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This thesis presents the design and implementation of an Intelligent Family Affairs
Management System. The system aims to reduce household information fragmentation by
integrating finance records, health records, inventory items and family schedules into one
shared platform.

The prototype was implemented with a Uni-app and Vue frontend, a Python Flask backend
and a PostgreSQL database. Its main functions include user authentication, household
management, a home dashboard, finance management, health management, inventory
management, schedule management and Al-assisted input.

The system uses a household-centred data model, where shared records are connected to the
household context and health records remain associated with individual users. Speech-to-
text and large language model-based parsing are used to convert natural language or voice
input into structured records. The local verification shows that the prototype can support the
main household management workflows and demonstrates the feasibility of an integrated,
household-centred and Al-assisted family affairs management system.



SYMBOLS AND ABBREVIATIONS

Al  Arttificial Intelligence

API Application Programming Interface

B/S Browser/Server

CRUD Create, Read, Update and Delete

ERD Entity-Relationship Diagram

JWT JSON Web Token

LLM Large Language Model

PIM Personal Information Management

STT Speech-to-Text

Ul  User Interface
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1 Introduction

Modern family life has become increasingly digital, mobile and information-intensive.
Financial transactions, health records, schedules, education plans and household assets are
no longer managed only through paper notebooks or face-to-face communication. Instead,
they are often distributed across different mobile applications, personal accounts, online
platforms and informal family communication channels. Digital finance has changed
household service consumption by making financial services and digital payments more
widely available, and it has influenced several areas of household spending, including daily
services, transportation, education, entertainment and tourism (Dong and Zang 2024). At
the same time, personal information management has become a more demanding task
because individuals need to find, organize and reuse information across multiple tools and
contexts (Chaudhry and Alajmi 2024). In a family environment, this problem becomes
more complex because the information is not only personal but also shared among

different family members.

This thesis focuses on the design and implementation of an Intelligent Family Affairs
Management System. The system aims to provide a lightweight and integrated platform for
managing daily household affairs, including finance, health records, inventory and family
schedules. The core idea of the system is to shift the data model from an individual-centred
structure to a household-centred structure. In this design, the household is treated as the
main data boundary, and family members can create, view and manage shared information
within the same household. The system also integrates natural language and voice-based
interaction to reduce the burden of manual input, especially for users who may find

complex graphical interfaces difficult to use.

The motivation for this topic comes from two practical challenges in modern households.
The first challenge is information fragmentation. A family may use one application for
bookkeeping, another for health records, another for schedules, and informal messages or
photos for household assets. Although each tool may be useful for a single purpose, the
overall result is often a fragmented information environment. When family members need

to understand the financial situation, check the health status of an elderly member,



remember a study plan, or find the warranty status of an appliance, they may need to
search through different systems. This fragmentation reduces efficiency and makes family

collaboration more difficult.

The second challenge is the digital divide inside the family. In multi-generational
households, family members may have different levels of digital literacy and different
confidence in using digital services. Lee and Bae (2023) found that digital literacy and
social capital are positively associated with life satisfaction among older adults, which
indicates that the ability to use digital tools is related not only to convenience but also to
well-being. However, many existing applications still rely on complex graphical user
interfaces, nested menus, small buttons and manual form input. These interaction methods
may be acceptable for younger users but can create barriers for elderly family members.
Voice user interfaces can reduce this burden by allowing users to interact with digital
systems through natural expressions, but older adults may still face problems such as time-
out errors, insufficient feedback and limited error recovery when using voice-based
systems (Sun 2020). Therefore, an intelligent family management system should not only

provide functions but also consider accessibility and ease of use.

Existing research and applications only partially address these issues. Smart home studies
often focus on hardware-oriented functions, such as sensors, safety, security, automation
and device control. Almomani et al. (2021) discuss information management and [oT
technology in smart home and farm systems, with a strong focus on safety, security,
monitoring and connected devices. Similarly, Li (2020) proposes a smart home
information system based on big data, focusing on data import accuracy, data
preprocessing and smart home equipment data. These studies are useful for understanding
smart home information systems, but they mainly focus on physical devices and IoT data
rather than the “soft affairs” of family life, such as budgeting, health record sharing, study

planning and warranty management.

Health-related digital systems also provide important inspiration, but they are not fully
suitable for the family affairs management scenario. Web-based health monitoring systems

can help users collect health data and communicate with healthcare providers remotely



(Sabbir et al. 2021). Personal informatics and health data visualization can also increase
users’ awareness of their physiological states and support self-reflection (Fairclough and
Dobbins 2020). However, many of these systems are designed for individual health
tracking or medical contexts. In ordinary family life, health information is often used for
shared care, such as children checking whether elderly parents have recorded blood
pressure, or family members reminding each other about medication and appointments.
Therefore, family-level health management requires both individual records and

household-level sharing.

Inventory and asset management is another area where existing solutions do not fully
match home use. Digital inventory systems have been developed in professional
environments, such as hospitals, where smartphone-based and computer vision-based
approaches can reduce the workload of emergency cart inventory checking (Liu et al.
2025). In the consumer goods industry, home inventory management and auto-
replenishment have also been discussed as part of digital transformation and connected
packaging (Williams 2021). However, ordinary households usually do not need a heavy
computer vision system or industrial inventory workflow. They need a simpler way to
record appliances, track locations, monitor warranty dates and identify items that need

repair. This creates a need for a lightweight inventory module that fits domestic use.

To address these gaps, this thesis designs and implements an Intelligent Family Affairs
Management System based on a Browser/Server architecture. The frontend is developed
with Uni-app for a mobile mini-program style interface, while the backend is implemented
with Python Flask and PostgreSQL. The system includes user registration and login,
household creation and invitation, financial record management, budget comparison, Al-
assisted finance analysis, health profile and health record management, health anomaly
reminders, inventory management, image upload, family schedule management and Al-
assisted schedule planning. The implemented system also integrates speech recognition
and large language model-based semantic parsing, allowing users to convert natural

language input into structured records.
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1.1 Research problem

The main research problem of this thesis is how to design and implement a practical
family-centred digital system that can integrate fragmented household information and

provide accessible interaction for different family members.

This problem includes three sub-problems. First, the system needs a data model that
represents the household as a shared unit while still keeping individual member
information. Second, the system needs to integrate several common household domains,
including finance, health, inventory and schedules, without making the system too complex
for daily use. Third, the system needs to provide easier interaction methods for common

input tasks, such as bookkeeping, health recording and schedule planning.

Based on these considerations, the thesis is guided by the following research questions:

RQ1: How can a household-centred data model be designed to integrate finance, health,

inventory and schedule information within one family unit?

RQ2: How can natural language and voice-based interaction be used to reduce the input

burden in family affairs management?

RQ3: How can a lightweight web-based architecture support the implementation of an

intelligent family affairs management prototype?

These research questions guide both the design and the implementation of the system. The
thesis does not aim to develop a new machine learning algorithm. Instead, it focuses on
software system design, full-stack implementation and the integration of Al-assisted

interaction into a practical family management scenario.
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1.2 Objectives of the thesis

The main objective of this thesis is to design and implement a working Intelligent Family
Affairs Management System that supports shared household data management and Al-

assisted interaction. To achieve this objective, the thesis has four sub-objectives.

The first objective is to design a household-centred database model. The system uses the
household as the core entity and connects users, financial records, budgets, inventory items
and schedules through household-related relationships. This design aims to reduce data

isolation between family members and between functional modules.

The second objective is to implement the core functional modules of the system. These
modules include financial management, health tracking, inventory management and family
schedule management. The finance module supports manual records, category statistics,
budget comparison and Al-assisted analysis. The health module supports health profiles,
health records, anomaly reminders and weekly analysis. The inventory module supports
item records, image upload, status tracking and warranty reminders. The schedule module
provides a unified time-based view for ordinary family events, health reminders and study

plans.

The third objective is to integrate intelligent interaction into the system. The system uses
speech recognition to convert voice input into text and uses a large language model to
extract structured information from natural language. This mechanism is used in several
scenarios, including finance recording, health record extraction and Al-assisted schedule
planning. To improve reliability, Al-generated records are first stored as pending data and

require user confirmation before they become confirmed records.

The fourth objective is to verify the implemented system in a local development
environment. The verification focuses on whether the main workflows, including user
registration, household sharing, CRUD operations, Al-assisted input, health records,

inventory reminders and schedule creation, can run correctly.
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1.3 Scope and limitations

The scope of this thesis is limited to the design and implementation of a prototype-level
family affairs management system. The system is developed as a software application with
a mobile-oriented frontend, a Flask backend and a PostgreSQL database. The main focus is
on household data modelling, module integration, API implementation and Al-assisted

interaction.

The system does not aim to replace professional medical, financial or legal services. The
health module provides lightweight reminders and summaries based on user records, but it
does not provide medical diagnosis. Similarly, the finance module provides household-
level summaries and suggestions, but it does not provide professional financial advice. Al-
generated content is used as an assistant function and should be confirmed or interpreted

by users.

There are also technical limitations. The current system relies on third-party services for
speech recognition and large language model processing. Therefore, its performance may
be affected by network conditions, API availability and recognition accuracy. In addition,
the system has been verified mainly through local manual testing rather than large-scale
performance testing with many concurrent user. Future work could include more
systematic usability testing with real family users and more advanced data analysis based

on long-term usage records.

1.4 Structure of the thesis

The rest of this thesis is organized as follows.

Chapter 2 introduces the background and related technologies used in the project. It
discusses household information management, digital inclusion, related home, health and

inventory systems, and the technical foundations of the implemented system.
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Chapter 3 presents the requirements analysis and system design of the system. It explains
the user roles, functional and non-functional requirements, use case analysis, system
architecture, database design, module design, Al-assisted workflow and household data

boundary mechanism.

Chapter 4 explains the detailed implementation of the system. It describes the
implementation of user and household management, finance management, health tracking,

inventory management, schedule management and intelligent voice-to-action functions.

Chapter 5 presents the testing and evaluation of the implemented system, including
functional testing, Al-assisted interaction testing, and scenario-based evaluation to verify the

system's feasibility.

Chapter 6 concludes the thesis by summarizing the main results, discussing the limitations

of the system and presenting possible directions for future development.



14

2 Background and Related Technologies

This chapter introduces the research background and technical foundations of the
Intelligent Family Affairs Management System. The chapter first discusses household
information management and digital inclusion, then reviews related digital systems in
smart home, health and inventory contexts. Finally, it introduces the main technologies

used in the implementation of the system.

2.1 Household information management and digital inclusion

Personal information management (PIM) refers to the activities people perform to acquire,
organize, retrieve and use information for their tasks and responsibilities. In digital
environments, information is often distributed across documents, messages, calendar
events, online accounts, photos and different applications. Chaudhry and Alajmi (2024)
point out that information overload, time pressure and fragmentation are common
challenges in PIM. Oh (2019) also shows that personal information organization helps

people make better use of resources such as time, money and energy.

This idea is relevant to household affairs management because family life also involves
many types of everyday information. A household may need to manage finance records,
health data, medicine reminders, study plans, appliance information, warranty dates and
family schedules. If these records are scattered across different applications, paper notes,
chat messages and personal memories, family members may find it difficult to retrieve and
share important information. Cushing and Kerrigan (2022) describe personal information
management as a burden in non-work contexts, and this burden is also visible in family
life, where one or two members often take responsibility for remembering bills,

appointments, repairs and health records.

The system designed in this thesis extends PIM from individual-level information
management to household-level information management. Instead of treating each user as

an isolated individual, the household is used as the main data boundary. Users, finance
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records, health-related information, inventory items and schedules are connected through
the household context. This supports the idea of “one household, multiple roles”, where
different family members can contribute to and access shared information according to

their family context.

Another important background is the digital divide inside multi-generational families.
Younger users may be familiar with mobile applications, while elderly users may face
difficulties with complex interfaces. Lee and Bae (2023) found that digital literacy and
social capital are related to life satisfaction among older adults. Vo (2019) also emphasizes
that elderly users may face barriers related to vision, memory, touch interaction,

typography, button size, language and feedback when using mobile applications.

Voice interaction can reduce part of this input burden, but it should not completely replace
visual interfaces. Sun (2020) notes that voice user interfaces can be useful for older adults
but may still cause problems such as timeout errors, weak feedback and limited error
recovery. Therefore, the proposed system combines voice or natural language input with
visual confirmation. Al-generated or voice-generated records can be reviewed and
corrected by users before they become final data. This design supports users who prefer

simple expression while still keeping manual input as a fallback.

2.2 Related digital systems in home, health and inventory contexts

Smart home systems provide useful background for this thesis, but their focus is different
from the proposed system. Traditional smart home automation usually focuses on
controlling or monitoring physical devices, such as lighting, heating, security systems and
appliances. Gampa et al. (2023) describe smart home automation as a combination of IoT,
cloud computing and connected devices. Almomani et al. (2021) and Li (2020) also focus
on smart home information systems, IoT technology, data processing, monitoring and

device-related information.

These studies are important for understanding technology in domestic environments, but

they do not fully address the management of “soft affairs” in family life. Many daily
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household tasks are not about controlling devices. They are about recording expenses,
comparing budgets, tracking health records, arranging study plans, remembering
appointments and checking appliance warranty periods. Therefore, this thesis treats
intelligent family management as an information integration problem rather than a home

automation problem.

Digital health systems also provide inspiration for the health module. Web-based health
monitoring systems can support the collection and communication of health data (Sabbir et
al. 2021). Personal informatics and health data visualization can also improve users’
awareness of physiological states and support self-reflection (Fairclough and Dobbins
2020). Akanbi (2025) further shows that mobile health applications should present

information clearly and provide reliable, understandable content.

However, the health module in this thesis is not designed as a professional medical system.
It supports lightweight family health recording, such as health profiles, blood pressure,
weight, sleep, medication, symptoms and basic Al-generated reminders. Health
information is associated with individual users but managed inside the household context.
This allows family members to support shared care while avoiding the claim that the

system provides medical diagnosis.

Inventory management is usually discussed in professional or industrial contexts. For
example, Liu et al. (2025) developed a smartphone-based inventory management system
for emergency carts, where accuracy and workflow control are important. Household
inventory management has simpler needs. A family usually needs to record item names,
prices, locations, images, purchase dates, warranty expiry dates and repair status. Williams
(2021) also reflects the broader trend that household items and consumer goods are
increasingly connected with digital management practices. In this thesis, the inventory
module is designed as a lightweight domestic asset management tool rather than an

industrial stock control system.
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2.3 Technical background

The system is implemented as a Browser/Server-based application. The frontend is
responsible for user interaction, while the backend provides API services, business logic,
Al processing and database access. This architecture keeps business logic and service

credentials away from the frontend.

The frontend is developed with Uni-app and Vue. Uni-app builds a mobile-oriented mini-
program interface, while Vue supports component-based frontend development (DCloud
n.d.; Vue.js n.d.). The frontend includes pages for login, household management,
dashboard, finance, health, inventory, schedule and profile, communicating with the

backend via HTTP/JSON.

The backend is implemented with Python Flask. Flask provides REST endpoints for
authentication, household management, and core modules (Pallets n.d.). PostgreSQL is
used as the relational database, with SQLAlchemy as the ORM layer (PostgreSQL Global
Development Group n.d.; SQLAIchemy n.d.).

JWT is used for authentication. After login, the backend returns a token, and later requests
use it to identify the current user and household context (PyJWT n.d.). This is important

because most records must be filtered by household identity.

Speech-to-text technology and large language model-based semantic parsing are used to
support voice-to-action interaction. Voice input is first converted into text, and the LLM
then extracts structured information from natural language. Recent studies also show that
voice-based interfaces can support hands-free data entry, while LLM-based methods can
extract structured information from unstructured text (Harihar et al. 2025; Huang et al.
2025). In this system, this mechanism is used in finance recording, health record parsing
and schedule planning. Since Al output may be inaccurate, the system keeps manual input

and confirmation workflows as fallback mechanisms.

Overall, these technologies support the main goal of building a lightweight, household-

centred and Al-assisted family management prototype.
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3 Requirements and System Design

This chapter presents the requirements analysis and system design of the Intelligent Family
Affairs Management System. The purpose of this chapter is to define the target users, main
functional requirements, non-functional requirements and the system design decisions
before presenting the implementation. The system is designed for ordinary family use
rather than professional enterprise management. Therefore, the requirements and design
focus on lightweight operation, shared household data, accessible interaction and practical

daily functions.

3.1 Requirement analysis approach and user roles

The requirement analysis was conducted based on three main problems identified in the
previous chapters. The first problem is household information fragmentation. Family
information such as expenses, health records, appliance details and schedules is often
stored in different applications, paper notes or chat messages. Therefore, the system needs

to provide a shared household data structure.

The second problem is the difference in digital literacy among family members. In a multi-
generational family, some users may be familiar with mobile applications, while elderly
users may find complex graphical interfaces difficult to use. Therefore, the system should

provide simple workflows and support natural language or voice-based input.

The third problem is the need to integrate several household domains into one lightweight
system. Finance, health, inventory and schedules are different types of data, but they are all
part of daily family life. Therefore, the system should provide an integrated platform rather

than a single-purpose application.

The system is designed for household members. The role design is intentionally simple.
The system includes two main technical account roles: Admin and Member. When a user

creates a household, the system assigns the user the Admin role. When a user joins an
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existing household through an invitation code, the system assigns the user the Member

role. In the current implementation, these roles mainly function as household labels and

context information. They are not used as strict role-based access control. Most operations

are protected by household boundary validation, meaning that users can only access or

modify data belonging to the same household. The user roles and their characteristics are

summarized in Table 3.1.

Table 3.1. User roles and characteristics

User type Description Main system needs
Visitor A user who has not logged in yet. Register an account or log in to the
system.
Admin A logged-in user who creates a Create a household, view household
household. information and manage household-level
records.
Member A logged-in user who joins a Access and manage shared household
household through an invitation code. ~ data within the same household.
Elderly user A family member who may have lower Use clear interfaces, voice input and
digital literacy or prefer simple confirmation-based workflows.
interaction.
Student or A family member related to study tasks Be included in schedule and study-plan

child member

or family schedule planning.

related events.

3.2 Functional and non-functional requirements

Functional requirements define what the system should do. The Intelligent Family Affairs

Management System includes six main functional areas: user and household management,

dashboard, finance management, health management, inventory management, schedule

management and Al-assisted interaction. The main functional requirements are

summarized in Table 3.2.
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Table 3.2. Main functional requirements

1D Module Requirement Description

FR-  Userand User registration and ~ The system shall allow users to register, log in and

01 household login access protected functions with authentication.

FR-  User and Household creation The system shall allow users to create a household

02 household and joining or join an existing household with an invitation
code.

FR-  Userand Profile and household  The system shall display user information,

03 household information household name, family role and invitation code.

FR-  Dashboard Home dashboard The system shall provide a dashboard that

04 summarizes finance, schedule, inventory and health
information.

FR- Finance Finance record The system shall allow users to add, view, edit and

05 management delete income and expense records.

FR-  Finance Category and budget ~ The system shall support finance categories,

06 management monthly budgets and category-level budget
comparison.

FR-  Finance Finance statistics and ~ The system shall provide finance summaries,

07 Al analysis category distribution, daily trends and Al-assisted
financial diagnosis.

FR-  Health Health profile The system shall allow users to save and update

08 management health profile information.

FR-  Health Health record parsing  The system shall parse health input into structured

09 and confirmation records and require confirmation before final
saving.

FR-  Health Health analysis The system shall perform basic anomaly checks and

10 generate lightweight Al health advice when needed.

FR- Inventory Inventory item The system shall allow users to add, view, edit and

11 management delete household inventory items.

FR- Inventory Image, warranty and The system shall support item images, purchase

12 status tracking dates, warranty expiry dates and repair status.

FR-  Schedule Family schedule The system shall display household schedule events

13 management in a unified timeline.

FR-  Schedule Study and health- The system shall represent study-related activities

14 related events and health-related reminders as schedule events.

FR- Alinteraction Voice-to-action input  The system shall convert voice or natural language

15 input into structured finance, health or schedule
records.

FR- Alinteraction Manual fallback The system shall allow users to use manual input

16 when Al parsing or voice recognition is inaccurate.
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Non-functional requirements define the quality attributes of the system. Since the system is

intended for family use, the most important non-functional requirements are usability,

accessibility, reliability, security, privacy, maintainability and extensibility. These non-

functional requirements are detailed in Table 3.3.

Table 3.3. Non-functional requirements

ID Requirement Description

NFR-  Usability The system should provide clear navigation, readable content and

01 simple workflows.

NFR-  Accessibility The system should support voice or natural language input to reduce
02 manual input burden.

NFR-  Data consistency  Records should be connected to the correct household and user

03 context.

NFR-  Data reliability Al-generated records should be reviewable before final saving when
04 necessary.

NFR-  Security and The system should use authentication and household boundary

05 privacy validation to protect household and health data.

NFR-  Maintainability The system should use modular frontend pages and logically grouped
06 backend APIs.

NFR-  Extensibility The system should allow future expansion of modules and event types.
07

3.3 Use case analysis

A use case diagram was created to summarize the main interactions between users and the

system. As shown in Figure 3.1, the main actors are Visitor, Household User, Admin and

Member. Visitor users can register and log in. After login, users can create a household,
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join a household, view the dashboard and access the main modules. The core use cases
include household management, finance management, health management, inventory
management, schedule management and Al-assisted interaction. In the current
implementation, Admin and Member are mainly household role labels. Most operations are
controlled by household boundary validation rather than strict role-based access control.
The use case diagram also shows that Al-assisted input is shared by the finance, health and
schedule modules. Voice input is first converted into text, and the system then uses LLM-
based parsing to extract structured information. This design reduces the input burden

across different modules.
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Register /Login > (_ Create Household > ¢ JoinHousehold > ¢ View Dashboard Manage Fmanoe PR ManageHeal(h T Managelnvemory > C Manage Schedu\e P

e e g s L g Lk
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\Voice-to-Action

Figure 3.1. Use case diagram of the Intelligent Family Affairs Management System.

3.4 Overall system architecture

The system follows a Browser/Server architecture. The frontend is responsible for user
interaction, while the backend provides API services, business logic, Al processing, speech
processing and database access. PostgreSQL is used as the persistent data storage layer.
The backend also integrates external services for speech-to-text conversion and LLM-
based semantic parsing. As shown in Figure 3.2, the frontend is implemented with Uni-app
and Vue and provides pages for authentication, household management, dashboard,
finance, health, inventory, schedule and profile functions. The Flask backend acts as the
central service layer. It receives HTTP/JSON requests from the frontend, accesses
PostgreSQL through SQLAIchemy, and calls external Al or speech services when needed.

This architecture keeps business logic and sensitive service credentials on the backend
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side. It also supports the household-centred data model because the backend can identify

the current user, determine the user’s household context and filter records before returning

data to the frontend.

System Architecture

Frontend Layer

Uni-app / Vue

Authentication

Home Dashboard

Finance Module

Health Module

Inventory Module

Schedule Module

Profile Module

Backend Layer
Python Flask
‘{ API Services

Authentication Service
Househaold Service
Home Aggregation
Finance Service
Health Service

Inventory Service

Schedule Service

Processing Engines

Al Semantic Parsing

Speech Processing

File Upload Service

Data & Resources

Local Storage

Uploaded Images

Figure 3.2. Overall system architecture of the Intelligent Family Affairs Management System.

3.5 Frontend and backend structure design

The frontend is designed as a mobile-oriented application. It is organized by functional

pages, and each group of pages corresponds to one major module. The implemented

frontend includes pages for login, household management, home dashboard, finance,

health, inventory, schedule and profile. The detailed frontend page structure is outlined in

Table 3.4.
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Table 3.4. Frontend page structure

Module

Pages

Main purpose

Authentication and

household

Home dashboard

Finance

Health

Inventory

Schedule

Profile

login, household

index

finance, detail, edit, category,

stats, budget, analysis

health, health profile

storage, edit, detail

schedule

profile

User login, registration, household creation
and household joining

Display finance, schedule, inventory and
health summary cards

Manage finance records, categories,
budgets, statistics and Al finance analysis

Manage health profiles, health records and
health-related analysis

Manage household items, images, warranty
dates and repair status

View family schedule and use the Al
schedule assistant

View user and household information

3.6 Database design

The database is designed around the household as the main data boundary. Most shared

records, including finance records, budgets, inventory items and schedules, are connected

to the household context. Health data is connected to individual users, while users

themselves belong to households. This design allows the system to support both shared

family information and member-specific records. As shown in Figure 3.3, the final

database includes tables for household, users, category, budget, finance, inventory,

schedule, study plan, health profile, health record and health analysis. The household

table is the central entity for shared family data. Finance records, budgets, categories,

inventory items and schedules are directly connected to the household context. Health

records and health profiles are connected to users, and users are connected to households.
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The finance-related tables support income and expense records, category management and
budget comparison. The health-related tables separate long-term health profiles, dynamic
health records and Al-generated analysis results. The inventory table stores item
information, image paths, warranty dates and item status. The schedule table works as a
unified time-based structure for normal family events, health-related reminders and study-
related activities. In the final implementation, there is no separate health reminder table;

health reminders are represented as schedule records.

Figure 3.3. Entity-relationship diagram of the final database.
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3.7 Core modules and Al-assisted workflow

The system contains five main functional modules: home dashboard, finance, health,
inventory and schedule. These modules are designed as separate functional areas, but they
share the same household context and database structure. Al-assisted voice-to-action is
used in the finance, health and schedule modules. The general workflow is that the user
provides text or voice input, the backend converts voice into text when necessary, and the
LLM extracts structured information from the text. The extracted result is then saved
directly or returned to the user for confirmation, depending on the module and data
sensitivity. As shown in Figure 3.4, the workflow begins with text or voice input from the
user. If the input is voice-based, the backend first performs speech-to-text conversion. The
text is then sent to the LLM service with a module-specific prompt. The LLM returns
structured information, and the backend processes the result according to the target
module. In the finance module, the system extracts fields such as amount, type, category,
description, date and payment method. In the health module, the workflow is stricter
because health data is sensitive. Al-parsed health data is first stored as a pending record
and becomes official only after user confirmation. After confirmation, the system can
perform anomaly detection and generate lightweight Al health advice. In the schedule
module, the system extracts event information such as title, date, time, assignee and event
type. The event can then be classified as normal, study-related or health-related. This
shared Al-assisted workflow reduces repeated manual input while keeping users in control
of the final data. Manual input remains available when voice recognition or Al parsing is

inaccurate.
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General Al-assisted Voice-to-Action Workflow
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Figure 3.4. General Al-assisted voice-to-action workflow.

3.8 Security and data boundary design

The system handles household and health-related data, so basic security and data
separation are important. In the current prototype, the security design focuses on

authentication, token-based session handling and household boundary validation.

After a user logs in, the backend returns a JWT token. The frontend stores the token and
sends it with later requests. The backend verifies the token and identifies the current user.
After identifying the user, the backend can determine the household to which the user

belongs.
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Most business data is filtered by household ID. This means that a user should only access
or modify records that belong to the same household. This household boundary validation

is the main data protection mechanism in the current implementation.

The Admin and Member roles are stored in the user table. However, they are not used as
strict role-based access control in the current version. CRUD operations mainly check
whether the data belongs to the user’s household rather than whether the user is Admin or
Member. This is acceptable for a prototype-level family system, but more detailed

permission control could be added in future versions.

The system also protects sensitive implementation details by keeping Al and speech
service calls on the backend. The frontend does not directly call the LLM or speech

recognition service. This avoids exposing sensitive service credentials in the frontend code.

3.9 Summary

This chapter combined the requirements analysis and system design of the Intelligent
Family Affairs Management System. The system is designed for household users with
different roles and digital abilities. The main requirements cover household management,

dashboard, finance, health, inventory, schedule and Al-assisted interaction.

The system design follows a Browser/Server architecture with a Uni-app frontend, Flask
backend, PostgreSQL database and external Al and speech services. The database design is
centred on the household, which acts as the main data boundary for shared family
information. The Al-assisted workflow supports finance recording, health record parsing

and schedule planning while keeping user confirmation and manual fallback for reliability.

The next chapter explains how these requirements and design decisions are implemented in

the actual system.
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4 Implementation

This chapter describes the implementation of the Intelligent Family Affairs Management
System, built with a Uni-app/Vue frontend, Flask backend, and PostgreSQL, featuring
authentication, household management, dashboard, finance, health, inventory, schedule,

and Al voice-to-action functions.

4.1 Development environment and project structure

The system was developed and tested locally, using HBuilderX and WeChat Developer
Tools for the frontend, Visual Studio Code for the Flask backend, and a local PostgreSQL

database, as summarized in Table 4.1.

Table 4.1. Development environment

Component Environment
Operating system Windows NT x64 10.0.26200
Code editor Visual Studio Code 1.116.0
Python version Python 3.13.0
Database PostgreSQL 17.2
Frontend tool HBuilderX 4.87

Mini-program testing tool WeChat Developer Tools 2.01.2510270 win32/x64

Backend address http://127.0.0.1:5000/

Database deployment Local PostgreSQL database




30

4.2 User authentication and household management implementation

User authentication and household management are the entry points of the system. The
frontend provides sign-in and sign-up functions. After successful login, the backend
returns an authentication token, and the frontend uses this token in later API requests. A
logged-in user can either create a new household or join an existing household through an
invitation code. As shown in Figure 4.1, the authentication and household management
interfaces consist of several parts: (a) the profile page displaying user and household
information, (b) the sign-in page, (c) the sign-up page for new accounts, (d) the household
creation page, and (e) the household joining page via invitation code. When a user creates
a household, the backend stores the user as Admin, while the frontend displays the
household creator as Owner. When a user joins a household through an invitation code, the
user is stored as Member. In the current implementation, these roles are mainly used as

household labels, while data access is controlled by household boundary validation.

IFM5

) Copy Code
4LVK51 - Welcame to Smart Home Welcome to Smart Home

My Bills — ———

3 Settings

Sign Out G 2 @EaEOs

Figure 4.1. Authentication and household management interfaces: (a) profile page, (b) sign-in page, (c) sign-

up page, (d) household creation page, and (e) household joining page.
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The home dashboard is the main entry page after the user enters a household. It is designed

as an integrated overview rather than a simple navigation page. The dashboard collects

selected information from the finance, schedule, inventory and health modules. As shown

in Figure 4.2, the dashboard contains cards for monthly finance, smart schedule, inventory

status and family health assistance. This allows users to quickly understand the current

household situation without opening each module separately. The backend provides

aggregated data for the dashboard, while the frontend presents the results in a card-based

layout.

.

A great day to organize

IFMS c0s

Good evening

household tasks

| Monthly Finance (4)

Budget Left

¥0 ¥5000

Budget Usage

%= Smart Schedule

N/A No upcoming schedules

| ¢ Inventory

Inventory is healthy. No urgent tasks

@ Family Health Assistant

No Record Today

0%

Figure 4.2. Home dashboard interface.



4.4 Finance module implementation

The finance module supports manual and Al-assisted bookkeeping, voice input, budget

management, statistics, and financial diagnosis. As shown in Figure 4.3, it includes (a)
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monthly bill details and overview, (b) budget management page, (c) manual entry page for

standard bookkeeping, and (d) Al-generated record confirmation page for reviewing voice

inputs, allowing users to review and confirm Al records before finalization, balancing

convenience and control.]

Wonihly Bill Detais
Total

m = =
Expense Fadget | Bepui: Dhaguosis
¥150.00
0 ~80.00
$ Transportation Z70.00
0 Uncategorized +100.00
ﬁ.\ Food -80.00
g
w Manual vl
< c Manual Entry - - @
Type @ Expense Income
Category Select category
Amaunt 000
Date 2026-04-30
Tirne 1432
Payment <t s
Mathod e.g. WeChat / Alipay / Cash
MNotes What did you buy?
Catenary missing? Manans rateanries

Figure 4.3. Finance module interfaces: (a) monthly bill details, (b) budget management page, (c) manual

entry page, and (d) Al-generated record confirmation page.
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The finance module also provides lightweight visual summaries and Al-based monthly
financial analysis. As shown in Figure 4.4, the financial statistics are visualized through:
(a) the monthly Al diagnosis and budget performance, (b) the income summary and
category breakdown, and (c) the expense summary with daily trends. These visual
summaries are implemented with frontend components rather than a separate charting
library. The purpose is to provide readable household-level financial feedback rather than

advanced financial analytics.

‘a ~-0 |< -0 (<0 - -0
MOntl‘le Financial Al Diagnosis 2026-04 + Lxprse: Income 2026-04 rme
Budget Performance Tatal Income (CNY) Total Fxpense (CNY)
Total Experse ¥150 Tolal Budgelt Y8000 1 00-00 1 50.00
]
| Category Breakdown | category Breakdown
Top 3 Expense Categories
toud ¥BO [53.2%) B Food ¥80
5 " @ Uncategorized [11% ¥100
B Tansportationds ¥70
Transportation ¥70 (46.7%)
| Daily Trend | Daily Trend

Al Advisor Diagnosis

il [Overall Financial Health]

¥ou spant enly 150 CNY against an & 000
CNY biedget—that's 1.9% utilization. While
this Iooks like extreme frugality, it's actually
& red flag: either you barely lived this month
or data is incomplete, Incame of 100 CNY

wersus 130 CNY In sxpensas means you're 1

Figure 4.4. Finance statistics and Al diagnosis interfaces: (a) monthly Al diagnosis, (b) income summary,

and (c) expense summary.

4.5 Health module implementation

The health module supports health profile management, daily health records, quick
logging, voice-based input and Al-generated health advice. It is designed for lightweight
family health awareness rather than professional medical diagnosis. As shown in Figure
4.5, the health module comprises: (a) the health overview page for daily status and quick
logging, (b) the health profile page for basic metrics and medical history, and (c) the Al

Doctor Report providing health anomaly feedback. The overview page shows today’s
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recorded health data and provides quick log buttons for common record types such as

blood pressure, weight, sleep, symptoms and medication. The profile page stores long-term

background information, including member type, blood type, height, allergies and chronic

conditions. For Al-assisted health input, the backend first creates a pending health record.

The record must be confirmed by the user before it becomes a confirmed health record.

After confirmation, the system can perform anomaly detection and generate lightweight Al

advice. This design improves reliability because health-related Al output is not directly

treated as final medical information.
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Figure 4.5. Health module interfaces: (a) health overview page, (b) health profile page, and (c) AI Doctor

Report.

4.6 Inventory module implementation

The inventory module supports household asset management. It allows users to record

important items such as appliances, furniture and electronic devices. Each item can include

name, price, location, status, purchase date, warranty expiry date and an uploaded image.

As shown in Figure 4.6, the inventory module interfaces include: (a) the household
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inventory overview page, (b) the item detail page displaying current status and warranty,
and (c) the add item page for new entries. The overview page summarizes total items, total
value, expired items, repair status and items expiring within 30 days. The detail page
shows the selected item’s image, status, price, location and warranty information. This
module is intentionally lightweight and focuses on practical household needs rather than

professional warehouse management.
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Figure 4.6. Inventory module interfaces: (a) inventory overview page, (b) item detail page, and (c) add item

page.

4.7 Schedule and study-plan implementation

The schedule module provides a unified timeline for family events. It supports normal
daily events, health-related events and study-related activities. In the current
implementation, study-related activities are mainly created through the Al schedule
assistant rather than through a separate manual study-plan page. As shown in Figure 4.7,

the schedule page displays events in a timeline view and provides filters for all, health,
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study and daily events. Users can also use the voice input button to create schedule events
through the Al assistant. If the event is study-related, the backend creates a schedule record
and related study plan data. If the event is health-related, it is stored as a health-related
schedule record. This keeps family schedules, study plans and health reminders in one

unified time-based module.

& Family Al Schedule Assistant

Coordinate family plans with smart conflict alerts

<AII> @ Health i Study ® Daily
Take Son to School
08:00
2 Son
English Exam
15:00
2 Son
Take Son to Hospital
20:00
2 Son Completed
& Manual Hold to speak sch

Figure 4.7. Schedule and Al assistant interface.

4.8 Al-assisted voice-to-action implementation

The Al-assisted voice-to-action function is implemented across the finance, health and
schedule modules. In all three modules, the frontend collects text or voice input, and the
backend handles speech-to-text conversion and LLM-based semantic parsing. The parsed

result is then processed according to the target module.
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In the finance module, the parsed data can become a confirmable finance record. In the
health module, the parsed data is first stored as a pending record and must be confirmed
before analysis. In the schedule module, the parsed instruction is classified as a normal,
study-related or health-related event. Manual input remains available as a fallback when

voice recognition or Al parsing is inaccurate.

4.9 Summary

This chapter described the implementation of the Intelligent Family Affairs Management
System. The system was implemented with a Uni-app and Vue frontend, a Python Flask
backend and a local PostgreSQL database. The implementation demonstrates the main
design ideas of the thesis: household-centred data management, integrated family affairs
modules and Al-assisted voice-to-action interaction. The detailed testing and evaluation of

these implemented modules will be presented in the next chapter.
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5 Testing and Evaluation

This chapter presents the testing and evaluation of the Intelligent Family Affairs
Management System. The purpose of testing was to verify that the implemented system
works correctly in the local development environment and that the main functional
requirements defined in Chapter 3 are satisfied. The testing focused on functional
correctness, frontend-backend integration, database operations, household data separation,

and Al-assisted voice-to-action workflows.

Since this thesis focuses on the design and implementation of a prototype-level system, the
testing was mainly conducted through manual functional testing and scenario-based
evaluation. Large-scale performance testing and long-term real household user testing were

outside the scope of this thesis.

5.1 Testing objectives and environment

The main objectives of the testing were to verify that the system could support the
complete household management workflow, including user registration, login, household
creation and household joining. The tests also aimed to confirm that the major business
modules, including finance, health, inventory and schedule management, could correctly

communicate with the backend and store data in the PostgreSQL database.

Another important objective was to test the Al-assisted functions. These tests verified
whether the system could process natural language or voice input, extract structured
information and create or update records in the correct module. In particular, the health
module was tested to ensure that Al-parsed health records followed the pending-confirmed

workflow before anomaly detection and Al advice generation.

The detailed configuration of the local development and empirical evaluation environment
is systematically summarized in Table 5.1. During the implementation and verification

phases, the frontend mini-program application was executed and monitored within WeChat
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Developer Tools, while the Python Flask backend operated simultaneously as the local
server instance. All data exchanges between the client interface and the server layer were
conducted via standard HTTP requests, enabling the backend to process underlying
business logic and securely communicate with the local instance of the PostgreSQL

database.

Table 5.1. Testing environment

Component Environment

Operating system Windows NT x64 10.0.26200
Code editor Visual Studio Code 1.116.0
Python version Python 3.13.0

Database PostgreSQL 17.2

Frontend development tool HBuilderX 4.87

Mini-program testing tool ~ WeChat Developer Tools 2.01.2510270 win32/x64

Backend address http://127.0.0.1:5000/

Database deployment Local PostgreSQL database

5.2 Functional testing

Functional testing was conducted to verify that each main module could perform its
expected operations. The test cases were selected based on the functional requirements
listed in Chapter 3. The purpose was not to test every possible input combination, but to

confirm that the core workflows of the system were correctly implemented.
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To verify core system operational stability, comprehensive test cases were executed, and

primary functional scenarios and outcomes are summarized in Table 5.2. Empirical results

show all core functional modules function correctly and reliably locally. User

authentication and household creation workflows initialize systemic data boundaries

required for the household-centered data model. Finance, health, inventory, and schedule

modules execute data persistence tasks, and the home dashboard accurately consolidates

and visualizes multi-domain metric summaries on one page.

Table 5.2. Functional testing results

Test Module Test scenario Expected result Result

ID

FT-  Authentication Register a new user and The user can create an account Passed

01 log in and enter the system after login

FT-  Household Create or join a household The user can create a household or  Passed

02 join one using an invitation code

FT- Profile View household and user Household name, user role and Passed

03 information invitation code are displayed
correctly

FT-  Dashboard Open the home dashboard Finance, schedule, inventory and Passed

04 health summary cards are
displayed

FT-  Finance Manage finance records Finance records can be added, Passed

05 viewed, edited and deleted

FT-  Finance Manage categories and Categories and budget limits can Passed

06 budgets be saved and displayed

FT-  Health Manage health profile and Health profile and recent health Passed

07 health records data can be saved and shown

FT-  Inventory Manage inventory items Inventory items can be added, Passed

08 viewed, edited and deleted

FT-  Inventory Check inventory status Total value, expired items and Passed

09 and warranty information  repair status are displayed

FT- Schedule View and manage family Schedule events are shown in the Passed

10 schedule timeline view

FT-  Housechold data Access household data Data is filtered according to the Passed

11 boundary user’s household context
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5.3 Al-assisted interaction testing

Al-assisted interaction was tested separately because it is one of the main features of the
system. The goal was to verify that the system could process text or voice input, convert it

into structured data, and apply the correct confirmation or creation workflow.

The finance module was tested with natural language input for bookkeeping. The system
was expected to extract fields such as amount, transaction type, category and payment
method. The health module was tested with health-related input, and the system was
expected to create a pending record that required user confirmation. The schedule module

was tested with daily, study-related and health-related schedule requests.

The specific validation scenarios and behavioural results for the intelligent natural
language and voice-to-action workflows are presented in Table 5.3. The evaluation
indicates that the integrated Al-assisted interaction mechanisms successfully passed all
designated functional tests. In practice, the finance module smoothly transforms
unstructured linguistic input into structured bookkeeping records, the schedule assistant
accurately classifies intents to populate discrete calendar events based on type, and the
health module strictly adheres to the mandated pending-confirmed pipeline to prevent
unverified data parsing. While these outcomes confirm that the voice-to-action paradigm
was successfully implemented within the prototype, the reliability of the semantic
interpretation remains fundamentally dependent on input text quality, prompt tuning, and
external API stability. Consequently, user verification dialogs and manual form entry are

carefully preserved as critical architectural fallbacks.
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Test Module  Test input or operation Expected result Result

ID

Al- Finance  “I spent 80 Yuan for food The system extracts expense Passed

01 using Apple Pay.” information, amount, category and
payment method

Al-  Finance Confirm Al-generated The record can be confirmed and stored Passed

02 finance record as a finance record

Al- Health “Blood pressure 120 over 88, The system creates a pending health Passed

03 weight 66 kg and 8000 steps.” record for user confirmation

Al- Health Confirm parsed health data The record status changes to confirmed Passed

04 and health analysis can be triggered

Al- Schedule “English Exam at 3 PM on The system creates a study-related Passed

05 April 7 for Son.” schedule event

Al- Schedule Health-related schedule The system creates a health-related Passed

06 request schedule event in the unified schedule

table

5.4 Scenario-based evaluation

In addition to individual functional tests, scenario-based evaluation was conducted to

check whether the system could support complete user workflows. Four representative

scenarios were tested.

The first scenario was new family setup. A new user registered an account, logged in and

created a household. The system generated an invitation code. Another user could then join
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the same household using the invitation code. After joining, the profile page displayed the
household name, user role and invitation code correctly. This scenario confirmed that the

household-centred structure worked as expected.

The second scenario was household finance management. The user added finance records
manually and also created a finance record through Al-assisted input. The system parsed
the transaction information, allowed the user to confirm the generated result and displayed
the record in the finance list. The budget and statistics pages reflected the finance data, and
the Al finance diagnosis page generated a household-level financial summary. This
scenario confirmed that the finance module worked as a complete workflow rather than as

separate pages.

The third scenario was family health recording. The user saved health profile information
and entered health data such as blood pressure, weight and steps. The system parsed the
health input, created a pending record and required confirmation before the record became
final. After confirmation, the system could perform health analysis and display Al-
generated health advice. This scenario confirmed the reliability-oriented design of the

health module.

The fourth scenario was inventory and schedule management. The user created a
household inventory item with name, price, location, status, purchase date, warranty expiry
date and image. The item appeared in the inventory list and detail page. The system also
displayed inventory-related summaries, such as total items, total value and warranty status.
In the schedule module, the user created daily, study-related and health-related events
through the Al schedule assistant. This scenario confirmed that the system could support

both asset management and time-based family coordination.

Overall, the scenario-based evaluation showed that the system could support realistic
family affairs management tasks. The modules were not only functional individually but

also worked together through the household context and home dashboard.
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5.5 Discussion and limitations

The testing results show that the implemented system meets the main functional
requirements defined in Chapter 3. The frontend pages can communicate with the Flask
backend through HTTP requests, and the backend can correctly read and write data in the
PostgreSQL database. The household-centred data model also works as the main data
boundary, allowing users in the same household to share data while separating data

between different households.

The Al-assisted interaction tests also show that natural language and voice-based input can
reduce manual data entry in finance, health and schedule modules. The confirmation
mechanism is especially important in the health module because health records are
sensitive and Al parsing may not always be fully accurate. By storing parsed records as
pending data first, the system gives users the opportunity to review the result before it

becomes an official health record.

However, the testing also has limitations. First, the tests were conducted in a local
development environment, not in a production deployment. Second, the testing was mainly
manual and scenario-based. Large-scale concurrent testing was not performed. Third, no
formal long-term usability study with real families or elderly users was conducted.
Therefore, the results can verify functional correctness but cannot fully prove long-term

usability or performance under heavy usage.

The Al and speech functions also depend on external services. Their performance may be
affected by network conditions, service availability, pronunciation, background noise and
prompt design. For this reason, the system keeps manual input as a fallback option and

uses confirmation steps for important records.

Another limitation is that the current role design does not implement strict role-based
access control between Owner/Admin and Member. The current prototype mainly uses

household boundary validation to separate data between families. This is sufficient for the
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implemented prototype, but more detailed permission control would be needed for a

production-level system.

5.6 Summary

This chapter presented the testing and evaluation of the Intelligent Family Affairs
Management System. The system was tested in a local environment using manual
functional testing, Al-assisted interaction testing and scenario-based evaluation. The
results show that the main modules, including authentication, household management,

dashboard, finance, health, inventory and schedule, worked correctly.

The Al-assisted functions also passed the selected tests. The finance module could extract
structured bookkeeping data from natural language input, the health module could create
pending records and confirm them before analysis, and the schedule module could create

normal, study-related and health-related schedule events.

Although the system passed the local functional tests, the evaluation was limited to
prototype-level testing. Future testing could include real family users, elderly user usability
evaluation, larger-scale deployment testing and longer-term usage analysis. The next
chapter concludes the thesis by summarizing the main results, limitations and possible

future improvements.
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6 Conclusions

This thesis designed and implemented an Intelligent Family Affairs Management System
for household-centred daily information management. The system was developed to
address the fragmentation of family information and the difficulty of using complex digital
tools in multi-generational households. The final implementation includes user
authentication, household creation and joining, a home dashboard, finance management,
health management, inventory management, schedule management and Al-assisted voice-

to-action functions.

The main design decision of the system is the household-centred data model. Instead of
treating each user as an isolated individual, the system uses the household as the main data
boundary. Users, finance records, budgets, inventory items and schedules are connected to
the household context, while health records are connected to individual users within the
household. This structure allows family members to share and manage household affairs in
one system. The unified schedule design also allows normal family events, study-related

activities and health-related reminders to be displayed in one timeline.

The system also demonstrates how natural language and voice-based interaction can
reduce the burden of manual input. In the finance module, users can create bookkeeping
records through text or voice input. In the health module, Al-parsed records are first stored
as pending data and must be confirmed by the user before becoming official health records.
In the schedule module, the Al assistant can create normal, study-related and health-related
events based on user instructions. These workflows show that Al can be used as an

assistant layer while still keeping users in control of the final data.

Based on the comprehensive evaluation presented in Chapter 5, the implemented prototype
successfully underwent rigorous functional and scenario-based testing within a local
development environment. The verification confirmed that all core modules—including
user authentication, household boundaries, finance, health, inventory, and unified

schedules—operate correctly and integrate seamlessly with the Al-assisted voice-to-action
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workflows. These evaluative results demonstrate that the system thoroughly fulfils the
primary technical and practical objectives of this thesis, establishing a robust and viable

prototype for integrated family affairs management.

There are also limitations. The system was tested mainly in a local environment and was
not deployed as a production service. Large-scale concurrent testing and long-term real
family user testing were not conducted. The Al and speech functions depend on external
services, so their performance may be affected by network conditions, API availability and
input quality. In addition, the current Admin and Member roles are mainly household role

labels, and a stricter permission system could be added in future versions.

Possible future improvements include production deployment, stricter role-based
permissions, stronger privacy protection and usability testing with real family users. More
advanced data analysis could also be added if long-term household data becomes available.
Within the scope of this thesis, however, the implemented local prototype demonstrates the
feasibility of an integrated, household-centred and Al-assisted family affairs management

system.
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Appendix 1. Entity-relationship diagram of the final database.
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Appendix 2. General Al-assisted voice-to-action workflow.
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Appendix 3. Finance module interfaces: (a) monthly bill details, (b) budget management

page, (c¢) manual entry page, and (d) Al-generated record confirmation page.
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