To further boost service efficiency, it is crucial to
advance current voice recognition technologies and augment the capabilities of natural
language processing algorithms. Enhancing the personalization of recommendation
systems and refining user interface designs are also imperative. Moreover, expanding
multilingual support and bolstering cross-cultural adaptability are essential to elevate
the comprehensive application of intelligent voice assistants in the tourism industry.
Technological advancements, particularly in computer science, big data analytics, and
artificial intelligence, will enable these assistants to play an increasingly pivotal role.
As these technologies evolve, intelligent voice assistants are poised to offer more con-
venient, efficient, and tailored service experiences, thus driving the intelligentization
and modernization of the tourism industry.
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