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Abstract — The increasing demands of patient
care necessitate innovative solutions to alleviate
the workload on healthcare providers. One such
solution is the implementation of chatbots to
address common patient inquiries before inter-
vention by medical staff. This paper presents
a chatbot system designed to enhance patient
interactions by leveraging the question-answering
capabilities of the Llama 3 open-source artificial
intelligence (Al) model. Llama 3 plays a central
role in generating accurate and contextually ap-
propriate responses from stored data, ensuring
that patients receive timely and relevant informa-
tion. Voice communication between the chatbot
and users is facilitated, with a focus on the seam-
less integration of Llama’s advanced artificial
intelligence question-answer function. Chainlit is
utilized to create an intuitive interface, further
optimizing patient-system interactions. This study
outlines the development, integration, and evalu-
ation of the chatbot system within a hospital envi-
ronment, demonstrating its effectiveness in reduc-
ing the burden on healthcare providers while en-
hancing patient engagement through voice-based
Artificial Intelligence interactions.

Keywords:  Chainlit, Chatbots, Google
Speech-to-Text, Google Text-to-Speech, Llama3,
Qdrant.

I. INTRODUCTION

Chatbot is known as a computer program or
software being capable of conversing with hu-
mans using text or natural language. Chatbot has
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quickly become an effective assistant, providing
health advice and supporting hospitals to take
good care of patients. Chatbot interacts with
people through automatic message responses, by
building conversation scenarios using machine
learning, artificial intelligence (Al),... thereby
providing appropriate answers. In hospitals, chat-
bots can be used to provide patients with infor-
mation about common diseases, medical exami-
nations, and treatment procedures.

In the chatbot system, natural language is used
to enter questions and return results verbally
while also providing text information on a web
interface. User input is processed to produce
contextual responses based on data provided by
hospital information sources. Recently, Google
Text-to-Speech (TTS) is used to convert text into
speech to feedback results to the patient and
Google Speech-to-Text (STT) is used to convert
the user’s voice into text for the system to process
and to give answers. Qdrant is a vector similarity
search engine used to store hospital information
to provide to patients. From the data source stored
in Qdrant, the open-source Al model Llama 3
synthesizes the complete answer.

In the last five years, many research projects on
chatbots have been undertaken in the healthcare
field [1-5]. According to Badlani et al. [1], a
healthcare chatbot is proposed aiming at address-
ing the complex healthcare challenges in rural
India. This chatbot is multilingual and utilizes
Natural Language Processing (NLP) for user in-
teraction. It also integrates machine learning al-
gorithms for disease prediction, with the Random
Forest Classifier achieving 98.43% accuracy. The
solution emphasizes cost-effective access to in-
formation and diagnosis, overcoming language
barriers.
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To provide accurate information to users across
various domains, including medicine, a medical
chatbot is designed to interact with users in a
manner resembling conversations with medical
professionals [2]. Utilizing Artificial Intelligence
Mark-up Language (AIML), it analyzes user mes-
sages to identify potential medical issues and
offers direct advice and solutions. Later, At-
mauswan et al. [3] proposed a chatbox using Di-
alogFlow and NLP to offer consolidated, accurate
information to users through live chat. It gathers
knowledge from frequently asked questions, en-
abling users to search for answers and receive
assistance with admission procedures, study pro-
grams, and scholarships. The goal is to provide a
user-friendly platform on the university’s website
for students to effortlessly find answers to their
queries.

Shinde et al. [4] introduced a healthcare chat-
bot powered by Al to engage with users and
address basic health issues before consulting a
doctor. The main objective is to analyze user
symptoms and provide medical suggestions to
reduce time and costs. Utilizing NLP for com-
munication, the chatbot employs techniques such
as TF-IDF, Stemming, n-grams, and cosine sim-
ilarity for calculations like ranking and sentence
similarity. Machine learning algorithms are uti-
lized to resolve healthcare queries and specify
symptoms. Serving as an advisor for primary
healthcare and minor health concerns, the chatbot
provides support to those in urgent need. Users
can identify diseases by inputting symptoms and
receive corresponding solutions, preventive mea-
sures, and treatments. The Al chatbot is proposed
to engage in natural conversations with users
and to address their queries using a knowledge
base [5]. The knowledge base, stored in real-time
data in JSON format, undergoes preprocessing to
enable further processing. Information is commu-
nicated in both speech and text formats, with the
chatbot offering navigation links and predicting
issues through symptom diagnosis. Additionally,
it recommends consulting a doctor, taking imme-
diate measures, and providing advanced informa-
tion on diagnostics.
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Tra Vinh University Hospital (Tra Vinh
Province, Vietnam) was established and devel-
oped based on the General Clinic of Tra Vinh
University with a scale of 50 beds. Since its
establishment in February 2019, the hospital has
continuously improved the quality of medical
services, expanded the scope of expertise, and
strived to bring quality and effective medical
examination and treatment opportunities to the
community, people in the locality, and surround-
ing areas. Currently, the number of patients com-
ing for medical examination and treatment is
increasing, to about 1,000 per day [6]. Most
patients are people with low and middle income.
Therefore, hospital services provided at an af-
fordable cost are considered. However, with the
increasing number of patients, to provide better
care while still ensuring medical examination and
treatment costs are at an acceptable level. The
paper proposed chatbots aiming to contribute to
patient care and consultation. To ensure ease and
flexibility in operation, STT and TTS have been
applied. Experimental results showed that the
chatbots met the requirements, providing consis-
tent and useful information to patients.

The remainder of the paper is organized as fol-
lows: Section 2 summarizes related approaches.
Section 3 details the main idea and implementa-
tion steps of the proposed methodology. Section
4 outlines the evaluation process for the method’s
effectiveness. Section 5 covers the conclusion.

II. THEORETICAL BACKGROUND

A. Google Speech-To-Text (STT), Google Text-To-
Speech (TTS)

Google STT is a powerful and flexible tech-
nology that enables the conversion of speech
into text with high accuracy and can be easily
integrated into various types of applications and
services. It also supports 125 languages and vari-
ants. This service finds applications in numer-
ous industries, including media, telecommunica-
tions, healthcare, and the like, offering solutions
like captioning videos, generating transcripts for
meetings, and enabling voice command function-
ality in applications. It is one of the leading tech-
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nologies in the field of NLP and is widely used in
various applications and services worldwide [7].
Google TTS is a powerful tool that converts
text into natural-sounding speech. This technol-
ogy 1is integrated into various Google services
like Google Assistant and Google Translate, of-
fering a seamless user experience across devices
and applications. Its application extends to pro-
viding voice guidance as a chatbot, reading noti-
fications, and text messages on Android devices.
It allows developers to create natural-sounding
speech using over 100 different voices [8].

B. Qdrant — Vector database

Qdrant is an open-source platform for search-
ing and querying large vector datasets. This vec-
tor similarity search engine offers a production-
ready service, complete with an easy-to-use APL.
It allows for the storage, search, and management
of vectors along with additional payloads. These
payloads are extra pieces of information that
enhance search capabilities and deliver valuable
insights to users. Qdrant is designed to work
with complex vector data, including text, images,
audio, and video. It’s a useful tool for applica-
tions such as similar content discovery in social
media platforms, and various applications related
to processing and analyzing vector data [9].

[OLAP) Dotabase Fectod Database

ziee ] ( ( Dwesos )
(ozmmemm (|98 (| PO DE=
) (65 72 v o )
@z a7 N o| RO
|| cozrmnD | ¢ | O rE=
D e NEHE | @ T TR
70 7, W1, 7 G ) = == AT T )F=d
Uomrmen UBBE! | eorrrrrr e

Fig. 1: Structural differences between online
transactional processing (OLTP), online
analytical processing (OLAP),
and vector databases [9]

Vector databases are a specific type of
database optimized for storing and querying high-
dimensional vectors, which differ from traditional
databases that organize data in rows and columns
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as shown in Figure 1. These databases are es-
sential for applications such as image recogni-
tion and recommendation systems, where data
is typically represented in vector form. These
databases optimize storage and querying using
techniques like Hierarchical Navigable Small
World (HNSW) and Product Quantization, en-
abling efficient similarity search based on dis-
tance metrics like Cosine Similarity, Dot Product,
and Euclidean Distance [9].

Fig. 2: High-level overview of Qdrant’s
architecture [9]

Figure 2 provides a high-level overview of
some key components of Qdrant. Below are the
key terminologies:

- Collections: Defined as a named group of
points, each collection is composed of vectors
carrying associated data, intended for search
purposes. All vectors in a collection share the
same dimensionality and are evaluated based on
a uniform metric.

- Named vectors enable the inclusion of several
vectors at a single point, each possessing unique
dimensions and metric specifications.

- Distance metrics are employed to assess the
similarities between vectors. They should be cho-
sen concurrently with the creation of a collection.

- Points: Central entities within Qdrant, con-
sisting of a vector, an optional ID, and a payload.

- Storage: Qdrant offers two storage options:

+ In-memory storage keeps all vectors directly
in RAM, allowing for rapid operations and only
using disk access to ensure data persistence.

+ Memmap storage establishes a virtual ad-
dress space that links directly to a disk file.
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- Clients: Programming languages used to in-
terface and integrate with Qdrant for seamless
interaction [9].

C. Large language model Meta artificial intelli-
gent 3 (Llama 3)

Llama 3, the next iteration of the open-access
Llama family, is the latest large language model
(LLM) from Meta. It can be used to create gen-
erative Al, including chatbots that can respond
in natural language to a wide variety of queries.
The model is available in two key versions: an
8-billion and a 70-billion-parameter model. A
version with 400B+ parameters is currently being
trained. Llama 3 was trained on over 15 trillion
tokens, offering a dataset seven times larger than
that used for Llama 2. These models are both pre-
trained and instruction-tuned to address various
tasks effectively [10].

The model is designed to be efficient, able
to run even on consumer-grade GPUs by using
lower precision and integrates with frameworks
like Hugging Face and PyTorch to make deploy-
ment simple [11].

Even with 70 billion parameters, Meta claims
Llama 3 is still competitive with much larger
models [11].

Figure 3 shows Meta Llama 3 instruct model
performance across various benchmarks.

Meta Llama 3 Instruct model performance
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Fig. 3: Meta Llama 3 instruct model
performance [12]

Figure 4 illustrates a safety architecture for
large language models (LLMs) in Meta’s Llama
3, emphasizing various safeguards to ensure re-
sponsible Al deployment.

40

INFORMATION TECHNOLOGY

System-level safety

System input-ievel Model-level System output-level
mitigations mitigation: mitigations

Fig. 4: A safety architecture
for large language models [12]

D. Hugging Face

Hugging Face provides a platform and com-
munity dedicated to machine learning (ML) and
data science. It enables users to efficiently build,
deploy, and train machine learning models. This
platform serves as an infrastructure for showcas-
ing and deploying Al in real-world applications,
while also facilitating exploration of models and
datasets uploaded by others. Hugging Face is a
Transformers Python library, this library simpli-
fies downloading and training machine learning
models [13].

E. Chainlit

Chainlit is an open-source Python package
designed for creating production-ready conversa-
tional AL It can be seamlessly integrated into an
existing codebase or used to start a new project
from scratch within minutes [14].

III. PROPOSED SYSTEM

In this section, a detailed description of the
proposed system is provided. Figure 5 shows the
system architecture of the chatbot.

When a user provides a question as input to
the system. The input data is a natural-sounding
speech from the user. The system will con-
vert natural-sounding speech into text. Then the
query is processed by an embedding model —
Vietnamese-SBERT to transform into a vector
that encodes the semantic meaning of the query.
The vector of the query is used to search a vector
database for K-similar chunks, which are seman-
tically aligned with the query. Qdrant database
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Fig. 5: The system architecture of the chatbot

is optimized for fast similarity searches to en-
sure the most relevant chunks are retrieved. To
enhance comprehension and provide additional
information, the system retrieves previous and
subsequent paragraphs for each relevant para-
graph. This information ensures that the response
isn’t isolated and provides more depth. Llama 3
analyzes the question and synthesizes the data to
produce a comprehensive and accurate response.
The response generated by the Llama 3 model is
delivered back to the user, answering the origi-
nal question clearly and completely. Finally, the
system converts answers from text into natural-
sounding speech.

A. Data processing

Figure 6 illustrates the process of indexing
knowledge documents into a vector database for
effective information retrieval.

Knowledge documents

The source material that will be used as the
knowledge base for the chatbot is collected di-
rectly at Tra Vinh University Hospital in PDF
file format. These documents are whole files that
haven’t been parsed or segmented into smaller
components.
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Fig. 6: Document parsing
to vector database storage

Paragraph extraction

The documents are parsed to extract individual
paragraphs. This step involves identifying logical
boundaries between different sections. Breaking
documents into paragraphs makes subsequent
processing more manageable and allows retrieval
at a finer granularity.

Text chunking

Paragraphs are further divided into manageable
text chunks to enhance the retrieval process.
This helps improve the relevance of search re-
sults. Each paragraph is further split into smaller
chunks. Chunking is often done to keep each
chunk within a certain character limit. Chunking
enables embeddings to be generated more effi-
ciently and ensures the system can handle each
chunk individually. This is especially important
if paragraphs are long or contain complex ideas.

Embedding model

The Vietnamese-SBERT model is a sentence-
transformers framework designed to represent
sentences and paragraphs in a 768-dimensional
vector space. This model is particularly useful
for clustering and conducting semantic searches
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within the Vietnamese language [15]. It processes
each text chunk to convert it into a numerical
vector, mapping similar chunks close together in
the vector space. It allows meaningful compar-
isons between different chunks using similarity
measures.

Vector database

The resulting vectors are then stored in a vector
database (Qdrant) for fast similarity searches.
This database can be used to quickly retrieve
relevant chunks of information during querying.
This process aims to turn knowledge documents
into indexed vectors that can be searched quickly.
By segmenting documents into paragraphs and
chunks, and then encoding them using an embed-
ding model, relevant information can be quickly
retrieved from a vector database. This indexing
system is very powerful for various search and
retrieval applications, especially for unstructured
data.

B. Prompt engineering

Prompt engineering is the process of design-
ing instructions that a generative Al model can
understand and follow. A prompt is a segment of
natural language text that outlines the particular
task the Al is supposed to carry out [16]. The
prompt can be a word, a phrase, or an entire
paragraph of text. Prompt acts as input or query
that the user provides to suggest the Al model to
give specific responses.

There are many approaches to creating a
prompt engineering. The Figure 7 is the structure
of prompt engineering used to ask the chatbot to
provide information about the hospital.

Fig. 7: Prompt engineering is used to ask
the chatbot
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Figure 7 has the following meaning:

custom_prompt_template = """"

Description: You are a chatbot for the Tra
Vinh University Hospital. You provide hospital-
related information to assist patients. Please base
your responses on the [information] provided, and
write concise and clear answers (if possible) to
the [question]. If there is not enough information
available, respond: ‘I don’t have enough informa-
tion to answer this.” (ABSOLUTELY base your
response only on the information provided, do
not use your own knowledge to respond.)

[Information]: context

[Question]: question

NOTE: Please rely solely on the provided
information to answer. Pay attention to the hos-
pital’s medical services. If someone greets you,
respond accordingly. Always be friendly and give
short, concise answers. Respond in Vietnamese.

C. Synthesizing answers with Llama 3

Llama 3 operates as a text generation model.
It is trained to predict and generate text answers
based on input prompts. The model processes
this input and generates a sequence of tokens
representing the answer. Once the model has
generated a sequence of tokens representing the
answer, it undergoes some post-processing before
being presented to the user. This could involve
removing special tokens, applying formatting, or
truncating the output to a reasonable length.

D. User interface

Chainlit is used to design the chatbot interface.
The interface of the chatbot supports providing
medical examination and treatment information
in the hospital as shown in Figure 8.

IV. EXPERIMENTAL RESULTS
A. Speech recognition process

The speech recognition capabilities of a chat-
bot to accurately convert natural-sounding speech
to text is crucial for a seamless user experience.
Under normal testing conditions, the development
team found that the chatbot recognized speech
accurately even in a light-noise environment.
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Fig. 8: Chatbot user interface

B. Evaluate the chatbot’s answer

The experimental setup was designed by using
data sourced from Tra Vinh University Hospital
to evaluate the chatbot’s performance. A dataset
was collected from Tra Vinh University Hos-
pital illustrates in Figure 9, including common
questions and their corresponding answers. This
dataset serves as a baseline for constructing
the questions and answers to be used in the
evaluation. From the collected dataset, a set of
100 questions representative of typical patient
concerns and inquiries is obtained. Through the
chatbot’s interface, each of the 100 questions was
tested by the answer from the chatbot. Then, the
answer was compared with the expected answers
whether the chatbot’s responses align with the
expected answer or not.

The results showed that the chatbot answered
84 questions correctly, the remaining 16 ques-
tions were incorrect because some information
was missing in the desired answer. According
to our records, the questions that the chatbot
answered incorrectly due to keywords overlap-
ping with the results of other answers, led to the
chatbot misinterpreting the answer as the other
contents.
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Fig. 9: The dataset serves as a baseline for
constructing the questions and answers used in
the evaluation

Table 1 presents the dataset serves as a baseline
for constructing the questions and answers used
in the evaluation in English version.

V. CONCLUSION

To reduce the workload of medical staff, the
implementation of a chatbot system in Tra Vinh
University Hospital is introduced in this paper.
By integrating cutting-edge technologies such
as Google Text-to-Speech and Speech-to-Text,
Llama 3, Qdrant, and Chainlit, the chatbot can
offer efficient, accurate, and consistent responses
to patient inquiries. This system not only provides
preliminary answers to common questions but
also reduces wait times for patients. As a result,
this chatbot system is a crucial step towards mod-
ernizing healthcare services and optimizing the
delivery of essential medical information reliably
and consistently. Further development will ensure
its adaptability and effectiveness in a wider range
of healthcare facilities.
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Table 1: English version of the dataset serves as a baseline for constructing the questions and
answers used in the evaluation

Question

Answer

Chatbot Response

1. Who 1s given priority when
completing the medical procedures
first?

- Patients over 80 years old,
children under 6 years old,
pregnant women, and the disabled.

According to the general regulations of the
Examination Department, patients in need of
medical examination services will be given
priority for procedures.

2. How to get the registration number
for a medical examination?

- Go to the registration counter, get

a number, and wait for your
number to be called.

At the registration and reception area of the
examination zone, patients go to the number
counter and are instructed on how to get a
registration number for their medical
examination. After that, they sit and wait until
thetr number 1s called (in combination with
checking the number displayed on the screen of
the reception area) to proceed with the
procedures.

3. What documents need to be brought
for outpatient examination?

- Health insurance card, ID card, or
other identification documents with
a photo.

Please bring the following documents when you
go for an outpatient examination:

+ Medical examination form

+ Health insurance card (if applicable)

+ Medical record book

These documents will help doctors and imaging
technicians perform procedures and specialized
techniques safely and in compliance with
regulations.

4. What 1s the process for examination
1n speciahized clinics?

- Wait for your tum based on the
registration number, enter the
examination room when called,
undergo any indicated laboratory
tests, wait for the test results, return
to the clinic, and submit the results
to the doctor. After being
diagnosed and receiving a
prescription, go to the payment
counter to pay the fees (if any) and
collect medication with vour health
insurance card.

The process of medical exarmination at the
Obstetrics and Gynecology specialized clinic 1s
as follows:

1. The patient 13 admitted and guided to the
Obstetrics and Gynecology clinic.

2. At the climic, the patient 1s examined by a
doctor and undergoes necessary laboratory tests
as prescribed by the doctor (if any).

3. After being diagnosed and recetving a
prescription, the patient goes to the payment
counter to pay the fees (1f any) and then proceeds
to the pharmacy to collect the medication
covered by health insurance.

4_If necessary, the patient may be admitted for
inpatient treatment as prescribed by the doctor or
based on a referral letter (if any).

This process ensures that the patient receives
accurate examinations and diagnoses, leading to
appropriate treatment that meets the patient's
needs.

5. What are the duties of the nurses
1n the outpatient examination
department ?

- Call patients into the examination
rootn 11 order, check vital signs
and weight, inform the doctor if
any abnormalities are detected,
guide the patient to perform
laboratory tests, receive laboratory
results from the patient, check the
prescription and medical record,
provide medication counseling, and
guide the patient on how to pay
fees and collect medication covered
by health insurance.

According to regulations, the nurse 1s
responsible for Recording the specialized clinic's
medical records. Escorting the patient to the
treatment department and fully handing over the
medical records and the patient's condition to the
head nurse or the department's administrative

nrse.
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