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About Me

* PhD in Computer Science at the University of Windsor
* MSc in Computer Science
* BSc in Computer Science
* BCom in Business Administration

* Simulations and Digital Twins
* Robotics

* Game Development
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https://stevenrice.ca/

“Technical advances alone are not impact”
Dr. Marcus Brubaker — Google DeepMind
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Stan: Software for Bayesian Data Analysis

github.com/stan-dev/stan
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Stan: Software for Bayesian Data Analysis

 Released in 2011.

* Contained algorithms that were decades old.

* Why build this library?
* Nobody else did!

* Improved algorithms existed but rarely used.
* No friendly tools for developers.
e Stan changed that!
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Al for Robotics

* Reaching this point for robotics.
* Many amazing Al uses of robotics.
e Rarely applied outside of research labs.

e When will we have a “Stan for robotics”?

* What will it need to do?
* How can it be adopted?
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Outline

* Al Development

* Robotics Development

* Al for Robotics
e Bottlenecks

* Emerging Tools
* Future
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Al Development over Time

=O= EU27 =O- China (People's Republic of) =O= United States =O- Japan =C- India =C- United Kingdom =0O= Germany =O- France =O- Canada

* Continually growing.

FPublications

 Across all domains.
e What’s the cause of this?
* Hype?
 We getting smarter? Y 5

 Hardware? A
e Software? v
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Al Tool Releases

-O= EU27 =0O= China (People's Republic of) =O=United States =O-Japan =O- India <O~ United Kingdom =O= Germany =O-= France =O~ Canada

e Scikit-learn — 2010

Fublications

e TensorFlow — 2015
* PyTorch — 2016
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What Was New?

* Neural Networks — 1940s

* Deep Learning —197/0s

* Backpropagation — 1980s

* Convolutional Neural Networks — 1980s
* Recurrent Neural Networks — 1980s

* These libraries didn’t invent any new algorithms!
* Just made them more accessible.
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Al Development — Then Versus Now

* Then

* Implementing specific algorithms.

* Niche and scattered libraries. . eewtn

 Multiple languages.

° Now
* Just call a library.
* |n the language you want.
* Flip a switch to toggle hardware.

tmport torch

device = torch.device('cuda' 1f torch.cuda.is_available() else 'cpu')
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Robotics Development

e General

Al for Robotics
e Bottlenecks
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Traditional Robotics Development

* Set programs.

* Sequential move commands.

e Linear — Movel
* Joint— Movel
e Circular — MoveC

* Vendor specific.
* RoboDK.

* Vendor-agnostic.

* Enough for basic manufacturing processes.

* Where might this need more? RoboDK —robodk.com
\V.VJ| University
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https://robodk.com/

Advancements in Robotics

* Not just a robot!

e Sensors.

e Cameras.
 LIDAR.

* Multiple systems.

e Mobile base.
* Mounted arm.

* Dynamic environments.
* Internals and externals.

* Can’t create concrete move programs!
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https://www.hiwonder.com/products/jetrover

Robot Operating System (ROS)

* Designed for advanced robotics development.
* Facilities communication between components.

 Robots.

* Sensors. 00
e Tailored for C++. 00

* Expanded to Python. 00

* Many community packages.
* ros.org
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ROS a n d ROS 2 No central ROS master by DDS discovery
m Run multiple nodes in one process

Application Application

 ROS has reached Appicstion

end of life.

(R —————————— o I T e T e S R R SRR R R R SRR SR SRR R R R R R R R R S R S . . - -

ROS2
* ROS2 has better
m Od U Ia r|ty Client Library Client Library
| b Middleware o
° |V| i_r rt. Layer strac ayer
ufti-robot support TCPROS/UDPROS e |
tra-

* ROS packages not DDS e
compatible with 7Ty
R O S 2 La?yser Linux Linux/Windows/Mac/RTOS

° Split support. Dr. Hang Cui - hangpersonal.com/2024/12/07/comparison-of-rosl-and-ros2
University
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Al for Robotics

* What do Al models in general need?
* Data.
* Training time.
* Training environment.

* Robotics are expensive.
* And can be dangerous!

e How can we test robotics?
* Trial-and-error in the real world?
* Train reinforcement learning agents in the real world?
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Simulation for Robotics Al

* Train and test in simulation!

* Requirements?

* Accurate physics.
* Internal and external.
* Sensor modelling.

* High-fidelity visuals.

e Camera intrinsics.

\V.¥)| University
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ROS Visualization

I3 Displays "R
@ i Global Options
Fixed Frame panda_link0
Background Color Il 48; 48; 48
Frame Rate 30
Default Light 4
+ v Global Status: Ok
@ Grid ™4
- $ MotionPlanning 4
v Status: Ok
Move Group Namespace
Robot Description robot_description
Planning Scene Topic /planning_scene

+ Scene Geometry
Scene Robot

Show Robot Visual 4
Show Robot Collision
Robot Alpha a
Attached Body Color [ 150; 50; 150
# Links
=/ Planning Request
Planning Group panda_arm
Show Workspace
Query Start State 4
Query Goal State =4
Interactive Marker Size 0
Start State Color W o; 255; 0
Start State Alpha 1
Goal State Color [ 250; 128; 0
Goal State Alpha i |
Colliding Link Color [l 255;0;0
Joint Violation Color [l 255; 0; 255

# Planning Metrics
- Planned Path

Trajectory Topic /move_group/display_planned_path
Show Robot Visual 4
Show Robot Collision
Robot Alpha 0.5
State Display Time 0.05s
Loop Animation
Show Trail
Trail Step Size 1
Interrupt Display
Robot Color Il 150; 50; 150
Color Enabled

+ Links

Global Options
Add

rviz Gazebo
wiki.ros.org/rviz azebosim.org
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ROS Visualization

* What if you need higher fidelity | L
or physical accuracy? " Unity — unity.com

e Communicate with another ~ ROSH gi;?:{?-co/Si'emens/ ros-sharp
application. > ¥

* Any issues with these?
* Extra communication.
» Duplicated logic. _E
e Additional languages. ' '
* Increased complexity.

-----------

* Multiple scene setups. NVIDIA Isaac Sim — developer.nvidia.com/isaac/sim
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Al Development with ROS

* These don’t impact me!
* My use case doesn’t need high fidelity.
* | have the resources for external integration.

* What else could hurdle Al development with ROS?
* Al training.

University

of Windsor

School of Computer Science

Steven Rice pip install robot: The Future of Al Development for Robotics 21




& Gymnasium

* oymnasium.farama.org

* Originally OpenAl Gym.

* Significance?
* Easy training loops!
* Reset and step environment.
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UM

def step(self, action):
"""Execute one timestep within the environment.

Args:
action: The action to take (0-3 for directions)

def reset(self, seed: Optional[int] = None, options: Optional[dict] = None):

"""Start a new episode. Returns:

tuple: (observation, reward, terminated, truncated, info)

Args:

seed: Random seed for reproducible episodes di : _ celf : di : Lon]
options: Additional configuration (unused in this example) LREEELEN = S3lie AEELIN 8D CrEE|E Ee
Returns:

tuple: (observation, info) for the initial state el e lmesten = foecili

self._agent_location + direction, 0, self.size -

)

super().reset(seed=seed)

) _ _ _ _ terminated = np.array_equal(self._agent_location, self._target_location)
self._agent_location = self.np_random. integers(0, self.size, size=2, dtype=1int)

self._target_location = self._agent_location truncated = False
while np.array_equal(self._target_location, self._agent_location):
self._target_location = self.np_random.integers(
, self.size, size=2, dtype=int
) reward = if terminated else

observation = self._get_obs() observation = self._get_obs()
info = self._get_info() info = self. _get_info()

return observation, info return observation, reward, terminated, truncated, info
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& Gymnasium .

env = gym.make("CartPole-v1l", render_mode="human")

Observation

observation, info = env.reset()

Reward

print(f"Starting observation: {observation}")

episode_over =

total _reward

O 0 \ / while not episode_over:
- O * action = env.action_space.sample()
[ 4 . \
|
¢’Jf-,”-\\\\} observation, reward, terminated, truncated, info = env.step(action)
Environment total reward += reward
Agent episode_over = terminated or truncated

(PO“C ) print(f"Episode finished! Total reward: {total_reward}")
)/ env.close()

Action
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Al Training with ROS

* How to implement this training setup?

* ROS Gazebo Gym — github.com/rickstaa/ros-gazebo-gym
* Only ROS supported, not ROS2.
* No maintained ROS2 gym repositories.
e External communication.

* NVIDIA Isaac Lab — developer.nvidia.com/isaac/lab
* Unity ML Agents — github.com/Unity-Technologies/ml-agents
e External communication hurdles.

e Extra work to reset ROS components?

-"
—
= A

° CUStOm implementaticn. NVIDIA.Isaac LaE)—‘developer.nvidia.com/isaéc/lab
* Time?
 Modularity? - -
1 IV V) University
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Al for Robotics — Bottlenecks

e Scattered options.

* ROS versus ROS2.
e Custom communication.

e Simulation environments.

* Variable fidelity and physics.
e Built-in versus external communication?

* Not Pythonic.

* Tailored for C++ development.
* No standardized Al training methods.
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Al for Robotics — Crossroads
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What Do We Need?

* Al-friendly development.
* Gym-like framework.
* Python-centric development.

* Need training environments.
* High fidelity visuals.
e Accurate physics.

 Seamless Sim2Real.
 Code once; run on both.
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Emerging Tools

* PyRobot — github.com/facebookresearch/pyrobot
* No ROS2 and required Ubuntu 16.04.
* No longer under development.

* LeRobot — github.com/huggingface/lerobot
* Built around agent training.
* Only Python — Sometimes want C++ for performance.

e Less modular.

* Cannot communicate with ROS.
* Barrier for migration.
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Emerging Tools — Ark

* github.com/Robotics-Ark

* Python-first.
 C++ available if needed.
* Gym-like framework.

* ROS and ROS2 compatibility.
e Modular.
e Sim2Real.

 Multiple simulation engines.
* Toggle to real-world in one line.
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Ark — Modularity

Policy
act = policy(obs)

Global Config

Action Channels:
e action channel 1
e action channel 2

Observation Channels:
e obs channel 1
e obs channel 2

<

> Environment

obs = env.step(act)

ARK NODE NETWORK

/ N\

# Lists all the hardware components in the experiment
# contains their configurable parameters

# Sets up the simulator with desired specifications
Simulator:
backend: Pybullet

# Loads in all the mentioned robots in
# the g€iven positions
Robots:
- nhame: Viper
- position: ...
- orientation: ...
- frequency: ...

# Loads 1in the sensors in the given positions and

# settings
» il Sensors:
- name: Intel Real Sense
- position: ...
- orientation: ...
- frequency: ...
KEY
Node - name: Lidar
- POSITION: us
=== Action Channels - orientation: ...
=== Qbservation Channel = VONBRARE: v
Channel
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Ark — Pythonic

class ViperCokeCan(ArkEnv):
def __init__(self):
super().__init__( 00
"Viper_Coke_Can",
observation_channels=[("Viper/joint_commands", joint_commands_t)],

action_channels=[("Viper/joint_states", joint_states_t)], env = ViperCokeCan()

state = env.reset()
SIM = True # False

def step(self, action: Any, reward_function=None):
# Log or print information before taking a step
log.info(f"Taking step with action: {action}")

def policy(state):

return action

# Takes the action and packes it into Ark Messasges
# Publishes the Ark Messages to the selected channels
return super().step(action, reward_function)

while not done:
action = policy(state)
state, reward, done, _ = env.step(action)

def reset(self):
log.info("Resetting the environment")
# Sends reset commands to all the robots and sensor
return supex().reset()
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Ark — Sim2Real

Sim = False

_' E

\V.Vi
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Ark — Sim2Real

* Change backend with a single line.
* PyBullet, MuloCo, or Genesis.
* NVIDIA Isaac Sim planned.

PyBullet — pybullet.org MulJoCo — mujoco.org Genesis — genesis-embodied-ai.github.io

V.V
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Ark — Designed for Al

Data collection config

Obs space
« obs channel 1
» obs channel 2

Act space
« act channel 1
e actchannel 2
S

Deployment config

Obs space
« obs channel 1
« obs channel 2

Act space
+ act channel 1
« act channel 2

/path/to/data
/runl
data.lcm
data.csv

./run2
data.lcm
data.csv

Policy
Training
ACT/Diffusion/....
1 =

|||||
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Ark — ROS and ROS2

mapping_table = {
"ros_to_ark": [
{

"ros_channel": "/chatter",

"ros_type": RosString,
"X X | "ark_channel": "ark/chatter",

"ark_type": string_t,

"translator_callback": ros_string_to_ark,
def ros_string_to_ark(ros_msg, ros_channel, ros_type, ark_channel, ark_type): }

"""std_msgs/msg/String -> arktypes.string_t""" e

payload = ros_msg.data 'Hrkéutrosﬁ [

"ros_channel": "/chatter_mirror",
msg = ark_type() "ros_type": RosString,
"ark_channel": "ark/chatter",
"ark_type": string_t,
"translator_callback": ark_string_to_ros,

msg.data = payload
return msg

ark_string_to_ros(ark_msg, ros_channel, ros_type, ark_channel, ark_type):
"""arktypes.string_t -> std_msgs/msg/String"""
out = RosString()

if _name__ == "_main__"

rclpy.init(args=None)
out.data = getattr(ark_msg, "data", str(ark_msg)) try:

return out bridge = ArkRos2Bridge(mapping_table, node_name="ark_ros2_bridge")

bridge.spin()
finally:
rclpy.shutdown( )

University

Steven Rice pip install robot: The Future of Al Development for Robotics of Windsor
School of Computer Science




Ark — Comparison

S
7
z £
Q. .
=R @ o 2 8 2 £ T
S & g 2 O F & = 2 =
99 99
E <X 5 ., 0 EQC O 5 E = = 2 E
n, O O B M »n & /& A N A A=
Ark O 6 & © ® O o 6 6 o o
LeRobot | @ ® O 0 o ® O © .
PyRobot | @ ® ® 6 © o @
ROS 2 ® O @ NA NA © o
Orocos @ ®
YARP o ®
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Ark — Samples

i ; | \ )'\.\.. \
__________________________ 5 High Level Action robot/joint_commands
DeepSeek APl ____. Service Calls._._.~. High Level Policy Low Level Policy Robot
, Action Success : : robot/states
act = policy(obs) Pick piece at [POS]
Camera f Place piece at [POS]

Camera/RGB ; 2\

Takes the state of the board and eemeemaes Uses predefined functions to move

gueries Deepseek for next move pieces to the desired locations
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Ark — Quick Start

conda create -n ark_env python=3.10
conda activate ark_env

git clone https://github.com/Robotics-Ark/ark_framework.gtit
cd ark _framework

pip install -e .

cd ..

git clone https://github.com/Robotics-Ark/ark_types.git
cd ark_types

pip install -e .

cd ..

git clone https://github.com/Robotics-Ark/ark_franka.git
cd ark_franka

pip install -e .

cd ..

University
of Windsor

School of Computer Science

Steven Rice pip install robot: The Future of Al Development for Robotics 39




Ark — Quick Start

: "pybullet”
: 240

: "DIRECT"

from ark.client.comm_infrastructure.base_node import main

from ark.system.simulation.simulator_node import . o
SimulatorNode : "render

_ : False
from ark.tools.log import log : 0.333

: True
CONFIG_PATH "config/global_config.yaml" :
: [0.5, 0.0, 0.5]
: 1.5
: 0
: 0.0

class MySimulatorNode(SimulatorNode):

def initialize _scene(self):

pass : 60.0
: 640

: 480
def step(self): : 60.0

pass : 0.01
: 100.0

if __ _name_ _ " main__":
main(MySimulatorNode, CONFIG_PATH)

- "robots/franka.yaml"

- "other/franka_simulator.yaml"

University
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Ark — Quick Start

import numpy as np

from arktypes import joint_group_command_t, task_space_command_t, joint_state_t
from arktypes.utils import unpack, pack

from ark.client.comm_infrastructure.instance_node import InstanceNode

SIM = True

class FrankaControllerNode(InstanceNode):

def _init_ (self):
Inittialize the FrankaJointController.
This class 1s responsible for controlling the Franka robot's joints.

super().__initt__("FrankaJointController")

1f SIM == True:
self.joint_group_command = self.create_publisher("Franka/joint_group_command/sim", joint_group_command_t)
self.task_space_command = self.create_publisher("Franka/cartesian_command/sim", task_space_command_t)

self.state = self.create_listener("Franka/joint_states/sim", joint_state_t)
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Ark — Quick Start

controller = FrankaControllerNode( )

joint_command = [- , , , - , ; , , 0]
controller.joint_group_command.publish(pack.joint_group_command(joint_command, "all"))

gripper_command = [-1]
controller.joint_group_command.publish(pack.joint_group_command(gripper_command, "gripper"))

xyz_command = np.array([ , , 1)

quaternion_command = np.array([1, , , 1)

gripper =

controller.task_space_command.publish(pack.task_space_command(“all", xyz_command, quaternion_command, gripper))

University
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1 ral 0

2 !

: 3 esponsib ] b )

super().__init_ ("FrankalointController")

f SIM == :
self.joint_group_command = self.create_publisher("Franka/joint_group_command/sim", joint_group_command_t)
self.task_space_command = self.create publisher("Franka/cartesian_command/sim", task_space_command_t)
self.state = self.create_ listener("Franka/joint states/sim", joint state t)
controller = FrankaControllerNode()
0.4s Python

[WARNING] [11:40:37.205003] - No global configuration provided. Using default system configuration.

(OK] [11:49:37.218162] - setup publisher Franka/joint_group_command/sim|[joint_group_ command t]
(OK] [11:40:37.219019)] -~ setup publisher Franka/cartesian_command/sim[task _space_command t]
(OK] [11:49:37.220122] - subscribed to Franka/joint states/sim[joint_state t]

None

Joint Group Control

joint_command = [-9.3, 9.1, 0.3, -1.4, 0.1, 1.8, 0.6, 0]

controller.joint_group_command.publish{pack.joint_group_command(joint_command, "all"))

0.0s Python

= Dy Dy B @

gripper_command = [1]

controller.joint_group_command.publish(pack.joint_group_command(gripper_command, “gripper"))

0.0s Python

arm_command = [-@.3, 0.5, 0.3, -1.0, 0.1, 1.8, 0.1]

controller.joint_group_command.publish(pack.joint_group_command(arm_command, “arm"))

0.0s Python
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Ark — Future

* Young but growing.

* Expanding native support.
* Their own printable arm!

[;iobotics—ﬂrklark_f ramework }

GitHub Stars

July August September October
Date %} star-history.com

University
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Future — University of Windsor

* Piloting a robotics course.

* Computer science perspective.
e Simulation and Al first.

* Hope to grow into a specialization.

* Variety of robots.

 Port to Ark.

* Yahboom
 DOFBOT — category.yahboom.net/products/dofbot-jetson nano
* Jetbot — category.yahboom.net/products/jetbot
* RDK X3 — category.yahboom.net/collections/r-omnidirection/products/rdk-x3-robot

* Build the Ark Bot — github.com/Robotics-Ark/ark bot

University
of Windsor

School of Computer Science
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https://category.yahboom.net/collections/r-omnidirection/products/rdk-x3-robot
https://category.yahboom.net/collections/r-omnidirection/products/rdk-x3-robot
https://category.yahboom.net/collections/r-omnidirection/products/rdk-x3-robot
https://category.yahboom.net/collections/r-omnidirection/products/rdk-x3-robot
https://category.yahboom.net/collections/r-omnidirection/products/rdk-x3-robot
https://github.com/Robotics-Ark/ark_bot
https://github.com/Robotics-Ark/ark_bot
https://github.com/Robotics-Ark/ark_bot

Thank You for Listening!

<11 StevenRice.ca

b2d Contact@StevenRice.ca

m StevenRice99

Q StevenRice99
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