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Introduction

• SUMO:

• “Simulation of Urban MObility" 

• Open source

• Highly portable

• Microscopic

• High interoperability through usage of XML-data only

• Complete traffic simulation package designed to handle large networks.

• Intermodal simulation including pedestrians and various modes of vehicles 

• It comes with a large set of tools for scenario creation.

• It is mainly developed by employees of the institute of transportation systems at 

the German aerospace center.



Introduction
• OSM:

• Road Infrastructure (road links, nodes, 

lanes and 

associated attributes)

• POIs (buildings, various facilities etc.)

• Land use (type, location, shape, size) 

• Public transport timetables and stops 

information

• Pros: Heterogeneity, responsiveness, 

flexibility, 

volunteered geographic information

• Cons: Crowdsourced, not up-to-date, lack 

of reliability



Introduction
• GTFS: 

• Network and service information of a transport service 

provider

• Routes, stops and timetables along with associated 

geographic information

• Openly available

• Industry standard

• Precise data

• Versions (Standard and Real-time)



Public Transport Demand and Offer

• Demand:

• Mobility demand by persons in a

dedicated area

• Persons trips from work to home and

vice versa

• Offer:

• Public transport service providers

• Maintaining low cost yet seamless offer

• Public transport demand should be satisfied

by the offer made by service providers.

Work Home

Work2Home

Home2Work



Goal

“To deploy various scenarios in SUMO for creating a balanced tradeoff between 

public transport demand and offer in such a way that real world transport schedules (GTFS) 

are integrated with real-world mobility demand (OD matrix based) to cater the needs of 

people using public transport by considering minimal trip cost to public transport service 

providers”



Key Tools & Scripts

• OSM Web Wizard:

• Scenario creation toolkit

• gtfs2pt.py  

• main script to import public transport from GTFS

• python gtfs\gtfs2pt.py –n myNet.net.xml --gtfs Florence-GTFS.zip --date 20241023 --repair --

modes bus --vtype-output pt_vtypes.xml

• randomtrips.py 

• generates a set of random trips for a given network

• python tools/randomTrips.py -n net.net.xml -o pass.trips.xml -r persontrips.xml -b 0 -e 3600 



Key Tools & Scripts

• od2trips

• imports O/D-matrices and splits them into single vehicle trips.

• od2trips -n districts.taz.xml -d routes2od_file.od.xml -z

routes2od_file.add.xml -o passenger_trips.xml --persontrips --

persontrips.modes --begin 0 --end 3600 --spread.uniform --vtype bus

• ActivityGen

• imports O/D-matrices and splits them into single vehicle trips.

• activitygen -n myNet.net.xml --stat-file activitygen.stat.xml --output-file

trips.xml --seed 1



OSM Web Wizard



gtfs2pt.py

1. Download the GTFS file of the concerned region from dedicated website.

2. https://dati.toscana.it/dataset/rt-oraritb

3. python gtfs\gtfs2pt.py –n myNet.net.xml --gtfs Florence-GTFS.zip --date 20241204 --repair --

modes bus --vtype-output pt_vtypes.xml

https://dati.toscana.it/dataset/rt-oraritb


gtfs2pt.py

4. Output:

1. gtfs_pt_stops.add.xml

2.   gtfs_pt_vehicles.add.xml

3.   pt_vtypes.xml



randomtrips.py

1. Python script already present in Sumo home folder.

2. python tools/randomTrips.py -n net.net.xml -o veh.trips.xml -r vehroutes.xml -b 0 -e 3600 



od2trips

• od2trips imports O/D-matrices and splits them into 
single vehicle trips.

• Od2trips -v --taz-files TAZ.xml --vtype bus --prefix 

pedestrian --od-matrix-files od.mtx --persontrips true --

persontrips.modes "public" -o output.odtrips.xml

• Purpose: Conversion of O/D-matrices to single vehicle 
trips

OD Matrix



od2trips

• Input (mandatory):

• O/D-Matrix

• a set of districts

• Output: A list of person trip definitions

Set of Districts

Person Trips



activitygen

• Produces trip-based mobility meant to represent the concatenation of trips required to satisfy the sequence of 
activities in a personal plan.

• Based on the population statistics of an area.

• activitygen -n myNet.net.xml --stat-file activitygen.stat.xml --output-file trips.xml --seed 1 --random

Stats File



Data Representation in SUMO

• Methods to extract road network:

1. OSM Web Wizard

2. OSM map

• Methods to extract public transit network:

1. OSM Web Wizard (“import public transport” option selected)

2. GTFS (gtfs2pt.py tool)

3. ptlines2flow.py tool followed by netconvert

4. randomtrips.py tool (with “--vehicles” option)

• Methods to extract person trips:

1. OSM Web Wizard (“Pedestrian” option selected)

2. randomtrips.py tool (with “--persontrips” option)

3. Od2trips tool

4. ActivityGen tool



General WorkFlow



Detailed WorkFlow



Public Transport Offer 

1. OSM Web Wizard → Import Public Transport → Simulation 1

• Input: 
• OSM Web Wizard

• Processing: 
• Select options and click generate scenario

• Output: 
• Net file, SUMO conf. file, PT routes and stops file from OSM.

• Route file for persons from OSM.

• Simulation Results:
• End Time: 7003 sec

• Bus Stops in simulation area: 88

• PT lines in simulation area: 55

• Vehicles: 522

• Pedestrians: 1460

• Ride-takers: 19

Note: No commands have been used.



Simulation 1 Analysis

sumo -c osm.sumocfg --statistic-output stats.xml 

--summary summary.xml --human-readable-time 

true 



Public Transport Offer 
2.   OSM Web Wizard → Do not Import Public Transport → ptlines2flow.py script →
Simulation 2

• Input: OSM Web Wizard 

• Processing:

• netconvert --osm-files osm.xml -o net.net.xml --osm.stop-output.length 20 --ptstop-output additional.xml --ptline-output 

ptlines.xml

• python tools/ptlines2flows.py -n net.net.xml -s additional.xml -l ptlines.xml -o pt_routes.rou.xml -p 600 --use-osm-routes

• python tools/randomTrips.py -n net.net.xml -o pass.trips.xml -r persontrips.xml -b 0 -e 3600 --personrides true 

• Simulation Results:

• End Time: 4023 sec

• Bus Stops in simulation area: 90

• PT lines in simulation area: 57

• Vehicles: 522

• Pedestrians: 1460

• Ride-takers: none

Offer

Demand



Simulation 2 Analysis

sumo -c osm.sumocfg --statistic-output stats.xml 

--summary summary.xml --human-readable-time 

true 



Public Transport Offer 

4.   OSM Map → GTFS File → SUMO Configuration File → gtfs2pt.py script → Simulation 3

• Input: OSM Map

• Processing: 

• Use Netedit to generate Net and SUMO configuration file.

• Use gtfs2pt.py to generate PT routes and stops file

• Download gtfs zip file. 

• python gtfs\gtfs2pt.py –n myNet.net.xml --gtfs Florence-GTFS.zip --date 20241023 --repair --modes bus --vtype-output pt_vtypes.xml

• GTFS routes and stops file is generated

• Demand can be generated by various methods:

• Method 1:

• od2trips -n districts.taz.xml -d routes2od_file.od.xml -z routes2od_file.add.xml -o passenger_trips.xml --persontrips --

persontrips.modes --begin 0 --end 3600 --spread.uniform --vtype bus 

• Method 2 (Activity based demand generation):

• activitygen -n myNet.net.xml --stat-file activitygen.stat.xml --output-file trips.xml --seed 1

• Output: Net file, SUMO conf. file, PT routes and stops file, passenger trips.

Offer

Demand



Simulation 3 Analysis (Method 1)

sumo -c osm.sumocfg --statistic-output stats.xml --summary 

summary.xml --human-readable-time true 



Simulation 3 Analysis (Method 2)

sumo -c osm.sumocfg --statistic-output stats.xml 

--summary summary.xml --human-readable-time 

true 



Simulation



Results



Problems & Solutions
1. Problems:

• Persons Jamming

• Persons walking on lanes except 

sidewalks

• Vehicle jamming, yielding, going 

to wrong lanes and emergency 

braking.

2. Solutions:

• Disallow pedestrians to walk on 

lanes

• Allow pedestrians walking only on 

sidewalks.

• Use netedit to manually make 

necessary changes in the network.



Reinforcement Learning

• A goal-oriented type of ML technique that guides an autonomous agent to

maximize the agent’s reward throughout repetitions of computational procedures

in a certain environment.

• It provides partially stochastic, rule-based modelling outcomes.

• It derives optimal or near-optimal solutions without explicit modelling or 

formulation of the problem and instructions.

• The key advantage: The ability to learn how to solve an optimal control problem 

without any external supervision.

• This self-learning ability of the learning agent is the key characteristic that defines 

the intelligent of the system.

• Traditional RL model has 5 components i.e., agent, action, environment, state and 

reward.



Reinforcement Learning

• Environment: Mobility simulation in SUMO

• Agents: Persons, buses

• A set of agents interact with and explore an environment, based on which they optimize their behavior to achieve a goal.

• In RL, the interaction with the environment is discretized in steps t.

• For every step, each agent receives information about the current state of the environment st.

• Based on st, each agent selects an action at to perform in the environment based on a policy that is learnt over time.

• The current policy p determines the behavior and the decisions made by the agents.

• The agents learn this mapping through the exploration of the environment.

• The learning mechanism is based on the reward rt received from the environment after performing the action at.

• Each agent’s goal is to maximize its cumulative reward in the long run.



Summary

Input Configuration 

Files

OSM files

GTFS files

(gtfs2pt.py)

duarouter

ODMs from 

TAZs

(od2trips)

Integration in 

SUMO

• Road network

• PoIs

• Polygons

• PT routes

• PT stops

• PT vehicle 

types

• OD matrix in 

“O” or Amitran 

format

• Demand 

(person routes)

• Veh routes + Persons 

routes

• Sumo_tripinfo
Output Simulation

Reinforcement 

Learning

Multi-agent 

environment 

setting

• Optimize KPIs
• People on bus

• People waiting on stop

• Travel Time

• Waiting time

• Walking speed



Any Questions?
Thank you!


