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« Human-Robot Collaboration
* Brain Robotics

m Future: Research Directions
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EA From Al through ML/DL to LLM in Barely 80+ Years
-
& 1975: Since 2020:
> Genetic Large Language
8._ Algorithm, Models, GPT-4,
<. John Holland 1997: 2002: 2012: Gemini, LLaMA,
g- Hybrid Al ACO, PSO, AIOQ, Brain-Machine Midjourney,
©w 1950: 1958: 1965: 1969: 1982: 1987: Systems DNA Computing ||Interface Sora ...
Turing Test - Can ||LISP - 1" Al Fuzzy Sets, | BM\DRVNMEGATEYE | Hopfield Fuzzy Logic- [
Machines Think? || Language, Lotfi Zadeh | BYSTLEeE NI« | Net, John Based 1995: 2000: 2010:
Alan Turing John McCarthy B ENLEV MO SIERl | Hopfield || Electronics, ||Intelligent Deep Learning Brain-Computer
| | Lederberg Japan Agent CNN, RNN Interface
1943: 1951: [ [
Binary ANN || 15t Neuron 1961: 1970: 1976: 1986: 1992:
Model, Computer, Marvin || GPS, Allen ANN MYCIN, Back-Propagation || Genetic
Warren Minsky & Dean Newell & Learning, Stanford and Start of DAI, Programming, O-O
McCulloch & || Edmonds Herbert 'O as (Ol ROIWSESa'Al | D.E. Rumelhart & John Koza 201_8: )
Walter Pitts | Simon J.L. McClelland Bra}n RObOthS_ -
1956: I Brainwave-Driven
15t Al Workshop, S 2009: Robot Control, Lihui
John McCarthy “Big Bang" of Deep pangetar
Dark S48 The Rise Al'Becomes Learning with
Pre-Al Initial-Al B Distributed-Al 1 Co-Intelligence  { GenAl / AGI
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[Extended from] L. Wang, "From Intelligence Science to Intelligent Manufacturing," Engineering, Vol.5, No.4, pp.615-618, 2019.
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L b Earlier Al Applications
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Garry Kasparov playing Deep Blue in 1997

Honda ASIMO walking downstairs in 2005
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DeepMind
Servers in USA

L]
0+ Google DeepMind
Challenge Match
0 - T Manch 208

AlphaGo vs. Lee Sedol

AlphaGo in 2016

During the legendary matches:

® Google cloud servers in the USA
using 1920 CPUs, 280 GPUs and 64
search threads.

B Big data: 30 million moves.

® Reinforcement leaning, Monte Carlo
search combined with deep neural
network for decision making.
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i Text-to-Video by Sora in 2024
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i Al for Smart Manufacturing

s

4 ) 4 N

Sensors Functionalities for HRC

Human Assembly
identification parts
and tracking recognition

L. Wang, "From Intelligence Science to
Intelligent Manufacturing,” Engineering,
Vol.5, No.4, pp.615-618, 2019.

fir

Machine

| Human Assembly Human
Ieammg activities environment operators
models recognition recognition p
ﬁ d
Multimodal Human motion
robot control prediction
BI=3 .
_
Knowiedge ) (ctons
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s Human-Robot Collaboration

Mt

Collaboration

Part to be Operator’s modes can be

assembled hand specified by ® The capability to track an
tracked by operator’s voice operator’s position allows
the system commands

Monitored area controlling a robot to

| % follow the operator

Monitored
distance

D —

Operator’s
thoughts can be
converted to robot
control commands

Robot’s end- Algorithm
effector follows Parts of the scene
t h eo pe rato r' S cggz;(dg?(r)eu(:] 3 S Low Dimension Human Motion Low Dimension Robot Motion
hand
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Active Collision Avoidance

BT 9&’79
Camera 1 Camera 2
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SN
Dual-camera
for positioning

Monitoring robot
> via a 3D model

v

\ —
Human-robot co-existing environment

Active Collision Avoidance |

Making decision /
taking action

T

Collecting current
robot position

Calculating
operator’s position

relative distance

Acquiring depth
. —
images of operator

'

Detecting

Data
acquisition

Il

Depth images

1

Background
removal

1

Depth images without
background

1

and labeling

!

Detected operator

1

[ Filtering J

[ 3D visualisation J

1

3D point cloud of
detected operator

1

[ Combining with 3D J

model of robot

!

Active collision
detection and
avoidance between
human and robot

Augmented

environment

11

Schmidt B, Wang L (2014) Depth camera based collision avoidance via active robot control. ] Manuf Syst 33(4):711-7118.
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Deep Learning of Assembly Context

1

= T T
Screw

Screwdriver

Part/tool identification

Small partt

Large part - =
Free .
t I I Dl I I |
0 20 40 i) 20 100
Time [sl]
@

Part/tool identification: recognize what the human operator picks up
= Identified part/tool: valid for a “picking up” + “installing” combination

c T T = T T 1
Installing - .
Picking Up &z R
Human action recognition

Standing - .
& 1 1 d 1 1 vl

W] 20 40 60 80 100

Time [s]

Wang P, Liu H, Wang L, Gao RX (2018) Deep learning-based human motion recognition for predictive context-aware human-
robot collaboration. CIRP Ann - Manuf Technol 67(1):17-20.
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L Robot Assisting Human in Assembly

SoS
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G Concept of Brain Robotics

Mottt
Part to be . Sensor k
assembled headset \

Human thought

EEG
electrode

® Working\with robot during

bl Brainwave
assem
command :
. EEG station
Signal
Function block (FB) acquisition
B Control .
extraction
Robot actions >
—_— Algorithms <
: g
, Parts of the scene
Gripper

considered as background .. . . . .
J Training & classification Signal processing

L. Wang, S. Liu, C. Cooper, X. V. Wang and R. X. Gao, "Function Block-Based Human-Robot Collaborative Assembly Driven by Brainwaves," CIRP
Annals - Manufacturing Technology, Vol.70, No.1, pp.5-8, 2021.
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L From Brainwaves to Control Commands
s
A command phrase Wavelet transform A control command
VA HZ A
A 2 Signals t-fimages (1) (2 ©
(S' WW Example:
Command > CWwT - Training & :
(1 (2 © words b CW 1 t-f conversion Identification Robot Place |Cylinder
Trigger FBs
> | : v
to ty t t3 ' e 'W > ' 7=
0 = k[ xow (5 o
©: Subject/executor M}/&W -
@®: Predicate/action O ;
©: Object/component w3

Vv

cw: command word

® Base wavelet selection: according to the mean values of energy-to-entropy ratio of B-Spline (80), Bump (66),
Morlet (172), Morse (130) and Shannon (149), Morlet is chosen in this research.

L. Wang, S. Liu, C. Cooper, X. V. Wang and R. X. Gao, "Function Block-Based Human-Robot Collaborative Assembly Driven by Brainwaves," CIRP
Annals - Manufacturing Technology, Vol.70, No.1, pp.5-8, 2021.

2024-04-28 KTH Sustainable Manufacturing ¢ www.kth.se ¢« © Lihui Wang 15



f@%@
KTH
{% VETENSKAP g%

28 OCH KONST

g of
R o
El INI
HRUN —{ Inserting
E_UPD
H ESR
INLINFO — Internal Algorithm
AT {— ALG_INI
ALG_RUN
ALG_UPDATE

UPDATE
EI_ESR

EO_INI
EO_RUNRDY

B0 _ESS

FB_INFO
AT
FB_EXE

ALG_UPDATE

ALG_MON | EO_ESS |

Reference

\_

Assembly

Function

CSP Pat
004

25p m3

m1  Spe
004
o i\ ;. o |j

Handling

ARNG

ARNG_UPD r_l-|

H\H' Controller/HMI i us 0

g
000000 E

Controller/HMI [

Manager
Function [

——0 To another resource

—o |

O— From Wise-Factory Cockpi

Tl Block Aﬁi 1
i i . . Function 55 @ @
L —a > Blocks o | T i
!-
Finished pait cormeyor —p jﬂ? LT:::E:IB | |
Material 3

! Actuators, 1/0’s

m I
Lt
H

)

Macro-Micro Robot Control by FBs

Chalning 1
L.
@l e

Safety
height

Point 2

Point, 3

Robot tool

Point 4

A 4 1 -
Pin insertion length Point 5 & 8
! TCP
Home /
Point 6
Z
Fixture
0.0 > X

Assembly station

Wang L, Schmidt B, Givehchi M, Adamson G (2015) Robotic assembly planning and control with enhanced adaptability through function blocks.
Int ] Adv Manuf Technol 77(1-4):705-715.
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Stimulus-free Brainwave-driven HRC Assembly

Sensor headset
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B With OpenAl, Figure 01 can now have
full conversations with people.

OpenAl models provide high-level
visual and language intelligence.

® Figure neural networks deliver fast,
low-level, dexterous robot actions.

Figure 01 robot can describe its
visual experience, plan future actions,
reflect on its memory, and explain its
reasoning verbally.

"can I have

something to eat?" OpenA| model
speech-to-text

common sense reasoning from images

Neural Network Policies

fast dexterous manipulation

on-board robot

Images Whole Body Controller
safe, stable dynamics
f W

https://spectrum.ieee.org/figure-humanoid-robot

https://spectrum.ieee.org/video-friday-2-6-billion?utm campaign=post-teaser&utm content=vh1zf9al

"sure thing"
text-to-speech

behavior selection

200hz actions

1khz joint torques
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Or Manufacturing as a Fantasy
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