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Our project aims to to design and implement a Smart City Infrastructure Database
System that integrates PostgreSQL (Relational Database) and MongoDB (NoSQL
Database) to demonstrate how both technologies can work together to manage
complex urban data efficiently. The system models and stores information from

four major domains

INTRODUCTION 

Public Transit Public FacilitiesTraffic and IOT Citizen Feedback
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Modern cities systems produce massive data
streams from public transport networks and traffic

sensors to energy usage, facilities, and citizen
feedback. They contain both structured and

unstructured data. Managing these heterogeneous
data sources efficiently is vital for sustainable urban

planning, faster response to incidents, and better
public service delivery.

BACKGROUND
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SYSTEM ARCHITECTURE

We use PostgreSQL (relational) for strongly structured data
and transactional integrity for the transport, facilities, core
registries.

Relational (SQL)

In our architecture, we use MongoDB for our non-relationship
/ NoSQL databases. We use MongoDB for storing semi-
structural data and for quick reads and writes, e.g. Logs, 
Alerts, Timestamps, Locations and etc.

Non-Relational (NoSQL)
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MODULES OVERVIEW

The IntelliCity Database integrates PostgreSQL (SQL) and MongoDB (NoSQL).
Divided into 7 key modules supporting urban management:

Public Transportation
Public Facilities
Citizen Registry
Sensor Registry

Traffic & IoT Sensors
Emergency Services

Citizen Feedback

SQL NoSQL
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SQL ER DIAGRAM
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SQL ER DIAGRAM
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SQL ER DIAGRAM
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NOSQL DOCUMENT SCHEMA

emergency_reportssensors
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citizen_feedback

NOSQL DOCUMENT SCHEMA
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LIVE DEMO
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MongoDB Optimization

Embedded documents and
arrays reduce joins (location,
readings, logs).
Compound + geospatial
indexes speed up time–space
queries.
$facet pipelines enable multi-
metric analytics in one pass.

OPTIMIZATION

PostgreSQL Optimization

Added indexes on
route_name, route_id, and
stop_id to speed up join and
filtering operations.
Replaced nested subqueries
with explicit JOINs for better
readability and query
planning.
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REFLECTION

We had to balance detail vs. speed, keeping full readings gave flexibility but slowed queries,
so we filtered data by date for faster analysis.1

We split the tasks into two main sections, Poon and Win worked on the SQL part for the
structured data, Tuey and Pass worked on the NoSQL part with unstructured data. Overall
team distribution is being shared equally and fairly.

2

Poon, Win, Tuey, and Pass 2025



THANK YOU
For listening!
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