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What is Autoware?

• Originally created in 2015 at Nagoya University

• Based on the open-source ROS middleware

• Autoware is:

○ Complete AD software stack

○ Independent of vehicle type or electronic 

hardware

○ Governed by an independent foundation

○ Completely open-source 

(licensed under Apache License 2.0)

The first all-in-one open source software for autonomous driving



What is Autoware Core?

Base Platform for all Autoware Systems

Defines core interface for Autonomous Driving Components

Provides fundamental implementation for Autonomous driving
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Past Distributions of Autoware

2018 ~ 2022
+ ROS2
+ rewriting the code from scratch
+ Defining target use case (AVP, cargo 

delivery, etc)
+ Writing design documents and test codes

- High entry barriers for new engineers
- Making large change is difficult
- no platforms for experimental packages

2015 ~ 2020
+ ROS1
+ various packages combined to realize 

AD stack

- No architecture design
- limited documents and test codes



Autoware – Core/Universe
Complete end-to-end

autonomous driving framework
Supports all current
Autoware ODDs

Strict code and
quality control

Stable base
implementation

Heavily managed by
The Autoware Foundation

Autoware Core

Autoware Universe

Extends Autoware functionality 
beyond Autoware ODDs

Dependent on 
Autoware Core functionality

Enables quick experimentation 
and prototype testing

Managed by the
Autoware Community

Additional packages built 
on top of Autoware Core



Autoware – Core/Universe Repository Structure

autoware_msgs

🔗 GitHub https://github.com/autowarefoundation/autoware
🔗 Documentation https://autowarefoundation.github.io/autoware-documentation/main/

https://github.com/autowarefoundation/autoware
https://autowarefoundation.github.io/autoware-documentation/main/


High-Quality Development(Core)

Autoware – Core/Universe Development
Use-case Based Development(Universe)

Use case(Demo) 
Definition Scenario Creation Scenario-Based

Development

Writing
Design Documents

Demo Cleanup

Design/Impl
Knowledge

Effective
Scenario Set

Scenario Set
of Each ODD

Implement
High-Quality Code

Scenario-Based
CI Stable Release

Unit/Component
Automated Testing

Beta Release

Comprehensive
Testing



Autoware High Level ODD Roadmap

2020 2021 2022 - 2023     2024  (and onwards)

Autonomous Valet Parking 
(AVP) support in 
Autoware.Auto

Cargo Delivery support in 
Autoware.Auto

Autonomous Racing
Autoware-based package for 

the IAC and F1Tenth

Autonomous Bus ODD support 
in Autoware Universe

Integrating dense urban areas, highways and final service 
destinations to offer a full self-driving experience

Port essential packages from Bus ODD to Autoware Core



Bus ODD Demo with Autoware Universe

http://www.youtube.com/watch?v=nnl1Lg-tSlk&t=25


Now, Porting Codes to Autoware Core…?



Define Scope

Extract minimum functions for autonomous driving
● Localization using GNSS + LiDAR + IMU
● Primitive object detection with LiDARs
● Driving along a single lane 
● Stopping against stopline
● Stopping against obstacles 
● Extend features using Autoware Universe

Who is it for?
● People who find Autoware Universe too complex
● People who needs stable version of Autoware without having 

breaking changes to interface



Autoware Architecture

Perception Planning Control

Sensing Vehicle Interface

Vehicle
Sensors

Map Data

Localization



Autoware Architecture

Perception Planning Control

Sensing Vehicle Interface

Vehicle
Sensors

Map Data

Localization

Topic Name Message Type

/sensing/lidar/<lidar_name>/pointcloud_raw sensor_msgs/msg/PointCloud2

/localization/kinematic_state nav_msgs/msg/Odometry

/map/vector_map autoware_map_msgs/msg/LaneletMapBin

/map/pointcloud_map sensor_msgs/msg/PointCloud2

/planning/mission_planning/route autoware_planning_msgs/msg/LaneletRoute

/planning/trajectory autoware_planning_msgs/msg/Trajectory

/control/command/control_cmd autoware_control_msgs/msg/Control



Autoware Core Implementation
Perception Planning Control

Sensing Vehicle Interface

Vehicle
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Autoware Core Development Activities

Setting CI for Autoware Core
Add unit tests for packages

Making Autoware self-contained
(remove dependency to TIER IV 

repositories)



Autoware Core Development Activities
Reduce technical debts

Refining package structure
Refine Interface to match with Autoware Design Docs

Registering to ROS Buildfarm



Autoware Core Binary Release 

First release of Autoware from ROS Buildfarm!

$ sudo apt update
$ sudo apt install ros-humble-autoware-core 
$ sudo apt install ros-humble-autoware-global-parameter-loader

…Jazzy porting is in progress



Using Binary Release

Install Autoware Core from apt
$ sudo apt update
$ sudo apt install ros-humble-autoware-core 
$ sudo apt install ros-humble-autoware-global-parameter-loader

Setup configuration files for AWSIM
$ mkdir -p ~/colcon_ws/src/ 
$ cd ~/colcon_ws/src
$ git clone https://github.com/autowarefoundation/autoware_launch.git
$ git clone https://github.com/tier4/sensor_component_description.git
$ cd ~/colcon_ws
$ colcon build --symlink-install --cmake-args -DCMAKE_BUILD_TYPE=Release



Using Binary Release

Launch Autoware
$ ros2 launch autoware_core autoware_core.launch.xml map_path:=<map_path>
use_sim_time:=true vehicle_model:=sample_vehicle sensor_model:=awsim_sensor_kit

Run AWSIM ( https://tier4.github.io/AWSIM )
$ ./AWSIM.x86_64

https://tier4.github.io/AWSIM


https://docs.google.com/file/d/1Pd33bJZdA2sE31VwM44vQpv12TjtZ1Ln/preview


Adding Traffic Light Recognition
Perception Planning Control

Sensing Vehicle Interface
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Adding Traffic Light Recognition
Build Autoware Univerese from source
Add Traffic Light Recognition Launch from Autoware Universe to autoware_core_perception.launch.xml

<include file="$(find-pkg-share tier4_perception_launch)/launch/traffic_light_recognition/traffic_light.launch.xml/>



Adding Traffic Light Recognition

Load behavior_velocity_planner_traffic_light_module in 
autoware_core_planning.launch.xml

<param name="launch_modules" value="[autoware::behavior_velocity_planner::StopLineModulePlugin,autoware::behavior_velocity_planner::TrafficLightModulePlugin]"/>



Autoware Core + Autoware Universe

https://docs.google.com/file/d/167Ld4BTNtSU5vkM-sLoRztdHjVuzMwJr/preview


Summary

• Autoware made the first official release of Autoware Core from ROS Buildfarm

• Autoware Core provides is a base platform for Autonomous Driving

• Autoware Core can extend its capabilities with packages from Autoware 

Universe (Community Maintained Packages)

Future Work:

● More test coverage

● Makes regular release of Autoware Core

● Port more packages from Autoware Universe to Core

● Port Autoware Core to latest ROS Distributions



Using Autoware Core

Source Install: Follow the instructions in Autoware Documentation

$ git clone https://github.com/autowarefoundation/autoware.git
$ vcs import src < autoware.repos
$ vcs import src < autoware-nightly.repos
$ rosdep install -y --from-paths src --ignore-src --rosdistro $ROS_DISTRO
$ colcon build --symlink-install --cmake-args -DCMAKE_BUILD_TYPE=Release

Using Docker 

$ docker pull ghcr.io/autowarefoundation/autoware:universe-devel-cuda
$ docker run -it --name autoware_latest --gpus all --net=host --privileged -v 
/your/autoware/path/out/of/docker:/wc_ws -w /wc_ws/ -e DISPLAY -e 
QT_X11_NO_MITSHM=1 -v /tmp/.X11-unix:/tmp/.X11-unix 
ghcr.io/autowarefoundation/autoware:universe-devel-cuda bash



Autoware Deployments
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Autoware Core Architecture


