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® o E—UIHETRL  MBALEER—EE
RBCHIBEF o IEFRER THRFSAEHRM) - 1#E
ARDRET BEED R ER AT SE o
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HEINREEREEABLENERMAERRR o
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ER -EERRESEAEERFTAESEN
SV ENIERE > #8°2 Robot A EABEER
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RE# (Finite-state machine, FSM) #4174

>2> 4

FHMEHRBARES SRR « 58~ ARSI ERE » BREIBMESENRS -

2025 108 no.54

-—

25



Y

26

oENGERSBAED

2010 =€

Boston LJ'ynamics Spot
EEANTS200

> > 2
20235
N 1T Mini Cheetah
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R At 28 N 2HRSTRVBAR > (REERA ~
REMZEFEFEHRARRT > REERE
ETERE - 52010 FRHEALK » BEERAM
B TS EERRREE RSN
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MARFEHELFEF > HIU0 Boston Dynamics
HHRY Spot B A > MSERAEHETER
RIZRMIBRE AR A BEREEN
BRI ER > SERANREEUR
BEEMNEEMMES » EHEEIENA
BE{TE -

v B33 A RIEREERS R K
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MER - BRI ZEERERHETEKESA
EXRHE > AN AR > RIS
AZBEB D& RRRMEGFR ; R
ERICHEI ARIRIERUA ~ 173426 ~ At
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MERBAT—BEMNBERSA
RS T IERR AR TR K - BLERRE R AR ~ RUA
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— FEREEK

1. EEERS  NEHMBAERE=RE

(1) & 1 B8 8 (Electric Actuation) :
RIS EBRERV I NmwEZER B
AHENEHRE > HUEHSEHE
AL EFENEEREEE R LUE
ﬁﬁ?“%‘ﬁ%&%%‘%AE’\Jﬁﬁﬁ'ﬁ%‘  HPRE
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(2) /% B2E&E) (Hydraulic Actuation) : 32
HESHNNRERERE > BARIEIE
M EEREEHES A > A5k
EREBRAHINGS °

(3) REMEES (Pneumatic Actuation) :
REBBETERELEN > BEREK
HUEHIBMES 0 BEEINBBER
R AbERAREER B AREES
FEF -

2. A ATERIRIERKA > DE#BIA
ERELBRUAES > 815 ¢
(1) fR 2 RXAI28 (Cameras) :RGB g% «

BREPHEXRHT

FEBSLE LiDAR » B YBEHEE -
IRIFR A LS o SR BRI
LB EE (Self-driving Vehicle) M2
WRAZRINEBIPFTRENIRIZENRE
R FEAEARENE > RRGHRISEEE
BERT T —LE > RFERERIUIE—LE o

(2) BEBERLAIZS (Distance Sensors) : Ul
BHEE - BE KRR ~ ATIMEA
2% > A AR S MR EERE -
FHBNEES o

(3) 18 1% &L A 8% (Inertial Measurement
Unit, IMU) : &SIRETEFCIRE -
RARZRREEES - EEEER E TR
BREBTEMHERN SHIBRNNRIER
HARFFAUMEBZA - ARSI B 8S
EI BT EHES > WEETEMEIE
A, T B RS - ELEEHEE
1ED§EE1E]'I‘E’P$}§’€:EU o BREELIALEE
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(4) BHE A RAIZE (Force Sensors)
LEER IR o RIS Bt E ARG 18
MRS REREFRIFREN - EMLERE
B ENEHBANERKB B
it - — S EAUEFEEANBEEEK
70 ? N E B HRIR RV B R 5 B AR AN
B ERREREMT o

3.4 %I E 5T (Control Unit) : ME#ES A
RESMAIERIE T » BERAMIES
B[AMANEHZ TS (40 : NVIDIA Jetson
3¢ Raspberry Pi) > LUBEIEEUHRI 23 8HR
BITERESZ - AN BAI& R RlTKIE
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R M1 ERRZEREND BIEHI RS
MRETES  BRERABBEANERE
BERESRERBIRIRETRE - HIt > X
REVIEH BT g RPRAIFRERNEE -

4. BiR &4 (Power System) : BHZEME
BRANZESR (BRXERAESEM)
B ERHERINBSEUZERFEEEE -
PEERNTES » RRFIGEEHRARERE
AR KB AEEE - LURSEBM OIS
BHEFI o ILFRAFPIRISAEE > thAFIEE
P BRENE 2R MRV RE IR ©

— CEREEENK

1.F¥ &% (Operating System) : 2
BRABBETHREFREERA (RTOS)

B Linux SEERF > UZERZS TIEEA
BN B [o] fE 224l - FRITEE BB AMERE »
RECABNAKEI/NNEST - IEES
MRIRIR 153 B9 H i 2R OR TE Z U0 e R AR B9 SR B
(policy) » BEBEZIRERIEHTER » 2KHE
fRE B AN E2 RURI 23 2 AT A MEIF 0 E A 23 A
HOBERT T o

2. EBTHIEEE (Motion Control Algorithms) -
FEESMHD EE S E 5 R T
&l > UEE RN B %38 AR 1T ESFIEE R
Pl TERTRITE HRAEE-
s EFEHETEEHEREESHE
I URGEYNBEATE - BEEFEER
i# % & 1 PID (Proportional-Integral-
Derivative) #Efl « 1 HSI¥REE
AT > W EEBIELURAEEMIZ R PRY
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TREEMAEREY - EAREMA L > HEA
WRBERARD A E - LURFRE
HHNREMEANE > MEEFBET > W
MBESM NN EERSUELERE
HREEWREE -

. e EEES (High-fidelity Simulation) :

MHEREMRAERERIEEZE (Model-
based Control) > SR A F KA % Al Y
B RRWBANEHEEIHEE GH
RERBEERERNNREER - B4R
AU AR ASERITEZ B EI N\ 8 > FTHESN
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eI ARIRAENELESNE SR 1282
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EHEEBVEEEARERNERGE -
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BOIRM THEEBXF B S

# nVidia Taipei one {8 #& & A & nVidia
Omniverse £ & #E TAI 2 B B 18 #o
(2,682,092 mesh) o ERAEEHRI1ER Al 22
BEHEZE (Reinforcement-Learning, RL) >
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LAE %t IMU ~ Motor state (joint states)
AEA > i B A eTER 12 @5EAEL
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4. EfBAEM (Navigation & Localization) :
MERSBANERSEMARLS > &8 SLAM
(Simultaneous localization and
mapping, B EMEMEEE) K>
ERSRAHTERNRIEPEEE LT
HEXTEM; M EHRAGPSEST IMU
(Inertial measurement unit, &M RIS 88

70) WEERRBPIMRIR » IREEBEE o

5. AN E &) (Human-Robot Interaction, HRI) :
#AEES B A EETEARN > WEHKSS
ANEEERFNESGES » O1EES
FEYPHEINGE - BLENERMGRLTNE
WREABREZHFARERELS > RS
L5 R EREMMPIARERSKK

BUtEER o LUK A 0

(1) 3B 5 # 5 (Speech Recognition) :
i@ NLP (Natural Language Processing,
BIARES RIE) X7 ik ArJ AR

30 AR

FEEES (M0 Amazon Alexa ~ Google

Assistant) ° M{EAKEE chatGPT &
BRNEEBHENRFZ > 2 BT UE
BAREE S IR 183 A RS | iRk
HEHRUERSEALE

(2) F2 38 5 (Gesture Recognition) : F|
BB Al P ANEFD > ReEH
AEhE o IREEMNMREL EANZRRE
B FEHERT IR M ES o TA—
BEF > BN ERBRENEE
FTES) > R ELT o

(3)#EEEAE (Touch Interface) : 1E1% 23
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6. FEFEMRE (Application Software) : fkig
FERG= > RIS EERSIEAE > FIuD
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(2) & & & #% (Security & Surveillance) :
EREEFKERANNREAREE ) AR
Zftfo

(3) K FERA (Disaster Response) : FALL
RiER&EnTERERIRER (0
K@HDA ~ HEER) o

 FERBRERIE ¢

MU E R ER ARIRMAESBFH D EREY) - BREE MR ASUIERE R
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Figure 1. Horse ina Trot

Figure 3. Horse in a Gallop
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v Introduction: The Dawn of a New Industrial Era

In the evolving landscape of industrial automation, a
quiet revolution is underway — one that promises to redefine
hazardous inspections, predictive maintenance, and asset
management. At the forefront of this transformation stands
ANYbotics, a Swiss robotics pioneer with over a decade
dedicated to perfecting the fusion of advanced mobility
and artificial intelligence. The journey, which began in 2009
with visionary roboticists from ETH Zurich, has culminated
in the creation of ANYmal — a quadrupedal robot that
not only mimics biological movement but fundamentally
enhances industrial operations.

The global industrial sector faces persistent
challenges: aging infrastructure, skilled
labor shortages, and the ever-present
need to balance productivity with worker
safety. Traditional solutions, from stationary
sensors to manual inspections, have proven
inadequate, often leaving critical gaps in
data quality and operational visibility. This is
where legged robotics enters the equation,
offering unprecedented access to complex
environments while delivering superior data
consistency.

What makes ANYmal truly revolutionary isn't
merely its ability to traverse terrains inaccessible
to wheeled robots. It's the complete reimagining
of industrial workflows — a seamless integration
of rugged hardware, intelligent software, and
actionable data insights that together form what
we call the "autonomous workforce."

v The ANYmal Advantage: Beyond Mobility

A New Paradigm in Industrial Inspections
ANYmal represents a technology leap in
inspection technology, combining three critical
capabilities that set it apart from conventional
methods:

¢ Unmatched Mobility in Complex Terrain:
Unlike drones with limited flight time or
wheeled robots constrained by flat surfaces,
ANYmal's quadrupedal design allows it
to traverse uneven surfaces, climb grated
stairs and recover from slips - all while
maintaining reliability in dynamic industrial
environments. This is made possible through
sophisticated actuation systems featuring
high-torque electric motors with harmonic
drive gearing, providing both the power and
precision needed for demanding industrial
applications.

BREPHEXRHT

o Multimodal Sensory Perception: The robot's
comprehensive sensor suite "reads" the
industrial environment like a seasoned
technician. High-resolution visual cameras
document asset conditions, while thermal
imaging detects overheating components
with high sensitivity. Acoustic sensors
identify abnormal vibrations in rotating
equipment, and integrated gas detectors
pinpoint leaks. Simultaneously, LiDAR and
depth cameras build centimeter-accurate 3D
maps for navigation and digital twin updates.

e Continuous Data Intelligence: Every inspection
generates terabytes of contextualized data -
not just raw measurements, but timestamped,
geotagged insights correlated across sensory
modalities. ANYbotics’ proprietary algorithms
perform onboard anomaly detection,
flagging issues like bearing wear or insulation
degradation before they escalate.

vThe Data Value Chain: From Collection
to Action

The true measure of ANYmal's impact lies
in how it transforms raw data into actionable
operational decisions. Consider a typical
deployment at a refinery, steelmaking, or
cement plant: ANYmal conducts inspection
rounds, checking pumps and motors,
measuring temperature profiles, verifying valve
positions, and sniffing for hydrocarbon leaks. Its
IP67-rated body operates flawlessly in rain or
dusty environments.

These findings automatically populate the
Data Navigator platform, where maintenance
teams see not just the alert but also historical
trends illustrating the issue's progression.
This end-to-end workflow — from detection
to resolution - typically reduces equipment
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downtime by up to 5% compared to manual
methods, as demonstrated in deployments with
companies like Outokumpu, Grace, and Titan
Cement.

v The Al Brain: Software That Learns

At the core of ANYmal's autonomy lies a
hierarchical control architecture:

e Locomotion Layer: Model-predictive
controllers adjust gait parameters 500 times
per second, optimizing for energy efficiency
on flat terrain or maximum stability on rubble.
Reinforcement learning has trained the
system to recover from slips with animal-like
reflexes, enhancing its robustness.

¢ Navigation Stack: Our hybrid Simultaneous
Localization and Mapping (SLAM) approach
fuses LiDAR, for reliable positioning in
challenging, featureless environments like
tunnels. The system maintains less than 1%
drift over kilometer-scale missions.

e Inspection Intelligence: Deep learning
models, trained on millions of industrial asset
images, can now read analog gauges, and
measure temperature from focal point in a
thermography. This intelligent interpretation
reduces human error and accelerates
decision-making.

v Proven Impact Across Industries

The results speak for themselves. ANYmal has
been successfully deployed across the Qil &
Gas, Chemical, Power & Utilities, and Metal &
Mining & Mineral industries by leaders such as
BP, Shell, Outokumpu, Novelis, and Siemens
Energy. These deployments deliver measurable
improvements in safety, inspection quality, and

AR

operational efficiency. By removing personnel
from hazardous environments and providing
superior data insights, ANYbotics’ solution is
setting new standards for industrial inspections.

Case Study: Revolutionizing Chemical
Plant Inspections at Grace

W.R. Grace’s Diren chemical plant in
Germany operates 24/7 with zero tolerance for
unplanned downtime. Traditional inspections
- manual rounds and fixed sensors — left
gaps in data quality and failed to fully digitize
maintenance workflows.

¢ 1.5% Increase in Plant Uptime Annually:
Attributed to early anomaly detection (e.g.,
identifying a pump misalignment before failure),
directly impacting operational efficiency.

e Seamless Integration: Data feeds directly
into Grace’s existing maintenance protocols,
enabling truly preventive and proactive actions.

e Easy of Use: ANYmal autonomously
navigates 300-meter routes, crossing
occupational traffic and stairs without
requiring any infrastructure changes,
demonstrating its adaptability and ease of
deployment.

v The Future: Where We're Heading

Looking ahead, ANYbotics continues to
push boundaries. With the development
of ATEX-certified ANYmal X for explosive
environments and ongoing advancements in Al
and sensor capabilities, the vision is clear: to
create not just individual robots, but an entirely
new category of autonomous workforce that
makes industrial operations safer, smarter, and
more efficient.Conclusion: Redefining Industrial
Possibilities

The rise of legged robotics marks more
than a technological evolution; it represents a
fundamental shift in how industry approaches
operational challenges. ANYbotics has moved
beyond proving that quadruped robots
can work in industrial settings; we are now
demonstrating how they can outperform
traditional methods in safety, efficiency, and
data quality.

BREPHEXRHT

As we stand at this inflection point, forward-
looking organizations have a clear choice:
continue relying on legacy approaches with
their inherent limitations, or embrace the
autonomous workforce revolution. For those
ready to lead rather than follow, ANYmal offers
not just a tool, but a transformation - one
walking step at a time.
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HWRFBRITIREENREN « EEMME
ERTE  BEREMGET LRECRITAIEES
EEERENFE > REBB 10%MEEFE © Index
Terms— Artificial neural networks,node-based
Trajectory, particle Swarm Optimization,
Machine Learning.

v | .INTRODUCTION

MER > BEEMFEEANEEAL
BEBANDRTHESCEBFEZER * &
S SR AREREIRIELE N (1] © FFZBUF X
RFEEEENEHEEKEERE - &8 (EV)
HEE SRS ALBHERIT 7 ERURNE
5tE AR ERSEAN BB CREEETER
BT RIFHIRR [2] - Bkt GEBAFHE
H T BUREER » B EIR(RE BXENEERE
R > SRERAETRANE [3] ~ [4]  StEHMFER
FEREIEEEIT T REME » UBIIHERER
PEIEE [5] ~ [6] WHRFRETRSLE (5] ~ [7]-[9] ©

FEE MR E BRIV E > SERMEE K
AEEXNEM THRRFERAF Bt
EEE ISR R B IR BIRIZE R ER
BE - AR EEESENEEEE (Node-
based Trajectory, NBT) 475 74 Bk F8¥
R{EE (PSO) AZ > UBREWFENR
FHERERE > EEERNTHITIREATRE
B ©

v Il .NODE BASED METHOD

HEPA BRI F B PR B KA1 2 BY
o RERATECERAEE (PtoP) HE
REFIRT o AT > WAETRRRIABERE »
BEREEE I RFET L ENREES » &
HBERPERE - AKX EEEBERENERS
B9 75 7R R B A A T B SBF AR LR RE o
EEERDURERADE AN BINIE « &
EMIEERYS > £/ NBT HiERELEMDN
BEFRL > EEEEZHES AmEZ RIS

BREPHEXRHT

spline Eg) > BEA4ESEKEE - AR
FRNFERENL (PSO) HERRRELE
LERE » DUER AAREREFENBUTES R ERY
REPNHEE SRR FEEABIE
PR EERECEENIMT2E XY 2
WE -~ NEE) BRAE A TEFIRNERE
spline ESMMIME S RESE - REBEATE
BRARERNTES > @ 3NRELRE
BNENERER R » R IZERAVERE ~ MNEREIE
TERER] ©

v 1II.NODE-BASED TRAJECTORY

NBTHISERHBERMFEEN
spline EBENMET, > ZIETNEEHIEIRES « BB
REF AL REE ZAVIERIEHEEIDS - BT NBT
HESE > BEFBEERE MR R MR R GBEH
A BTEBFBERPERORIFS

ZEHWMFEER 3D EFER > KIS
EZEMAE (x,y,z) > MENIARKZBE
AHERBIRERERYMHNTT BB RFRRFR
o SLERTFEMER PSO RIEEHINFBE
HRENEESH - HREAMIMKRECHRE
> HPIERCERNQORIFHLUB R RIME
R HlantgEs AR EELERBIREE - L5 > 5
THEEVIAER - BFIERRMESZHNN - H
% RSB ETR NS FEERL
FIES IR R AT RE(CRI NBT - EHEB)
PEEILE RERIREIR REAN AL RY - HERERIE(CBIZ
FEREVIENREAIE > FAREEMZER
HERENRAESI R LR B AR (EL o [ »
HEHENX(X, y, z, t) 'ABIE PSO LB R
PR ARAERERE (o) FIBFRE () o
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B 1. BN IECHINNMASHERES

HESh » REFMAHEH N EIRELR
EHEE - BEMMBEEN > RELCHE
R Eth FIEN o BBVIREINERRE -
MERECAERER AR - 24T » BRBEHE
% > elBEREaEN > MRECBENE
Ryl B B BN RE BV E A& IR N © HIE > SRAEED
FMBENN4ECEHMZE > ESFHE
BRFEMAERME > B8 2 Fim » ZERE
BYIERERIREESR o

Q 1 4 L a 10 12

2. HIMFRERE
E* o

BRHME - BEMEERAZHERAFRDN

Spline curves Al 3 & MAE L B | Pure
spline interpolation #1 Spline approximation »
YNE 3 Frm o AiE EKAARIBIBENRL > MBS
ERERIBMAZ KEARBBEM - RSB

BAEFIRTRERTERAZRARER Spline
curves o 5 > BB LEIRES ZR S IR 1EE
BarBELEARENM > RHEEER Spline
curves RIFEEIRLE— T TEBDS o

0.4
03
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0
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- . . -

0.3 e °

0.2 °

0.1 ° °

0
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0.2

0.3
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4 -08 -06 -04 -02 0 02 04 06 08 1
3.Top: Pure spline; Bottom: Spline approximation

v IV.JOINT TORQUE ENERGY CONSUMPTION
CALCULATION AND ANN MACHINE
LEARNING FOR PATH PLANNING

FEZMBREHTENE > BRfEER
BERENRENT A RRMEE - Wi
Hig (e A THEMEE (ANN) REVET
AR o B £ 3D ERPERKIER » UKk
KIEE ~ MREFMMINRE - 2818 > NAT—EN

Pt > 6258 Spline curves (EEXE TN > RRFER S BUANZERAMRE

FAIFA Ruckig RIzUE (8] st HIiRER > & l%?"Wkﬁi\ﬁ%mn

1RED  EEMMNZREZ AR o BB - 3D ERFBERESE

BREPHEXRHT

RENARIZIT HR{ERE o TEULBEF

AES0 BB 4y L R B B R R R

R E 9] BIRAEMFTE SR

AE - &% StESRBNARENANEE @nﬁﬂ%ﬁdf’ﬁ?ﬁﬁulﬁ[ | RFAERESIEFETRAIREY

RIEAIZRAETRYIRAE(E -

Defina the waypoints in 30 ]

space
[,y z, Rz, Ry, R=z)

acceleration and jerk

Define maximum velocity,
(Vnnx s Fyunixs Jmax )

Rucki
g Apply pure spline interpolation ]

in 6 DoF (z,y, 2, Rz, Ry, R2)
10§ :
ynchronize fhe trajectory an
create time step using s-curve
rafile

K sciry+— [

Convart the trajectory 1o joint angles
using inverse kinemalics

[z, ¥, =, Rz, Ry, R*] — [j1. ., Ja)

Calculate }nlm velocity and
acceleration usmg time steps |
alculate lorque m using eo,uallcm
of motion and ANN model

Rigid-Body Equation of Motion

L

Jolnt angle m——-.| o ANN model
Veloeiy (g} Torowa = o ”[""" o o otoch H @iapens. 52
A 0]

oA}

4. B REMRAERAE ST E B ANN 1232 B HETRAIEER -

ATERAE - RENMRERESS
BAERYIRIE » A1 BESh T2 AcHEE
FENEHEEE - LSRN —RFRER
mE

T(q)=M(q) 9 +F(q " )+G(a)(1)

HfqAXRBAHAE  qURBABAE

B> qAKRMBANEE H#HFEESH
MENZEEMMEE T I RERTEEHR
B EFEERPRNTES B SRAEZERE
B WEHEASAE qN—BHNZFEEHK
LUSEIEREMMEE » HR q = dg/dt M g’ =
(dq)/dt - BB RAER %F R EZ N ZEERY
R MR B E BN EIR DB

RETHE > 0@ 5 FA o
BERD 7 RETSHE - BT
BEXFET R JItHNTE > ESH

MARERIRE [9

Torque at joint configuration.q: (gq) =

[9]

Pmlkwd

TERERF > £H
BREESEN

EEEHE

M(q)i + F(q) + G(q)

Total torque of trajectory, Torar = _f _nr(t)dt
: | “\
2 /
4
dt | dt t dt
2 | et | iy | —
] 1 5 8
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90

AT ERERME > NBT REUL Python 255

BiE - PIFEE (TG) RABRVEEIEUIE 6 P ©

TG #R4A#AEAH URDF 2 M MH12 M FBEEFHREE - CRIERREHNBHESBIERBA
BIgnAR14 ~ BAEREL spline path #5824 ~ R A r‘_ﬂﬁij(}]ﬂtr Blan > Linear = [25 A, #5B] - P2P = [ 4

A 25 B] > Spline=[25A, 8B, 36 C,..., BiN] o
PR AR EREFAEE o

4 TrajectoryGenerator —

—Ante [@s) = 0.01sec

Eentrate Vinear

pip

spline

Methods

RSt —AHEERRS - RAENA MR » ATE—D

builtins 1
»

6. ENEREIHEERT APl (Python) o

vV.PARTICLE SWARM OPTIMIZATION (PSO)

TERE R NESNIE SR > I PSO &
TEBERRMEL > FRFE RAEFEMES TR
H> EERRERRFENSRIANENS
7% o LUTZ PSO PR B MM F B 8 if &
EEHPRIFERIBEE !

I HEES T ERERNRE =T WA
E’Jaifiﬂ: ESNPFERIE o UL > MIBTERE
REMMEBEZET - BREHREZER
qﬂﬁiEEF“iE’Jﬁ&TtiﬂEﬂT\E&“‘ » % 8 REFEM
EEREEER
i EREEES | EMFERNEERSIME
REEAI RN E £ #3328 TR o UESh > BAED
TEES (WBARMEEERE) KAF

AR

NBT FEISGRIEICHV R RBAIRIEH o

i~ RECEEE | ERKENIMERSZE
BHES % 5 EEEER (FEIEERELF
BHiREL) o ﬁﬁﬁ?FS‘ZEEﬁFF"”ﬁI?ﬁH’Eﬁ&ﬁ
23 (NSPSO) BEZETEBRRER
S o ABERFAERLEE NBT 7'3'
EEEUNG o EAESEETRAIRE RS
BT B RIRFEIEEN R o

V- Z2HETE AR PSOEEERENLME
BH28UMT =50 BEHH-=
128 > 12K/ (c1=0.1>¢c2=0.5) >
REHEKRETF =05 BEEREHE =
2> sE=5tK-

v~ Sif L tRETERIARSH T IR AR E BN R
ZHEETRENRER - E—PRENLS
RBE B SR EFNNRE R TE KA CENEF o

Trajectory Optimization

Minimize,

energy and time:
E = [(q: G G)
T = (9090 4:)

Problem
Formulation

Bounds, (qmin9max)
Constrains,
—(%pir Ypis 2pi)
= (xpYi i)
= Xpi Ypir Zpi)

Bounds and

Constraints

7. RFBHREE (PSO) Rt

[ Bl FIEBERERRE(CEA] Q2317

BREPHEXRHT

vVI.RESULT

BERINRECERENBESFR &
THERAEERERR (A) &% B) -
EFHEURZHAVERIRY » #HEELE
L2 RV RIS - MIBIEENEIRHBER
ERFERIE(E (PSO) IR EL > BN
KRE (HRE) MERBEA/N (BEE) &
EFRRBRFIIFEERE > A% i BRFEE
spline B\PMAER: - FESH BT HRESRE
WAEE - AERENANEE » TRERBATRL
B RRE Rt H B RIENRVIRAE o IEHEE R
AR ANN ZRfh5tSEFERBR IS AYABI TR - —
BARNFIEHEES2H > BREEAAED
PRE R FERWET HTEM > FZRE —HARF -
IEEFHEEREHANRE(CTR - ZHBERE
FEETHIIFA R Em B LR
BIRERENES R MR/ ERRECRE -

EEAR

N @ CEEEBREGCAMBEES YT ERBN F I &E (X A (Particle Swarm
B#  Optimization, PSO) - EWMEERHFRRTARE ZWEE - BHRBSNI ZEBERE -

1. Trajectory Optimization Flowchart

e >| Plot Parato }~ —@
Problem Definition: \'u:
1. Point A
g :- 2. PoiniB Bz}
E 3. Limits Initialize PSQ .
E 4, Number of nodes - »| Popuationp | __ o No_ bz _l Evoive
g and { [Population, p)
2 neration, G A
o g¢! Ho e
* Evaluate obj,
Bl | v v e slove filness
[ ; Enorgy Time
ﬂﬁ' E E Model-based ANN .
&R S| % ' |+
gl = 1 Invarse | Qo te Inverse > | ann
2 E 5 : Kinematics Dynamics |
£| 2 . = -
i ' e e Bulete o oivai '
3 i ] "
§E PointA  Point B 5t : ' B
2 | Generate Lincar i i H
=5 iy Trajectory : -c' T H v £
EE 5. |(Coorinate Space)| 1 o &3 5
By ut = a
£ L : NBT AP ¥
L +.| Chocsennode | __J &) | Generate Spline ' &
s > T ' E
(Coordinale Space)r ----=-----=-------=-----~

B 8. SEE - R R ENREICRIZE -
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TERAE T B S ARSI R E(CBRES > RFINIIERRFEREL (PSO) 7&K

B BEREM e R A 2 B RN R/IMERIEREIES - £ 7T E—PIRAIERE

» 855 B TERE FNMNR

ERERE > HFIEBMER PSO AR HAEARMERE » 1R FENFTEERE LRAEEN

BNEE o IRERACRERNFEUESHIRERNBEET » &—

2. Velocity and Acceleration Optimization for Trajectory
balance= VB + T2

pl i e

PERE ©

£E 11 B > BR T EA 1 @ TREND
ER1EHY PSO IRIE(LAER - BIF BN T RA&H
RBVRLFHRIE > K FEURAERE - EEHAR
FifE o FEUbE AT LAESIRERTEATS > R THE
FEARE 2 BB ERIERER o FEUEATERIERUN
B2 (BE0~5) »ARETEEZRSE
RA WAL

MFE (BB 0~5) HENHFHEE
WME 12 Frms > AP EER MR « BEEELK
&#0 spline B&1E

92

Find balanced
------- between
i Energy & Time
u,
! - - -

E Problem Definition: Y m RN

g 1. Trajectory (Inverse Initialize PSO . :
5| € Kinematics) Population.p | s EwMi |

i3 2. Velocity = 50% and
E Q 3. Acceleration = 50% generalion, G
2| @ || 3 Limits:[20%, 100%] J
o 4. Gipax = 50, Pyax =32 : Evaluate obj,
4 ! slore filness
: Energy ]
g ; s

s | Model-bascd ANN 1 L

] L L

3 SetNew '

St

§ velocity & --.....I"..'...'.| D'“:‘"“ }--; ANN

2 Acceleration | piils)

& ey Vi fte

8. SEFE « R R ERIR(E(CRAZE -

TEEITRMERE 2 A0 > FPIRE PSO HIBE2 % - BM1ERSIEE | H—EW RN L2 THER
& (1)  BoES R TR LRI (FeF2) - HHZMGI1 > BRI [0.7,0.85,0.5,-3.14,0,~ 3.14]
f%s > 2 [-0.1,050,0.1,-3140,-3.14] &R RREH 06 AR - MBERE (FiF) MA
MREREARBIBS0% > BS5EEHE  EEFUEMMELE PtoP) BE - RELEER
#4128 RELCHEREAS0 BHIRNEM 2> HEIKE%A [0.7,08,0.0,-3.14,0,-3.14] » K%
[-0.2,0.55,0.4, - 3.14,0, - 3.14] » #8RE% 1.01 AR - Ht12HE%R6 1 #[E o BBRTEELESHM
&4 > FFISTEERE PSO A ATEMEIEIE TR T BB EMIE

Problem 1: Place-Down Motion Optimization Problems

*  Stan Point: [0.7, (.85, 0.5, -3.14, 0, =3.14)
+ Goal Poine: |-0.1, 6.50, 0.1,-3.14, 0, -3.14]
+  Total distance = 0.96m

*  Initial Velocity = 50%

+  Initial Acecleration = 50%

»  Number of Nodes = 5 -
* Optimization Variables = 5 x 3 ~ 15 variables 16 -
+  Relerence = “Linear”, Limit = “P2P"
+  Optimization Population = 128

*  Optimization Generation = 50

Problem 2: Plck-up Maotion l i
*  Stan Pomt: [0.7, 0.8, 0.0, -3.14. 0, -3.14] - L
*  Goal Point: [-0.2, 0,55, 0.4, -3.14, 0, -3.14)
*  Total distance = 1.0l m
+  Initial Velocity = 50%
+  Initial Acceleration = 50%
*  Number of Nodes = §
*  Optumzation Varables = 5 x 3 = |5 variables
*  Reference  “Linear”, Limit -~ “P2P"
*  Optimization Population — 128
*  Optimization Generation = 50

10. 4 1 R EEIT

—0.2 no 02 ha 0.6

B 2 W TE L - m&EERRZ PSO RS HERE °

AR

BREPHEXRHT

6.0

Pareto Front

L4 —a— population
— Pareto front

120 121 122

11. %6 1 A FREMPBRIEHREEER -

Path 0 Path 1 Path 2
== e =
= ke — el e
0% 0.4 0.9
0.8 0.8 0.8
0.7 “0.7 0.7
-0.6 0.6 06
0.9 0.9 0.9
0.8 . 08 0.8
0.0 0.7 [ I 0.7 00 o ; 0.7
0.2 0.2 2 .
0.4 0.6 0.6 0.4 0.6
0.6 0.6 5 0.6 0.5
Path 3 Path 4 Path 5
= = =
— e = — etaw s
0.9 0.9 0.9
~ (.8 0.8 0.8
0.7 0.7 " 0.7
0,6 0.6 0.6
0.9 - 08 0.9
- 08 0.8 0.8
0.0 0.2 0.0 0.7 0.0 01
02 0.2 : 0.2 )
0.4 0.5 0.4 i 04 0.6
0.6 05 0.6 0.6 0.5

B 12. %A 1 XECRENS FHERE > SERIERE « R RRIEH Spline B&1E o

® 1. %0 1 m THRENHFBRENRECERATHR -

Motion Type Energy (Wh)

Linear 13.311

P2P 12,761
Path 0 11.505
Path 1 11.533
Path 2 11.547
Path 3 11.588
Path 4 11.685
Path 5 11.845

Time (s)

4.05

3.21
5.2
4.7
4.4
43
4.1

4

Energy savings(% )

0.00
4.1
13.56
13.35
13.25
12.94
12.21
11.01
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RIBETRA 1O THENFRCHRELCER > RETARAEFEUREZEA
TR R A EIAE SR o BEEZMEENTE 4.05 W AIHFE 13311 Wh» (EABEEIAEMRMNSE o Bl
25 (P2P) EENTULEMR EAFIKE > JHEE 12.761 Wh > BERSA 3.21 70 > BIE 4.1%R9E0RE - £/
K FERE(L (PSO) FTEMNRELRE (BRE0~5) RBETE—SHKRE - HIE0 > BRE 0 HFE
11.505 Wh > B¥f8% 5.2 7 » EXREM 13.56%HFEMR - HtREICERSIREBELIAINE » LR
M B ERE B A WOt T AEFE AN TR RS © $B58EA T PSO TEIR A F oA R AL TR
EMREA I B M o

2. & 1 A TR {EEERMEERECEREHER -

=3
BEEHEZERT
Path 0 Path 1 Path 2
= == =
038 08 08
0 0.7 0
o 0.6 0.6
0.5 0.5 0.5
5 0.85 0.85
5085 0,80 0.80
75 0.2 Jggs 0.2 3%"5
0.2 ] 0.
0.0 085"0 00 0.65 09 02 0.65
B2 04 0.60 3 0.60 =04 0.60
0.6 0.55 0.6 55 0.€ 0.55
Path 3 Path 4
08 0.8
0.7 0
0.6 [
0.5 (]
0.85 0.85
0.80 0.80
0.75 0.75
=0.2 0.70 0.2 0,70
0.0 0.2 : 0.65 et 0.2 .65
0.4 060 0.4 0.60
0.6 055 0.6 D55

14. 20 2 RECRENEFHERE > SERIERE « RIS spline B1E o

R 3. 2 @ L ¥ B 2R 1€ & {16 & R B ¥ R RetryClaude can make

94

Motion Type Energy (Wh) Time (s) Vel (%) Acc (%) Energy savings (% )

Path 0 11.202 5.0 67 84 15.84

Path 1 11.365 4.7 51 71 14.62

Path 2 11.517 4.4 55 59 13.48

Path 3 11.698 4.0 78 100 12.12

Path 4 11.736 3.7 4 82 11.83

Path 5 11.806 3.6 84 92 11.30

R2ERTEM 1 PRAFILERERN

BAERI TS (BAE 0~ 5) BUEERIEE = :
BHRELER - BT 7 ZRISHIEERE ~ 5T
B ~ EEMMRET DL » UREBERN o

R BE0BRTRSH 15.84%HEMR »
FEFEA 11.202 Wh > SEpkBsfEA 5.0 #) » 52EA
TRECEREMNNEEREZEFRRERLGE
HRENE - HREHBREREREEN
RMZIEEE - REATE T RECEZRM
RESHERARMFENTRETENE
RN o

138 T HEA 2 1BRH PSO RI{EME
MR o BIPER T RAHACRIRLT » K FEA
RACHE » EEEURER o (EILE R LUER M
EFERAR > BRAEFEEL ST Al e 2 PRI Y B (18
1 o PITEULAIG LB T AR FRE (BRE
0~4) »ARTLERATERBERRNRE -

Pareto Front

@ —a— population
— Pareto front

98 100 102 104
Energy

13. %6 2 : A EPBFRERIECER o

MFR (BR1S 0~ 4) HENSE REEE
NE 14 Frm > AP EIEAR MRS « Bi¥EL (P
to P) E&TEAHN spline B{1K - BIEERER T
HEEFEN TR ERE R RENG - BT
PSO AEEH AN FERARNREFRK
FENERE

mistakes. Please double-check responses.

Motion Type Energy (Wh) Time (s) Energy savings(% )

Linear 11.016 3.2 0.00

P2P 10.857 2.5 1.44
Path 0 9.399 4.7 14.68
Path 1 9.410 4.3 14.58
Path 2 9.556 4 13.26
Path 3 9.742 3.9 11.57
Path 4 9.818 3.8 10.87

RIZWTHEG 2 A LAFRENRECER » BRSEESRERHEHEOREE TR
FEAFERLR o AR MEEBNRIEE 3.2 ¥V AHFE 11.016 Wh » (R EEISERAVEE > MASHES (P2P)
BRISRRRES e E - 72 2.5 TVAHAE 10.857 Wh » EXE 1.44%RVEARERUR o £/ PSO #AIMRE(C
BT (BE0~4) RIREENEREMR » B0 BRRSAHY 14.68%HI5E » 7 4.7 #PAIHFE 9.399
Wh o % 4 EBRETCAFEEREHNERENNEESHE—THAECELER - BE 0 BRREEN
16.48%ENAERAR » 7E 4.0 #PIIHFE 9.2 Wh » BREFNIEE D 55 E A ERHIRY 69%7F 71% o BIE
1 EPEHE - B8E 15.80% > MEMBERE (B2 ~ 4) WRIVHBEENERERRE - SLELESERZE
BT ERE— I RECRENMNEEREFABRAERMEEMBERE > 55T PSO EAR{EHmMTF
BYIFLUERIR AR S ENBERIE
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o0 0 00
& 4. £ 2 M LR ESREANEERECERERNR ® o 00 0 @

Motion Type Energy (Wh) Time (s) Vel (%) Acc (%) Energy savings (% ) ® ¢ ® & & o
Path0 9.2 4 69 71 16.48

Path 1 9.275 41 56 98 15.8 =
Path 2 9.397 4 84 75 14.69 T —— Tk
Path 3 9.666 4.1 55 97 12.25 E
Path 4 9.767 3.6 54 98 11.33 ¥ Y S
i

fERRFRREIL (PSO) 757% > HFIFAE T —B% BAcfEM Tl k% B IRMREHITR
E1EHAMT - EEIBES E » FriR B RE(EHFZER LM B TESFIIAIEE 11 ~ 14%BIEEFE - &
BE—DRE(CHIREEMMERE > FIZESNEIR 1%E 2%RIBFERR o RANESRRE > RiEE
(P2P) EEHEARFEMTTAEE o IS - EBRIECHBREREMMNEE - EENRFE AT UBEEREE -
555 T PSO TERAMF BN RISERMERMIREMEE S BB
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From Edge to
Action: Paving
the Way for the
Next Generation
of Robotic
Innovation

Ricky Watts

Sr. Director Industrial Solutions

Intel Corporation
https://www.linkedin.com/in/wattsricky/
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vFrom Fixed-Function to Human-Centric: The
Robotics Journey

Robots are no longer just mechanical arms bolted to
factory floors—they are evolving into teammates, helpers,
and even companions in our lives. The future of robotics
is a journey from fixed-function machines (like single-
task industrial bots) to collaborative robots and onward to
humanoid helpers that can engage with us on our terms.
Each stage of this journey adds greater capability and
a greater need for relatability. Tomorrow's robots must
be likable, relevant, and able to form a relationship with
humans because people naturally build empathy even with
inanimate objects. In one study, participants felt genuine
distress when a small robot was "hurt," engaging the
same empathetic brain areas as if a person were suffering
mindfood.com’. This innate response suggests that making
robots more human-aware and emotionally intelligent isn't
just a nice-to-have - it's essential for their acceptance and
effectiveness in human environments mindfood.com'. We
expect these machines to be safe and secure, earning our
trust as they work alongside us.

This human-centric perspective comes at a time of surging
demand for automation. The global market for industrial
robotics was valued at about $87.1 billion in 2024 and is
projected to nearly double to $162.7 billion by 2030, growing
at an 11% annually Research and markets?. From automotive
assembly lines to e-commerce warehouses, every industry

is looking to robots to boost productivity and solve
labor challenges. In short, robotics is at an inflection
point: machines are becoming more advanced and
ubiquitous, but to truly unlock their potential,
they must seamlessly integrate into the human
world. Achieving that means rethinking what robots
can do and how they relate to people and building
the technological foundation to support this new
generation of robotics.

vCompute, Al, and Sensing: Robotics
Foundation

The remarkable evolution of robots from
simple automatons to intelligent collaborators
has been made possible by decades of
progress in computing, Al, and sensing. The
robots of tomorrow stand on the shoulders
of the technologies of today and yesterday.
Powerful processors, advanced sensors,
and machine learning algorithms form the
foundation of modern robotics, enabling
machines to perceive their environment, make
decisions, and act in real-time. It's useful
to think of a robot as having a "brain," a
"nervous system," and a "heart" powered by
technology. The "brain" is high-performance
computing - CPUs and GPUs that execute
complex algorithms and Al models to give the
robot intelligence. The "nervous system" is a
network of sensors, actuators, and real-time
communication links that coordinate perception
and motion, like nerves synchronizing a body's
reflexes. The "heart" can be viewed as the
resilient core systems (power management,
safety, and security features) that keep the robot
running reliably and safely.

Bringing all these pieces together is no small
feat. A sophisticated robot may need to see
its surroundings (camera and LiDAR sensors
feeding data), think and learn (Al and inference

BREPHEXRHT

on powerful chips), and react instantly (real-
time control of motors and actuators) all at
once. Traditionally, these functions were split
among fragmented systems, but the trend
now is toward unified architectures that can
handle diverse workloads concurrently. Modern
robots require compute platforms capable of
simultaneously managing heavy Al inference,
high-bandwidth sensor data, and strict real-
time control loops without missing a beatfile.
Consider a warehouse robot navigating a
crowded aisle: it must run computer vision
to identify obstacles, update its route on
the fly, and control its wheels and arms with
split-second timing. Achieving this level of
coordination demands raw processing power
and technologies like time-sensitive networking,
TSN (to align sensor inputs and actuator
commands in real-time) and virtualization
(to safely run multiple OS and workloads
simultaneously on one hardware brain).

v Smart Factories Powered by Software
and Al

The good news is that the same advances
that drove the computing industry - faster
processors, ubiquitous connectivity, cloud,
and edge computing - are now converging
to elevate robotics.

Smart factories leverage Al-driven insights for real-
time decision-making, enhancing efficiency, quality,
and adaptability.
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High-performance chips are becoming
more energy-efficient and embeddable, Al
algorithms are more accessible thanks to open
frameworks, and sensors are getting smarter
and cheaper. These foundational technologies
enable robots to transition from rigid tools to
adaptable, human-compatible systems.

v Real-World Impact: Robots in Action

The impact of this technological convergence
is already visible across a range of real-world
applications. On factory floors, robots with
better "brains" and "senses" take on tasks
that were once impossible to automate. For
example, in the food and beverage industry,
intelligent robotic inspectors can visually
scan thousands of products (like yogurt cups
or bottle caps) for defects in mere minutes,
something a human could never do at such
speed or consistency. In one case, an Al-driven
vision system was able to inspect thousands
of yogurt tubs daily, catching issues like
missing lids or misprinted codes with high
accuracy elementaryml.com3. These edge Al
solutions ensure 100% quality control accuracy
in packaging lines, improving product safety and

reducing waste. Collaborative robots (cobots)
are also increasingly common in manufacturing
— working alongside people on assembly lines.

Unlike the big industrial robots of the past
that had to be fenced off for safety, cobots use
arrays of proximity sensors and quick reflexes
to stop or slow down if a human gets too close.
This means humans and robots can work
together, combining both strengths.

A cobot might hold a part in place while a
human worker fastens it; or handle the heavy
lifting while the human does the fine-tuning. The
result is a boost in productivity and ergonomics,
with robots taking over dull, dangerous, or
strenuous tasks and freeing people for higher-
level work.

In warehouses and logistics centers, fleets
of autonomous mobile robots (AMRs) are
revolutionizing how goods are moved and orders
are fulfilled. These robots zip through storage
aisles to fetch items, haul pallets, or deliver
packages, orchestrated by sophisticated fleet
management software. The scale of adoption
is rapidly increasing — by 2025, an estimated 4
million commercial warehouse robots will be

Collaborative robots (cobots) work safely alongside human operators, enhancing productivity while ensuring safety.

installed in over 50,000 warehouses worldwide
Dexory*.com, driven largely by the e-commerce
boom and the need for faster, more efficient
order processing. Anyone who has ordered
online has likely benefited from such robots,
which can work 24/7, navigating around human
workers and forklifts to get parcels out the
door in record time. In hospitals and healthcare
facilities, similar mobile robots carry linens,
medications, and lab samples through hallways,
reducing the workload on staff and minimizing
human exposure to contagions. Meanwhile,
surgical robots assist doctors with precision
in operating rooms beyond the steady hand
of even the best surgeons, enabling minimally
invasive procedures that heal faster. These
medical robots combine high-definition 3D
vision, sensitive instrumentation, and real-time
control — another testament to how foundational
technology saves lives via robotics.

Perhaps the most exciting developments
are in service and social robotics - robots
that directly interact with people in everyday
environments. Humanoid robots and other
interactive designs are emerging in roles like
eldercare companions, receptionists, and
hospitality greeters. In eldercare, for instance,
socially assistive robots can remind seniors
to take medication, help them exercise, or
provide companionship. Studies have found
that such robotic companions can establish
long-term relationships with users and help
older people live more autonomously at home
mindfood.com'. The key here is not just utility
but emotional connection: a robot that can
recognize faces, understand speech, and
respond with a bit of empathy can alleviate
loneliness and support caregivers by keeping
residents engaged. In retail and hospitality, you
might meet a friendly robot concierge that guides
you to the right hotel room or a robo-assistant
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that can answer customer questions in multiple
languages. These systems leverage advances
in natural language processing and Al (some
even tapping into large language models) to
converse and adapt to customer needs. And we
should not forget that autonomous vehicles
and drones are robots, too - they use sensors,
Al, and real-time decision-making like any other
robot. Self-driving cars, for example, are robots
on wheels navigating the open road, and they
promise to transform transportation as they
become safer and more widespread. Delivery
drones in the sky may soon drop packages at
our doorsteps. All these examples underscore
a common theme: when robots are equipped
with robust intelligence and awareness, they
can extend human reach and improve the
quality of life in countless domains.

vEnabling the Shift: Intel®'s Role and
Vision

Behind this robotic renaissance is a concerted
effort by technology leaders to provide the
building blocks needed for smarter, more human-
centric robots. Intel is aligning its product and
architecture roadmap tightly with the evolving
needs of the robotics industry. Rather than simply
cataloging CPUs, GPUs, and other components
as a checklist, Intel's approach is to serve as
the architect of the robot's brain and nervous
system, essentially shaping the blueprint that
robotics developers can build upon. This means
focusing on the fundamental capabilities that
future robots require, such as computing
horsepower, fast and reliable communication,
safety, security, and Al acceleration, all
integrated flexibly. Intel is working to give robots
a stronger brain (for processing and intelligence),
a steadier heartbeat, and a more responsive
nervous system. This includes designing
processors that can handle heavy Al workloads
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on-device, adding dedicated neural processing
and vision acceleration where needed, and
enabling real-time responsiveness so that a robot
can react to its environment instantaneously.
Equally important, Intel builds hardware-based
safety and security features (for example,
functional safety mechanisms and secure
enclaves) into its chips so that robots behave
predictably and their data and operations remain
protected from cyber threats. We all want robots
we can trust with our well-being, so attributes
like fail-safe operation and cybersecurity are
non-negotiable. These are areas where leading
technology providers, including Intel, continually
develop capabilities and integrate advanced
features, building on years of experience in
mission-critical applications.

One of the transformative ideas Intel is
championing is the concept of the software-
defined robot.

Unified platforms enable robots to manage diverse
workloads, from navigation to quality inspection, on a
single system.

Just as modern data centers use virtualization
to run many services on one physical machine,
a single robot can run multiple functions on one
computing platform, thanks to virtualization and
microservices. Intel's virtualization technology
allows, for instance, a navigation system, a
vision Al system, and a motion control system

to share the same processor securely while
ensuring each performs as if it had the whole
machine to itself.

This reduces hardware cost and complexity (no
need for separate controllers for every subsystem)
and makes robots far more adaptable. With a
flexible compute platform inside, updating a
robot's capabilities can be as easy as a software
upgrade. We've already seen demonstrations
of this: for example, Techman Robot (a leading
collaborative robot maker) showed off a robot that
could switch from one task to another on the
fly — going from a pick-and-place operation to a
quality inspection task seamlessly — all because an
Intel-based controller was intelligently reallocating
computing resources in real-time to whatever
workload was needed.

Intel's vision extends to ensuring real-
time coordination as well. In complex robotic
operations, timing is everything — sensors and
actuators must operate in lockstep to avoid
chaos. Intel® Time Coordinated Computing
(Intel® TCC) is one example of a technology
that provides precise timing controls at the
hardware level so that latency-sensitive tasks
(like a feedback loop that keeps a drone stable
in gusty wind) get preferential treatment and
exact scheduling. By synchronizing data flows
and processor timing, Intel helps robots achieve
deterministic behavior (the "nervous system"
functioning smoothly), which is crucial for
reliability. The company also actively supports
open-source and developer communities in
robotics. Intel is a key contributor to the Robot
Operating System (ROS2) ecosystem and offers
tools like the Intel® Distribution of OpenVINO™
toolkit, which optimizes Al models for Intel
hardware. The goal is to let robotics developers
leverage Intel's compute innovations efficiently,
whether working on a high-performance server

or a power-constrained edge device on the
robot. By providing a unified software stack
(through the oneAPI initiative, for instance), Intel
ensures that the same code can run on CPUSs,
GPUs, VPUs or FPGAs, abstracting away
the complexity of the underlying hardware.
These efforts reflect a core philosophy: Intel
isn't just selling chips to the robotics
industry but investing in architecture and
ecosystems that empower robots to be
more capable, adaptable, and human-
friendly. Industry analysts have noted that as
demand skyrockets for intelligent machines in
robotics, healthcare, and transportation, Intel's
hardware expertise positions it well to provide
the "computational backbone" for these real-
time Al-driven systems, Futurum Group®.com.
In other words, Intel sees where robotics is
headed and is aligning its innovations, from
low-latency computing to Al acceleration, to
drive that future forward.

v Building the Future of Robotics Together

As advanced as robotics technology has
become, no company can unlock the next
generation alone. It will take a collaborative
effort across the entire robotics ecosystem
to fully realize the vision of robots that
seamlessly coexist with humans. This means
hardware providers like Intel work with robot
manufacturers (OEMs and ODMs), software
developers, sensor makers, system integrators,
and even academia and policymakers. Intel
has embraced this collaborative approach,
forged partnerships, and participated in industry
consortia to ensure all the puzzle pieces fit
together. For example, close cooperation with
sensor vendors (for cameras, LiDAR, etc.)
and real-time operating system providers
help ensure that Intel's platforms interface
smoothly with critical components of a robot.
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Joint innovation projects - often showcased
at industry events and trade shows — allow
companies to combine their strengths: a
robotics company might bring the domain
expertise in, say, warehouse automation, while
Intel provides the computing and Al backbone
to make it intelligent and scalable. Through the
support of open standards and interoperability
initiatives, Intel and its partners advocate for
common frameworks so that solutions can work
together and developers can avoid reinventing
the wheel. This ecosystem synergy is essential
to avoid fragmentation in the robotics space.
When everyone aligns on interfaces and safety
standards, a component or software module
developed by one player can plug into a system
built by another, accelerating innovation for all.

The next five years in robotics are poised to
bring even more dramatic changes, and a clear
shared vision is emerging across the industry.
In broad terms, the community envisions
robots that are smarter, more flexible, and more
seamlessly integrated into our world. Specifically,
the robots of the near future are expected to:

¢ Highly Software-Defined: Robots will
feature modular architectures that allow
instant reconfiguration of roles and skills
without changing physical hardware. Like
updating apps on a phone, a single robot
can download new capabilities or switch
tasks via software updates.

Seamless Edge-to-Cloud Operation:
Robots will leverage computing at the
edge and in the cloud. Time-critical tasks
will execute on-device (at the edge) for
immediate response, while complex
analytics or learning can offload to the
cloud. This tiered model enables seamless
data sharing, collective intelligence, and
scalable coordination.
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¢ Adaptive, Real-Time Al: Equipped with a journey of an entire ecosystem moving forward

advanced Al models, including generative Al
and large language models, robots will learn
from minimal data, understand context, and
adapt on the fly. Over time, they will better
understand human communication and
navigate unpredictable environments.

¢ Secure, Real-Time Compute Foundations:
Robots will be built on standardized
architectures with safety features, real-time
responsiveness, and robust cybersecurity at
the core. This ensures consistent performance,
data integrity, and user trust, similar to a
common "operating system" for robotics.

In essence, robots are on track to become
more human-aware, mission-flexible, and
autonomous, not in a way that replaces humans,
but in a way that enhances what humans and
robots can do together. They will be partners in
our work and daily life, tackling everything from
dangerous tasks (involving chemical and mining
activities and mundane chores to complex
tasks, guided by integrated tech stacks that
balance computational complexity with practical
performance. Achieving this vision will require
continual collaboration. Today's cutting-edge
research must translate into the standards and
products of tomorrow. It's a journey like the
evolution of personal computing or the internet —

S AN

in unison.

Intel's role in this future is to continue enabling
and catalyzing innovation at the heart of robotics.
From compute to collaboration, Intel is
helping to shape the next generation of robots
by shipping silicon and sharing a holistic
blueprint for intelligent machines. By investing
in real-time technologies, functional safety, Al
integration, and cross-domain platforms, Intel
is turning possibilities into reality, providing the
brains and nerves so roboticists can focus on
building the applications and bodies around
them. The invitation is open to all: researchers,
startups, industrial giants, and policymakers
alike. We must work together to ensure these
emerging robots meet society's needs and
values. With the right blend of technology and
humanity, the coming wave of robots can truly
revolutionize industries and improve lives. The
mission is clear: build safe, smart, and scalable
robotic systems that redefine what robots
can do for everyone. If we succeed, we won't
just have more efficient factories or convenient
gadgets; we'll have a new generation of relatable,
trusted machines that help humans unlock
their full potential. And that future, built on the
foundations laid by years of innovation, is one we
can start creating today together.

xIntel and the Intel logo are trademarks of Intel Corporation
or its subsidiaries. Other names and brands may be claimed
as the property of others.
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CNC NIt/ TERARETHENAES I
{ELWLE’\J?EE*E,%H&HE?%H%H TRE
ERsEEL 3D IRIRMAEE o

BREPHEXRHT

ZX £ 3T 45 & ROBOGUIDE £ OCTOPUZ
LESREETA[11]) B8 FANUC W FE
ZERSE > TUEFAMCATEFER
Elié'ii CNCIAE#Z FTHREES - 24

B Z° #% % F Ethernet ~ Modbus RTU £
mommeﬁﬁﬁ%ﬂﬁ%Lﬂﬂmh%F
ZHE [12][13] > #H No-Code Tii2s& st E21R
BTAMNSA > BEREENESES - BiTH
HEHERR o R > EERESINE T F H IR
EIRIR » ABPREABEITH S ISR E#E
PREE > RIBAEFZIRIZE B FRZEAHERE o

2. RERIE

AT EETHESRA > HE
BBZRBUATT O BEMUEFI MVC (Motion
& Vision Control, MVC) FF&AE» BT
EAMWIFR - A8 CNC IO ~ AL 10
BARAURRERAIRR > BEH—ERE
FEHHRER « BEITH] « B ITELRIZEIERY
BEEELIEEIRIR ©

| OLP i 158 35 @

MVC | meeaan
| Motion & \.'.’is:on_‘(_',‘onlrol system| -

Muodus RTU

10 M IiER

Profinet IO . X

B 1 R MVC &4

+ OLP & He e M BEIEE
o RN T SRR

TIRBESERRBE
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EEAR#D > BEMVCFEFEEEER
RO RAERKE]E OP) TR 88
ROBOGUIDE (21 FANUC M F %) &
OCTOPUZ (ZIEZ Mg AN) > STRRES
ISR BRI IR E - MVC AEEA(CA
SHEWTREEEERENE » RIEABRK
BEERRITRIZEE - BT AEEES
EEEBMITIER > |EIRERENE  TARE
AR EEESS > REIRAEGEMANE -

ARG Z R AR ERe R A EE

1.MVC & : Af No-Code EH5 &R
BENmE IRIEREERE > ZIERE
1R4R1E FA BB ERIR (U D TR TE ©

2.FANUC W F B : &8 Ethernet T @A
£ UOP (User Operator Panel) sfl5iEd
MVC 5@ » BIR ETRIEGRES o

3. REICNC AT H(r: £ Modbus RTU 8-bit

#E 23 E4H K PROFINET 10 #4038 »
BIRGEE 10 ASRIEAMTARRERD o

4. B4R 4RTE T A © % A ROBOGUIDE £
OCTOPUZ & 3D EizIR R F B R i
A B LS TP RXERLEAZE
MVC o

5. 18254 © B MVC REEREIEE
AAIEHIMEHER YR - AT R ~ &
(AR IE B 2R o

6. EEEE T A | 24 SolidWorks % 3D
CAD EBMER IR AT » IRAEH
IS EE MY EAEE o

MVC FarRNEEEEEHRS > ERB
HITERRP LRGSR « EEREER » R

FIRNEGIS 30 M ARFIERE BRFHA R AEREA »
M EE AT EETTIR R o Jtl:’f,%% REXNE
SRICEMBEENREARMEERES - BB
RARFHITEMERBEN -

3. GEERE

3.1 BMFE L TRRERE

I B T & # MVC (Motion & Vision
Control) RMARIBETERMERS » A
RIABHIER AR > BEMFENLER
& MR Z 10 515 » WA CNC B

BRENIRERFSGE TSR o L5
AN EfRESIEHI BB > FRAAR
BERBWEREY - TREGREME B
FeERSE MVC BB ZHRIETE » RARIER
(Subroutine) ZRIERMABNEHFERE -
ZBIREX P ECRERFENRAIER > MR
BE 10 ZEHINIE > FABEW 10 B1E - REE
SR E R R 53X MVC RAH—EIEEAH
17 W@ 2 Fimm o thfE D B U I SR BE 12
SERRARNEACREE » hEBRETRIZE

AR RS PREE TIEEMEF SR o

TER BN F B 9T L TRMEBRRE

B > BRIRIETUEAR 10 SRR » &
BLZHRRERITIER - BE L THmEN
BEFREETTEAER » EERRTBRAGE
HIETESEARRE > B A RFRET RIS LiSmERN
BEHOETHA  EHERTERFRE
1T - EBULRF AR IDENVRRE
RABEBAZAEEHN BIEEZERRME
MR - KERRE AR HRBRER - ERKRET

BREPHEXRHT

8 #HEIRET - BIFLRZE TR L TEOAREX » REABRMEAMERMY - BIREAAT REDNRHRE
fi ~ CNC IERGIER] « BEREYNIAFIEMERE » HFMATHEENBIR 1 Fim o A&REHRE MVC
EITEEATESMGEERMEZEFNERTESHE  RREEEIHRNELNERIFEMRE

& Motion@ExtraCMD FAMUC_RB,FILE,mvc_demo_7.LS
123~126%3 L& | Motion@ExtraCMD FANUC_RB,RUN,RSR0001
F& & PR System@Delay 0.2
- Motion@WaitMotor FANUC_RB, TimeOut=30,
. 0@ClrPort F2.1
127~1304310H System@Delay 101
RITE 0@SetPort P2.0
System@Delay 0.5
2 MVC F2 (&5
* 1511248
ESaw Y e Z k)
MVC_DEMO_1 B EHEEEER
MVC_DEMO_2 ZEZE CNC PO
MVC_DEMO_3 BEER#AEALS
MVC_DEMO_4 FERTHRERH
MVC_DEMO_5 B E#eRE LR
MVC_DEMO_6 :R[B] CNC F3O
MVC_DEMO_T7 B EHEEERE
MVC_DEMO_10 EEEIRES= 1A

3.2 OLP BEEHBIS M F BB BRT

EARHED > BRFEZRHBRTHRE
EIBEREE > DRI AR AR TZENRS
OCTOPUZ £2 ROBOGUIDE - i & & B 52
AURSHRTHAE ~ BRI EBCHHI R B R IZ T E AL
73 ) BB IBEMIEE R BB MERER
o ALREEEREABEZER » KX
FAFE OCTOPUZ & ROBOGUIDE A 18
A AN IR~ BRICHEBEE 10

HHEESRES] » IR BRI A MVC Z R
MERARISIE - BHRAMELER > DITMER

BESENESEPZERM -« IREREREE
BE AR ©

ROBOGUIDE % FANUC A Bl & & H
WINFBFIREt ZBRERRIZHRIE (Offline
Programming, OLP) ¥& > BX4RHHEE
FRIRIBIRIEA R — - TEBRNENELR
TEEETIRG EREBHESR LAV
TERIZ > EITRBEEBIFRE > WE 3
Ffi7~ o 7£ ROBOGUIDE HiETTF B EI{EE
BRERCHEBR > FIRR VRIS EEE
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RSENEFEE > SEAMERERERE
BEFRAEFARVER RS o

ERAELME > BRIEREEE
IAYEEIE o FANUC R IEMIERRRE
E5 .LSHE TPEE > Hh TP AEERE
Rz ZH&MAER > BEEAERBIINDRRE
AFEHIZE ; LS BIAXFRR » BARE
B USB SUABER N EE A FES2S o #6285
WE LS iEERE > BEHEES TP LU
HIRBAIT - Bt > ERREREETR
% > FEMBELERS LS B - UHERE
IEEPEAZIEFSETIEE FANUC BEFI R ©

3.2.2 OCTOPUZ EfFHEE
OCTOPUZ % —EBEHERRERE
(Offline Programming, OLP) &xfg > B
EHHH IS B S m AN T IR ThAE »

AR

LuBHE g 1

-
-
-
=
o
o
o
=

4 OCTOPUZ 1B EE

BZREANEEREESRIED - HRERE
KAEMNEE FRETEBIERIRE
RN FERHETREWE » WEEPTP

(Point-to-Point) 3¢ LIN (Linear) #&hi&
I RGEDEENEC iR FERE (UL A A AERERE
UHE o BTN (Subroutine) FIE@AEE
AEETHIE R MEE ) IREAER
EREIEACRERERZBERZNE
4P ©

OCTOPUZ A4 ## % k& IE 8% (Post-
Processor) » B]E{&EE H T & FANUC %15
BERH LS BHER > RBRFITHRAER
ZER > BRURARAEPE R R EALERE M o
ZENEE LA Visual Components 258352248 »
HH 3D R B R E 83 A T4 BT £ Visual
Components FEHA » E—FIRARGRIE
RMEAESY « BRI EE MR E AT

JOmErnERs
IDEEEEEE
EEEEERED

B > EAEINER Visual Components B
HimBEE AL THREE=FIREZBEIER
&40 > WIETE OCTOPUZ BT 1B 0 E SAME A
M o

3.3 CNC Bl F 5 10 kS

EEAARHD > BB MVC FAaRAKELSR
PLC #1417 1/O ¥EHIThAE © FRA 1/0 sHSRAYEEER
BERER MVC FEEE X QiERERRTF
B\ CNC REEEH ML (DO) M5k > MU
Rk B CNC 98 figm A (DI) ER5% > %5
LB IR ETRERAZ AR AV AT SR IR BB (E HhaR o

3.3.1 HJ3202 #&#%E CNC PROFINET ##0

PROFINET AENR TEZXKFERNS
HIBAWE > BZERAR B ERAET -
HJ3202 1E4H A &8 & KBRS 4R EZE CNC
¥ # A ZP 2 PROFINET @118 » it 55
ST L 24VERERUMIEHEE T
FRIERS E R AR A NEHRIEE
Z GSDML (General Station Description
Markup Language) 12 o ZIERATE
Bz ASCIl XFR I > B aREEI
At - HREES2 AR ERBREFEM -
#& GSDML t2EE A = CNC £=H231% » BIA]
i HJ3202 1548 E# PROFINET 10 Ry 4
fEER  EMERE MVC F &8RRI
G EEP 1S o

3.3.2 LC-Modbus-8R-D7 Bc4%
HJ3202 & 1/0 1485538 PROFINET
B R % #|> #& & Modbus RTU &
PROFINET f & 2% (Gateway) > BIR ¥

BREPHEXRHT

Modbus & R SR B B 2] o HL A »
LC-Modbus-8R-D7 15 #H & & & 1 24 {1 31
% > Wi3EE Modbus RTU #7548 H RS485
NHETERRE - [EMVCERITE
PRE1T 2 EC B BRI INIR B RS485 &
BV S > A< B ST ER A RS485 ¥ USB 2
ZEE BRANKIEHRESH W
5Ffim o BBULIRE > MVC F 1T INA
Modbus ®#BETERRE > RIERKE
ez HEE M AR ER % - LC-Modbus-
8R-D7 EC4RSTRIARS > UNE 6 - BciRTemi®
ZARAHAES L HJ3202(PROFINET 10 #5240 )
EEESRD R A LT
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3.4 FANUC W FBRE

MVC ERBEFR1E 2 0 B B RS B i 55
FREINARIRET c BRECUBKERE
8 Wi-Fi o 3 ip (I BRBBZ K ERARE
1% FANUC FB#EZHIF A Ethernet @K E 15
MRz @IEAERRIEO > o MKEIHATER IP

B33 A SETUP>Host Comm » R 7E
FANUC F% |P i1 & e ik B & I 4l R 1 A o

3.4.1 FANUC DI/DO #&BE
ABHRMVC FEH FANUC i FE
#{ii I/O (Digital I/0) IRAVIER > B3
IBTEEETTIERT 1/0 2HBIRTE © LLRTE
A EIR L BE A 2R A P 2R EA SN BB 5%
HEZEN /0 AERR - TERIERETE
1E BN E 1/0 BB ~ ERBNBE
MU BcE A B (I ¥ FE o SFALLRTE
W F B RIE< M EIX TR AR
(DO) RIzUgshEpfEEs sk (D) - ¥
BREHMBEREZHEEE > WLaE
BB [E] FEIR IR S A2 R AV B EAR RS o

3.4.2 FANUC (UOP s5%) &%

UOP (User Operator Panel) 3T 5% 2
FANUC #1525 82 PLC SRE oM SRIEHIR
EETEAAGANRRENE - RFFIMNER
I TFE RS ~ (FLEERERMITE
B o TR > FRERZ MVC BT
BBIIMNIR A R4 0 FILEE AR
23R UOP MERAFSRERE » UBIREWMTF
BRYIZIRIEHITHAE o A fE MVC 5EEiE UOP
B EH] FANUC W FE > BETREEEH
EXR4EEZ Ul (User Input) 5% > €15E :

AR

1. UI[1] IMSTP (Immediate Stop) @ B
SLEHER AENME o

2.UI[2] HOLD : &E{=t% 23 A B RIRIT 1T
23 o

3. UI[3] SFSPD (Safe Speed) : PR i #
BAULZEEEET -

4. UI[8] Enable : BYFSMEBIERIIRIE ©

B L OIaERE A S ER s A RIE TS (EXT)
ZRBEIFMN > RESTHE > MVC FERIA
ZiB UOP MHEHERY FANUC W FE Z
BIRIEH PRAZ A o

3.5 MVC I2iRE

3.5.1 HFARFHEN

MVC $R R #mIg R4 5 SR B EE
5% o BIBEA FANUC FEEESHRERM
LC-Modbus-8R-D7 SBENFE X A SEH F B
1T A R 52 8 2 TR B SR SR AR T BE o X
LC-Modbus-8R-D7 A& : # 10 REEEIFZTX
BERIENRPIEENUEFERLEZEA
#ITHBE ©

3.5.2 MVC R 10 HER

HAIO REEERTBHMFE MVC 5E
#iE B % 10 #EAABWR B CNC Z SR
BB AIREE CNC o MR Fr
R Z 10 RIESRFRAEERTE DI 5K o #kHR
10 R R E 5 FE%Z LC-Modbus-8R-D7 2
10 #2 X < FANUC 10 2% & £ LC-Modbus-
8R-D7 #H[E » KB FTIR M 2 10 RIE
SRR ERTUEAE DO ML - B 7%
FANUC 10 2= ©

BREPHEXRHT

50 10@AddIODriver 10485, LCTech, Device=COM3,0utStart=P0.0, OutPorts=8,In¢

5| I0@MitiOPort 10485

7 | 10@setPortiiame P10 HUEFF I me7
10@SetPorthame PLLEFEF R ME8

8 10@SetPortName P12, BENEIF = A,

101| 10@SetPortName PL3, HEIRIPY S,

41 10@SetPortName | PL4 B EEMER

12| 10@SetPorthiame PL5 N g

13| 10@SetPortiame | PL6 TSR EE M0

18 10@SetPorthame (POOEACNCETHR

15| I0@SetPorthame P0.1 RIS AU EMS TE 3

16| 10@SetPortName P02, BRI M

17| 10@SetPortName | P03 S FIEAE

18| 10@SetPortName

P0.4,RobotAlarm

3.6 MVC %7€ 10 XIEEHSR

19| J0@SetPortName P20, 25 TS

20 | 10@SetPortiame P2.1 JTRRE

21 10@SetPortName P2 R B
122 | i0@SetPorthiame P230EH

23 | J0@SetPortName P24 R R IR

24 10@AddIODriver
25 10@AddIODriver

| FANUC 10,FANUCDIO, Device=10.8.6.12;120;120,0utStart=

FANUC 10,FANUCDIO, Device=10.8.6.12;120;120, OutStart=

26| 10@InitIoPort

3.5.3 L FHIETNRE

RBEH ETRURENBBCIES] - AHZTESR CNC 238 G-CODE BN EITH R EE
1RE o MBS RSHPRMMN 1/0 RIEAIRKK > 7 G-CODE FRESR
CNC RESHTE B E R R EN H FERY £ TR FI2F - MVC F&RIfkiR G-CODE FRE R MIZELE > &

FANUC 10

TFANUC 10 220

BEIXEEW 1/0 5k 0 UEIRE CNC R FERIREMER D] o

IESh > MVC 77538 1/0 SR ERES > MERMFEEFRAEPEEAMIRERETY
SR ERRE - RABBRFEZEMEREN. - B 8 Fim~a L T# G-CODE 2R & » ZBREE

M FER S EREREURH » Wik HERKER CNC B8 > STRERHESE -

TR

i R AE o

| (FAIRIC 5, T et 38,

| FANUC_RE,FALE, woi_dersd .15
| FRANC, BB ASRO0H

oz
| FANUC_RE, TenéCrut=30,

.

_I'I.I
B
108

| I DRGF.On

AFICKON

| FRIUC_RE,FLE Tve_oeT0_LLS

FANUC_FB, TameCu=30.,
(BRI

| FRRCRET meOut=10,

| FAINIC_RS,FLE me_dema,_TiE

0.2

T AR AAZRD

| FAIIC KA, TmeOut=30,
#R

TANUC_RB, AL mve_ger0_bi5
| FANUE BB SR ve_derea 818
FANUC_RE, KL RSAD0IL

(X]
AR

| Rl

0.1
RN
3

s =
BNl

a3
| P | B

8 MVC EFHET
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3.6 A7 TEREIMEE

MVC & LABVIEW JEfEFrBI 2% E tE vT LU LabView Front Panel 22 .vi 822 H1E6E A #2455
FYEINAE ° LabView Front Panel &3 MVC #ET AN TN E » BBHTEETEEINERE R

)
BREAZEMIEE - UREEHR 10 ARUEREZECERERERERIK

1. B N EBERETE
2. W FEE ETRbRIZE
3. LANG & TE2RE15% 40 CNC BEEIPIARER

4. Latch sSRAF—RANTENFEEZHILIZH

> YN 9 °

WM RTE O RE  BH BB SEME o X Y z
> ‘ . ' . 0 [af pet u v w
X 1 7

SHMNBA| w—p | HEERE

1 !

1 !

CNCERE | 4um | WENMNTH

4. R R

AR XRBEREBRERER
RROCTOPUZ 2 F R B B R 4R 72 W 2
ROBOGUIDE > IR ERBIHNPETHMFER
B IRBIELERSE - AERELHMFEZRE
LAl BB MR RIRIR AR EFENY
EERPELRERZE « BRIEMIKEZEFRBETEE
R > AR ERIRIERERMERZ 2 -

15T E » 4% OCTOPUZ £21 ROBOGUIDE
DRELRY LS A BENRIEREAZ MVC
(Motion & Vision Control) R & &) {E1Z= |

REIFRE CNCER || — 2

R4 o MVC BB @I AR IR ERMEXE
FANUC t i F B 1251 83 » 3 333X R ED TSI
RN TFENITHERER < BEH » RAK
B e BRI 10 TIETSRHERET
H|E > BIECNC BEHFBEZBARIE -
Af2MmE » MVC #ZI2k 8 CNC B9 DI (Digital
Input) sM5% > AL DO (Digital Output) &
SEEEIZE| S E CNC > TRl R EA RS
TEfRER ©

tESh » BRSIEABAE (HMI) 3R25TE8E
SRAPE(EEE » ARIAZEE A LabVIEW F & » &
FBE Front Panel 216/ THE @ &R EEERNE

Z AR E TN EE - ENUfEAE TR LA Python 5
BT T EZEEE © 1538 LabVIEW B MVC YRS »
FIRERSTAGAT SRR E R AT EEE - K848
SR ERRE > RARMERESURAER
TEEME o

4.1 BEEERSIHZZRM

EAMEREE ERIZIHARED > BRA
FER R RN EHNEREREANZIER
EAFER  EHERBIEEFEELEE
& o [t IEETERIRIFESERT > BT
FIfERZERRETraRE I REERAN
3D B # (%0 .STEP~.GES~.STLZ) > X
FE{RR 15 B A IEFEEE A SRABE o

LA ROBOGUIDE #fll » Eff A& KR 1HE
EEEAR  HEXBRTHERFREUEERERE
BE - EERAENERBRETBERKBEIRE
s HFrE B #} 3K - 1% B] sE & 2 ROBOGUIDE
EHAEZRRGEAPHEBESR  EMEX
IEFERITER D B Z R INAE - AERZ T »
OCTOPUZ Al BRI BEEEAN > —B
EIWEEASTA > BNFI B RIA RS &I TIRST
FERIERUELINTE > IRFAHRIFEMG
BRRREN -

S—HEEERSEMFBEZNRE
IR EFH N o OCTOPUZ BfERBERERTE
HWHFBNNGMHA SHEERBRER
HEMA MEE (Undo) 1 TheE: FBRE
B#[E1EE OCTOPUZ A B FE & Z 4R fU
B MIFEREERRENIIER (BN
P1) > FIAEERERERETREARTT - Y

BREPHEXRHT

# » ROBOGUIDE #7] 44 B4 il 5% € #E %5 1 B P%°
FANUC ¥ IR1E—B > A ERREXHH
F—ERMM (P1) HAFEHWBRUE  8&E
REIMNRTE B ] MBUZIRIR RIT— B - 7EElE
BIREAREAIANIAEHI S E > OCTOPUZ 121
R RIREN  BE2 R - ERREN
FEFA51E ; ™ ROBOGUIDE Bl Bhir B 1% i
{Ei@%E > WA FANUC REATBEERHE
BHES —BEMNERENK o

5. &5

S 35493 Bl Bk A OCTOPUZ & A BY Bt 4%
#m 12 BR S 21 FANUC & B B! ROBOGUIDE ¥
SETERSHESEENFERHREZ
B o BB AR IZERE TER Z AR EN R
BIERT FIAANERBEIESRINEE (Post-
Processor) »FEH FANUC#EHI23A]:EENZ LS
BAREIER » E—FPKHE MVC EFITEE
AZEREMFEIETSET > FERMFEREK
BERRSERIITHEN ETEEE - EX
EEERSERZ - BREZEED > LIMVC RAE
KB4 PLC A2 TS » WiBEBAEN T EHE
/0 SR AR » BVREA A Python Fi2x
EEERAEEENENR » KB ERZ T
REBISIHREEE o

£t ¥ OCTOPUZ £2 ROBOGUIDE W i B
R 2 A B R BB ITIEB O
% EBEUTES

LERRRERENEETREEREESE

KREIREm RS ETHL - SERIER
BHRERE—mEZEmMFE > BEE
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MZEHES > ERARKREHNERAR
mIEZRRERAREESEERER
Rz BESREBERBEAERESEZ
NEBK BRETEZEBEHEERA
EZMHREARS -

2. ¥ LA FANUC I F BB ERE ~ TR
HEBH - L TRSREREEFZERE
% > ROBOGUIDE R B R TRE RS
E—EVREEERIRIS > SEIRRER
RRMERERET 0 RN mBYEEE o

3HNBEREEMEKREES (MHAE -
B UIHINTIE) - RS RERE
BE ABRETZIFRATFEEZS
1% > OCTOPUZ B EBRANE SN + 18
MHIEAE R EEIRAES > WrTFEH

S2E R \.

Visual Components Z #H4iER T Ei#&
TENLCEREGHASZ  BEEEN
EEEMERZERER -

FEULEDINGERET > KRB ERE
EABRGREIZUEEETERIZINEE « BF
REBREXEY » BES MVC BRI RFET
TR EEAMSRES > BRERBABEH
ZEREEERERSE  Ib— AT EREEE
SIREEMIAAEZ AR EHRRE > K
B AR E S EAEA T ERFI M
OCTOPUZ £ ROBOGUIDE ME & AEZ »
FEMRERMFIE - EREMELRAMEMNET
B (FARKRES BN EEABRGRERM
ZBERE o
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REBRFBRREFRFETORR » BEHHE
ABEE  SRBAE - EEEAm " A
7T BREXEHBRMBEREE -
ABEEZETRAEEESE » BIR20268E
SAESHMEBAAEEES -
ASEE B LERBS « KERFES - BmEHT
B - RE1XE - ERERRE 21
SREBRE|INEELZE - ZH5BIB300E
B BEFHERSE0E/A -

BB LSSEHE A SN TAROAE 4
HRPEFERA T QRcode T FEFENS o

(o[ Pk

(
BV  sszicessasiesssgs ﬂé% FHEE ANeER fﬂ:f-’“’-‘" 24 REBIRBHBERLE

HIWIN. iRFEIE
L 8 8 B-AxEMNRE

FERENEASESHEHRAGR FEREERNE
FHANEE - EET  RETNHRSECHESTAN
M RERE  ErXEERERTIRNSESM -
EmAYBE : RHREBEE - BUBH - HkEA -
Rl OBBR B ~ Torque MotorBE T ES ~ TS
A~ BEHBALBEERA -
FREREEZEBMNEE - W : B - XB - &
AF~BHEX-~Int ~#x -~ EZ8 - g ~ 2E -
REEIN - RINFIESE - REBRBENES -

ZolE LiRRE R CEREEmRIERE

2B BB ERIEE recruiting@hiwin.tw

BEFRTEREEREREXRER  E2EEE

WEREEHRDE  ZFEERRRREFABREER
MSUERER  Matrix HARBERH BB EBRANER
BRKE HESENMRER  BEXTHNAETR
BREIFENDTELES -
Matrix Edh » BRARMERCEHE - ANESE -
iz  TREEH DEREXERHBFEEER &
HBENFEXRE  TERFFRASIEHME
ETABNETS -

2025,
0N (L Hx
AZIGRSEEN

3 & 04-2358-1866 #51 2 /MH / jov@tairoa.org
Bt A HEESBLE(TAROS)
B0 20268 BI{L EE 2 i AT 1A E B

8 BE [ FE il 1%

HIWIN. KRR

RERARLBDEFERARE B BRERSSE
REROBERFRUBMESE - DERERRX
MEMFEFRRTTRZIEX -

BifiKFERE-H - XEXERBRIBER - BF
BREYER-EHR- - TAK - EBRBESE
X HEEREMDIR o
ABHUAGCHEESENDRELER - 2 uilR
Bl BATHAKATMAKIETS » B ERE
EBE - ERECHNHARRE |

EEIERBMARZ " 104 AT 4
S48 R R

KENTURN

REIRBEIRLE

BREIXRURERT2F12H148 - A" BEM B
fir, BR > WR107F6A 1B LB iR EBEXRE
XEEREI®R, NN BRISHA -
RHETHRBESTLE "ER/EE, KE - BRTEMT
SHE T EEGIARER - BIEH AV - B0 EEER
- FXERREIEHRIE  BABTHNRENN » A
AMEETHRALTEEERRE - RYLHEE - A
SELEERES  BERUERSEEINZEARE » I
MAERPRERESEEBE  HHB TRFBFNLEL
B-RBEIXRFRENEXE  AFBBEEI IR
HEFRE  RETRERE - FENTHERE -

O ERETES T04ANIRIT .
IR




152

FEHE

SUEERAEA
HIpEE AR

BIEERFHIH R

THE FEART AND TTHIE CRIP:
Our Bright Future with Robots

MESRAZE) BIFRE2ME RS
ABXNSBR > BREXERERNE &£
FBNETESRAREENRIEREK - REH
= EERGEE » RUCIEE A

— AR AR ¢ B ALRRHMIURE
BERREARKES - RBEFJRRIRIEIVE
HIFVEMEEE > HIMNEAR - BEE - K
BARIBEFERRE - URBE T BRI
FERREE - ERFTLAIBRIKESA » EREEXA
FERCA ~ BEDHTETH ~ WA FE -

— A ATEZEANESEZH AFEL
&R > FFILEE Al EIEE RRNSE
i > EENEFIEITHIEFIRE -

= HEEE . ERES AKMNER B
B[2BM A BEES ° Al EFAR A EEM
MIGTIHERITER » BRI LR EE
BHRAEANHEARR BEIEA > BE
Al ZIFHITE S PEBYREBHER o

mS > —HEIRRRE A E N IETEETT
WRAZSHESHSREEREEN (BEX B

=

AR

B IRFR S BB~ IRE - REARES) 0 FER
I ITERELEE > MBMAIERNES ARERNR
MRR L - BRI EF B RMEZREA
REEMANDEE SR 2 M EREG » 2BH
iR THR > EERSANNERRBAR
75 0 REBEATIEERITFHIARK

(AP

- FHIEDL - #7 (Daniela Rus)

MEAETSk ERNBEATIEEER
= (CSAIL) EA1E - #4FLE (Andrew and Erna
Viterbi) B TREEEMBI B BRI BEHEK
BEKH 28T - AXEBESHIZA ~ 1TENEEM
BRI o

WA ZIEEAT | 2002 FERFAZEEE  BIK
2g (ACM) 1+ - A\TEERERHE (AAA) L~
EIfREMEFTEM%E (EEE) g+ EEBEXR
T2kt (NAE) Bt ~EESIERIZPR (AAAS) Bt o

- BhikgH - 318 (Gregory Mone)
THAFAEEREENEERSEE  H
REE (BAORR) BIEE (R2RER) « (FE
REFEANEME) ~ BRF (Bill Nye) 5F/
(REXA) RIVNR - BERBZSAIENRE
BB FREBEENGHEE > 1EFHAZ (Neil
deGrasse Tyson) BY (M ERIBIZ) ~ (ZEFF) F (F
HMNER) - EFEPER+ @S5 AR
IEEEEERNE R E S

BREPLERHT

Y N
sl Al

ChatGPT + DeepSeek + Gemini +Perplexity +
Copilot + Claude + NotebookLM + Coze + Felo

+ Dzine + ElevenLabs + Suno + Stable + Audio +
Runway + Sora + Gamma

XF 25« s gE 28 - HE EE BN
B4 R~ G

Al Agent - BEIE &R

[&] x [3@X] x [ENZBIA]
[17EREAITA] X [21 AFXENZRFUERERE]
BAR—FHR THER AL NE > MB AR NEERAINEEC) NTSHFM !

OB RKERREM - sRAERIRERRARIE » FFERELF « BN2RA !
OFmImZBERLE ~ 80 « EWRERRIFE > MEEAEEAEPFHREIFBESIRE Al BhFEBIERIZ -

TE& i

BEMRPELTTE CRSBFERFZEKRE) > BAREBZEEE University of Mississippi 5181 R ZTF ©

2023 5/ 2024 FEME 2 FEFIBER 10 ABHEXFR - SERE—BEREFFEEE > hE—IE
LEMRERAMERERANERESR - 2FFFHFEX > TIIRMESFEHRIARER

» DOS Bt . TIBMPC #H&38 S ~ Basic ~ C ~» C++ ~ Pascal ~ BERl4EE) ©

» Windows Bt : TWindows Programming f#/ C » Visual Basicl ©

» Internet B © TAEEREHER HTMLY ©

> KEIERS ¢ TREES#EA Big Data Z & ~ Python F&ERH, o

> ALBFE . THERBLBHB « FED + Python BE1 ~ TAIRE A ZER) ©

» B AL ¢ TChatGPT ~ Copilot ~ £l Al ~ Al B35 ~ AL 1788 ~ Al f2 R ~ Al BRERflTy o

Eon & WENE SRR ~ BRADN » 1X  AFERFRAREILRBFERBNGERERT H1T -
AV S REFEEE LXK » %K  Momo BIEELS - TRNIGIHEHTIES 14 » thHIEFRER >

FRERIE NSRS RFIEDEE - ARUBERNENRAIMRRE  F1EF2H » ERBRAEZEHE
EE R LB M EFEFINEEREEARMAE

2025 108 no.54

153



BREPHEXRHT

')T IR : www.tairoa.org.tw E
p— & HEEASEEBEEE
N & | BBEAGE

114 F[E - RI2 &5

g %u 1t Eﬁﬁlﬁﬁsﬂ ﬁ*ﬂﬂﬁﬁ Fﬂﬁiﬂlﬂﬁ
T

8/26 ~ 9/4 (EEEREHEE] A RESENEIRREERFZIZER

i ZE a8
| .l_t 8/28-8/29 [4EERESE EMEBN] Al f &M M AN TUVIR R R3S
Y EBEITEEEIENIERE

9/4-9/5 (RE&FRE] BFUERSENMERE Al TREERE

9/18-9/19 ((EEEREEZME] RIZRMAE SECS K GEM ZEiRHAl

SHEIE—1% - BEFRTEZE - LT

=S e A ERZ IR o kigER

RETERIEIMIBEE T - =R
BN fili B i (K £ Pkt SEET ~ BHRHE - TREBS 1)
B RkBEETR N B B CEHITRA o

9/25-9/26 (RE&FRE] BFUERENMERE Al TREERE

10/2-10/3 (RERE] BFUEXRENMER Al TABERE

10/2-10/3 [#EEREREMBI] AMR BXBEESS AN ESER

10/16-10/17 ((EEEREZEZMEN] EEMEDITE Al BUOIREE

OEZFIEA LEEH: http://www.tairoa.orgtw/ OF:E4R: 04-23581866*52 F/\H. 51 :%/)\H

> ATRHIFAERFRE ? EBHEURMHEE ST RBBAEE TERE
IEIERIZFR B R | OISR B MR E R SIS -

> BB SIRHBINAAEINRES - BDERREIEREREFIESR -

* BB EREFREEHEN - BRARMBAMEAR 10 A ; MK EZRFE - BER L

TEEE S BIRIE -
#Ri2s+15581® QRCODE

AIEZRE BWHFE Rt
E5ELTRRE WSea Ul WBARI |avaciu=

2~ T2 30 & T/ H 04-23581866 #52 candice@tairoa.org
ERBURENE O &I\ 04-23581866 #51 joy@tairoa.org

2025 108 no.54 155



—

156

ERTFE

2025 - 2026

BIEREEN—ER

A
v 2025 ERRREITERE

BlEKE AEEEBELE TAIROS

& 1LEPR B &L T2 K& Automation Taipei e
88 EltEAEBE

ETEE

HE LB EARERHL

Has Al ATEZFEAE Al EXPO TOKYO (FAE)

HE TERERRBELRE (Makuhari Messe)

Factory Innovation Week H 7Bl 1428 A i85 BE42 77 K& RoboDEX
A& &Z4hEERESRS (Port Messe Nagoya)

EEEARE S Robotworld
@E BEREER (KINTEX)

EUMN T2 BE1{LE Smart Production Solutions
=E AfREREHC (Nuremberg Exhibition Centre)

B AR 28 AR iIREX
BZ& ERRBHEEZEHL Tokyo Big Sight

v 2026 EIFRRETHRE

H 2 EPR1% 23 AT 38 R T K& RoboDEX
HA& RREFEEZEAD (Tokyo Big Sight)

HZEEBEFEERIERTIE 2026 Intelligent Asia Thailand
RE ESREFEZEEFDC (BITEC)

HZs& B T ¥85&38 Manufacturing World Nagoya 2026
BE& ‘hEHEEERYS Portmesse Nagoya

SREIERE T MEHIER EMK
EE B COEX BEH{) (COnvention & EXhibition)

Hzs Al ATEEREAE Al EXPO TOKYO (BE)
BA REEIFEEZEH (Tokyo Big Sight)

EEREE R TR Hannover Messe
= EEERESL (Hannover Exhibition Centre)

B T EMBEEE I TRERE Metaltech
B HREFERATERESRESRC (MITEC)

ZEFERAEE E B E L Z 44 Assembly & Automation Technology
%=E 27 BITEC EIFE S RBEH L

EEZ NS BEHLEHE Automate Show
EE ZMNEF McCormick Place

HrtAERET T AMESEIN TRER MTA Vietnam
W ST AEgERETR O (SECC)

IMTS =E T AR
£ ZME BEZZEF N (McCormick Place)

08/20-08/23

09/23-09/27

10/8-10/10

10/29-10/31

11/05-11/08

11/25-11/27

12/03-12/06 B2 ENEH

01/21-01/23

HE2RE

03/11-03/13 REPFEZEMHE

04/08-04/10

04/08-04/10

H2EE

04/15-04/17 RERFEESEMEE

04/20-04/24

05/20-05/23

06/17-06/20

06/22-06/25

07/1-07/4

09/14-09/19

(R

ESBEATEITE, SRSRESEZEMBENT, BUlAERA,
E:E 04-2358-1866 #14 (Fion) . #22 (Iris) « #26 (Eva)

/IIR Journal of Automation Intelligence and Robotics

BREPHERSEN

TAIROA = = = & B =

BR—AEBRFESED RS ABENERG R REERRNEE - TiZE2 B
BHE - BERETE « BIAHE - BWAEASHEE - FTAB - RMAIEEREESREGRKRS > 84
ERRBEARMEES (REg  RES) FREISEIHEHLEAKSABRENEEFLE 8
HEXPTIACRIEREENESUR -

ARE BAHIESEER
se L e L wwcoan | on oo | ssxon

JEEE EEE FEE g8 EEE
1oo,ooo 125,000
ES) @ ESH-RIEREt (AReEFEIH) 80,000 105,000 150,000 175,000 280,000 305,000
* fABC Automation Taipei & TAIROS B 2000
A E B
___

JFE8 FEE g8 é‘F@E

1 i 70,000 95,000 130,000 155,000 240,000 265,000
# @ & 50,000 75,000 90,000 115,000 160,000 185,000
# E & 50,000 75,000 90,000 115,000 160,000 185,000
NE RS 30,000 55,000 50,000 75,000 92,000 117,000
BEEES 45,000 65,000 80,000 105,000 140,000 160,000

B L BEETEER 28 (8) »ZAREN

TAIROA %l‘h.!i/ BZB ~.=.r“ FE%«%
[ B8 | ®A | mZeR | FBR | MR/ AH

2.BREBEE2025F12831HE 3. ZENEREERE ¥&E . TWD

e E.#EL%EJ"* ® 1 $ /1 R TAIROA B2B 8,000 13,000 18,000 30 %
LINE 7t ﬁ% ® ® FRR E¥HE - ABMEIE Banner 12,800 20,800 28,800 60 X
HESAEFR 15,000 15,000 20,000 3R/ F (EBABFR) 18,000 29,000 40,000 90 X
HEEMARMIE Banner 25000 25,000 30,000 90 X TAIROA B2B hE GoE 8,000 1 &
bﬁ@ﬁ'ﬁﬂq’*ﬁﬂi Banner 25,000 25,000 30,000 90 X E%;ﬁ%\ _ ﬁ?rﬁﬁ%&%% 8,000 9,600 12,800 2 %
NVEUEENE Banner (804 KRED) 30,000 30,000 35,000 —F (BSARFR-ABXEER 19,000 15,000 18,000 3B
(NEURENE Banner (46 KRfD) 20,000 20,000 30,000 —& TAIROA B2B 35T L2 30000 35000 50,000 18
EQJEEABBZB ;jzgg ggggg izgzg zg ;E (SHSRH+REMORH+ 48000 56000 80000 218
LA Banner ’ ’ ' SAETH) 68,000 78,000 112,000 5
(85ABTH) 34000 45000 56000 90K ' ’ ’ oo
i 15,000 20,000 25,000 1R
TAIROA B2B 10,000 15000 20,000 30X TAIROA B2B SEEREA 24000 32000  40.000 IR
SEB AR AEIE Banner 16,000 24,000 32,000 60 X (EDM %) ' ’ ’
(BSABTH) 22000 34000 45000 90 % 34000 ESLISEN 56,000 3%
TAIROA B2B 8,000 13,000 18,000 30 % TAIROA B28 SHETFH 10,000 15,000 20,000 1R
ELHE - BRES 12,800 20,800 28,800 60 X ABUEHE Banner 16,000 24000 32,000 2R
(EBAEFH) 18,000 29,000 40,000 920 X 22000 34,000 45,000 3R
TAIROA B2B 8,000 13,000 18,000 30X TAIROA B2B S EZ % 8,000 13,000 18,000 TR
EREBEE - %1% Banner 12,800 20,800 28,800 60 X thiR 57 Banner 12,800 20,800 28,800 2R
(BRAETH) 18,000 29,000 40,000 90 X 18,000 29,000 40,000 3R
rﬁ H= 3D
EHE/Aan
o E-mail : iris@tairoa.org
HEZEASESZEFHLEEB[IAGE i{’g it : 408 AL BB 26 58 4 18
Taiwan Automation Intelligence and Robotics Association (TAIROA) T iT: +886-4-2358-1866#22
2E/)\iR 8 E :+886-4-2358-1566

HE4BIE © www. tairoa.org.tw

2025 108 no.54 157


mailto:iris@tairoa.org.tw

I

BNRZKR  {hERERE A

www.tairoa.org.tw

TAIROA &th

40852 B EERAR 2658418

4F., No. 26, Jingke Rd., Nantun Dist.,
Taichung City 40852, Taiwan

TEL:886-4-2358-1866
FAX:04-2358-1566
EMAIL:service@tairoa.org.tw

TAIROA &1t

10059 SiEm £ —EX5055618603%F

Rm. 603, 6F.,No 50, Sec. 1, Xinsheng S. Rd.,
Zhongzheng Dist., Taipei City 100, Taiwan

TEL:886-2-2393-1413
FAX:02-2393-1405
EMAIL:exam@tairoa.org.tw

)TAIROA

HEEAEEEEE
Taivean Aulosoa

InfEEREE A RS

geece ad Robolics Associat

| e | masE. miE e
| | ahmEEEERRE 2658418 | NT$500




