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Big Data & Machine Learning (London) Meetup
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And then there were three: London, Munich & Cambridge
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The Lab Series - Background

▪ Mini projects
- Incubate
- Subject
- Technology
- Direction
- Presentations

▪ Inclusive to all
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The Lab Series – Project #1

Automatic Dependent Surveillance - Broadcast 
(ADS-B)



Contrary to popular belief…



This got me thinking…

https://vimeo.com/110348926



RAdio Detection and Ranging (RADAR)



Automatic Dependent Surveillance – Broadcast (ADS-B)



FlightRadar24

https://www.flightradar24.com/
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Raspberry PI and USB RTL-SDR

▪ DUMP1090

DUMP1090



The “Portable” Raspberry PI 
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DUMP1090 

▪ DUMP1090 is a Mode S decoder specifically designed for RTLSDR devices.

▪ Some of the main features include:

- Robust decoding of weak messages.

- Network support: TCP 30003 stream (MSG5...), Raw packets, HTTP.

- Embedded HTTP server that displays the currently detected aircrafts on Google Map.

- Single bit errors correction using the 24 bit CRC.

- Ability to decode DF11, DF17 messages.

- Ability to decode DF formats like DF0, DF4, DF5, DF16, DF20 and DF21 where the checksum is 
xored with the ICAO address by brute forcing the checksum field using recently seen ICAO 
addresses.



Live (DUMP1090) tracking



Analysing DUMP1090 data
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Analysing DUMP1090 data



Analysing DUMP1090 data
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Defining KAFKA Topics



Defining KAFKA Topics

MSG_1

MSG_2

MSG_8

. . .

Topics:

One per message type (MSG_1, MSG_2 etc)

Single broker

Single partition (per topics)



Feeding DUMP1090 data into KAFKA topics



Kafka Topics – Receiving messages
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How the World’s Leading 
Data-Driven Businesses
Came to Rely on Vertica



Our Customers: 
The World’s Most Data-Driven Enterprises

- Ray Wang, Constellation Research, June 2015
“Digital Darwinism is unkind to those who wait.”  



Was Born

Mike 
Stonebraker



A B D C E A

Foundation

Columnar Storage

Speeds query 
time by reading 
only necessary 
data

Compression

Lowers costly 
I/O to boost 
overall 
performance

MPP Scale-out

Provides high 
scalability on 
clusters with no 
name node or 
other single 
point of failure

Distributed Query  

Any node can 
initiate the 
queries and use 
other nodes for 
work. No single 
point of failure

Projections

Combine high 
availability with 
special 
optimizations for 
query 
performance



Geospatial Real-Time Text 
Analytics

Event 
Series

Pattern 
Matching

Time 
Series

Machine 
Learning

Regression

Messaging

Data Transformation

ETL

BI & Visualization

R Java Python

USER 
DEFINED
LOADS

User-Defined Functions
C++

ODBC
JDBC
OLEDB

SQL

External tables to analyze in place

Security

User Defined Storage

An Open Architecture Integrated with Rich Ecosystem 



Machine Learning 
at Enterprise Scale
Is the Future of All 
Predictive Analytics
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Kafka Integration with Vertica

• Vertica schedules loads to 
continuously consume from 
Kafka

• JSON, Avro data formats
• CLI for easy setup
• In-database monitoring

Vertica Load
Scheduler

Kafka
Kafka

Kafka

Vertica

Kafka 
Plugin

Vertica

Kafka 
Plugin

Vertica

Kafka UDx
Library

Vertica
CLI

Load



Monitoring 

▪ Management Console



Monitoring 
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Monitoring 

▪ Management Console



Monitoring 

▪ Management Console



How many? How fast?



How many? How fast?

• Micro batch: 10 seconds
• Messages loaded into Vertica in last micro batch: 814,225

• 4.9 million / minute
• 293 million / hour
• 7 billion / day

• All from:
• 1x Raspberry PI (1 core, 0.5GB RAM) running DUMP1090
• 1x Raspberry PI (1 core, 0.5GB RAM) running ETL, Zookeeper 

& Kafka
• 1x Laptop (8 core, 16GB RAM) CentOS 7 running:

• Vertica (single node)



How many? How fast?
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Application Integration

Vertica



Altitude



Geospatial



High vs Low Altitude



Tracking a Single Flight (STK43BR)



Shell, SQL, HTML and Google Maps API
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Shell, SQL, HTML and Google Maps API



Shell, SQL, HTML and Google Maps API



Agenda

▪ Background to “The Lab Series” and the Big Data & Machine Learning Meetups
▪ Covered so far on Project #1:

- Introduction to Automatic Dependent Surveillance – Broadcast (ADS-B)
- Using a Raspberry Pi to capture and decode ADS-B signals
- DUMP1090 – Live tracking and streaming
- Apache Kafka and Extract Transform & Load (ETL)
- Introduction to Vertica
- Kafka / Vertica integration and Management Console
- Vertica integration tools and simple visualisations
- Vertica data modelling tools – Capture & Enrich / Measure & Prepare / Model & Deploy
- Measure and Prepare: Outlier detection, gap filling & interpolation and sessionization

▪ What’s next?



Vertica Analytical Capabilities

Allows for:
– Standard functionality 

that performs at scale

SQL ‘99

Allows for:
– Sessionization
– Conversion analysis
– Fraud detection 
– Fast Aggregates (LAP)

SQL Extensions

Allows for:
– Specialized parsers
– Custom data mining
– Semi-structured data 

processing

SDKs

– Pattern matching
– Event series joins
– Time series
– Event-based windows

– Aggregate
– Analytical
– Window functions
– Date/Time functions
– String functions
– Mathematical functions

Analytics
– C++
– Java
– R
– Python

Connection
– ODBC/JDBC
– HIVE
– Hadoop
– Flex zone

Allows for:
– Statistical modeling
– Cluster analysis
– Predictive analytics
– Geospatial analysis

In-database Analytics

– Regression
– K-means
– Statistical modeling
– Classification algorithms
– Text mining
– Geospatial



Rich Set of Tools to Get Data Ready for Modeling

 Copy

 Flex Tables

 External Tables

 Parsers: Avro, CEF, CSV, 
Delim, JSON, RegEX

 Streaming Utilities including 
Kafka Integration

 S3 & ABS

 ORC, Parquet, HIVE, Spark 
RDD & DF

 Shapefiles & Spatial Data

Capture & Enrich Measure & Prepare Model & Deploy

 1000s of functions

 Time Series Prep 
(GFI, Interpolation, 
Slicing, TSA)

 Sessionize

 Pattern Matching

 Event Series Joins

 Advanced Aggregation

 Date & Time Algebra

 Window & Partition

 Stats & Math

 Data Type Handling

 Strings

 Sequences

 Geospatial, Joins, 
Conversions

 Balance

 Sampling

 Outlier Detection

 Normalize

 Missing Value 
Imputation

 Linear Regression

 Logistic Regression

 K-Means

 Naïve Bayes

 SVM

 Model Evaluation & 
Visualization

 Model Management

 UDX Functions

 Text Analytics

ANSI SQL Standards – Algorithms Developed for MPP Execution – Relational Structure at PB Scale
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Example use case – Outlier Detection
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Example use case – Outlier Detection



Example use case – Outlier Detection



From Swansea to Switzerland



From Swansea to Switzerland



Installed in July 2017



58 Days: 1bn Messages, 12k aircraft, 200,000 KM2 (*)



Let’s start with just one aircraft

▪ Call Sign - G-EUPA
▪ Mode-S - 400801
▪ Aircraft type - Airbus A319-131
▪ Build date - September 1999 (18 years old)
▪ Serial Number - 1082
▪ Airline - BA / BAW
▪ Livery - Olympic Dove



How many Type-3 messages?



Take a closer look at these Type-3 messages



Take a closer look at these Type-3 messages



Visualising the flight tracks of aircraft “400801”



Visualising the flight tracks of aircraft “400801”



Vertica’s time series Gap Filling & Interpolation



The result of applying time series GFI



Introducing Sessions



Introducing Sessions



Result of sessionising our GFI data



What our flights tracks looked like…



… and what they look like with GFI and sessions
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What’s Next?

The next Big Data & Machine Learning Meetups

- Big Data and Machine Learning (London) – Meetup #8
Date, time and venue TBC

- Big Data and Machine Learning (Munich) – Meetup #2
Thursday 23rd November 2017 @ CGI Munich

- Big Data and Machine Learning (Cambridge) – Meetup #2 & #3
Wednesday 10th January 2018 @ Jagex, Cambridge

Wednesday 4th April 2018 @ Jagex, Cambridge



Thank you

Mark.Whalley@microfocus.com

www.vertica.com
www.myvertica.com
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