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About Us

* Roboticist on the Humanoid Application Lab team at DataRealm
e PhD in Computer Science at the University of Windsor
* Focus on simulations, digital twins, and robotics

e SRice@DataRealmlnc.com



mailto:SRice@DataRealmInc.com
mailto:SRice@DataRealmInc.com
https://stevenrice.ca/
https://humanoidapplab.com/
https://humanoidapplab.com/

Humanoids of Today

1. Hardware
2. Software

3. Artificial Intelligence




Humanoids of Today — Hardware



https://sanctuary.ai/
https://mirsee.com/
https://www.unitree.com/
https://www.unitree.com/
https://bostondynamics.com/
https://www.agilityrobotics.com/
https://www.genesis.ai/

Humanoids of Today — Hardware

* Couldn’t be any more varied!

* Wheeled versus legged

* Different types of wheels and drivetrains
e Different body axes
* Different arm sizes, degrees-of-freedom, reach
 Different proportions

e Different sensors

* Type, position, number, quality




Humanoids of Today — Software E E S R O S 2

* Even more varied than the hardware!

* Most run on a version of Robot Operating System 2 (ROS 2)
* Difficult compactivity across versions and operating systems

* Various extensions and addons which each add more complexity and compatibility issues

e Same problem, multitude of solutions
* Motion planning: Movelt, cuMotion, Pinocchio, RoboPlan, Tesseract
* Within Movelt, what solver to use: KDL, TRAC-IK, IKFast, Pick-lk
* Navigation: Nav2, cuVSLAM, ORB-SLAM3, RTAB-Map

e Usually no one does everything

* Need to combine aspects of a few

LUNIVERSIDAD DE ZAR:

* Vision systems, audio listening and playback, text-to-speech, HMls

> Movelt2
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https://github.com/tesseract-robotics
https://www.ros.org/
https://moveit.ai/
https://github.com/nvidia-isaac/cumotion
https://stack-of-tasks.github.io/pinocchio
https://github.com/ros-navigation
https://github.com/nvidia-isaac/cuVSLAM
https://ropert.i3a.es/
https://introlab.github.io/rtabmap

Humanoids of Today — Artificial Intelligence Isaac GROOT

Chaotic! ' \
RL versus VLAs versus VLMs versus WFMs? x S I-( I l— D /1 I

* Using multiple methods together?

* How can we integrate “non-Al" control logic? A D rea m I a bs
Standalone or in conjunction with other Al or control methods?
‘ G @ 9

* Manipulation
Data collection, training, and deployment? @ Open‘ ‘I

* Local versus remote API?

What hardware and software each support? ! N T I I R : P\C

* Vision systems

* What is available out-of-the-box versus needing to integrate?



https://www.skild.ai/
https://openai.com/
https://huggingface.co/lerobot
https://developer.nvidia.com/isaac/gr00t
https://www.pi.website/
https://deepmind.google/models/gemini-robotics
https://www.anthropic.com/
https://dreamlabs.ai/
https://covariant.ai/

Humanoids of Today — Artificial Intelligence

* Why do we need Al anyways?

e Tasks we are looking to assign humanoids to are far more complex than most other robotics and automation tasks

Requires more advanced reasoning skills



http://humanoidapplab.com/
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Working with Humanoids

1. Collect data @Z O GeneSiS

2. Train Al on the data nV|D|A®

ISAAC
3. Deploy the trained Al on the robot M UJ 0 C o
* In simulation first for validation ‘ {

3 GAZEBO

SuperDex @ #

Q Unity UNREAL ro}o’l,tesil?nfu)lzt?;n
ENGINE n



https://cyberbotics.com/
https://github.com/Genesis-Embodied-AI/genesis-world
https://github.com/isaac-sim/IsaacSim
https://github.com/newton-physics/newton
https://gazebosim.org/
https://projectsuperdex.com/
https://unity.com/
https://www.unrealengine.com/

Working with Humanoids
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Working with Humanoids

1. Collect data*
2. Train Al on the data**

3. Deploy the trained Al on the robot***

* |nsimulation first for validation****

4. Repeat for new tasks, robots, or accounting for failures in the previous training and deployment™****

*If a framework exists to capture robot state into a dataset and the data is compatible with your Al trainer

**|f the humanoid you’re working with is supported

***|f you have the infrastructure or compatible APl with reliable networking to deploy it

**3**|f your robot’s control stack while running Al is compatible with a simulation engine and your hardware can run it

kdkx*Can we continue training or do we need to start over?
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Working with Humanoids

* How often do we think those all align? @Z R
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https://github.com/ros-navigation
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Working with Humanoids

Integration Code
HMI
Behaviors
Al Training and Deployment

NVIDIA.



https://mirsee.com/
https://github.com/isaac-sim/IsaacSim
https://www.meta.com/quest
https://www.ros.org/
https://www.xbox.com/
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https://mirsee.com/
https://github.com/isaac-sim/IsaacSim
https://www.ros.org/
https://www.meta.com/quest
https://www.xbox.com/
https://sanctuary.ai/
https://www.ros.org/
https://github.com/Genesis-Embodied-AI/genesis-world

Working with Humanoids

* Fragmented and duplicated logic
e Similar looking robots can have drastically different code to hook into; extreme divergence in your code
* Arms inverse kinematics versus forward kinematics
* Pressure sensors versus torque readings versus nothing
* Hand size, shape, fingers, joints, etc.
* Forced to take on the gap between the research labs and practical integration
* Development and experience using tools and technologies typically not common place in industry
e Often poor documentation (if any) and ever-changing and emerging tools

e “Surely if | just focus on the ‘big players’, these problems and workload will be reduced!”




Working with Humanoids

e Unitree currently officially supports Ubuntu 20.04

* Support ended May 2025

README BSD-3-Clause license

unitree sdk2

Unitree robot sdk version 2.

Prebuild environment

e OS5 (Ubuntu 20.04 LTS)
¢ CPU (aarcht4 and x86_64)

¢ Compiler {(gcc version 9.4.0)



https://www.unitree.com/
https://www.unitree.com/
https://github.com/unitreerobotics/unitree_sdk2

Lessons from Industrial Robotics

e Super common place because they are easy to integrate

* While slight differences, all have converged
* Reach a target position and orientation

* Linearly move in a smooth motion

* Allow for tooling offsets in movement calculations



https://kawasakirobotics.com/
https://www.yaskawa.com/
https://www.kuka.com/
https://www.fanucamerica.com/
https://www.abb.com/
https://epson.ca/
https://www.universal-robots.com/

Lessons from Industrial Robotics

4] universal RODOCS Grapnical Frogramming Environment - + X
D File 9 21:53:19 CCCC
[ Program | Installation | Move | /O [ Log |
’E| game Command | Graphics |/Structure rVariabIes |
foreStart A A
ar 1:=get actual tcp pose()| R A --
Move] '..
o wvar l
bot Program 1~
Mowel
o Waypoint_1 i
o Waypoint_2
o Waypoint_3 k

= var_2:=get_forward_kin()
=var_3i=plvar_2[0]var_2[1]lwvar_2[2]-1.var_2[3].var_2[4
E movellplvar_2[0]var_2[1],var_2[2]-1var_2[3]var_2[4]
=var_d=get forward kin()
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https://www.universal-robots.com/

Lessons from Industrial Robotics

@ RoboDK - New Station (1) - Free {Limited)
File Edit Program View Tools Utilities Connect Help

dUB DC HE D@ L EHN @ »ou B E g

’ . MainProgram

’ . Demo
.,‘\ Frame 1
' Schunk_Gripper
' Schunk_Finger_1
' Schunk_Fing

W _ ABEIRB
v ABB IRB 1200-5

Schunk_Gripper Base

.
—%
L4

Tool 1
W ®_ Frame_Table
' Table 1400

A Target_Pick
Target_PickOffset
Ta rget_PlaceOffset

: Target_Place

Targe_Base

’ Program_Reset
W : Target_Place
£y Set Ref.: Frame_Table
Set Tool: Tool 1
“ Movel (Targe_Base)
“ Movel (Target PickOff...
: '&oveL {Target_Pick)
Call GripperPick1
 Movel (Target_PickOff...
" Movel (Target PlaceO.
- Movel (Target Place)



https://robodk.com/

Lessons from Industrial Robotics

v . ApproachMove
oy Set Ref: Frame 2

def MainProg():
§ Defzult parameters:

& 3 glcbal speed ms = 0.300
A\ Set Tool: Paint gun 4 global speed rads = 0.750
5 global accel mss = 3.000

«~ MoveJ (Home)

~~ Move) (Approach)
v . PaintTop

‘ _ Set Ref.: Frame

. Set Tool: Paint d

MoveJ (Top Pai

Movel (Top Pai

Movel (Top Pai

Movel (Top Pai

Movel (Top Pai

Movel (Top Pai

Movel (Top Pai

| = .~ Movel (Top Pai
v . Retract
el

v Set Ref: Frame

. Set Tool: Paint g
Movel (Retra

MoveJ (Home)

Run

Run on robot
Loop

Show instructions
Display path
Locked

Check path

Generate robot program...

Generate robot program F6
Send program to robot Ctrl+F6
Start on robot F8

Robot

Select Post Processor
Export Simulation...

Add Instruction

(U

1 oy U W

.
1

I MM NN NN

J o

Ww m

w N

&

J oM

O o

ay U1

global accel radss = 1.200
glcbal blend radius m = 0.001

¢ Add any suprograms here

£ Subprogram ApproachMove

def ApproachMove():
¢ set_reference(p[-0.800000, 0.500000, 0.100000, C
set_tcp(p[0.070000, -0.000000, 0.470000, -0.00000C
move] ([-2.617994, -1.3089%7, -1.57079¢, -1.047138,
movej ([-3.6€7539, -1.641284, -1.480071, -1.04&52¢,

end

¢ Subpreogram PaintTop

def PaintTop():
movej ([-3.85176€, -1.965269, -1.400834, -1.113418,
movel (p[-1.155200, 0.474185, 0.13€150, 2.4707€7, -
movel {p[-1.164047, 0.375424, 0.130832, -2.799617,
movel (p[-0.829883, 0.3596€8, 0.12€64€9, -2.818254,
movel (p[-0.829250, 0.237038, 0.127370, 2.859499,
movel (p[-1.179268, 0.240160, 0.126516, 2.867256, -
movel {(p[-1.157907, 0.12338¢, -134284, -2.479771,
movel (p[-0.825987, 0.133387, 0.13%825, -2.&8332¢,

end

OO0 00000

¢ Subprogram Retract
def Retract():
movel (p[-0.825987, 0.133387, 0.269825, -2.683331,
movej ([-2.617994, -1.308%97, -1.57079¢, -1.047188,
end

¢ Main program:

. Delete ¢ Program generated by RoboDK 3.2.0 for UR10 eon 22/C
ak ¢ Using nominal kinematics.
T = ApprcachMove ()
"‘ —= Call ApproachMove PaintTop()
T . Retract!)
[ —= Call PalntTOp £ End of main program
E;: end

Call Retract

MainProgl)
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Lessons from Industrial Robotics

Streamlined development and deployment

Easily swap arms or even brands

Easily integrate other hardware and software into your control programs



https://kawasakirobotics.com/
https://www.yaskawa.com/
https://www.kuka.com/
https://www.fanucamerica.com/
https://www.abb.com/
https://epson.ca/
https://www.universal-robots.com/

How we should work with Humanoids

e Copy what we can from industrial arms

 Some aspects are hard to standardize

e Support what we can and expose or disable certain APIs per robot

* Uncertain how hardware will evolve over the next few years



https://bostondynamics.com/
https://sanctuary.ai/
https://mirsee.com/
https://www.unitree.com/
https://www.unitree.com/
https://www.agilityrobotics.com/
https://www.genesis.ai/

How we should work with Humanoids LeRobot @

%.9)

* LeRobot is the closest to this
* Supports some VLAs, WFMs, and RL options
* Supports a few robots and humanoids, with ability to integrate new ones

* Has a helper dashboard to streamline data collection and inference

Powered by [EaNehes QD


https://huggingface.co/lerobot

How we should work with Humanoids LeRobot @

%.9)

* LeRobot is only a piece of the puzzle
* Python
* Limited official support

e Purely focused on Machine Learning methods

Powered by [EaNehes QD


https://huggingface.co/lerobot

‘EI

How we should work with Humanoids

Debugging M‘
Y
Manager
Al Training
and Inference Python SDK

| C++ SDK : %
Machinery -
Integration

s
?
f
u

§

Y] \
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https://sanctuary.ai/
https://humanoidapplab.com/
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ow we should work with Humanoi

Anybot Xy + Genesis 1.4.5

> [1]: show keyboard instructions

€ > C @ © NotSecure 32 iceberg.local:8443/dashboard/ B % N ©

E-STOP | | CLEAR | oo VRTeleop O 80.0% (50.0 V)

Script name
box_pick Save Validate » More options
Pick up the box through named demo phases.
function main(ctx)
anybot.script("detect_box")
anybot.script("grasp_prepare")

anybot.script("grasp_perform")
return anybot.script("grasp_lift").data

» Script metadata and input/output schemas

Execution ® SUCCEEDED
No arguments required.

» Additional arguments

Script completed successfully,

"phase": "place_release"

Recent executions  box_place: succeeded Inspect execution

» Execution details and event log



ow we should work with Humanoids

* Anybot o -+ a] Genesis 1.4.5

> [1]: show keyboard instructions

« -5 C ® Not Secure 32 iceberg.local:8443/dashboard/ B % S @

Estop | [[CLEAR| @ VRTeleop O 80.0% (50.0V)

Boxiplck + Add key

detect_box » Run Ml Pause  p Resume

X Cancel
detect_place_lo...

box_place

place_release Current Node

Editing: box_pla { AWM  Validate O Revert

¥ Clear i Organize @ Fit © Reset Colors %% Config % Text Editor

COMPOSITE —
» if else detect_place_locT' n
i parallel

? selector

- sequence
place_prepare
DECORATOR

® cleanup
- sequence
X delay

X force failure
place_perform

v force success

~ negate

U repeat

U X repeat to failure
place_release

U repeat to_success

@ retry

@ timeout




How we should work with Humanoids

¥ Anybot <y -+

(u]

> [1]: show keyboard instructions

&« > C @ Not Secure 32 iceberg.local:8443/dashboard/ w S @

Conversations

% System Prompt

Look around the room and tell me
what you see.

I see what appears to be a
simulated warehouse aisle, with
metal shelves on both sides
holding blue, green, purple, and
orange boxes. There are also a few
small cylinders on the right
shelves.

The floor is gray and speckled,
with yellow boundary lines beside
the shelving. There are overhead
lights and a pale green wall
ahead. I don’t see any people in
the views I scanned.

%, Tool:
camera_get

A, Tool:
get_robot_status - Succeeded

E-STOP GIEARN  « VRTeleop O 80.0% (50.0V)

Provider & Model

Codex CLI

default

Autonomous Vision Streams

» Default autonomous camera settings
#4 Background Hardware Tas Oactive [ Abort All

# One-Off Upload: Add Image / File

Robotics Presets

@ Object BBoxes #2 Action Plan

@ Navigation ®_ Scene Description

% System Prompt © Preview ¥

%€ Tools & Permissions

Advanced Parameters

Reasoning / Thinking Effort

Provider default v

Genesis 1.4.5
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