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Introduction:
Artificial Intelligence

• Machines to replicating the 
human behavior and 
activities.

• Comes into place where the 
conventional computational 
techniques are failed.

• Adopted by businesses to 
enhance productivity.



Introduction:
Artificial Intelligence in Transportation

• Accessibility of massive amount of 
quantitative and qualitative data.

• Applications:
• Travel demands forecast

• CO2 Emission calculation

• Safety enhancement

• User experience enhancement

• Transport infrastructure improvement

• Resolve jams and congestion problems

• Many other



Data Mining and Clustering

Data Mining Data Clustering

It refers to extracting or “mining” knowledge 

from large amounts of data.

The goal is to segregate groups with similar 

characteristics and allocate them into clusters. 



Data Sources:
Waze and Trafmine

• WAZE: is a GPS navigation 
software app owned by 
Google

• Uses crowd sourcing

• Real-time traffic information

• More sophisticated features

• Trafmine: is web tool which 
allows the subscribers to 
download the data that is 
collected by WAZE app



Data Sources:
Waze and Trafmine

Part of Trafmine provided JSON data Target Area:

Part of 11th District Budapest 



Data Sources:
Open Street Map

• Data from Open Street Map 
official website

• Latitude Bounds: 

• 47.46770 and 47.48430 

• Longitude Bounds:

• 19.03310 and 19.06820
Part of XML-formatted OSM data



Research Algorithm

• Components

• Connections

• Workflow

4 Parts

1. Data Input

2. Data Pre-Processing

3. Data Processing

4. Data Analysis



Data Pre-Processing:
OSM_Code_1

• To convert XML formatted 

data to MATLAB Structure.

• Extracts connectivity matrix.

• Plot routes on figures

• Main Variable ‘parsed_osm’



Data Pre-Processing:
JSON_Code_1_ParseJSON

• To convert JSON data into 

understandable structure

• Data about Alerts and Jams

• Main variable ‘dataFormatted’





Data Processing:
OSM_Code_2

• Input Variable: ‘parsed_osm’

• Operations:

• Extract Nodes’ Data

• Extract Ways’ Data

• Plot Ways

• Output Variable: ‘WayData’



Data Processing:
OSM_Code_3

• Extended operation on 
OSM_Code_2

• Input Variable: ‘WayData’

• Operation: Gathers all 
coordinates in single matrix 
by vertical concatenation

• Output Variable: 
‘All_OSM_Coordinates’



Data Processing:
JSON_Code_2

• Input Variable: ‘dataFormatted’

• Operations: To convert 
timestamps from character to 
MATLABs’ datetime format

• Important for timely analysis



Data Processing:
JSON_Code_3

• Input Variable: 
‘dataFormatted’

• Operation: Segregation of 
Jam direction on two-way 
streets

• Output Variable: 
‘dataFormattedDir’



Data Analysis:
JSON_OSM_Code_1

• Input variables: WayData & 

dataFormatted

• Operation: 

• Inegrates 2 datasets

• By assigning OSM Coordinates 

data to Trafmine data through 

comparing street names.

• Output: Comparison_Matrix

• Some drawbacks

• Missing names 

• Spelling difference



Data Analysis:
JSON_OSM_Code_2

• Input variables: 
All_OSM_Coordinates & 
dataFormatted

• Operations: 
• Integrates 2 datasets

• By replacing Trafmine
Coordinates with OSM 
Coordinates through 
comparing closest 
coordinate set.

• Large processing time

• High complexity



Data Analysis:
JSON_OSM_Code_3

• Input variables: 
All_OSM_Coordinates & 
dataFormatted

• Compact version of 
JSON_OSM_Code_2

• Operation: Replace coordinates 
of top-50 jam fields only



Data Analysis:
JSON_OSM_Code_3B

• Performs additional operation on 
JSON_OSM_Code_3

• Timely analysis

• Three additional input parameters:

• Street Name

• Start Time 

• End Time

• Output: delay, queue length and 
speed are plotted against time.

• Code can be modified to accept 
multiple street inputs



Data Analysis:
JSON_Code_4

• Input variable: 
dataFormattedDir

• Operation: To convert 
timestamps from character to 
MATLABs’ datetime format

• Enable timely analysis



Data Analysis:
JSON_Code_4B

• Further operation on 
JSON_Code_4

• Operation: to sort all the Jam 
entries in dataFormattedDir
variable in ascending order with 
respect to time.



Data Analysis:
JSON_Code_4C

• Further operation on 
JSON_Code_4B

• Operations

• Visualization of Jams on map

• Creation of Statistics table

• How traffic evolved over time



Data Analysis:
JSON_Code_4C



Application of Algorithm
Case:

Performing the statistical analysis on the busiest street in 11th 
District Budapest in 2019. 



Application of Algorithm

• To identify the busiest street the dataFormatted
variable was processed through Example_Code_1.m

• busiest street which came out to be ‘Budafoki út’

• Although it is not one of the main roads of 11th 
District Budapest, but it runs along the BME 

• JSON_Code_2 changes the character timestamps to 
MATLAB’s datetime 

• JSON_OSM_Code_3B plots the timely data of a 
particular street and within a particular time 
period.



Application of Algorithm
Results



Observations:

• Average delay length of the street lies 

between 500 to 700 seconds all over the 

year

• Almost every month has a spike in delay 

time around mid of the month

• Lengthiest delays can be seen on 19th 

of June between 15:00 hrs. to 17:00 hrs

• In contrast, a thick cluster of low 

speeds can also be observed around the 

same time in lower figure

• It can be perceived that there could be 

an event in the surrounding or in the 

BME campus which would cause a high 

pedestrian volume on the street and 

creating the long jams very frequently.



Application of Algorithm
Further Analysis

• With the help of JSON_Code_4C.m, this observation can be taken further 
to the visualization of jams over that critical time period.

• This code takes two time bounds and shows the projections of jams on 
the map and creates statistics table

• The start time and end time are set to 19th June 15:00 hrs. and 19th 
June 17:00 hrs.

• The results of the algorithm are shown in the figures below.



Application of Algorithm
Further Analysis



Future Potential

• This algorithm is designed in such a way that it can be applied on Waze data from 
anywhere in the world.

• The integration of two datasets can open up a lot of opportunities as open-source 
maps can be integrated with the city’s traffic conditions open for general public.

• Through the statistics obtained, the traffic demand can be forecasted in the case of 
special events. Which can be utilized to take preparatory steps such as opening 
alternate routes.

• The dynamic traffic network conditions can be integrated in the Open Street Maps, 
which are used by many web-based applications such as Amazon, Apple, Facebook, 
Baidu Maps etc. 
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