Blog Post 3: From Raw Data to Actionable Insights -
PANTHEON's Preprocessing Pipeline

Collecting vast amounts of data from diverse sources, as we discussed in our last post, is only
the first step for the PANTHEON Smart City Digital Twin (SCDT). Raw data is often messy,
inconsistent, or not in the right format for complex simulations and analyses. This is where the
data aggregation and preprocessing component comes in — a critical stage that cleans,
formats, and standardizes incoming data, transforming it into high-quality fuel for the SCDT
engine.

The Preprocessing Component: Architecture and Function

This component acts as the gateway for all data entering the SCDT. Its operation follows a clear
workflow:

1. Ingestion: Data files (CSV, JSON, images) arrive via a secure REST Interface. Users
interact with a simple User Interface (Ul) to upload files and provide basic metadata like
format, timestamp, and location .

2. Cleaning & Preprocessing: The core engine performs tasks like removing errors,
handling missing values, standardizing formats, and extracting relevant features.

3. Metadata Enrichment: Proper metadata is attached to the processed data, crucial for
organization and later use.

4. Storage: The cleaned, processed data and its metadata are stored as objects in the
MinlO S3-compatible storage system.

5. Notification: A message is often sent via a Kafka broker to notify other SCDT
components that new, processed data is available.

Formatting and Standardization: Ensuring Consistency
A key part of preprocessing is ensuring data adheres to consistent standards:

e CSV Formatting: Tabular data (e.g., weather, traffic) is cleaned, columns are
standardized (consistent headers, data types), and a uniform delimiter (comma) is used .

e Image Formatting: Aerial (UAV) images, often received as TIFFs, might be converted to
standard formats like JPEG or PNG and georeferenced if needed. RGB channels are
extracted for true-color visualization.

e JSON Structuring: Metadata and other structured/semi-structured data use JSON with
clear schemas and validation to ensure uniformity .

This standardization improves data integration, usability, processing speed, and
interoperability across the entire SCDT system .

Detailed Preprocessing Workflows: Examples



The specific steps vary by data type:

In-Situ Weather Data: Cleaning involves identifying/correcting errors or outliers and
interpolating missing values. Data is normalized to standard units (e.g., °C, m/s) and
often aggregated temporally (e.g., hourly).

Aerial (UAV) Data: Images are georeferenced (linked to precise coordinates),
enhanced for clarity (noise reduction, contrast adjustment), and processed to extract
useful formats like RGB images .

Satellite Data: Preprocessing includes adjusting temporal resolution (e.g., standardizing
to hourly), cleaning (handling outliers/missing values), and normalizing units to align with
other data sources like in-situ weather .

Traffic Data: Noise reduction techniques (like z-score filtering) remove sensor
anomalies. Missing data gaps are filled using interpolation or methods like Exponential
Smoothing for larger gaps. Data is standardized, aggregated (e.g., hourly), and
importantly, geographic coordinates are often derived algorithmically from location
descriptions (street names, directions) to enable precise mapping .

Benefits of Robust Preprocessing

This comprehensive workflow ensures that the data stored in MinlO is accurate, consistent,
reliable, and analysis-ready. It enhances the quality of simulations and the trustworthiness of
insights generated by the PANTHEON SCDT, ultimately supporting better disaster management
decisions.

In the final post of this series, we'll look at the technical backbone that enables this data flow:
the communication protocols, storage solutions, and interoperability frameworks used in
PANTHEON. *
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