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Global population growth rate
Projections are based on the UN medium-fertility
scenario
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Data source: United Nations, World Population Prospects (2022)
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Animation Authoring

Periodic Motions

Mechatronic Design *
Kinematic, Structural, and Shell Design Hardware Modules
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Humanoid Robot Manufacturers At CES 2026

AgiBot China Agility Robotics United States
Booster Robotics China Amazon Robotics  United States
BXI Robotics China IntBot United States
Daimon Robotics China Starbot United States
Deep Robotics China Total = 4
EngineAl China AeiroBOT South Korea
Fourier China Hyundai Group* South Korea
GalBOT China LG (CLOID) South Korea
KEENON China ROBOROS South Korea
LimX Dynamics China WIRobotics South Korea
LINGYI iTECH China Total e 5
MagicLab China AVITA Japan
NOETIX Robotics China Total e 1
Paxini China Franka Robotics Germany
PNDbotics China Total == 1
RealMan China Humanoid United Kingdom
ROBOTERA China Total SiE 1
Stardust China Enchanted Tools France
TiSrobot China Total B A 1

UniX Al China Sharpa Singapore
Unitree China Total ™= 1
:::::m:‘ old Cg;‘Ia *Hyundai Motor Group owns Boston Dynamics

Reconfiguration
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i (Conservation Laws of Physics) )
g W= eEy HE CENEES
(Mass Conservation) (Momentum Conservation) (Energy Conservation)
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(Mass Conservation) (Momentum Conservation) (Energy Conservation)
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Case study #1 :HP Siteprint robot (HP, O|=2)

Intro
01 ) 1P SITEPRINT ROBOT

2, 448 2X oy HE Atd|

Case study #2 :FieldPrinter (DUSTY robotics, O|=%)

o BEWAL: BIM 2Y 65, WXE(19] E5)
< Uz : 1/1621X](1.6mm), 20|X] E247{

< S8M : £ CiH| 104y
< 483 $E: BS
> 22U : HiE{2| X

https://www.youtube.com/watch?v=xlb_yiOHjWY
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Case study #2 :FieldPrinter (DUSTY robotics, O|=%)
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Case study #3 :Pipe cleaning robot (uithrPosco

Case study #4 :Pipe inspection robot

o HIFE 822 A5 HUE SRAIAH
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Case study #4 :Pipe inspection robot

< Szt DM HH2E Test-bed (A 2F 1,040m

(HRZE Z00] : ©F 1km, ZA} S 1 2 5em/s, &2 AlZH: 2k 5A|ZF 30
T = o z T l_.-'.“_ -

Case study #5 :Wearable robot {with POSCO
<+ LIEI2(20~60kg) = T &
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Case study #5 :Wearable robot {4)ith POSCO
< LI2=2(20~60kg) = ZH &=

sto|l22|=d

Case study #5 :Wearable robot {g)ith POSCO
% LHSI=(20~60kg) S= =3 &2
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Case study #6 :Hydraulic Dual-Arm Manipulator Robot

S0t UE XY 22

2, 448 2X oy HE Atd|

Case study #6 :Hydraulic Dual-Arm Manipulator Robot

< XR-based Immersive Teleoperation System
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Case study #10 : CP7 |5 1M 22
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https://www.youtube.com/watch?v=PnwhSe1mLKw
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Technical issues

< Platform

- Size : Width < 0.8m (door width : 0.9m)

- Weight : < 200 ~ 300kg/m2

- Battery : 8H or more?, replace? (6PM to 6AM, requires 12-hour capacity)
< Mobility

- Localization : Accuracy?, internal(SLAM) + external (laser tracker)

- Planning : full autonomous, user-defined based on BIM

- Inter-floor movement : single-floor or multi-floor operation
< Manipulation

- Workspace expansion : Robot arm + Elevation

- Planning & Replanning : user-defined based on BIM + Digital twin

- Accuracy : internal(camera, lidar) + external (laser tracker & level meter)

Technical issues

< Materials
- Type : human friendly => robot-friendly
- Refill : manually or automatically using a dedicated feeding system
% Tool change : single task or multiple tasks?
< Remote central control
- Wireless communication : inter-floor communication
- Portable integrated monitoring and control system : on-site installation

- Supervisor intervention : Refill, Emergency response

52
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» The first 2, and after that
« Quantum Computer

« Quantum Networks

* Quantum Sensors

- Applications to Satellite Navigation
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1930s~50s (The Foundation and Birth) 1997 (Symbolic Al Breakthrough)

« Alan Turing « IBM's Deep Blue « Public release of generative models like *ChatGPT", “Claude”, “Copilot’, @
- “Computing Machinery and Intelligence” - defeated world chess champion Garry Kasparov “SUNO", "DeepSeek’, “Google Gemini, “Grok”, etc. & Gemini
- Imitation Game (Turing Test), human-like reasoning - proving that machines could excel at highly strategic human games # Claude

- Generate text, images, videos, audio, software code (vide coding)

«+ Dartmouth Workshop (conference) « Dartmouth Workshop (conference) - Accessible, conversational Al to the masses -

[ 1
- John McCarthy coined the term “Artificial Intelligence’ in 1956 - John McCarthy coined the term “Artificial Intelligence’ in 1956 + Modern Al is rapidly expanding into specialized, autonomous .Al agents &

- John McCarthy, Claude Shannon, Nathaniel Rochester and Marvin Minsky (capable of performing complex, goal-oriented workflows) (%

Turing Machine

1960s (Early Natural Language) 2010s (Deep Learning Revolution)

+ GPU acceleration and Massive Datasets in the early 20105 ' T

220980

+ Joseph Weizenbaum

- ELIZA (1966) - Al modern boom
— one of the first conversational chatbot to mimic a psychotherapist + Deep Learning algorithms (Neural Networks)
~ named after the ingénue in George Bernard Shaw’s Pygmalion - Fueled by the explosion of interet data and massive compuiting pawes =
— was written in the SLIP programming language - Revolutionized image classification and voice recognitiory : : &
e ®
en
.
Source 1 : https;//enwikipedia.org/wiki/Turing_machine Source 2 : https://www.quantamagazine.org/alan-turings-most-important-machine-was-never-built-20230503/  Source 3 : https://ammarkshamsi.medium.com/turing-machines-26f00acf2d17
Source 4 : https://enwikipedia.org/wiki/Dartmouth_workshop Source 5 : https:/en.wikipedia.org/wiki/Joseph_Weizenbaum Source 6 : https:/www.ibm.com/history/deep-blue Source 7 : https://www.ibm.com/think/topics/deep-learning

Source 8 : https://engineersforum.com.ng/2021/01/26/how-ibms-deep-blue-upset-garry-kasparov/ Source 9 ; https://blog bytebytego.com/p/what-are-ai-agents  Source 10 : https://en.wikipedia.org/wiki/Generative_Al

Quantum Technology (1/4)

* The Solvay Conference (1927)

: The Solvay International Conference on Electrons and Photons was
attended by many of the 20t century’s greatest minds in physics r

[}

Source : https://www.tudelft.nl/over-tu-delft/strategie/vision-teams/quantum-computing/what-is-quantum/a-brief-history-of-quantum
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1900 (Quantum Hypothesis) 1920s (Mathematical Framework)

« Max Karl Emst Ludwig Plank « Werner Heisenberg (Matrix Mechanics, 1925)

- Energy is not continuous but emitted in discrete packets (quanta) - Quantum Observables do not commute,
- This resolved the "ultraviolet catastrophe" in blackbody radiation establishing a fundamental uncertainty in

« Dartmouth Workshop (conference) their simultaneous measurement

- John McCarthy coined the term "Artificial Intelligence’ in 1956 « Erwin Schrédinger (Wave Mechanics, 1926)

Nuclear Flssion ™
- John McCarthy, Claude Shannon, Nathaniel Rochester and Marvin Minsky - Wave Mechanics uses wavefunctions to Represent the probability of finding
a particle (like an electron) in a given region of space

Tha Rk o

Vi Mchianics =

ok f ! Werner Heisenberg 4
Ve M 2 | it o E w
2 7 | i 1927 (Uncertainty Principle)  [BL4
L !
+ Position and Momentum of a particle cannot be simultaneously
I : e 1y Principle Formuls

— light itself consists of discrete packets of energy (photons)

E =hv

s Parck's constan

v MY
oo £ <

q
Quantum eneqy
af a photon

ET) a8
MR A0 dovlevenc = 4 1300 00wt

1905 (Photoelectric Effect)

| « Albert Einstein

- expanded on Planck's idea, proposing that

Eam h

h
axﬁpai

AE At 23

I« rediacd Plasch's cnnstant

A3 - il wacormatoy
gy - e uncersiney
sl
T

/_ Hupy = Eqthy

-
Source 1 : https://en.wikipedia.org/wiki/Max_Planck Source 2 : https;//quantumcomputing.substack.com/p/why-the-usa-must-dominate-quantum
Source 4 : https;//www.scientificamerican.com/article/einstein-s-legacy-the-photoelectric-effect/
Source 6 : https://x.com/FrancoisLevrier/status/1467409727206436866/photo/1

Source 3 : http://hyperphysics.phy-astr.gsu.edu/hbase/mod2.html
Source 5 : https://chem-textbook.ucalgary.ca/version2/chapter-6-main/electromagnetic-energy/the-photoelectric-effect/
Source 7 : https://galileo-unbound.blog/2026/01/07/100-years-of-quantum-physics-schrodingers-wave-mechanics-1926/

Source 8 : https://www.computerhistory.org/

* The Birth and Development History of Quantum Technology

2020s to Present (Fault-tolerant, Error-corrected

1960 (Laser), 1970s (MRI Scan), 1990s (flash memory)

+ Developed using stimulated emission principles derived from quantum theory,

- powering everything from printer, barcode scanners to optical fibers.

2010s (Viable, Scalable qubit platform)

+ lonQ, Rigetti, D-Wave, IBM, Google, etc.

Quantum Computer)

« Fault-tolerant, error-corrected Quantum Campuuter

Rigotti D-Wave * Quantum Networks b F-4.m-
+ Medical diagnostics based on probing the quantum spins of protons in human body - QKD, Laser Communication, etc.
+ Flash memory makes use a phenomenon known as quantum tunneling + Quantum Sensors
\ - Quantum Phase Accumulation QEC
(Clocks, Chemical sensors, Gravimeters, Imaging, Interferometers,
Magnetometers, Thermometers)
Qona  Rigetti  O-weve
1980s — 2000 (Quantum Information Science) 2019 (Quantum Supremacy)
. ey .

+ 1981 — Feynman's vision + 54-qubit processor (Sycamore processor)

- Richard Feynman proposed that simulating nature requires a computer that - Google announced the achievement of "quantum supremacy”

operates on quantum mechanical "M | et %4

« 1994 - Shor's Algorithm r

“ - exponentially speeding up factoring of large number vt e o

+ 1996 - Grover Algorithm

- Algorithm for searching unsorted database faster than classical o H E H AW - b H
counterparts 1 " :
Source 1 : https; om, ertainty Source 2 : https; I/over-t je/vi brief-history-of-q Source 3 : httpsy//nrl.mitedu/reactor/fission-process/
Source 4 : httpsi//phys. 04-uncer g famous-principle.html Source 5 : https://www britannica.com/technology/laser Source 6 : https://www.instagram.com/p/DRA0NNjV5w/ Source 7 : https;//ortho-surgery.uk/index php/mri-scan-guide/
Source 8 : https://1 ccom/korea-quantum-computing, Source 9 : https; hange.com/ Source 10 : https://www.it-server-room.cc q puting-iong-rigetti-d-

1
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Quantum Technology (4/4)

* Topology of Quantum Technology and Supremacy

QComputer Economic opportunity National security imperative

Switching & "
@ Repeater Network |
. user LONG-TERM
. . VISION AND Glabal Al igly

Farce Multglye
FUNDING Buildingand | Al jatagration
; Infiuence

QUANTUM
. b TECHNOLOGY
\ﬁ o

@ L Y SUPPORTIVE
REGULATORY
AND POLICY
ENVIRDNMENT

« QS : Quantum Switch « QFC : Quantum Frequency Converter

« QR : Quantum Repeater * RNG : Random Number Generator

» QMod : Modular Quantum processor

Source 1 : https://www.nist.gov/pml/productsservices/quantum-networks-nist/technologies-quantum-networks Source 2 : https://quantumcomputing.substack.com/p/why-the-usa-must-dominate-quantum

The first ?, and after that (1/5)

ENIAC (Electronic Numerical Integrator And Calculator)

+ Designers : John William Mauchly & John Presper Eckert Jr.
= Objectives : Ballistic Calculations of Shells (Designed specifically for computing values for artillery range tables)
» Development start : began in 1943 at the request of the U.S. military.
+ Development completed : 14th February, 1946
= Power consumption : 160Kw
* Clock Frequency : T00KHz (5,000 additions, 357 multiplications or 38 divisions per second)
= Scale / Weight : 167m2 (40 panels, U-shaped, 30m long) / about 30 tons
(each panel : 0.6m x 0.6m x 2.4m)

= Components

» 17,468 vacuum tubes, 70,000 resistors, 10,000 capacitors, 6,000 switches, 1,500 relays

» No hard drive, Punch cards

Dr. John W. Mauchly & John Presper Eckert Jr.
Source 1 : https://www.britannica.com/technology/ENIAC Source 2 : https://fahmirahman.wordpress.com/2011/04/19/the-history-of-the-eniac-computer/

Source 3 : https://enfoquesperu.com/5-datos-curiosos-de-la-primera-computadora-del-mundo-eniac-la-pionera-de-la-informatica/
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The first ?, and after that (2/5)

« ENIAC on-a-Chip

= Motivation
: This was done as part of ENIAC's 50th Anniversary Celebration
= Developers
: A group of students at the Department of Electrical Engineering
(under supervision of Professor J. Van der Spiegel, in collaboration with Dr. F. Ketterer)
= Goal : Recreate the original ENIAC
(following its architecture and basic circuit building blocks as much as possible)
[/

HMaster

Programmer

Prof. Jan Van der Spiegel(@upenn) ENIAC on-a-Chip Team ENIAC on-a-Chip@Computer History Museum Size: 7.44mm x 5.29mm; 174,569 transistors; 0.5 um CMOS technology (triple metal layer)
Source 2 : https://www.seas.upenn.edu/~jan/ Source 3 : https://commons.wikimedia.org/wiki/File:ENIAC_on_a_Chip,_University_of Pennsylvania_%281995%29_-_Computer_History_Museum.jpg

Source 1 : https://www.seas.upenn.edu/~jan/eniacproj.htm|

The first ?, and after that (3/5)

- Colossus computer

* The first large-scale electronic computer (with 1,800 vacuum tubes, One paper tape)

: The world's first programmable electronic computer
+ Operation in 1944 (Developed between 1943 and 1945) at Britain’s Bletchley Park
during World War Il (Built under the direction of Sir Thomas Harold Flowers)

- ABC (Atanasoff-Berry Computer)

* The first Electric-digital computer (Developed between 1939 ~ 1942)
: Built by Prof. John Atanasoff and his graduate student Clifford Berry
« Including a Binary system of arithmetic, parallel processing, regenerative
memory and a separation of memory and computing functions
= 300 vacuum tubes, a mile of wire, one operation every 15 seconds P . 1

Atanasoff-Berry Computer (Left), Prof. John Atanasoff (the top right), Clifford Berry (the bottom right)

Source 2 : https:/enwikipedia.org/wiki/Tommy_Flowers Source 3 : https://www.britannica.com/technology/Colossus-computer

Source 1 : https://fahmirahman.wordpress.com/2011/04/19/inventors-of-the-modern-computer-2/
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The first ?, and after that (4/5)

o Altair 8800 (rhe sirst pc ity ° Apple Il (the first mass-produced finished product)

= Announced / Released : December 1974 / January 1975 * Announced / Released : 16t April 1977 / 5t June 1977
= CPU : Intel 8080 = CPU : 6502, 65C02, 65C816

= CPU clock rate : 2MHz~3.125MHz = CPU clock rate : 1.023MHz, 1.023MHz~4MHz, 2.8MHz
+ Data width : 8 bits + Data width : 8 bits

« Address width : 16 bits « Address width : 16 bits

= Transistors : 4,500 ~ 6,000 - Transistors : 3,218 ~ 3,510

« Storage : 8" floppy disk (available) « Storage : Audio cassette, 5.25" & 3.5" floppy disk

= Display : NTSC video out (built-in RCA connector) / Supports color graphics

Source 1 : http://www.computercloset.org/MITSAltair8800.htm Source 3 : https://apple.fandom.com/wiki/Apple_II
Source 2 : https://en.wikipedia.org/wiki/Intel_8080 Source 4 : https://www.ebay.com/shop/65c816?_nkw=65c816

The first ?, and after that (5/5)

® IBM Pc 51 50 (The Standard of Modern PCs) ° MOdern Pc (Small & Powerful performance)

= Announced / Released : 28t July 1981 / 12t August 1981

= CPU : Intel 8088

» CPU clock rate : 5 MHz ~ 16 MHz

= Data width : 8 bits

» Address width : 20 bits

= Transistors : 29,000 (3um)

* Memory : 16 KB ~ 256 KB (DRAM) (expandable to 680 KB)

« Storage : 5.25" floppy disk (removable / 160 KB or 320 KB), Cassette

Source 1 : https://en.wikipedia.org/wiki/Intel_8088 Source 2 : All-in-one PC (SAMSUNG), GPD, GMKtek
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CLASSICAL COMPUTER  QUANTUM COMPUTER

Let's make a new
computer that uses

’ z
quantum phenomena! Inside Look:

Quantum C

Richard Feynman

Classical Bit

Classical computer’s bit s l

1 o 1 1 o L} 1
- sansnssss
Head or Tail Onlty head or taé is posaible.

Quantum computer’s qubit

0 0 e 14D

9 908 )%

Between
head and tail Statesin between head and tail are possibla
Source 1 : https://qns.science/what-is-a-qubit/ Source 2 : https://q journal.org/papers/q-2024-12-27-1578/ Source 3 : https; com/q ing/quantum-computer-weird/#introduction

Source 4 : https://www.berkeleynucleonics.com/august-23-2024-quantum-computing-vs-classical-computing/

 Connecting Quantum Network Nodes

Optical Two-Mode
Squeered State Generation

S $.0

Physicists have created a network that links three quantum devices
using the phenomenon of entanglement. Each device holds one qubit
of quantum information and can be entangled with the other two.

= Such a network could be the basis of a future guantum internet,
Superconducting g L] @ Superconducting
Quhit Processor H :|\ 7 ] Fﬂ{ Qubit Processor Bob can stora his
hivoe uﬂ—H— ”_...] B entanglement with
! Optical Network - Communication qubit Alice In a ‘memory
NIST/ILA Optical- Lind MNISTAJILA Optical- qubit” while his other
Microwave Transducer Microwave Transducer qubit establishes
Network topology for remote microwave entanglement of superconducting processor nodes Charlle x en_tang[em_ent
Credit : Konrad Lehnert/NIST @ Q/ - with Charlie.
A

Long-distance

= entanglement 3 .
0&’ & Lab1 - 2 R i
- L A photon is funnelled e @
through an optical fibre
fip and delivered to another
device to establish an Allce
entanglement.

Connecting Quantum Repeater Nodes via telecom light Lab2
Credit : Oliver Slattery/NIST

ey R

Source 1 : https://www.nist.gov/pml/productsservices/quantum-networks-nist/connecting-quantum-network-nodes Source 2 : Nature
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Quantum Sensors

* Main 7 types Quantum Sensors

* Chemical sensors

— Quantum chemical sensors can identify changes in chemical concentrations or individual molecules with high precision

— e.g. : Nuclear magnetic resonance spectroscopy, combining Electron-Nuclear Double Resonance (ENDOR) spectroscopy and nitrogen-vacancy detectors
= Clocks

— Clocks are among the most developed quantum sensors. They use single ions that are laser-cooled in an electromagnetic ion trap

a) Magnetic field sensor
b) Nanothermometer
c) Pressure sensor

— They measure time using ultraviolet (UV) laser-powered ion vibrations
d) Mass sensor

— The NIST-F1 Cesium atomic clock is expected to be accurate to 1 second over 100 million years. However, Quantum Clock’s accurate to 1 second over 3+ billion years

= Gravimeters a) b)

— A common technique is atom interferometry, using atoms cooled to near absolute zero and placed in a free fall r

— For example, one gravitometer design uses laser-cooled rubidium atoms ‘
= Imaging sensors | oo

— Quantum imaging sensors are being developed for magnetic resonance imaging (MRI) systems ; : : ; s

— Quantum MRI will rely on the entanglement of the electromagnetic field to create images with higher resolutions than classical MRI machines é\ -
« Interferometers -9

— They measure changes in the interference patterns of quantum particles like photons

— They are designed to measure tiny displacement, temperature, or velocity changes

= Magnetometers
— Quantum magnetometers use the spin of subatomic particles like nuclei or unpaired valence electrons ﬁ o
— They provide high sensitivity and are used for various applications, from geological measurements to brain imaging

i laa L1 T

= Thermometers Do
— Ultra-sensitive thermometers are being made using quantum entanglement =% l l !

— Depending on the design, these thermometers can detect vanishingly small temperature changes
Examples of hybrid quantum sensors based on nitrogen
vacancy (NV) centers in diamond

Source 1 : https://www.sensortips.com/f d/wh. the-seven-types-of-quant ors/

Source 2 : Cleaven Chia, Ding Huang, Victor Leong, Jian Feng Kong, “Hybrid Quantum Systems with Artificial Atoms in Solid State”, Advanced Quantum Technologies, Volume 7, Issue 5, April 2024
(https://www.researchgate.net/publication/379975554_Hybrid_Quantum_Systems_with_Artificial_Atoms_in_Solid_State)

Applications to Satellite Navigation (1/6)

« Quantum Communications

Uplink/Dawnlink
Channel Sutellite for transmission

of Cruantum staies ta/lrom THE QUANTU

ground stations.

G5-1
QUANTUM
5 (REPEATER (R}
3
2 % Quantum Key
£ K8 pisribution
¥ et -
3 — ) ®  End Nodes —
3 b e '
~ \ -
i L 3 i COMPUTER {O€)
) m Computer
3 (Tutuire)
Source 1 : https://www.researchgate.net/figure/sion-of-future-quantum-internet-working-in-synergy-with-classical-internet_fig8_348427077 Source 2 : https://www.harpeengineering.com/quantum-network
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Applications to Satellite Navigation (2/6)

HAL : Hardware Abstraction Layer
Vil « TDMA : Time Division Multiple Access
3 Measure *
- -
* Quantum Communications

DIO : Digital Input/Output

« AWG : Arbitrary Waveform Generator
o Network Controller Centralizod
2 P il
Node | Node 2 ] s
[ 1 INE—— == (lassical channel E Linkfoyer | /DMA schad
. i i ; protocol o .
!r\ppllcatlml! Application Ann Quantum channel E Far roquesn —
I | I B Gate (appl.} —
Measure Giate | Paulhi oo §
Teaicnae l T s s ik Qubit - Qunntum platform driver |
mspaLt § g ' rAnspon transmission & — - N
Shared
I End-to-end Platform- Device Controller clock S;)
4 Network entanglement independent [ g = ‘]
generation stack | peovessr E (]
S Y Robust dinsct f Qubit conerol I p AWG
1 z Ent. afte -
Link | Link entanglement i | MR 0
| generation ; [t proec e
i Ciptics and el
A 'g‘ Electronics _Qubit control
tiempt Q [(osircmer]
i : uantum £
! C en ement
Physical [ o A AnaAl Physical tangle platfarm 5

Source 1 : https://www.researchgate.net/figure/Quantum-network-node-architecture-From-top-to-bott:

t-th

ication-I

imple_fig2_364542247

Applications to Satellite Navigation (3/6)

* Inter Satellite Link (or Laser Communication)

laser data

lager data
it otput
ﬂ optiernl switehing wnil
control ¢ ;

slgnal
i laser'packet switching optical
-
v

comral center

et
oV

COMVeTSion

—{ packet switching wnit _

\ packet dats ot dists
lnpx

@ ¢

spaceeTalt user

widd
teriinal

[
n,

~ s
-3
Source 1 : Chengwu Chang and Hongyang Liu, “Research on Inter-Satellite Laser Communication Link Transmission and Routing Switching Technology of Satellite Internet, Laser & Optoelectronics Progress, Volume 61, Issue 7, 2024
Source 2 : https:/m.researching.cn/articles/0J358944151236a8fd/figureandtable
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Applications to Satellite Navigation (4/6)

 Inter Satellite Link (or Laser Communication)

. n "

/'AOP
,.,.,,@____éf/__%.mw
v

« LISL : Laser ISL Satellite networking through ISLs and ground li
« OP : Orbital Plane nks. The solid and dashed arrows represent per
« AOP : Adjacent Orbital Plane sistent links and temporary links, respectively

« NOP : Nearby Orbital Plane
« COP : Crossing Orbital Plane

Type Relative motion Link duration Network role System ISL Implementation 151 Srarus Mo, Sareliires
Intra-OP Nearly static Permanent Backbone o> e Ache el
= BDS Active 1]
ADPNOP Stable pattern Cuasi-permanent Mesh
: : GLONASS RF/Laser Hybrid Active 6
cop High velocity Temporary Shorocur
Calilea Moy Planmed 27

Source 1 : Byoungkyu Ji, Junghyun Han, Daeun Kim, Jihyeon Yun, Changhee Joo, “Inter-satellite link technologies and applications in Low Earth Orbit satellite networks”, Volume 12, Issue 3, June 2026, pp. 576-592.
Source 2 : https://www.sciencedirect.com/science/article/pii/S2405959526000342

Applications to Satellite Navigation (5/6)

MATGIM Vertical TEC on 2026-08-17 12:18 UTC

EXOSPHERE Q

THERMOSPHERE \

 Error Factors

MESOLPHERE
=

L e ]

— =K,
2 5

Latitude [degrass)

Error type Range, m Hotes

Minar deviations in the satellite’s position in orbit lead 1o large errors in determining
Orbital 42.5
the recefver’s po:

ion on Earth

The upper atmosphere contains many elec

trons due 1o the ionization of the layer by

lonospheric

5

solar radis

ot This loyer can siow down and reflect the signal

Space Segment

% . Tropospheric

Lower layers can refract the signal due to hul

and density.

Timing 12 Drifts in the receiver's clock lead to position determination errors.

The cignal is reflected from buitdings or other objects, reaching the receiver later than

y ; : Multipath 4
% o the unreflected signal. This leads to errors in distance measurements
@ D od F i3 The software and hardware solutions m the recemver are not ideal, due 10 which noise
ecaiver noise 10,
Control Segment User Segment occurs, which contributes it ponems to the signal
Source 1 : https://earthsky.org/space/are-solar-storms-dangerous-to-us/ Source 2 : https://sideshow.jpl.nasa.gov/pub/usrs/rfm/nrtgim/
Source 3 : https://www.energycentral.com/energy-biz/post/atmospheric-chemistry-yaMOIEPQF8bI5vy Source 4 : https://inerti com/gnss-and-satellite-navigation-explained
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Applications to Satellite Navigation (6/6)

* Multi-Layer Satellite Navigation

[+ ]
" -
iteleotech i
Three Main Satellite Orbits
S o S
GEO MEOQ s
Geostationary Earth Orbit Medium Earth Drbit Low Earth Orbit e
ARitude: ~35,786 kmn (Equatoral) Ahtitude: ~2 000 to ~35,786 km Althude: ~160 to ~2.000 km - =
Usage: Broadcast, Telecom, Waather Usage: GNSS (GPS, Galileo, GLONASS) Usage: Global Internet, loT, Earth Obearvation £
Mey: Stays over same spot, requires Kay: Optimal coverage-latency balance, Key: High speed, low lntency, requines GEO ¢ -
specialized ground antenna constellation of many sats dense constallations \6? i
S —
Optimal MEQ Consteflation LED Constelistion: > x
—daten satetiter sy of natmbite .
v - — ]
GE0, (,“
L E 0 MLUTRAL
TR

" GED Zone ; : - -
Source 1 : https://www.sepltd.com/news/is-gnss-better-than-gps/?srsltid =AfmBO00GSgz6 quGzXUav4fz2joMwdyp5VhpvUD5768xTinMWIcz5H7zu Source 2 : https://geoscienceaustraliagithub.io/ginan/page htmi?p=spp.md
ially-when-its-35000-share-7459308263910764545-YTP6/ Source 4 : https://www.esaint/ESA_Multimedia/lmages/2023/06/LEO-PNT within_a_multi-layer_satnav_architecture

Source 3 : https;//wwwlinkedin.com/p \dal_distance-matters-esp

Q&A

Thank you for your attention

bslee@kari.re.kr
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1. =22 AAM &I
1. AAM AlLHel =24
2. AAM 2
3. Global AAV JHZ S
4. Global AAV &8%} X1
5. Global AAV &3 sig

6. 21/

&1 JIMIAAV)E 2

o B2

E

Ml
MK

1. AAM AlILHC| E=2H as3)

% AAM: Advanced Air Mobility

! JHA, 25 SHl 2010k 5h=0] 228!

I YT T R

AAM &t .. |§§ E0i ARIDHEH 2t

AAM AILH 2H

\“

> AAMQ| IS > SEE S

+ Advanced Air MObIIITy (et gtz REZIED + OI= FAA elPP 321, R EASA 213 HIH 3=

« eVTOL JIEt =& 3 XY 3 uE + UAE &8z} &Z =H (AL 42 MHIA)

o AL BIEES ABSH= ALMICH OIS £E + 3= N1= BHI(Low Altitude Economy) & izt
> AAMOI 283t 0IR > =8 M JIE (423 Jts 24HD)

« WE ZE oA, EtAHE 24 (E= Zero) + Joby Aviation, Archer Aviation, Wisk Aero

« XY 2t HZY 2y, S=Cl=-MUHIS 2E * Beta Technologies, Eve Air Mobility, Vertical
~ JICH =1t > S S

« OISAIZLES, ME2 AR &= + K-UAM &ZAIH =7, UAM EEE Al

o IJt B Y3}, Ol LR &= o DIZE SHSKH 25, HEIZE 325

Global KAl Beyond Aerospace

% FAA elPP (eVTOL Integration Pilot Prog ram) "eVTOL JIHIQl

AT 250 &K 28 CI0IEE EE6tD 7RI

Copyright © 2026 All rights reserved by KAI

361 U8 FAA, X2

2 JHAMSH= OI=0) 2 (25~, 7IHAL 2670 X2 HE ,—‘01)
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1. AAM AILHC| =2l 2/3)

% AAM: Advanced Air Mobility

AAM 21 - JIEE "0l Al2ID1 ENH BtE= ME2 o= 2 WA, 25 8DH 2010k s1=01 28l

> JIHI(AAV) > BN BERE
o OIMM 5tH OI= o

=
* HHEIZI 85 &, A4S JIE HE

+ ormay > XIo) B2 DS
« HEIZE 7=, SXAIQ sty o S(EEA) A9 1, A2 XA(HRLK]) 1S
o BRI K Q1H, SAY 2=
o .
22 (Operations) - 22 01 01, ML THS(AHE, 24)
- 2 IIE L8, ZEA Y - ' T
- | I P, 28 oFF B TSGR IETES
. > B2 MHIZ
» MSE (Airspace) -
- UTM/UATM 1%, JIE &2 DSt 58 - 28 8 25 AN S
- CIXIZ 2RI HIH =2, XIS3t 28 X1 - 28 ZUE T4 K, B K
Global KAl Beyond Aerospace Copyright © 2026 Al rights reserved by KAl 5/25

1. AAM AILHS| E2H (3/3)

% AAM: Advanced Air Mobility

AAM &1 - JI=E 9Ol A2 21l BtE= ME2 ol= 2 A, 25 SHH 2010k o1=0] 218
'y \d = g|= il
> ol "EUHI" LOLOk BH=T1? .Y > Chermizol 1)
ED= = S AdX J|3]
2S Ao JIE ~8 o SIOAIA AIAXRF =2 EPE |CT QS AFAH §}[H
colmal EXF KIS SoiH i rCToo o= S . =1 E= ]
- S22 3% 2
< JIK| JHEt AR 2824 2t > JIEH 713
- 28t AHIA TH OIFA A2 PE L axnmt re
. Zi1XHE] =
- =X} MHIZ 012 2iTH HHEIZ] Jl= 38 &8
« HI=XI-SA J1& 3], Al JIEF 28 HIH JHE
CSHA | e CAS MR > I Jlel
- M0l o - HEIZE 22X st « Ol BE2IEl ME= E=2F
« AEEIL R XY AR R4 . ¢§ ﬂ% __‘C:ég' xlc_):j| E-g te'”ﬂ

JIHI JHEALIOl OLLIT ME2 WMSHIHIOIXL Z It OI2H AHOR JlE-NIE-2I X2 ASI A £240] BHH 2E6HOk &
St =Hotok 5= 0] &2ICE”

HE-J|-=010] =Ml BHS01 JH= MENHIDI SR -~ "AAM2 =Xt & £ 8iLL

Global KAl Beyond Aerospace Copyright © 2026 All rights reserved by KAI 6/25
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AAMO| OfF: 352 Of= 5 | AE

St
=2

2H Z0toF

% AAV: Advanced Air Vehicle
DEP: Distributed Electric Propulsion
a == Pt —) = [ =] al 2T F 1= S
H| F=Z H £Z] 0IEE S ZIADI=S HE6101 =& 2 X192t 012 & =XIE £E6k= XHMICH HIZHHI
> EEZH HI¥ .
> 4SS HE2] & Hybrid AAE
OIZEZI0I= HIINE £ZI0E &2 SZ0IM HI, - . .
£ Al DEOIJ| K2 D HIRY Jhs, Hig OFRA Sy BRRo= AER ST 2 1R
N HHEAZ2I/Hybrid AIAE HE
= OIKI/Z2X| B5 44 224 B4, [ Y AR Jis _ - _
=>KMAS H S OE 20| L0t 22 JIS JIs
EATTIFTIAMAE(DEP)
0124 JHel BD| FZITIE 24 HHXISH0
SE+FZ+HIN 52 SAIN XXt
B B = AAH
=1~2J4 AIZE NF AOIE HISHE HIg Jts
> XiSHIZE(A]) & SSTXTAILE
REAM CIE X|ATt > HUXSAL- = -
203t EHHIZ Zzt > B EEN A= 2 2SS
= GPS 2 X<, THEAINE Al 018 24248 Jis 2 22 = &EHE B0), =R F4E
DE3IE Soll =8 d 2F
Global KAl Beyond Aerospace Copyright © 2026 Al rights reserved by KAl 7/25

Source : SMG Consulting, eVTOL news, KAI ('26)
1 J|s =2 Z4 Mz, AE il CHst S22 242 X1, Ol= M 2 0o EiAl =Xt 83
.%“ é As of 30, May 2026
> JHE S8 3 =T WA > F£& 812 (Order) > JHE EXI1= (Funding)
 Vectored Thrust 42 (42%) = B3 T2 1,289 (5.7%) * Vectored Thrust 81z (59%)
= 6271 715 Y SE (6.3%) (Op’rion FE 20,935LH (92.2%) = OI= Kl EXF d= (1169 &, 78%)
= WI| =T MS (61%) = 1124 QI 480LH (2.1%) ¥ GIOIEHAI EXI M (14921 &, 94%)
» 930 JIB e = = 22,704 FE S = £ 1602 2(24% 8) 72
[EtQl: CH] [Er2l: CH] [Er9l: gof =]
J—
20,935 $15
1289 (92.2%) 480 (93.5% RSP $05 $0.2
(22.9%) (35.2%) (5.7%) (2.1%) 1.4%) (3.4%) 1.6%)
V_erﬁ:zr;d (ID_ifutis‘g‘e Cl\gt:)l;ie_r S FE L gells= Air Taxi Cargo  Regional  Tourism
X B4 F2: BE F22 OlLILL BEEXIL T2 X2, 818 JHset B3, 70 ISA(LON, 2sh LHZEMMOU) SUIl A E210| Hef 4|
Global KAl Beyond Aerospace Copyright © 2026 All rights reserved by KAI 8/25
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2026 EQSIISOE W

% EIS: Entry Into Service

FRUT I HI AS RS NS HW S - 274 01= AZ =2 JH2F A

0. May 2026
[ 2025 | NN 2026 | N 2027 | I . 2028 _ @
E Hang (EH216-L/S) Aerofugia, (AE200) Joby Aviation (S4) Beta Tech. (Alia A250) Vertical Aerospace (VALO) | ascendance (Atea) Honda Motor Company
L]

= "N R s P £ ~ N - L
o =& o S L - Eliaa = O D
~ Pax: 5(1+4) Pax: 6(1+5)

Pax: 2(0+2) D . @ . Turbo Generator
Pax: 6(1+5) MTOW: 2,175kg MTOW: 3,175kg [ Pax: 5(1+4) ! Turbo Generator

o MTOW: 650kg
Payload: 220kg
Range: 30~35km

Auto Flight (V2000CG)

MTOW: 2,500kg
Payload: 500~700kg
Range: 200km

Auto Flight (Prosperity)

a Pax: 5(1+4)

MTOW: 2,000kg
Payload: 450~500kg
Range: 900Km

0 ﬁ MTOW: 2,800kg
Payload: 450kg

Range: 161Km

Payload: 450~500kg
Range: 161km

" Payload: 635kg
Range: 402Km

Pax: 4(1+3)
" MTOW: 2,000~2,500kg

Payload: 350~450kg

Archer Aviation (Midnight) Vertaxi (Matrix 1)

- + ° Eve Air Mobility (Eve) Range: 400Km
W F = r 3 ""“Fﬁj et e e e
® ® Pax: 6(144) - © ) Wisk (Boeing) (Generation 6)
% Pax: Cargo @ Pax 5(1+4) o 6w- 3175k % Pax: 5(1+4) O Pax: 5(1+4) rage— "
t=| MTOW: 2,000kg : 3,175kg @ ) ) ~ = t‘-‘
MTOW: 2,000~2,200k MTOW: 2,000kg MTOW: 2,500~2,700kg
- R ! ! 9 Payload: 453kg = J .
Payload: 400~500kg Payload: 350k Payload: 500kg Payload: 400~500kg Fully Autonomous
R - 200k v 9 Range: 161km 9| .
ange: 200km Range: 250km Ol Range: 250km Range: 100km (5 Pax: 4(0+4)

MTOW: TBD
a2 MHIA & Tcab"l'fch (E20) Volocopter (Volocity) ~ Volant Aerotech (VE25-100) SkyDrive (SKYDRIVE) ZEROG, (ZG-T6) Payload: 408kg
&b = o :
0 !\\g ‘ ° T—-: ‘ ‘}KH Range: 144Km
3 &
Pax: 5(1+4) ] Pax:2(1+1) % Pax: 6(1+5) Pax: 3(1+2) ) Pax: 6(1+5)
MTOW: 2,000kg MTOW: 1,000kg (] MTOW: 2,500kg | MTOW: 1,400kg ) MTOW: 2,500kg
Payload: 450kg Payload: 200kg Payload: 500kg Payload: 250~300kg Payload: 500kg Source: SMG ¢
Range: 200km Range: 20km Range: 200~400km Range: 15~30km Range: 300Km eVTOL n

Global KAl Beyond Aerospace Copyright © 2026 Al rights reserved by KAl

F8 M 2Nl - [HEE M HIZ AR R 2L 015 N S, 223t JHAIE 2

S4

JIAl Midnight Alia A250 VX4 (VALO) EVE eVTOL Generation 6
HIg A1 0 =2A= om 0 MdEScam OFHBesw O FHESew O FINaw 0 =Jlaw
Hover A2l [ > TR = 8 2= 8 2= 8 2= 8 == 8 A=
a A= e 25 L3 a 2= a8 2= @ o2g e s
a =32A= 0 IS o 2= o 2= @ 0zg g Oz
a == a HzH a 2= a == @ 0O &A 8 e els
0 =SHem 0 ZHS (s R G EH3Sewmw @ 9 eUsS 0 8= om
@ x4 B =3 B == e s 2 =) a 3
oll& Q1= @ 2627 0 2027 0 27~28 @ 2028 0 2028 @ 2030 &=
oI ™I} 4| IS0l 21= HIoIE 29 HIolE JIEFo= Jig 2

Global KAl Beyond Aerospace

& st Xl

= 0] H DAl

ZDH0IM 24 x1Z2

HISO0l &35t nl

Copyright © 2026 All rights reserved by KAI
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CHANG

* 290001 [H =2 &t

f‘h ARCHER

- EtEtel K32 s ol
+1,40001 [H =2 2=

S

+ 20264 X HHIH SH

- AIZ ZAF- X1 i 2
- THE OFE 2 JHEt

- X2

- 290001 [} =2 2t

Global KAl Beyond Aerospace

* Midnight eVTOL HIZ &
- MIEIR JI1= QI8 S5

oF.
&t

« A Z AN eVTOL AIXIDI,

+ QI5(CAAC) 2=, MHIA =2

o=

& Cl

AL By

- CI2t= 222 si=f siif;: o1mat -

+ QI5(CAAC) 27, MHIA Z4
* 1,0900iH =2 =t

Hi
15t Al

[}

Y

AUTOFLIGHT

“Joby

- YA SH XM S FAATIA B Z1R)
* GIOIEEIE FE JIN X HIE 845

- WA SE B 2 229 AT E
- 228 3T 2 M2 IEHY
- A OIS + [ M4 + S29 AT FES

ZY =

- H Q0 MJ| 8t3J| SH HIY L JFK &5 83

« [HE &I QIS HisH st

* SI0IE2|= AIAE JHE:: GE Aerospace 2t 813
« 2OI/X12HI2H 12 JHE: 20264 HIAIR HIF
+ 8900i i = ==

SAI0Il ZHI, 200 =2 &t

VYERTICAL
* GI0|=2|=-FD| VTOL JHE Hiz| e

. %‘ﬂ _EHI =1} I‘_ED} o=

- 4832 20w 2 F7| M4
e

- 28 ZH 2 IIELA =0
+ 1,500 =2 2tz

EVIATION

- Z3Y 2SS EXHSE, HE SH

(;_L) MHI‘II"“ overalr;' northvolt | & cuserRo
28 TR Ede M SE | ooz exoams, It - OFEA-HIZ 2R, THe

Copyright © 2026 All rights reserved by KAI

- EXH AN, MH2XE Ba 2z, T

TEXTRON
=/ WIATION

- Mgl SehEE, S5

={H}

[alf=

OI2H=trr=J |12 Move for Tomorrow

AAMO| OfF: 352 Of= 5 | AE

e

Livium

- NS, 223 22, 2

& voLocorTER
- HIs &, Xk=Lt, 012k

@ Rolls-Royce

 FJ| F=T AR 02

AllH, AFIS THI2H

7YAPUS

Zero Emission
« X2t EXt Oiste, Tkt

@ Universal
Hydrogen
- XISE HAH

CREALION

suparnal
X =8, 4 SEt, SE

=y

SeHEH ZH S

11/25

Hybrid 715
JHer ==
ETI =R
HIg Al

J|Er ==

Hybrid

JHE (21)

Global KAl Beyond Aerospace

<]

a

<]

<]

<]

<]

<]

S4-T Hybrid VTOL
=EHISR-EHE 2R
L3Harris

20254 11

S04

BEoI(RTD) +
KOl SHE J|gt

840km

Hydrogen Fuel Cells

Payload: 100kg
Range: 840km

a

a

<]

Anduril
0l 374
Midnight J1Et

<]

<]

Turbo Generator

Payload : TBD
Range: TBD

Technologies

< ]

MV250(A250 Hybrid)

282427

a

[<]

GE Aerospace

a

20264
Alia A250 Jlgt

a

Ko

<]

290~400+ miles

a

~~—+
— '_'": -
Piston Engine
Payload : 635kg
Range: 621km(CTOL)

Copyright © 2026 All rights reserved by KAI

CTTTY

Battery- Powered > Hybrid-Powered

Vertical
Aerospace

a

VX4 Hybrid

BIZHE4 BHE

a

<]

Rolls-Royce

o

20264
VALO

<]

K2

<]

1,000 km (620 miles)

Turbo Generator
Payload: 450kg
Range: 1,000kg

o

12/25
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Source: eVTOL News, 2t At EHXHZ, KAl T4 (26)

o = =, ] ol (=13 o [ O e | == (=1 o |
DL SEE ME M JHE A Hind, =% : L 28 JI1E JHE 237 (2D)
V, Z //
B2t AAV oiofsu) | 28 AAV Guss e msaEs |
2
Joby M\ arcrer E:T/\ Y X 22 M QIEE ZUH 2 MOILY/ZHBA X2 24 S Kl =
» 163 : 221 £&8(Shuttle) AAV 22(eh

m Payload(kg) | MTOW(kg) | M. Speed(km/h) -

Joby 2,404 5(1+4) & RASIE 454 kg DIA (521=)

P2 NS N8 EW i af ki
Archer 161 453 3175 241 5(1+4) g " = MTOW 650 o
. L‘\§ i a2l 100km 012

Beta 402 635 3175 222 6(1+5) s w5 s
Vertical 161 450 3,250 322 5(1+4) * 2EH| : Hybrid & CHSH AAV 28(2h)

EVE 100 400~500  2,500~2,700 200 5(1+4) g oo e

Ss FEEN T B FR
Wisk 144 408 TBD 222 4(0+4) T -
Y ');} swERSH

Min. HERRESeTE o ?

Required 161 453 3175 240 5(1+4) R mwaeeasw
22 A DR ASHME Fl4 T Aler BHE JIKI JHL T Z8 AAVE BIZ JIHIZ 28 A& £ 85012 = [l 2 Sof
Global KAl Beyond Aerospace Copyright © 2026 Al rights reserved by KAl 13/25
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Source: MarketsanddMarkets, KAl TH=24 (26)

% CAGR 12.0% ('30~'55)

20304 20354
$4.67B $37.8B

CAGCR 31.5% CAGR 52.0%
(24-30) (°30-'35)

20454
$56.6B

CAGR 4.1%
('35-'45)

20554
$79.5B

CAGR 3.4%
(°45-55)

* Batteries & Cells, Electric motors/Engines, Aero-structures, Avionics, Software, Others(LRU)

) CAGR 3.8% (‘35~'55)
$56.6B

37.8B
$ J

52 O‘V

Global KAl Beyond Aerospace Copyright © 2026 Al rights reserved by KAl 15/25

[ & AIH &3t JhEsE AAV (5 2238)]
Source: SMG Consulting (26)

Source: MarketsanddMarkets, KAl K24 (26)
1= ’ = = ~ o =k |
S0 AZ 4x - OIMO > RE > SS =CE AT R T [HSE AZ 72
20 XY OFAIOF X1 SE XY
$332B $17.0B
$24.0B $15,8B$2]'QB $'I'IéB
$1528 $11.1B I I $7QB
m 2035 2045 2055 2035 2045 2055 2035 2045 2055
CAGR4.0% CAGR 3.5% CAGR3.9%
“ ey
F i
EEXY ={ 1P otz 2|3} X
$5.6B $1.48
=
=Lt $418 020
$2.98 $0.88 $0.26B |
$79.58 $o 5B
$56.6B I
$37.88B
2035 2045 2055 2035 2045 2055 2035 2045 2055
I I I 0n.7% [Ch= =
27.5% NE ERS CAGR3.3% CAGR5.6% CAGR 2.6%
2035 2045 2055 '—Z‘I J|$ U J -
= =
CAGR3.8% (35-55)1 X} SIHE O} [H= & Oresay XSk o
BUSU— I North ~ Asia  Europe Middle Latin  Africa ANZ EHE 2I5t [HS 2 =S Mo A
ompound Annual Growth Rate) America  Pacific East America
Global KAl Beyond Aerospace Copyright © 2026 All rights reserved by KAI 16/25
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Source: MarketsanddMarkets, KAl T4 ('26)

Software

Electric motors
/Engines

Batteries &
Cells

Aero-
structures

Avionics

Others

[ }\léEﬂ =]

H 2SN IIEANE

‘S/W A M - BE/AA >

Global Market

HHEIZI/& > JINI 2=E =C= A AR Y

" Software 23.6%)

Electric Motor/Engine

(21.6%)
CAGR5.6% CAGR 4.0%
$2158 $17.5B
$1318 $12.28
$7.28 $7.98

2035 2045 2055 2035 2045 2055

)

Batteries & Cells (21.5%)

$9.78

CAGR2.1%

$14.78

$12.58

2035 2045 2055

CAGR34% CAGR4.2%

$15B

$8.5B $9.6B
$5.98

$4.2B

2035 2045 2055 2035 2045 2055

)

$2.98

Others(LRU) (6.7%)

@ CAGR5.6%
»

$4.6B

$398

2035 2045 2055

Global KAl Beyond Aerospace
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Surveillance

Inspection &
Monitoring
Surveying &
Mapping

Air Shuttles &
Air Metro

Air Taxis

Last Mile Delivery
Special Mission

Private Transport

Air Ambulance &
Medical Emergency
Others 22.4%

[End User & X JIZ AIE BRE (35~

Global KAl Beyond Aerospace

B ME - FI| M > HOEHAl > B4

+

Surveillance

$13.6B

$10.48
$7.38 I
2035 2045 2055

CAGR3.2%

Inspecavon & Surveying & Air Shuttles &
Monitoring Mapping Air Metro
$8.6B $8.8B
$12.78 $6.48 $5.28
$7.2B $4.78

$4.6B I I s

2035 2045 2055 2035 2045 2055 2035 2045 2055
CAGR5.2% CAGR3.1% CAGR7.2%

Air Taxis

$6.5B
$4.8B
$3.0B

2035 2045 2055

CAGR 3.9%

Last Mile Delivery

$3.78
$2.78

$1.78 I I

2035 2045 2055

CAGR4.0%

———

Special Mission

2035 2045 2055

CAGR1.9%

j@f

Private Transport

jmf

Air Ambulance &
Medical Emergency

j@_—

Cargo Transport

$3.28 $2.6B
$2.38
$0. BB$].QB $1.28 $11B
’ $0.6B $0.68 I
| [ | [
2035 2045 2055 2035 2045 2055 2035 2045 2055
CAGR7.0% CAGR7.4% CAGR7.0%

—a— o

Others

2035 2045 2055

CAGR1.7%

Global

2035 2045 2055

CACR 3.8%
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2026 FEQSIISOE W S171 2010 & AAMS| OF%: o158 01 S | AR

= 3. K-AAM JIMI HZ 83 HE!

1. KAI-HMG AAV S3JHZ

2. AAM &g 845 ME

3. 3 YA

. AAMJHZ One Team |

OIZJ| JHEL (HHEIRI £ZJIE, '3315 FAA TC, 344 EIS Z=7 £wsupernal
=28 AE Y
@ E£HEI(100km 014, EHFH S2H(454kg 014)), 21X S H(10-8)
1:(
i
Al s © HyunoAl
JHE /D12 /&M A, AIRID| M=, 2 HIHAIE, Q15 & Hel o8 R == s
o HE/212/&M AH, AHIT| ME, K& 2 HISHAIE, el £ — S ——
o FEE JHL : XHAl JHE (ESS,EPU, FCC,MC 5) & 2| JH& 'V w
Ci&ol iEol/s|xo! HIIXt J1EH DE, BRI
e ZE Be Py EEl=)
Lt ¢§ AEDR S ﬂ%ﬁfé AEEH
SS: Energy Storage System, ctric Propulsion Unit, FCC: Flight Control Computer, MC: Mission Cpmputer
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. XtSXE HIZAHIM HYUNDAI
2 4~52158 eVTOL o "3Xiel DEFIE] J|I“ o2 MOTOR GROUR

> A 3 YR 28
> @1 =3 J|et

> EER S 8E

> CHEZFAH HI

Al

S8 MSEl NIfIEI i

> HHEIZ| A& > W
> IHE] > B4 215 (FAA/EASA)
> 2H > DY HEY

& SR > FAA/EASA 2I= S5 A

> TS TI| =THI JHE A
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‘K-UAM GC’

— @*.:
‘AAM DEHIH 7= \/

4 FAA F=gt =E WEH A

#i eVTOL &85t X 2= X2 =] UAM 2SS HE &AE | =uH H2ADt FAA 450

6 oI5 + & 29 sy 28 HIH A eESuBAE aRuS
— aH sM-312 24 45

o MEAHSA = 2 g8 I S 4 UYTE BN Y

8 JIH SA OIH JHEEAL 7IHAL 2600 F &0d) CHa WEHH S aEEe s

8 FAAQIZ I 42 28 S K-UAM &83} ZHI

o 2N &8 22 MU, $2 +5 Mgt &Z Hig, A2, nSaa|

3 ¢l - FAA RIS HIOIH =2 - 21=  HIOIH == =7t
g HEIZE, nSaig| 2R, SA RISt HEIZE, S, WSSt S8

- 0I5 AEE L, AE 2o g

g sE - QIS AIEE, AIE 2 Fist

n 3y == SF n o= A nAIL =1 " o=
OiE 21Sstn g AP0S4 O1EH 2 A0 SA
% FAA elPP (eVTOL Integration Pilot Program) "eVTOL JIXIQ| ISt 483tE JI55151D| 2ch FAA, XIZHES, % K-UAM Grand Challenge "=&EZ3nE(UAM)Q| 2IXIEt 282 2I6H JINI-HEIX!
AH&AHIDE E1215t01 2R 2 HI0IEE S2sl FHIE JHMsH= 01=2] &3t X2 T2 24 (25~, 7IHAL 2604 X1 HE £09) (UATM) S2 S8t 2S56H= [H518I=0] UAM &5 Z20¢ ~GC & T&/=8 &
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End-to-End X234 Al 7|= 7S et =X

i =] iy R o B 5

=M
oo™

KAIST AXE Lab

7 Automotive Intelligence
KAaIsT X |

FElectrification Lah

TEDSI|EH

X3 A2} AlCH =2f
o Tesla2| FSD v1428| St = A|
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Modular End-to-End Architecture
s B
Classical Planning
o Modular Architecture: Each task is developed separately
Sensor Bounding Future trajectory, Planni S
input i Box, Map o Occupancy ] anning outpu
—>  Perception Prediction Planning —
N J
. . \
Learning-based Planning
> “Old” end-to-end planning: Direct action output from sensor
Sensor .
input ] Planning output
Planning —_—
> Modular end-to-end planning: Tasks are trained together
---|  Perception
Feature | Head
Sensor 1 .
— Feature ! Planning output
— F====-:=»  Planning  F——>
Extractor !
i
1
*===> Prediction Head
KAIST - / 3

Why End to End?

Learning-based

r 3

Performance

----------- Rule-based

KAIST

Cost (Data)
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Key Components in Al Developments

o

O Learning Methods

= Supervised Learning (Real Data w/ Labels)
= Reinforcement Learning (Simulator)

KAIST 5

Data: Long-tail Problem
F
Frequency
Data needed
—_— —
Data
KAIST 6
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Resource Heavy Data Flywheel

4 N

G|o| & Oojo|d

ol {ojM
\ | )
-

4 N

S NEETE
\_ ) \_ )

KAIST 7

Simulator
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Training Methods for Planning

O Supervised Learning: Learning from real data (GT)

= Imitation Learning (Behavior cloning)

“ - Real Data!
B - Features

- Feature Extractor E2E Planner m/
Bcd g 8

o Reinforcement Learning (RL): Learning from simulation

= Learning from reward feedback

state| |reward action
S, R, A
R, !
:_S“l M
Simulator!

KAIST

Challenge: Sim to Real Gap

o0 Rendered Image & Perfect Perception (State)
0 Unrealistic Agent Behavior

o Dynamics

—— Perception Gap & Noise —— —— Unrealistic Agent Behavior — ——— Dynamics Difference ———

i

. |

N\
hmage K™

Intelligent Driver Model (IDM)!
dv [ ( v >6 (s*(v, Av))z]
—=ql1-—=] - (——
dt Vg s

vAv
s*(v,Av) = sy + max [0, (vT + )]

2vVab
. J
[5] He Li et al., University of Macau, “Seamless Virtual [6] M. Treiber et al., University of Stuttgart, “Congested [4] Jie Tan et al., Google Brain and Google DeepMind,
Reality with Integrated Synchronizer and Synthesizer for Traffic States in Empirical Observations and Microscopic “Sim-to-Real: Learning Agile Locomotion For Quadruped
Autonomous Driving,” IEEE Robotics and Automation Letter Simulations,” Physical review E, 2000. Robots,” Robotics: Science and Systems (RSS), 2018.
(RA-L), 2024.

KAIST
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Evaluation: Open-loop VS Closed-loop
o0 How to evaluate E2E Model?

0 Open-loop
Log Data
o Features
- = Feature Extractor E2E Planner m/

Trajectory

J

Log Data

Features

o Closed-loop

Feature Extractor E2E Planner
- - _ Trajectory
Real-World ]4 J

KAIST

11

Closed-loop Real-world Evaluation

KAIST

12
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Evaluation Dataset?

r
Frequency

L
Lh
"
L

"""""""" Ideal Dataset

-----
-----
------
......
........
.......

.
------------------
"aa

Data needed

KAIST 13

Outline

o Introduction to End-to-End Autonomous Driving (E2E AD)

o Cost-effective Learning: Reinforcement Learning (RL)

= Collision Avoidance/Mitigation System (CAMS)
= Automated Parking
= Sim-to-Real Transfer

0 E2E Model Deployment

KAIST 14
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Learning Methods

KAIST ZEDE|EOH 15
Multi-stage Training Processes
o In some cases, training is done in stages for better training stability
1st Stage: Pre-train feature extractor (Self-supervised Learning)
2nd Stage: Training perception/prediction module (Supervised Learning)
3rd Stage: Training for planning (Learning method?)
Feature
Perception Head
Sensor
input Planning output
—_— Feature Extractor = pr=me=mmesdieccooees > Planning —
— Prediction Head
Back-Prop
KAIST 16
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Cost-effective Learning Methods

o
o Self-supervised Learning (No Labels)

0 Reinforcement Learning (Simulator)

Frequency ‘

L
Lr}
L
L

"""""" Ideal Dataset

......
......
..............
.........
.

Data needed

KAIST 17

Training Methods for E2E

o Supervised Learning: Learning from real data (GT)

= Imitation Learning (Behavior cloning)

n Real Data!
Features
Feature Extractor E2E Planner m/
Action

0 Reinforcement Learning (RL): Learning from simulation

- J

= Learning from reward feedback

state| |reward action
S, R, A
R, !
:_S“l M
i |
KAIST Simulator! s
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Reinforcement Learning (RL)

0 Training an agent by interacting with the environment through rewards

O Goal: Find the action that maximizes the reward

™ Agent
state reward aclion

s, | R A

R
_ 5. | Environment \4—
\

Reinforcement Learning

States
Rendered .
- Simulator State Planner W
Image
Action

KAIST 19

A

i

Carla simulator

World Model in Autonomous Driving

rawl |F)) “‘."

o ese b

Front Forward

Hack Right

KAIST 20
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Two RL Approaches using World Model

O State Planner RL Sim2Real Gap

States

-
Gradient
Simulator State Planner ]
Image <
\
@

0 E2E Planner RL Action

Photo-Realistic — Neural Simulator W‘ m/
Image (World Model) ) 1
Action

v

Features ]
Feature Extractor E2E Planner J

< Gradient

Sim2Real Gap /

KAIST E2E Model 21

Can we transfer knowledge from RL to E2E?

Reinforcement Learning

States
Rendered .
- Simulator State Planner W
Image
Action
l Knowledge Transfer
Real Features
Feature Extractor E2E Planner
Image

Action

E2E Model

KAIST 22
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Parking Scenario Results

Status:
Stepa:
Gear: N
Gear S

KAIST 23

Collision Scenario Results

NJ-ID-RE (Non-junction — Identical Direction — Rear End)
BT 1 il

Method ACART AACI, AF| [|# Models (Size)
TTC-based AEB | 41.08% 7126 N-s - -
Fine-tuning 42.00% 6499 N-s 23.73%| 1 (84.3 MB)

EWC 49.17% 7361 N-s 16.09% | 1 (84.3 MB)

Perfect Memory | 56.67% 7660 N-s 1.91% 1 (84.3 MB)

Joint Training | 58.67% 6748 N-s - 1 (84.3 MB)

Ours 63.33% 6376 Ns 0.00% | 1 (86.9 MB)

Individual Models | 65.08% 6188 Ns - | 6 (505.8 MB)

* Boldface type is applied to the highest per values, ing indivi models.
KAIST 24
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Can we transfer knowledge from RL to E2E?

Reinforcement Learning

Rendered . States
Simulator State Planner
Image
Action
l Knowledge Transfer
Real Features
Feature Extractor E2E Planner
Image

Action

E2E Model

KAIST 25

Preview: E2E Model Deployment

KAIST FEDEI|EHH 26
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Development of Autonomous Vehicle Platform

[ | radar Continenetal ARS 548 (4D) 100°x28° 5
[] surround Camera LI-AR0233-GMSL2 70.1°x37.8° 5
I widecamera LI-AR0233-GMSL2 120.3°x65.3° 2
Long-range °
[ | il LI-AR0233-GMSL2 27.5 1
[ Lidar Hesai Pandar64 360°x40° 1
[ | DGPS Novatel PwrPak7 1
KAIST 27
VDC Data Collection & Pipeline
o Data collection route o Data collection pipeline
N
data
- System PC
= ‘ :
= i [y | i
@ 8
& :h i Control :i
hicl
Vehicle system )
= |deal setting for initial driving data
collection
= Includes diverse trajectories
= Continuously growing dataset!
KAIST 28
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E2E Planner Training & Deployment

o Training Pipeline o E2E Deployment Pipeline

E2E model

e =

& System PC1
putbon

Planning
trajectory

Apollo framework

opollo

Control
signal

Vehicle system

Planning a ~ g
L trajectory *'"‘"/
> Real-time performance is important for deployment:
=  Two PC systems
= Optimized model with TensorRT framework
KAIST 29

Open-loop E2E Planning Results
o Baseline E2E model: VAD [1]
Yo st "';1"“:"..““:;’(‘:‘:‘.' ‘TF r
——— Expert traj.
—— Output traj.
KAIST 30
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Closed-loop E2E Planning Results

KAIST FEDEI|EHH 32
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“CES 2026: The ChatGPT Moment for Physical Al Is Here”

Physical Al = $14& MAH0|A E 1 (Perception) TT (Reasoning) &%0]= (Action)
Al
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GLF 2026

“Bank of America has invested more than $100 billion in technology over the past decade, spending $13-14
billion annually. About $4 billion each year is dedicated to Al, data, digital banking, cybersecurity, and resilience.”

- Bernard Mensah (The President of International for Bank of America ) -
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Robotics Simulaion

N ERNERRNNERENNERNN N B

Robetic operations—such as spot welding and arc welding—are also simulated
ta validate rail positioning, tool accessibility,
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Key message

“Physical Al isn’t about robots”
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