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Step 1: Data Sources (data acquisition)
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Step 2: Processing and KPIs

Data-driven 
sustainability
Environmental
Social
Governance  

Step 3: Analysis and final outcomes
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System Data Architecture and ERD 

Installation history of stationary devices

                    Measurement results 

                Vehicle device assignment history

    Vehicle register 

           Measurement device list 

Stationary device locations 
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This table acts as the central registry for all measurement devices involved in the 
project. 
1. unique device identifier – device_id
2. device name – device_name
3. device type – device_type ('stationary' or 'mobile')
4. serial number – serial_number
5. installation date – install_date
6. current device status – status (e.g., 'active', 'inactive', 'service')
7. additional information – notes

Devices
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This table acts as the core component of the system, storing measurement data 
transmitted by sensors. Each record corresponds to a single reading taken by a 
specific device at a specific time and location. 

1. measurement identifier – measurement_id
2. unique device identifier – device_id
3. measurement time – measurement_time (UTC – Coordinated Universal Time)
4. geolocation data – (latitude, longitude)
5. a wide range of air quality readings and meteorological parameters – (co, no2, o3, 

so2, co2, pm1, pm25, pm4, pm10, temperature, humidity, pressure)
6. raw data frame payload – raw_json

Measurement
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This table acts as the registry for vehicles equipped with mobile sensors (e.g., public 
transit buses).

1. unique vehicle identifier – vehicle_id
2. vehicle registration number – registration_no
3. flag indicating whether the vehicle is active – active

Vehicles
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This table acts as the registry for stationary monitoring points within the urban area. 

1. unique monitoring point identifier – site_id
2. point name – site_name
3. exact address – address, city, postal_code, country
4. point geolocation – latitude, longitude
5. activity status – active
6. additional information – description

Sites
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This table acts as the registry for the assignment history of individual measurement 
devices to vehicles. 

1. unique identifier – id
2. device identifier – device_id
3. vehicle identifier – vehicle_id
4. dates defining the device installation period on a given vehicle – date_from, 

date_to

Device_vehicle_history 
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This table acts as the registry for the installation history of measurement devices at 
stationary monitoring points.

1. unique identifier – id
2. unique device identifier – device_id
3. monitoring point identifier – site_id
4. active period at a given location – date_from, date_to
5. additional notes – notes

Device_site_history 
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                       Data Acquisition Pipeline: From Device/Sensor to Database 

Physical Layer: Sensor Network

mobile sensors
40

40 stationary sensors Zielona Góra Cottbus

Sampling rate
stationary
every minute
1,440 per day

mobile
every second
86,400 per day

  
                                               

Spatial precision and sampling 

Speed    Distance in 1 s
30 km/h      8.3 m
40 km/h    11.1 m
50 km/h    13.9 m 

pollution map along 
transit corridors 

Data transmission and optimization            Storage and analytics

approx. 
480 B 

Data buffering: 
50–100 measurement 
records per transmission 
(reduces network load). 

      25–47 GB/month
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86,400 daily                                          7 million daily                                    1,440 daily  
measurements per vehicle                                                                         measurements

The Problem: 
Individual sending drops efficiency to ~40% (560–640 B/reading).

The Solution: 
Data grouped into 60-measurement batches via MQTT.
Performance: 
Easily handles 7M daily measurements.
Cloud Storage: 
27.5–74.6 GB/month of data growth.

Data transmission optimization 
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Verification and security process 

JSON (ang. JavaScript Object 
Notation) 

Input Module for automatic 
validation and filtering 

out of range

testing sensor 

cross-consistency

Satellite Quality 
Check: 
Continuously 
monitoring 
connection status
Geofence 
Validation: 
Verifies valid 
lat/lon coordinate 
ranges for the 
urban area.

Database Architecture / Storage

Location-agnostic
History tables (device_site / 
device_vehicle) decoupling 
physical locations from 
unique device IDs. 

Time-Series DB: Optimized for 
high-speed, continuous ingestion 
of time-ordered data.

Data Lake: Centralized 
repository for massive scale 
storage of raw data in any format.

AI/ML Analytics Engine          Frontend Access & Apps 

Advances AI htospot 
detection

Feeding Data to AI/ML 
Engine /
Data Transfer to AI/ML 
Engine

Dynamic Maps & KPI Reports 
for Local Governments 

Real-Time 
Smog Alerts 

Citizen 
Notification 
Systems 



Projekt BBPL0300099 – „Transgraniczny stacjonarno-mobilny system 
monitorowania i predykcji poziomu zrównoważonego rozwoju miast 
Zielona Góra i Cottbus”

        Data Preprocessing Pipeline 

JSON

Step 1. Measurement Error 
Verification 

Step 2. GPS Status & 
Coordinate Alignment 

Signal Quality Control: Real-time monitoring of the 
satellite link (status > 0 check) to eliminate data noise 
from high-rise signal blockage.
Geofence Validation: Automated verification of 
coordinates to ensure they fall within valid municipal 
boundaries (valid lat/lon range check).

Data Ready for AI/ML Processing 

clean data

AI/ML Engine: 
Predictive & 

Analytics Module 

Archiving & 
Indexing 
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Hyperparameter Tuning

Resilience to Data Gaps: Optimizing 

AI models to withstand short-term 

missing data.

Prediction Continuity: Maintaining 

accurate forecasts using historical 

corridor patterns.

AI Sensitivity Analysis: Key to Building System Resilience 

Sensor Outage 
Simulation 

Predictive Stability 
Validation 

Data Gap Analysis: 
Assessing how missing readings from 
transit corridors impact AI prediction 
errors. 

Continuous Prediction 



Projekt BBPL0300099 – „Transgraniczny stacjonarno-mobilny system 
monitorowania i predykcji poziomu zrównoważonego rozwoju miast 
Zielona Góra i Cottbus”

Spatio-Temporal Prediction 
Conventional Monitoring Limitations 

mobile 
sensors

Fixed Route Limitations 
Unmonitored Urban 

Areas

Multidimensional 
Inputs 

Weather Conditions
Time of Day
Traffic Density

Total: 80 Measurement Points 

-> 40 Mobile Sensors -> 40 Stationary Sensors 
Core Framework: 
Uber’s H3 hexagonal 
hierarchical spatial 
index. 

Predictive Estimation  for 
unmonitored hexagons

AI Spatial 
Interpolation 

Impact: Digital Support for Smart Cities Solution: Hybrid Network and Spatial Intelligence 

Continuous Real-Time 
Monitoring 

Predictive 
Hotspot 
Mapping 

Reliable Reports for 
Local Authorities 
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Thank you for your attention 


