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Software Specification: Physical

• State Properties:

– Acceleration < 4.9 
𝑚

𝑠2

– Altitude < 35,000 ft

– Battery > 80% charge

– Calibrated == True

– Located within Washington, D.C.

4

Properties can include 

physical terms 

and/or relate to the 

physical world



Software Specification: Dependent

• Conditional State Properties

– If descending, landing gear out

– If turning, speed < 3 
𝑚

𝑠

– If raining, headlights must be on

– If downhill, low gear must be engaged
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Properties can 

depend on world 

and system state



Software Specification: Timeliness

• Timeliness properties

– (not robot) The cabin crew must be capable of 

evacuating all passengers in 90 seconds.

– Brake must engage within 20ms of signal

– Watchdog timer must run at 50Hz
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Ability to respond may be 

impacted by physical world

https://www.faa.gov/documentLibrary/media/Advisory_Circular/AC_25.803-1A.pdf


Software Specification: Temporal 

• Temporal Properties

– Engine must ignite before launch

– Car must wait at stop sign until its turn

– Drone must eventually return to base
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Robot SW Architecture

• Asynchronous

• Loosely Coupled

• Abstracted

• Closed-loop
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Robot SW Architecture

• Asynchronous – Event Driven

• Loosely Coupled – Parallelization, reuse

• Abstracted – Manage Complexity

• Closed-loop – Respond to Change
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Event-Driven Comms: Pub/Sub

10

Publisher Broker Subscriber

Sends Messages “Middleware”

Manages registry, 

data conversion, 

delivery.

Receives Messages



Event-Driven Comms: Pub/Sub

11

Publisher Broker Subscriber

Sends Messages “Middleware”

Manages registry, 

data conversion, 

delivery.

Receives Messages

create_publisher(…)
publish(…)

create_subscription(…)
destroy_subscription(…)



Event-Driven Comms: Pub/Sub

12

Publisher Broker Subscriber

Sends Messages “Middleware”

Manages registry, 

data conversion, 

delivery.

Receives Messages

create_publisher(…)
publish(…)

create_subscription(…)
destroy_subscription(…)

Callback



Event-Driven Comms: Pub/Sub

13

Publisher Broker Subscriber

Sends Messages “Middleware”

Manages registry, 

data conversion, 

delivery.

Receives Messages

create_publisher(…)
publish(…)

create_subscription(…)
destroy_subscription(…)

Callback



Event-Driven Comms: Pub/Sub

14

Publisher Broker Subscriber

Sends Messages “Middleware”

Manages registry, 

data conversion, 

delivery.

Receives Messages

create_publisher(…)
publish(…)

create_subscription(…)
destroy_subscription(…)

Callback



Pub/Sub: Space Decoupling
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Pub/Sub: Space Decoupling
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Pub/Sub: Time Decoupling
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Pub/Sub: Time Decoupling
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Callback



Pub/Sub vs Client Server
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Publisher

Broker

Subscriber

Topic

register register

pub sub

Asynchronous

Client Server

call/request

reply/response

Synchronous

ROS also allows non-blocking 

synchronous calls



Pub/Sub Functionality

• Filtering

– Topic-based

– Content-based

• Message Delivery

– How to physically transmit the message

– Unicast, Multicast, push/pull
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Pub/Sub in ROS2

• ROS2 connects publishers 

and subscribers

– Uses Data Distribution Service 

(DDS) middleware

• Nodes can be publishers 

and/or subscribers to 

unlimited topics
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Publisher

ROS2

(DDS)

Subscriber

/topic

register register

pub sub

ROS also allows client-

server and action paradigms



ROS2 Topic Communication

• All pub/sub uses topic-based filtering

• Buffering

• Peer-to-peer

• Optional: content-based filtering
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Publisher Subscriber

/topic
pub sub

Send buffer Recv buffer

F
ilt

e
r



ROS2 Topic Message Types
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ROS2 Topic Message Types

27

Publisher Subscriber

/topic
pub sub

ROS2

(DDS)

register register

Geometry Msgs
Accel

AccelStamped

AccelWithCovariance

AccelWithCovarianceStamped

Inertia

InertiaStamped

Point
Point32

PointStamped

Polygon

PolygonInstance

PolygonInstanceStamped

PolygonStamped

Pose

Pose2D

PoseArray

PoseStamped
PoseWithCovariance

PoseWithCovarianceStamped

Quaternion

QuaternionStamped

Transform

TransformStamped

Twist

TwistStamped

TwistWithCovariance

TwistWithCovarianceStamped

Vector3
Vector3Stamped

VelocityStamped

Wrench

WrenchStamped

Standard Msgs
Bool
Byte

Char

Float32

Float64
Int8

Int16

Int32

Int64

String
UInt8

UInt16

UInt32

UInt64

ColorRGBA

Empty

Header
ByteMultiArray

Float32MultiArray

Float64MultiArray

Int8MultiArray

Int16MultiArray

Int32MultiArray

Int64MultiArray

MultiArrayDimension

MultiArrayLayout

UInt16MultiArray

UInt32MultiArray

UInt64MultiArray

UInt8MultiArray

Many Msg Packages

Sensor Msgs

• BatteryState

• Image

• LaserScan

• PointCloud

• Temperature

Simple Navigation

• OccupancyGrid

Advanced Navigation

• VoxelGrid

Support custom types

https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/__message_definitions.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/__message_definitions.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/Accel.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/AccelStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/AccelWithCovariance.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/AccelWithCovarianceStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/Inertia.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/InertiaStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/Point.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/Point32.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/PointStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/Polygon.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/PolygonInstance.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/PolygonInstanceStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/PolygonStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/Pose.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/Pose2D.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/PoseArray.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/PoseStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/PoseWithCovariance.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/PoseWithCovarianceStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/Quaternion.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/QuaternionStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/Transform.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/TransformStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/Twist.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/TwistStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/TwistWithCovariance.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/TwistWithCovarianceStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/Vector3.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/Vector3Stamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/VelocityStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/Wrench.html
https://docs.ros.org/en/ros2_packages/kilted/api/geometry_msgs/msg/WrenchStamped.html
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/__README.html#messages-msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/__README.html#messages-msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/8319e6be8671c97b24934e251e0164ae/Bool.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/67b2fd2048a849fcca87de6e7cf375e3/Byte.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/8b6c1bf1cfa8f7e6814f66de7a100834/Char.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/955a60ddc49330cd6d28db127c5178ba/Float32.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/9499bf0adb5051f701561175ccb4a8c1/Float64.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/25dd367e8e876107b6d979a84f0f043a/Int8.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/8933b2b80c8510e8993f241b697eeb2c/Int16.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/f0b10265ac98b2cd93c48bf965777cfb/Int32.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/32299dd5cfef885cf9757d743d50fe0e/Int64.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/997c0e85641129d5f3e9ad13a2ccaa08/String.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/4f69d9ee633f522be8c4ba26dfcd6af1/UInt8.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/584e559f71b676369d98b5ffbc400cf1/UInt16.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/bc005a376f5011be4cef5b21bdebda30/UInt32.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/4b06a7cb0ab0022ae70a38854d3fa2f0/UInt64.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/716fd743582e64044cf9b6e66ab1474b/ColorRGBA.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/009d597cb4d594fb6b64d4389f566c6d/Empty.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/48caaadf7669f603df7066cfbc4e2afd/Header.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/fc4c6e0316d6563e21163e1efd3b76a4/ByteMultiArray.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/1bc674328c77bee96e43dd8e2eb3b496/Float32MultiArray.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/0377843cf0b056cfd82a0b9f34ae6ee4/Float64MultiArray.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/051d963a49822adb6e2d322a98a59dff/Int8MultiArray.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/0318d48758256637b576d096c7f9bab9/Int16MultiArray.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/bddc800a2c0806833fccdaccb33557e3/Int32MultiArray.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/0d99765ac8403cb90853221c98b7abbb/Int64MultiArray.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/125ed29397329991ac111991df11b8e7/MultiArrayDimension.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/07c6642b321eeed34caafe7da3c42fde/MultiArrayLayout.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/8dbfece0e20eee117b5cbd83add5fbe6/UInt16MultiArray.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/5daea70c090a7b6f47b3456bb62bc8db/UInt32MultiArray.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/eeca2f2117ae0cd1d810bc32a6aa5dfa/UInt64MultiArray.msg
https://docs.ros.org/en/ros2_packages/kilted/api/std_msgs/_downloads/4d8933d06223a3fa6bbd3eda95346dd1/UInt8MultiArray.msg
https://github.com/ros2/common_interfaces
https://docs.ros.org/en/ros2_packages/kilted/api/sensor_msgs/
https://docs.ros.org/en/ros2_packages/kilted/api/sensor_msgs/
https://docs.ros.org/en/ros2_packages/kilted/api/sensor_msgs/msg/BatteryState.html
https://docs.ros.org/en/ros2_packages/kilted/api/sensor_msgs/msg/BatteryState.html
https://docs.ros.org/en/ros2_packages/kilted/api/sensor_msgs/msg/Image.html
https://docs.ros.org/en/ros2_packages/kilted/api/sensor_msgs/msg/Image.html
https://docs.ros.org/en/ros2_packages/kilted/api/sensor_msgs/msg/LaserScan.html
https://docs.ros.org/en/ros2_packages/kilted/api/sensor_msgs/msg/LaserScan.html
https://docs.ros.org/en/ros2_packages/kilted/api/sensor_msgs/msg/PointCloud.html
https://docs.ros.org/en/ros2_packages/kilted/api/sensor_msgs/msg/PointCloud.html
https://docs.ros.org/en/ros2_packages/kilted/api/sensor_msgs/msg/Temperature.html
https://docs.ros.org/en/ros2_packages/kilted/api/sensor_msgs/msg/Temperature.html
https://docs.ros.org/en/ros2_packages/kilted/api/nav_msgs/
https://docs.ros.org/en/ros2_packages/kilted/api/nav_msgs/msg/OccupancyGrid.html
https://docs.ros.org/en/ros2_packages/kilted/api/nav_msgs/msg/OccupancyGrid.html
https://docs.ros.org/en/kilted/p/nav2_msgs/
https://docs.ros.org/en/kilted/p/nav2_msgs/msg/VoxelGrid.html
https://docs.ros.org/en/kilted/p/nav2_msgs/msg/VoxelGrid.html
https://docs.ros.org/en/kilted/Tutorials/Beginner-Client-Libraries/Custom-ROS2-Interfaces.html


Pub/Sub Modularity
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Publisher

ROS2

(DDS)

Subscriber

/topic

register register

pub sub
https://lightwarelidar.com/product-tag/scanning

Can replace pub/sub as new 

modules are available

New Publisher



Leaky Abstractions

• What could leak?
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Leaky Abstractions

• What could leak?

– Improper Msg Use

– No time guarantees

– Lost messages

– Buffer size matters?

• New Module:

– Hyrum’s Law
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Publisher

ROS2

(DDS)

Subscriber

/topic

register register

pub sub

New Publisher
New 
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https://www.hyrumslaw.com/
https://www.hyrumslaw.com/


ROS2 – Real Systems!

31

Autoware is the world’s leading open-source 
project dedicated to autonomous driving 
technology. Built on the Robot Operating 
System (ROS 2), Autoware facilitates the 
commercial deployment of autonomous 
vehicles across various platforms and 
applications.



ROS2 – Real Systems!
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https://autowarefoundation.github.io/autoware-documentation/main/design/autoware-architecture/node-diagram/


ROS2 – Real Systems!
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https://autowarefoundation.github.io/autoware-documentation/main/design/autoware-architecture/node-diagram/


Core Robot SW Implications

• Development is complex and modular

– Integration is key!

– Abstractions are a must, but leaky!

• Asynchronous, event-driven, loosely coupled

– Publish-Subscribe

– Decentralized

– Message Types
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