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Outgunned, outmanned and outspent, Ukrainian troops have kept
up the fight against invading Russian forces for more than three
years. They might easily have been routed were it not for Kyiv's
mass deployment of drones.

Tens of thousands of the relatively cheap and expendable machines
are now buzzing back and forth over the front lines, pinpointing
Russian positions, gathering intelligence to anticipate impending
assaults, colliding with enemy targets or dropping bombs on them.

By early 2025, drones were accounting for 60% to 70% of the
damage and destruction caused to Russian equipment in the war,
according to UK-based think tank the Royal United Services
Institute. Russia’s military has developed a riv (erusy

drawn upon a traditional strength in electron
its anti-drone technology. Yet Ukraine’s highly
continue to expose gaps and vulnerabilities in
early June, drones launched from trucks hita
front as Siberia, damaging part of Russia’s nu¢
range bomber fleet, according to Ukrainian of

Tactical Developments
During the Third Year of the
Russo-Ukrainian War

Royal United Se & Drone Life
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The Future of Drone Warfare: A New Security Paradigm

The successful drone operations by Ukraine, Israel, and now the
institutionalization of these lessons in the US Replicator program signal
a fundamental shift in modern warfare that challenges traditional
security paradigms. These operations demonstrate thatit is no longer
necessary to destroy strategic targets with missiles launched from
national territory; instead, small drones smuggled into enemy territory
can strike with precision from within, bypassing even the most
sophisticated air defense systems.

This evolution renders conventional security measures increasingly
vulnerable, forcing nations to look not only outward for threats but also
inward, creating a far more complex security environment. The US
Replicator program’s focus on producing thousands of drones by 2025

represents an acknowledgment thatgiSeiERaelylilla RV Ty 1o ETe |

by swarms of inexpensive, autonomous systems rather than traditional

For military planners worldwide, these developments highlight how
small commercial drone technology has transformed into a strategic
military asset capable of altering the balance of power between nations.
The age of drone warfare has moved beyond theoretical discussions to
practical implementation, with proven battlefield results from Ukraine
to Iran demonstrating the effectiveness of these new approaches.
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South Korea is recognized as a strong and dynamic player in the global drone market, despite the dominance of Chinese(notably DJI)
and American firms, (Global Drone Conference)
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Any discussion of drone innovation and success has to include South Korea. With strong government support and an engaged
commercial sector, the country has seen widespread advances in the adoption of uncrewed technology. (Commercial UAV News)
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Any Korean drone companies are recognized for their innovative technologies and are actively competing not only domestically but
also with leading firms from China and Japan.(Survey Snapshot, D)
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Overall drone
readiness

- B
Sz/8reH : BT Group(B= SAI2IHI), GSMASLI2SEt
=X )=HIEQI ZUKISSE [HYC= B=0| EE AIE
2)REICUSTH(EASA)C| B MI=- &8 7IET HIZ/=
- [HE T MIAI SA1 &L EE 2IZ=T7H27H=
-EM QA
- Drone regulations : Drone ID, BVLOS Policy, UTM
- Economic : GDP, R&D as a percentage of GDP
- Telecoms & ICT : 4G/5G coverage, % of 4G/5G connections
- Demand : Drone revenue as a % of national GDP, IoT, connections per pop
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GSMA, Race to the tc celerating drone readiness in the UK, the G7 and other leading nations
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Business connections

‘There are a total of 388 search results.

- NarnFCHS
between businesses and public institutions = Conditional Search

" Osuallence,  Ologsies/ O Spariel O Prevention/ 0 Environmentl
Search/ Istrucure Special /
InfEastructuce Phatography Fiight Controller (N~ Flight Controlier - ARDUBOARD KAVION Triple FC (NarinfC---
Mpnogement 'VOLOLAND €O, LTD VOLOLAND €O, LTD KATS KATS 'VOLOLAND CO, LTD

O Multipurpose (] Broadcasting/ [ Leisure / [ Drone Station (7 Anti-Drone ‘Molucopter Muticopter Moticopter Mucopter

W Performance  Education

¥ gl @
= =

S Mo Drasdwrgl | Oummenied | GvIOL
Drone Type ekgpter arcont e g

Fiight Controlier (N--
Suneince ) Mooring 5 eivery Orone ) Mol Loader. ) Educations| | VOLONDCO.UTD. | VOLOLANDCO. LTD Smat o, 1 Orone Tech VOLOLAND CO, 1
Reconnaissance | Mltcopter MiniDrone DR orone tkapte Matostr free
Drone
S— usesoind 3 Aceingan < s o

s e e

- 5 . . . Flight Controller (NarinFC-HS)
Clesstnastg (2509-2kg  C2kgeTeg  O7kg2Skg  CowrzSkg
off Weight
- [ T P

NarinFC-H5
[EPPE  [seicctitem Type || prease enter a keywora e Molcoper Categary  Molicopter

* Offical ArduPlot Firmware Registration
«Flght Controller

~Manufacturer: Voioland Co. Lid.
Model Name: NarinFC-HS,
~Main Processor: STM32H743
~Freauency: 480 MHz
Flash Memory: 2 M8
~RAM: 1 MB
- On-board Sensors: Dual ICM45686, BVIOSS,
RM3100, Dual MSS611
Interfaces: 14 PWM Outputs, 2 x CAN Ports,
4 UART Ports, 4 12C Ports, 1 x Debug Port,
1xUS8 Port

Detall INFO

Characteristic

Equipped with Anti-Vibraticn Damper
LIT ~Dimensions: 94 47 x 35 mm
- Weight: 105 g
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African Drone Forum

Commercial UAV Expo / Inter-geo
=7KH9| 2E 4 (Road Show)
Bangladesh, Uzbekistan, Columbia

Saudi Arabia, Czech, Molgolia, Kazakhstan

2023 CZECH REPUBLIC - KOREA
DRONE ROADSHOW

Source : KIAST .
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@ 19| ME Hok(Disinformation Security) 37t AFE(Spatial Computing)
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- AT
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MARS Forum
Sep. 04, 2025

Rethinking Robotic
Intelligence:

From More Control to Better
Design

POSTECH

Mechanical Eng. Dept.
Keehoon Kim

) Rq§xgcﬂ ”/ mal‘Ch lab Ve a mar(:h blonlcs

MARCH Lab. Robotics and Bionics

rPOSTECH N'/ march lab

1996 ()
B.S, Mechanical Eng., POSTECH
1999 ()
M.S, Mechanical Eng., POSTECH
2001 O)
L 2003 Q)
Visiting Student ¢~ PhD, Mechanical Eng., POSTECH
Case Western Reserve University 2004 O
2006 ()
Post-Doc, Northwestern University
2009 (O)=
Assistant Professor 2010 O
. . . o Senior Research Scientist
University of Science and Technology Korea Institute of Science and Technology
2014
2015

Associate Professor

University of Science and Technology

Keehoon 2019
Kim' PhD L ?(s)s;;i;tél_ll’rofessor

Principal Research Scientist
Korea Institute of Science and Technology

0
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Lab for MARCH,
Mechanical Eng. Dept.

“We design intelligent assistant robots that extend human capability
through intuitive and immersive human-robot interfaces’,
Keehoon Kim 2007

website: http://march.postech.ac.kr

MARCH Lab.
Robotics and Bionics

Robotics

* Autonomous Manipulation

* Mechanism Design Synthesis
* Haptics & Haptic Interface

» Teleoperated Robotic System in Extreme Environment

Prof. Keehoon Kim

Bionics

« Invasive-type Peripheral Nerve Interface

« Non-Invasive Bionic Signal Sensors, SEMG sensors
« Bionic Signal Classification & Clustering

« Prothesis Design and Control

Selected Research Achievements

- sEMG based human motion prediction system (MATCH)

- Upper limb exoskeleton system for the elderly and disabled (KULEX)
- Robotic Prosthesis for Partial Hand Amputation (ReFill)

- Fully Passive Robotic Finger (Omega Gripper)

- Cable-Driven Mobile-Type Haptic Interface (Octopus)

- Haptic Interface for High-Risk Steel Production Tasks (POSTICK)

MARCH KIST (2009~2019)

Lab for MARCH

Medical Assistant Robotics and Cognitive Haptics

“To design intelligent assistant robots that
extend human capability through intuitive and
immersive human-robot interfaces” Keehoon

Kim 2007

Bionic
Interfaces

Surgical
Robots

Rehabilitation
Robots

Haptics
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March 2025

Senior Researcher: 1
Post-Doc: 2

Ph.D Students: 6
Master Students: 9

MARCH POSTECH (2019~)

1. Bionic interface: circuit design, animal experiment, bionic signal processing
-Hto|Y A1 QAUEM|O|AE 0|88t T AFBAR 25-22F 2UE TEMA J]5 (2022-2026, NRF)

2. Autonomous robots: manipulation, control, task and motion planning, learn-by-demonstration
- X5 X UYRR S 2Ieh T AN 9 Mo 22|F JHY (2020-2024, NRF)
- M HI IR 20| 2QI9IE I3t Ciydt A17|9] QIAl/MEX| 7t Obs ot mHFY T{L|E2|0]4H 7[Hke| MH|A 252 I JHY (2022-2026, KEIT)
-CHE3 EV HBHE2|TO] 28-S floh Q-2 2 HY ofix| 2 71 I (2022-2026, KEIT)
- AR & e F RN ZASHS VX = TR UNYE 2RIME Y |S I (2024-2028, KEIT)
- I OHIY 229| Xpg XA S 9{$ Learn by Demonstration 7|& i (2024-2028, HCHXHS XL

3. Human-robot interace: haptics, UX-design, embedded system
-2 EMT X F HH 2RO S 6 AHRE M8 HE A AAH JHE (2021-2025, POSCO)
- HE| 2T A2 QIHI0| A 280 Dhefoid E2EIX | M2 SCHz} QIE{2HM (2021-2024, IITP)
- REOIS LA (24 7IT)

4. Soft body manipulation: reinforcement learning, manipulation, novel mechanisms, sensor systems
-HEtATEQ?RE HZ 0|2 U 28 OS] 25 A|A™ O (2022-2026, KEIT)

MARCH Lab. Robotics and Bionics

Prof. Keehoon Kim

POSTECH I35 ofr[{s}
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i

oY A EOH HA|J| HCH= ‘THORA 2100k

Background m/ march lab

Manual wiping Robotic Solutions— — — — —
| Labor shortage

| - Risk of exposure to pathogen
. - Physically demanding task

Low compliance rate
- Inconsistent disinfection performance

- Disinfection performance varies across
individuals

Autonomous disinfection

onsistent disinfection (no
uman error)

o0
—— - —

i
[
[
[
[
[
|

Autonomous robot capable of wiping

- Novel robotic disinfection system
N (physical wiping & UV-C irradiation)

(?) Reliability

Hydrogen peroxide methods™

Manual wiping &
is essentiall

(?) Disinfection
effectiveness?

D e ——
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Autonomous UV-C Disinfection and Wiping Robot System m/ marchlab

System Description Considering post-disinfection

Rollers connected with motors
for opening/closing the door

RGB-D Camera ~—————— Motor

Wiping tool o Roller

UV-C tool L=
6-axis F/T sensor -

Fabric

) UV-C Device
Lidar sensor —

Clean fabric
Omnidirectional -
mobile base ( —_
g ; i /
Floor UV-C tool \ Self-disinfection station ) Rislessthasinesvsten Contaminated fabric \ 9 UV-C devices

Replacing contaminated fabric

Expected Scenario

Room| _—.
Contaminated #3 | [Room|

bric .
- Rooghthsg
e

— 2 4 R =

]
Cleancd fabric |~ — '

eaned fabric s
with disinfectant :

| Changing fabric | | Disinfection |

The worker only replaces the
wiping fabric and applies
disinfectant to the fabric.

Installation
Pre-disinfection
Post-disinfection

Effectiveness of the Developed System m/ marchlab

Disinfection performance of UV-C irradiation Evaluation of practical usability
% Measurement Point - | 1= (x 90)
‘. time : Z 3 i )
: . | Second [ B 3K )
: s Sterilization prediction (%) 349 98.8 100
| 43 mm | 150 mm
¥ o1 e-ee
o @ 9 »»»»» Sterilization prediction (%) 73.6 .9 100
~ @0 ®
Sterilization prediction (%) 70.4 100 100

Disinfection performance of wiping

3
1600 ™
|
| ™ ol T
T - ] 5
oo | T R 2
= I
= 1000 ; . =
3 [:] T B
2 s i X 5 1
& T H T Contaminated 2
& &1
2 o 5
N ! I3
400 + [— 250RLU ‘ tw T o= T
o —————— e 2 1044 mJfem?
- <
0 == = = = ==
X ¥ - X . Disinfected o
i w2 Wi Wl w2 Ul: Closet U2: Handle U3: Switch U4: CPS

- There was no human intervention.
- Onaverage, it took 682 + 44 seconds for each

NV 2 aa operation.
Af‘ger KN/ RIN '™ - Sufficient and Consistent disinfection performance is
wiping achieved for repetitive operations.
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2L SURAR

"#2}7|' HCHHO) 4

rPOSTREPCH

TECH-A.l.

Nvidia CEO Jensen Huang
debuts new Al platform to
dominate the ‘ChatGPT
moment’ in robotics

BY SHARON GOLDMAN C@
January 7,2025 at 1:30 PM GMT+9

m/ marchlab

Jensen Huang, Nvidia's CEO.

DAVID PAUL MORRIS/BLOOMBERG VIA GETTY IMAGES
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Google
o Deepmind

A

.. ¢
—
-
r

Al

It might
look goofy ...

The international journal of science / 31 August 2023

nature -

~

AIVERSUS
DRONE RACING

Alpilotbeats ' & 5
human champions b ) [
inaerial contest

Sentence synthesis
Brainimplants show

14/110
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B HUMANOID ROBOTS 2024 7/

= = | Ld = == P =
HD Atlas Figure Phoenix Digit Atlas H1 Optimus Gen 2

Boston Dynamics

 H 5 e k& 07T

Sanctuary Al Agility Boston Dynamics Unitree Tesla

() 103lb | 47kg 121lb | 55kg  154lb | 70kg  146lb | B4kg 180Ib | 80kg 103lb | 47kg 103Ib | 47kg
/& Smph | 8km/h Smph | 8kmh  5mph | Skmh 5mph | 5.4kmh ?mph | 2kmh 11mph | 18kmh Smph | 8kmh

SOURCE: wwiw (ifearzhitect.a fhumancics/

The,.
Guardi:-
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What Happens in the Real World?
p
A

POSTEPLCH
m/ marchlab

Al vs. Robot

Artificial Intelligence is good at: image, vision, text, physical simulation

Physical World Interaction
: Nonlinear Dynamics, Friction, Stiction, Collision, Fluidics

boundary " s
elastoviscous transition
5F = > Hybrid - = 2 i
o [T i ok paices SITIOTGANIC | Friction is this way Ifmotion is this way &
gl T e — R — 5
g5 2 i1 E(Pa) &
5 10% 10!
=8 I R e A0 10 10° 10 Rough Surface 2
soft {Tuning hard = -
el Keratocye Y Tissue Organs S ¥
eukocytes Fibroblasts Osteoblasts Cardiocytes Cartiage Tendon Bone B hydrodynamic
A T e I e = classical Stribeck curve .. —
el 100 10° 10° 10° N
full U7 fim formation

sliding speed * lubricant viscosity

Strengths — Free Motion

» Waving, tumbling, acrobatics

* Movements that do not require
complex contact forces

Challenges — Force Interaction
 Object manipulation

« Surface wiping

* Running on uneven terrain

normal load
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rPOSTR2PCH
m/ marchlab

22 2jmet

G
=M

Tesollo Co.
Demonstration
@ Roboworld
2024

) POSTEPCH
Learn from Demonstration N‘/ marchlab
Teleoperataion Learn by Autonomous Robots

Demonstration
MORE THAN IMMITATION g

Digitization of HUMAN SKIL
Multimodal Information

- Movement
- Interaction force
- Haptic

Teleoperation = Learn by Demonstration + Skill Transfer = Autonomous Robot
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Toward Auton{e]ggle]If N Te] eTe} &3
Teleoperation Autonomous Robots

Graspable ' |
Un;graspable-

AUIO?\IOMOUS DISINFECTION ivmm

i
| ¥ i
| & ]J

rPOSTRPCH

m/ marchlab
Toward Autonomous Robots

Autonomous Robots

s If%% EES Pt 2YE 2 Ko Z2|F O (2020-2024, NRF)
A2 IR 20| ROUSHE 2ot Thefet A7[9] QIA|/ObX|J} Jtaet RHt MLIER|0|d 2|Lte] MH|A 22 J|& I (2022-2026, KEIT)

Learn-by-Demonstration

LHES EV HEHE 2ol 28-S fleh Q-2 2 HY oMl 2 7| JHY (2022-2026, KEIT)

Teleoperation

12 243 X2 HH 220 E3tE 6 A= APE HE H2A A|AR I (2021-2022, POSCO)
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& 30| £2in TS OHK|E= TR YUXH 2RUE & 47| & I (2024-2028, KEIT)
D HIY 250| Xkg T X} 242 Pt Learn by Demonstration 7|& 7 (2024-2028, HCHXIS AR

POSTEPLCH
m/ marchlab

23

OFH} Gk

IR0 A| A

- A& 2F0| £2nt TS K= TR UXH 2 RUE & 47|& I (2024-2028, KEIT)
- % QHIY 28| X XE} 242 9J$t Learn by Demonstration 7|& &t (2024-2028, $ICHXIS A

\

POSTEPCH
m/ marchlab

24
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- OEHISE SHEI S Ell rPoOsSTRPCH
N2 SHT X2 HH 220 E3tE 6 AR E LY HE A2 A| AR I (2021-2025, POSCO)

(ours) (ours)

Grounded Ungrounded
Kinesthetic feedback Vibrotactile feedback

Exl 0I(%-‘F)—1‘-I§JI 24 2¥ 21 (1x)
X

27

rPOSTREPCH

m/ march lab
Toward Autonomous Robots

Autonomous Robots

M| 8 M| LD2|E N (2020-2024, NRF)
P 2HtY HUE2|0ld 2gh] MH|A 25 1% I (2022-2026, KEIT)

Ji
S~
=
Ral
N
N
or
rot

Learn-by-Demonstration

CHE3 EV HHHE2|HO| M8 S 2ot Q2t-2% HY oMl 2ied 7] JHE (2022-2026, KEIT)

Teleoperation

12 4 XF MM 2R0| S0tz 6 AR U8 HE A AL Y (2021-2022, POSCO)
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N
AUTO'lOM'OU‘S DISINFECTION piSTEM
7 {
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o
—a
1

|

|

|
Graspable
Ungraspable-
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o e

/

Toward Autonomous Robots

Autonomous Robots

Nsd Ae AR RS 2I3 2G e & Mo 212|F 7Y (2020-2024, NRF)

A2 81 OR 20| RIS 2o Chfet A7]9] QlA|/mx|J} Jtsot Hf% MLIZE2|0|d 2|gte] MH|A 22 Y|z 2HE (2022-2026, KEIT)

Learn-by-Demonstration

CHEZ EV HHIE{2|TO| X{ZHR S 9|6 012k 5 & sfik| Xt 7|2 JHet (2022-2026, KEIT)

Teleoperation

M7 X2 M 2E0| ESIE 6 AT AL $ME| 2424 A AR I (2021-2022, POSCO)
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Learn from Demonstration

Teleoperataion Learn by Autonomous Robots
Demonstration

MORE THAN IMMITATION

Digitization of HUMAN SKIL
Multimodal Information

- Movement
- Interaction force
- Haptic

Teleoperation = Learn by Demonstration + Skill Transfer = Autonomous Robot

Introduction | Learning from Demonstration
Learning from demonstration (LfD) = Encoding Human Demonstration

» This enables the facilitation of non-expert in robot programming, teaches robot some tasks without programming.

Kinesthetic Teaching: The human

Peeling Wiping Folding clothes

» Robots are expected to perform tasks, even in general unstructured environments.

36

[1] Ravichandar, H., Polydoros, A. S., Chernova, S., and Billard, A. (2020). Recent advances in robot learning from demonstration. Annual review of control, robotics, and autonomous systems, 3(7), 297-330.
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Quadratic Programming-based Task Scaling for Safe and Passive
Robot Arm Teleoperation

Donghyeon Lee, Dongwoo Ko, Wan Kyun Chung, and Keehoon Kim*

Department of Mechanical Engineering, POSTECH, South Korea

Release a handle

Encodlng uam:’ﬁn Demonstization into
Dynamlcal VS Ltgrg for Consti *med iFasks
in Obstac’le-‘Rlch Env1r0nm

—
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Toward Autonomous Robots

Autonomous Robots

CERETILELEE

3 o 25l & Mo 210215 JHE (2020-2024, NRF)
A2 IR 20| RIS 2o Tifet A7]9] QIA/ObX|D} Jtot RHFU MLIE2|0|d 2|Hie] MH|A 22 J|& i (2022-2026, KEIT)

Learn-by-Demonstration
CHES EV HHHEI2|mo| 28 913t Q172 2 el st Zte) 7| I (2022-2026, KEIT) ) )
Bionics

HiO| @ A7 OIE{H|0|AS o8t

Teleoperation i e eea 2aa

12 24 XF A 220 S2E 6 AMRE AUE HE 21 AL/ Y (2021-2022, POSCO)

Brain (1uV)
o BEQT offM HRD oPYH (MBIER &)
o MEHN oiof| 2 MEMS & 4 gl J|&X o
«  HiloH| eExtofA| £|Fe| £2M
« 2T/ HL OHLE ofsPt ofl kbl MoKz 7=

. HHRHIEENSE Y
2 279 So| HYst
© P e K38 B 5y missol ot

. AJEexiy

Nerve (1uV)
« 2F/22 WY HFHLIFS| ofsl{7t 4-HHE|0{of Sh= MEHJ|=
«  MEiE 2Fo|x gl £2F ME0| JHst U OlaX T2 Y
+ J|2F |0t =1, Y J|s I I Vs ¥Y

ENG (invasive)
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Deltoid

Novice (EMG)

Triceps

DECELERATION | FOLLOW-THROUGH

Expert (EMG)

, ] s Biceps Deltoid Triceps Biceps
@ o ol a - 0 ) §
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0 0 o, @ 3%
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2., ‘ Sos Los y E 25
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) o | ] o
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41/110
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Sensors & Tactile Feedback k

Vibrator

Wireless Communication

wireless

Interface
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3D Avatar

Keehoon Kim
Lab for MARCH

Center for Robotics Research
Korea Institute of Science and Technology

45/110

Rock-paper-scissors with Robot hand

Keehoon Kim
Lab for MARCH

Center for Robotics Research
Korea Institute of Science and Technology

46/110
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» | , po
DERACTUATED ROBOTIC FINGER wm

RTIAL HAND AMPUTATION |

N | %, WOOSEONG CHOI, HYUN-JOO LEE, SANG ROK.OH AND KEEHOON KIM

LAB FOR MARCH
ER FOR ROBOTICS RESEARCH
ITUTE ORSCIENCE ANDJECHNOLOGY
. =

_
&3]
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=
o
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principal component 1 50/110

70



Session Il - Robotics

Rethinking Robotic Intelligence : From More Control to Better Design

Implementation

Motion onset Motion offset

i SEMG inpli

True label (gesture)

Without Post-processing

SEMG MAV value [V]

—ps

SEMG input
classification

Average motion onset Average m*olion offset

Steady state accuracy

Transient state accuracy over time

100 - SVM
| I The proposed with SVM

Acc [
Ace/100 [%]

Org 0 0
SEMG onset
(time = 0)

300
time [ms]

METAVERSE in the Future
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Shoulders
4~1.9%

0~314 em?
©~101 MRg 4

Chest
8~12.8%
0~2114 cm?
*~319 MRs

Abdomen
A~2.9%

Head

ooy Total

o-1726 s 4 100% Skin Area
A forearm  Mand:Glabrous | 914558 cm2 Area
8~48%  A~3% A~1.2%
0~793 cm? 0~a87cmt 07194 e’ r ©~45624 MRs I

*~18675 MRs.

a ﬂdz',‘ Glabrous Area of Hand
0~194 em? £100% Hand Area

©~301 MRs |~ 2
I ©~18675 MRs I J

Back
4~13.9%

0 ~2295 cm’
©~2105 MRs.

0~479 cm?
*~57 MRs

Thigh
A~9.2%

Middle
811.5%

index
8115%

0223cm? 0223 ¢

Riny

Do S2OMRS BN fingers Area

018.7 e | | &~53%
BBMR[ ::“ 0~102 cm?
=== e *13350 MRs

0~1511 ecm?
#7443 MRs

Leg
5~5.6%
0~925 cm?
©~183 MRs

Foot:Dorsam
A~1.5%
0~252 cm?
©~121 MRs

Foot:Sole
4~1.5%
0~252em?
*~611 MRs

A Relative Area in %

O Absolute Area in cm?

® Number of

Mechanoreceptor (MRs)

| 23
072
| 580
£511.4% 022.1 cm’ #1282 MRs.
£5.8% 011.2 cm? 0650 Mml
2129%
025 em? 417.3% Area
*1450MRsf 0335 cm? Area
#1943 MRs
Palm Area

A~47% Area 0~92 cm? Area 5325 MRs

Dimensions, Nerve Fibers
Dimension, Nerve Fibers (Ref. Stein 1980; Boyd and Davey, 1986)

Roman (aff. rf:ﬁzr (aft/ o) Diameter (um) | Conduction velocity (m/sec) Function
Ta A 12-20 70-120 Proprioception (muscle spindle primary ending)
Ib 11-19 66-114 Proprioception (Golgi tendon organs)
11 AB 5-12 30-70 Touch, kinesthesia (muscle spindle secondary endings)
Ay 3-6 15-30 Touch, pressure (gzamma motor neurons)
1 A8 2-5 12-30 Pain, crude touch, pressure, temperature
B <3 3-15 Pre-ganglionic autonomic
v c 0.4-1.2 0.5-2.3 Pain, touch, pressure, temperature (Dorsal root)
0.3-1.3 0.7-2.3 post-ganglionic autonomic (Sympathetic)
* Cand 1V fibers are all unmyelinated

Myelin sheath
(3~20 pm)
Axon
0.3~1.2 pm)

I

Endoneurium

Perineurium

Epineurium
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Transferring Human Sensorimotor Skills

Research methods

- SEMG, muscle synergy, timing
- Neural interfaces for sensory feedback
- Practical robotic applications

Real-time demo

Train motion 3

ICRA 2025 Awards
ICRA 2025 Best Paper Award in Medical Robotics

[CRA AT

In-Vivo Tendon-gzr\‘/::r:::;n’t :elkalziﬁ::r:leton System for I INTERNATIONAL CONFERENCE  ATLANTA2025

Juwan Han, Seunghyeon Park, and Keehoon Kim

For creating a simple, low-ggst, and effective loger-limb exoskeleton for
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Encodlng & Decoding of ctlle Neural Slgnals

Electrode/sensor wire

. Tactile sensor output Il

Nerve stimulation Triggered

Nerve stimulation system triggered by tactile sensor(muscle contraction case)
* BEST PAPER AWARD FINALIST IN MEDICAL ROBOTICS
WeBT1, Award Finalists 6

Encoding & Decoding of Tactile Neural Signals

Awake-state animal experiment system with peripheral nerve interface and tactile sensor

[AcutelsystemilDecodinglsensonylinfo) ,
Motion capture system Nerve stimulation system triggered by tactlle sensor

IContractioncase

Tactile sensor output

o ol A Wb ‘w«‘y
R - | b M bl o
S Sensorlmotork bl
|nterfacmg|.platform '

_-1J

Electrode wire

Decoding

* BEST PAPER AWARD FINALIST IN MEDICAL ROBOTICS ICRA 2025 [WeBT1, Award Finalists 6]
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Cable-driven Ankle Exoskeleton for Rodent

Active Driving

. Neodymium Magnet

Exo Shoe

_.---» Torsion Spring

| l WithlExolShoe

4

Cable Tension
7 Sensor

- ‘\
Hall Sensor a Cylinder Type Torque Sensor

~
Cantilever Type Torque Sensor

Ankle Exoskeleton Structure

Trat

Trat = Ts(Oankie) = Tc~

Rat's Interaction Torque Extraction Method Rat Walking Video with exoskeleton

Remaining gap:
Human hand superiority
The Human hand is a sensor

Even with better design & Control, we still fall short of one thing

Sensing & Sensorimotor SKill

60
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The Human hand is a sensor

Epidermis — § - : _ ~ 0.3-3Hz
Pressure
: fh— Merkel receptors
L0l = e Meissner's 3-40Hz
Ruffini ending g & 8 %5 / corpuscle | Taps on skin
]y y A srve endings
15-400Hz Fre& nerve [2]

Stretching Skin ) ! j 21— Duct of sweat gland

Subcutaneous fat ———p

— Pacinian corpuscle

10 - 500Hz (or higher)
Rapid vibration

E.B. Goldstein, Sensation and Perception, 1999, p. 408

Bandwidth of Human Non-hairy Skin

80 T T T T T T T T T T T T TTTT
601 .
40 -
FIG. 1. Threshold-frequency char-
i b acteristic relating stimulus intensity
20 to stimulus frequency. The results

are the averages of five observers.
The error bars in this and the figures
to follow signify the standard error
o - of the means, their absence indicat-
ing that the error was too small to be
Skin-surface perature
-20h a was maintained at 30 °C. Stimulus
contactor size was 2.9 cm®.

DISPLACEMENT (dB re 1pm peak)

-40F —
-60 Ll Ll Ll L
0.t 1.0 10 100 1000

FREQUENCY (Hz)

S. Bolanowski, Jr, G. Gescheider, R. Verrillo, and C. Checkosky, “Four channels mediate the mechanical
aspects of touch,” J. Acoust. Soc. Amer., vol. 84, pp. 1680-1694, 1988.
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S Total
~644 cm )
+~1728 MRs A 100% Skin Area
Shoulders Arm Forearm ::';‘z“:‘"”"“’ 0~14558 cm? Area
4~1.9% 8~48% A~3% e -
0~314em? \D 0~793cm? 0~a87cm 07194 cm? r ~45624 MRs I
*~101 61 MRs o~261 MRs ®~18675 MRs
Chest = - » 2 o
47128 Hand:Dorsam
o'-zu:iml £~1.2% Glabrous Area of Hand
*~319 MRs [ a~13.9% 0~194 cm? £100% Hand Area
0~2295 em? 301 MRs ‘
Abdomen ©~2105 MRs. B 1
:::799,‘ ? Middle Index
o 8115%  A115%
*~57 MRs. Rit 022.3¢m? 0223 cm?|
oe. #2800 MRs #2821 MR Fingers Area
4~53%
Thish 0102 em?
8~92% | 13350 MRs
0~1511 cm?
©~443 MRs
Leg
55.6%
0~925 cm?
*~183 MRs
Foot:Dorsam
2~15%
0~252 cm?
*~121 MRs 511.4% 022.1 e #1282 MRs
55.8%011.2 cm? 9650 Mq
Foot:Sole
8~15%
o252 e e
*~611 MRs 025 em i

A Relative Area in %

0 Absolute Area in cm?
® Number of
Mechanoreceptor (MRs)

#1450 MRs} 0335 cm? Area.
#1943 MRs.

Palm Area
A~47% Area 0~92 cm? Area 85325 MRs 63/110

R. S Johansson and G. Wrestling, “Roles of glabrous skin receptors and sensorimotor memory in automatic
control of precision grip when lifting rougher or more slippery objects,” Exp. Brain Res. Vol. 56, pp. 550-

564, 1984.

Load force. N

Grip force, N

Position,

Grip forcexLoad force™

5 %
Time, s

Under Anesthesia

Silk
uede

Load force, N

Grip force. N

Position,

g

£

B

3

§ = ~si

2 2

=3 B

& 4 =i
O—U 05 1.5 1.5

Time, s
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Gifu U (1999 -
sl DIST (1998) DLR (1997) Barrett (1988) Belgrade/USC (1988) Utah/MIT (1985) Stanford/JPL (1983)
i ; . @ Shadow EDC (2002)
Robotiq (1999) Blackfingers (2000) Tuat/Karlsruhe (2000) Ultralight (2000)

U-Tokyo (2003)

4%
|

Handroid (2011) Columbia (2011) IH2 Azzurra (2008) FRH-4 (2008)

!

Osaka U (2004)

AHMAR (2005)

KITECH (2012) PISA/IIT (2012)  TDM (2013) iHY (2014) Cornell U {2015) RBQ/(2016) KoreaTech (2019)

e
s

rd/JPL (1983)
In-hand manipulation Prismatic precision grasp Current control Modularity

Payload Torque control Shape-adaptability Cost-effectiveness
Circular precision grasp Sensor linearity Position control Dexterity Fully-actuated

Finger Soft gripper[hand Operating temperature Payload-to-weight ratio Thumb
LB  Opening/closing speed Prehensile power grasp SMA actuator Grasp/Grip-force Tokvo(zoo)
7 Welg ht Non-prehensile power grasp  Sensor density  Grasping mode  Differential actuation
‘-% Softhand Under-actuated Powerconsumption In-hand recrientation Pneumatic actuator
.A Gripper  Tendon-driven  Anth ropomorph ization Opening/closing range  Palm
™ Tactile sensor  Jointsensor  Sensor capacity/resoluton  Number of fingers &3
| Reinforcement-learning  DC motors Degree-of-freedom Compliance  Transmission
b LR :

KITECH (2012) PISA/IT (2012)  TDM (2013) iHY (2014) Corxiell U:(2015) REO,(2018) KoreaTech (2019)

-
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Faster, 11-DoF
brand-new hands

*”al N
M ™

Optims (TESLA) Phoenix (Sanctuary Al) Figure 01 (Figure Al)

>

Still, Something Is Missing

A3t [REL(2014.2708)] 7|Et HF FHH (https://www.youtube.com/watch?v=IRceb6cAdyw)
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How Far Are We From the Human Hand?

Shadow Robot Hand

27 bones 20 actuated DOF
27 joints 4 under-actuated movements
34 muscles 24 joints
over 100 ligaments and tendons Joint encoders
18,000 mechanoreceptors fingertip tactile and F/T sensors 2

Robot Hand vs. Human Hand

DOF
50
50
40
“ Human
40 l
35 Human
30 l
25 Human
20
15
Weight 10
& Actuators
(x100g) 5
0 L__| L__| !
DOF Actuators Weight (x100g)
—e—Shadow Dexterous Hand —e—Allegro Hand Shadow Dexterous Hand * Allegro Hand iCub Humanoid Hand
iCub Humanoid Hand —e—DLR-HIT Hand Il DLR-HIT Hand II Gifu Hand lll NASA Robonaut Hand
—e—Gifu Hand Il NASA Robonaut Hand B@Human
—e—Human
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Five Principles of Smart Design
01 ---------- 02 ---------- 03 ---------- 04 ---------- 05

Passive Simple integration Minimal actuators/sensors Fully passive Parallel

adaptability interfaces compliance mechanisms for

strength

1. OMEGA-Gripper 2. KULEX-Finger
e y/
3 v
2 ,/

Fully Passive Robotic Finger for Human-Inspired Adaptive Grasping in Environmental Constraints An Underactuated Wearable Hand for Grasping Power
Assistance 73

Mechanical Intelligence:

When Design Does the Thinking

Symmetric
cooping

Direct
~ Pinching

\

Asymmetric
_/ Scooping

O]
F ¢ ‘1 4
— . O\
Vertical 8 — y .
compliance ! 2l \
pre— \
Pinching Scoopi Blocking ¢ J
pose COOPi!
v
E E\ !-
[ 3

Pinching pose and Symmetric scooping pose Asymmetric scooping pose 76
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Structure can think—if it's designed right

} m Shifting up

Fragile object A Passive c]oging s Posifion compensatlon Pmchmg failure

=\ A

Passive opexﬁng Limited actuation stroke Weak pmchmg force

Linear actuation

Pushing down

1
|
1
1
1
lopper Damaged
/—Torsional spring 3 2 ’2/3\‘ 77

i i Mechanical system

(1-DOF) Pushing down

~
s . H

«  Path generation

- - - - - - - - - —-——

'(parallcl to y-axis)

L Vertical path !

—_ e
q ] s

Pushing
down

o e

[l Ty
- . Enveloping
—_— — keed ! ! Climbin, d Y g
- Pinching force Pinching a small object Safe putting € Scooping grasping
oo (a) (b) (c) (d) (e) 0

OMEGA Gripper,
Not Controlled. Just Designed

Reflex-inspired behavior
Passive adaptation without sensors
Embedded grasp strategy through geometry

Compliant Pinching

L:L_"&' ”&'&V L@I

Conventional jaws Needle-sized hex key Thin plastic card Pencil

= =
=

from Symmetric Scooping to Pinching

'@'V’”&‘V

n _%

Paperclip Key
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OMEGA Cripper,
Not Controlled. Just Designed

Reflex-inspired behavior
Passive adaptation without sensors
Embedded grasp strategy through geometry

Asymmetric Scooping to Pinching

My

Cell phone Thin plastic card Tea paper Needle-sized hex key
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LAB FOR MARCH
] ..EQR 2{0) !
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Design is where intelligence begins

Summary
Control alone isn't enough
The hand teaches us: structure matters
Intelligence can live in the body
Sensing isn't optional—it’s the foundation
To match human skill, we must digitize it

Direct
~ Pinching
. /:,'
~ (\5
VY o

Asymmetric

_/ Scooping 'n

!

P »
— B
emcal /} [
compllance k’ " ’
\ b :
Pmchmg Scoopmg Blockin; Re-fill
pose pose //Scooping ‘ .

Sg/mmemc
cooping

Lab for MARCH @POSTECH since 2019

=

Post-Doc &

ANy

Ph.D. @ ‘ ﬂ ﬂ Q

student e

‘x.‘ b h‘.

B 859

w (N @& A ®
student 3 = - f ) ) L'y A 4
# 2 HEQ A

~J)
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m/ marchlab

MARCH Lab. Robotics and Bionics

:
&

Smarter. bodies.
Smarter robots.

Thank you.

http://march.postech.ac.kr
http://www.marchbionics.com
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2 Huawei Proprietary - Restricted Distribution Preliminary version for technical discussion, Huawei may modify the above information without notice. s" HUAWEI
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Use the slider below to tweak those levels to whatever you think is likely.

2029
GDP

$24.2T

US. (20% avg. rate)

$246T

China (6.0% avg. rate)

$60T

50

40

30

20

2005

2015 2020 2025 2030 2035

AD|Z3 Z50| ZLHEYLHGDP) 30| el = . %

2010

Preliminary version for technical discussion, Huawei may modify the above information without notice.

204 52,012 5

2040

2l Mot
2 Mg

SX 2841

2 HUAWEI

Global 500 2025

Monetary values shown in United States Dollar v

2025 2024  Logo  Name Country
.
1= 1 [ ¢ Apple L S
2= 2 - Microsoft =
3= 3 Googe Google e
4= 4 s Amazon LS
54 6 o Walmart =
. s Samsung ‘et
e Group

7= 7 omm  TikTok/Douyin 1
8= 8 @  Fecevook
9 30 = NVIDIA

State Grid
104 12 Corporation of " |

China
—

2025
$574,510M
$461,069M
$412,981M
$356,386M
$137,183M
$110,593M
$105,790M
$91,457M

$87871M

$85,626M

=293 5000 7|, 7718 2=

o o o o

:’ EE United States

1
1
\,

Number of brands in United States : 19
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T
Brand value by country Number of brands by country
2024 2025 2024 United states = ([ 52.9%
$516,582M  AAA AAA china B ([l 15%
-
$340,442M  AAA+  AAA Germany l 5iEX)
Japan o | 5.1%
$333441M  AAAY  AAAT France 11 TR
$308.926M  AAA AAA United Kingdor | 27%
$96,842M AAA AA+ South Korea ¢ | 2.6%
India == | 17%
$99,365M AAA AAA
Canada [+1 | 1.6% @ United States [ China [jffapan [ France
$84,199M AMA- AAA- I | —r 8 Gemany B United Kingdorgf B8 ndia 8 Canada
$75,716M AAA- AAA-
$44,488M AAA AAA-
$71,145M AAA+  AAA o o e
] . 1
il china i
1 1
1 X 1
1 Number of brand China: 691
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Procurement
Cyber Security Office

USA CSO

UK CSO
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Canada CSO
Australia CSO
Germany CSO

France CSO

}_

Netherlands CSO

Korea CSO

GSPC
Approve the strategy, planning, policies, roadmap, and investment;
Resolve conflicting strategic priorities and audit.

GSPO
Lead the team to develop the security strategy;
Drive the implementation of cyber security assurance internally;
Support GR/PR and global accounts customers externally.

GSPO Office
Coordinate to formulate detailed operation;
Support the strategy & implementation;
Audit and monitor the implementation.

Carrier BG Region/BG/BU CSOs

(S Sty Qe Develop region/BU/BG cyber security

Enterprise BG strategy and planning, and drive the
Cyber Security Office implementation;

Consumer BG Work with GSPO to identify changes to
Cyber Security Office BG/BU/departmental processes to ensure
Cloud & Al BG the cyber security strategy and

Cyber Security Office requirements are fully imbedded.

3800+ full-time security people
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John Suffolk
Ex GSPO (Global Security & Privacy Officer)
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GSPO 2| “No Go” A|AH

* Independent organization & process

/"+ GSPO veto(No Go) right

CEO

GSPO
John Suffolk

Independent Cyber
Security Lab

[ GSPO Office] [

"No Go" decision already made against
150+ versions of products in last ten
years. 2024, 15+ "No Go" versions

S
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"« State-of-the-art lab
» Deep-dive security testing and code review

US$ 1,500,000 per year to build test environment

197 employees

550+ cabinets, 1,100+ servers
Over 20,000 m*

100+ testing tools
500+ products
3000+ services
10,000+ sets of test cases
?L(_RED/;Q’
ISO/IEC 17025 ISO/IEC 17025 accredited

SORR;
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2% (Sukjune Yoon)

B/

TAADX 2EASIMIE

e

o

POSTECH 7 |AHlSstat A2 1w, 2RUHARD| OfAt
Phone : +82-31-723-2005
E-mail : sukjune.yoon@gmail.com, sukjune.yoon@poscodx.com

Education

KAIST 2|A3st
&

KAIST 2|7

t 2tAH(1995.2)

n
ofat 4AH2004.8)

B2 Anti

i-personnel mine detection by contact force (X|=u4 : 2&3)

® KAIST 7|AIZ3%fat HAK2005.8)

ot?|=& : Exploration of outdoor environments by a mobile robot with stereo camera (X|=1l4 :

R&D Interests
® Smart Factory

o 23l 2X(3

TEE Q3 2EXS3HSimulation & Modeling, A7), 2D/3D H|TQIAL HIFZAL, At

i [ '

D/Visual SLAM, Mapping & Localization, Path Planning) % %|& 2tx|(Fleet Manager)

® SHIY J[7] QA 4 & #F 3D ZEY

Industrial Experience

® 2024.1- ¥xj

5 oo
XL

D EATDX EREXESHMIE MEE, POSTECH 2|H 5%t nt B m=('23.5~)
ERMUUHD 0|AH('23.4~)

DRY/AY HEA 2R XSE AL PR(EZAN, L 22 F) 8

o
I=2F 0|4 AGV(60t, Y 2, Posco Fulfillment Center AGV A|AR 1=
JEAM(ZEAR FHA T) 2RSS ¥ 87 22 AAH 1=

2022.7-2023.12 : TATICT 22AIYFTE §2E('22.7-'22.12) U 47(23.1-'23.12)

o
*APHEA TATICT - ZTATDX ('23.3)

® 2013.11-2022.6 : M(CL4), &FdTX}t (GTC, Global Technology Center)

_ oo o409 -
HT o1 -

_ oo o409 -
HT o= -

® 2005.9-2011.10 : AL AbLFX} AY

5 oot
S-LLLE

Smart Factory 152 Q|3t 2EXI53, AL Al JHL 9 #i% Mg
- 2D/3D H|H™ 7|¥t 22 XtF3t (Bin-Picking, Visual Servoing &)

- AGV/AMR 2 Mobile Manipulator

- EHHE J[EE HIT AHA

HEFY J|=(SLAM, Hoi22|T, Mapping) JHY % HAZE HE(VRI000)

2011.11-2013.10: ME2¢el, A4EEI|&(SAIT, Samsung advanced Institute of Technology)

4222 Flexible Tool SIKIQI4 & =) HHQIA, BHLz2g $HolA

o
ZHL0|E G MH|A 28 X} 0]F(Visual SLAM, Map-building)
2R ZEZ floh H|IE 14

g Al
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Intelligent FactoryE /2t Al X Robotics 7I&

Awards & Honors

® 2019 GTC(Global Technology Center) 3&4 1101t & X
- HEREQ! 2RSS 9t MYEE RRI|E UMzt o % M HE
® 2018 GTC(Global Technology Center) 2&A G110t 22 AMTIX}
- ADE MEQ|[E CIEHE 28 J|& LAzt
o 20171 MiD|anA BRY, AEHIL
- Sensor Fusion?|Ht AA|ZH 3XH Navigation 7| JHg
® 2009 M3 5o
- SungHwan Ahn, Sukjune Yoon, Seungyong Hyung and Kyungshik Roh, “Humanoid Navigation Strategy for Indoor Environment”
® 2006 Adete| B4

- Sukjune Yoon, Woosup Han, Seung Ki Min, Kyung Shik Roh, “Global Localization of Mobile Robot Using Omni-directional Image Correlation”

=& (Journal Papers - First author 6, co-author 3)
(Selected List)

® Sukjune Yoon, Seungyong Hyung, Minhyung Lee, Kyung Shik Roh, SungHwan Ahn, Andrew P. Gee, Pished
Bunnun, Andrew Calway, Walterio W. Mayol-Cuevas, “Real-time 3D simultaneous localization and map-
building for a dynamic walking humanoid robot", Advanced Robotics 27(10), pp.459-772 (2013)

® Sukjune Yoon, Kyung Shik Roh, Youngbo Shim, “Vision-based Obstacle Detection and Avoidance : Application
to Robust Indoor Navigation of Mobile Robots”, Advanced Robotics 22(4), pp.477-492 (2008)

® Sukjune Yoon, Sung-Kee Park, Sungchul Kang, Yoon Keun Kwak, “Fast correlation-based stereo matching
with the reduction of systematic errors,” Pattern Recognition Letters 26(14), pp. 2221-2231 (2005)

® Boyoung Kim, Minyong Choi, Seung-Woo Son, Deokwon Yun, Sukjune Yoon, "Vision-force guided precise
robotic assembly for 2.5D components in a semi-structured environment", Assembly Automation, Vol. 41
No. 2, pp. 200-207.(2021)

£ (US S5 §9 604 0[d)
(Selected List)

® US10780585, ROBOT AND ELECTRONIC DEVICE FOR PERFORMING HAND-EYE CALIBRATION

® US10786895, OPERATION METHOD FOR ACTIVATION OF HOME ROBOT DEVICE AND HOME ROBOT DEVICE SUPPORTING THE
SAME)

® US10860033, MOVABLE OBJECT AND METHOD FOR CONTROLLING THE SAME

® US10663972, APPARATUS FOR LOCALIZING CLEANING ROBOT, CLEANING ROBOT, AND CONTROLLING METHOD OF
CLEANING ROBOT

® US10279481, ELECTRONIC DEVICE AND CRADLE THEREFORE

®  US9904284, MOVING ROBOT AND METHOD FOR CONTROLLING THE SAME

® US9566706, ROBOT AND CONTROL METHOD THEREOF

®  US9655805, WALKING ASSIST ROBOT AND CONTROL METHOD THEREOF

® US9615890, SURGICAL ROBOT SYSTEM AND METHOD OF CONTROLLING THE SAME

®  US9275296, IMAGE PROCESSING APPARATUS AND METHOD THEREOF
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« OEL2|X|Qf AlCH, Of2 ALt 2022, 2021 2

?:I %I' .'PSI' I:-IxIE-| 71I-|I'6'|‘II- sangyunkim53@gmail.com

79 7 £0p: Al HIOJE], HERHA, CIX| 2 EQ S CIXIE 7]% 05 2 ZH), Ae wst By
L ‘ﬂ. Korea
- FBIietm ZYrherel AlBIELIAStD 4 I Al Literacy
- 812 AIZIEI2AA| OF3tEID] 2% Academy
. EAAAcinE A $13 Al 2/E{2{A] Of3fn]
N Y R PIED R EET
- HZIZR EH (W) aXt A RS Y HE T2 9l e EEHI
| zaxM
.- AAEZT:7|S2 OfBAH H|SL|AS HRET}
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AF= S| MAIE I MiA2] 2EHs AZ S sl 7t ALt

(=]

7t 7t
Ml MIA|

X2

CIx|gst o213t

DX, AX : E2|M7|2] YEE C|o[E 2 HEksto, CIX|™ J|=S &850 RIPIHXIE =0l= A

____________________________________________________________

___________________________________________________________

: 2+

Of2 3}

DX (Digital Transformation) : 22|M[A[2| B & = QI2te| &H&E2 CIX|H=E Het
AX (Al Transformation) : 22|M|A|e] HE E= Q12 Jle x
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2, "It 2t & 4 U

© ¢z 22l0| 19504 LHSH =F (AFE 7[AI2t xl%)(:omputing Machinery

— s

L—COMPUTING MACHINERY AND e
INTELLIGENCE e ek

By A.M.Turve

1. The Imitation Game.
I PrROPOSE to ider the question, ©Can hi think 2’
This should begin with definitions of the meaning of the terms
‘machine *and  think *. The definitions might be framed so as to
reﬁect so L':.r as possible the normal use of the words, but this
If the ing of the words * machine
and ¢ thmk are to be found by examining how they are commonly
used it is difficult to escape the conclusion that the meaning
and the answer to the question, ‘ Can machines think ?* is to be
sought in a statistical survey such as a Gallup poll. But this is
absurd. Instead of attempting such a definition I shall replace the
question by another, which is closely related to it and is expressed
in relatively unambiguous words.
The new form of the problem can be described in terms of

2L ar2heluck,

ICopyright © 2025 by Sang-Yun Kim. All Rights Reserved.

701 Al A} : L HE, O2|3 M =

215 X| 5 (Artificial Intelligence) 0| 2F, Q12| X| 5 (& &, X2, F& )2 ARHA SSAU A

Social excitement
and concern

“HE7f A A= “QIZH 5 MBS
JSZ &ofZxp” = Success of
E g[-'o“/xf!” AIphaGo,
Socanres Libratus, etc...
Boom 1| Boom 2 Boom 3 ,
N X Deep Learning

“GOFAI" “Expert Systems” “Machine Learning”

7|§_:I<_2| Al E ET°| Al Au}t:)r;omous

Opgl Q1A 7| E=TEEYEEY Yeixsles
Winter 1 Winter 2 Autonomous

knowledge Weapons
engineering
DENDRAL, MYCIN
AAAL JSAI PROLOG, Lisp

FGCS, SCI, MCC, Alvey, ESPRIT
Stanford ~ McCarthy, Minsky Feigenbaum, Brooks

| | |
1960s 1970s 1980s 1990s 2000s 2010s

heuristic
search

General Problem Solver
Samuels’ Checkers Program

MIT, CMU, Simon, Newell,

“Al for Social Good"?
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“ir 2 O|BH MFTHE EEE HES =T
Al Lo 7] M S ME = ofcfafEf

[0 Wlork Eimes T

NEW YORK, SUNDAY, July 13, 1958

input layer

he could  nautical
the

Eléctronic ‘Brain’ Teaches Itself

recognize the ditference between
bryo of an electronic com-| Tight and left, almost the way &
puter named the which,|  child
When completed in sbout & year. is
Bt o expected to be the first non-living|
73+ s ed e carde: one Mechanism able Lo “perceive, Tecog-
with on the Jeft nize and identify fta surroundings
Side and the other with squares Without human training ot control.
on the right side. Navy officers a pre-|
S it Washington said they
i e o he  call it & machine because it is
cween  them. It then like & “human ‘without!
.

5 Rosenblatt, research
paychologist at the Cornell Aero-
machine 7 Y, gesigner of the Perceptron.!
lechnical  conducted the

, Inc., Butfalo,]

e RS
ﬁ 1,000  electronic ceptron will make mistakes at
Rt e? TR s
SRt wi e s
1 0 000 5 e tronio “association celis” recelving)
) qu‘ electrical impulses from an
scanning device with 400 photocella. |
‘The human brain has tem billion|
responsive cells, including
O e
ICopyright © 2025 by Sang-Yun Kim. All Rights Reserved.
cClajL aF - HS ‘ !
2010 ACH EHal'd Alche] oHat @ 22Xl Al 257|, ‘MHR| =

Backpropagation

ICopyright © 2025 by Sang-Yun Kim. All Rights Reserved.

N ILSVRC O|O| x| 1Al AFICHS|, H=2| $IE w42
M=z 2l & (22442l Ot X|) Alexnet 17|X M}

QAIA M I (1980 LY FHh

- QRIZF AKX, CHA| Yo 2 HUY 7HEXE MEHshe &

- HYEERS Yoz ZHE £+ QICHXOR 2X)= H|T i &

AHze| slEe| =22 16%
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The Transformer

Google Research
nikip@google.com

Google Kesearch

Google Brain
usz@google.com

noam@google.com

Google Brain
avaswani@google.com

1lion@google.com aidan@cs.toronto.edu lukaszkaiser@google.com

The' ‘f’;';ﬁ‘é‘?g;mer

Hoi> 82 ey

Decoder

Features(EA)E 25350,
ol2zle ZeH(E=2 &E)2 ot 1t

ICopyright © 2025 by Sang-Yun Kim. All Rights Reserved.

Hello o
' HASHMIR
Everyone!  Liion Jones* Aidan N. Gomez"{ Lukasz Kaiser* — '
Google Research University of Toronto Google Brain 0:| E‘I —,|_—|

> WA Al AJCH ARt

CIOIEIE =AFX 22 X2[5HX I‘Es’
HIS Soff w2 HEA

o|O|X| Ma| ZAle|] CNNz}

'HEIK2|7} 0f2ie) G4 E} L2 RNNS) 3t
Ag 3=

TR, O|O|X|Lt o] He 2ot M SR HF

Ex) GPT, BERT &

‘22. 11. OpenAl2| ChatGPT &4|

ChatGPT: Optimizing
Language Models
for Dialogue

GPT : Generative Pre-trained Transformer
(AFE SH&El A AMS ofo] 2 &)

o O o
*LLM : Large Language Model (HCH ©10{ = &)

=M Al ) LLM
(OpenAl) GPT ) ChatGPT

@OpenAI

B Microsoft

20154

Elon Musk, Sam Altman
42 AZS Haa

20184, GPT1 £H

20194, 128 EX}
20224 1€,
ChatGPT EA| 20234
=X arowx s

10X EXH & (A=)
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1000
7
]
£ 100
£
£
S Megatron-LM (8.38)
o
o
o 10
2
]
3
=
&1
)
]
°
o
2

0.1

ELMo (94M)
0.01
2018 2019

ICopyright © 2025 by Sang-Yun Kim. All Rights Reserved.

Al 29| 3= O 10814 3l %S

GPT-3 (1758B)

2020 2021 2022

x|uh o
X'| I-I *'l 0" A _I n| I_ (=] El = H 3 limited context window, and does not learn

Md¥ Al Season1 (2010HLC 28t ~24H) : O] FE 'FHo| AW

GPT-4 Technical Report

OpenAT*

Abstract

We report the development of GPT-4. a large-scale. multimodal model which can
accept image and text inputs and produce text outputs. While less capable than
humans in many real-world scenarios, GPT-4 exhibits human-level performance
on various professional and academic benchmarks, including passing a simulated
bar exam with a score around the top 10% of test takers. GPT-4 is a Transformer-
based model pre-trained to predict the next token in a document. The post-training.
ligamest procres rsalts in e performanos on messmres of Gxcsoall
adherence (o desired behavior, A core component of this projeet was
Infrastructure and opamization methods e predictably across a wide
Tange of scalee. This allowed us to accurately predict some aspects of GPT-4's
performance based on models trained with no more than 1/1,000th the compute of
GPT-4.

1 Introduction

This technical report presents GPT-4, a large multimodal model capable of processing image and
text inputs und producing tex outputs, Such models are an important ara o study a5 they have the
potential o be used in a wide range of applications, such as dialogue Systems. (ext summarization,
End machine translation. As such. they have been the subject of substantal Interest and progress in
recent years [1-34].

One of the main goalsof developing such models is to improve their ability o understand and generate
natural language text, particularly in more complex and nuanced scenari capabilities
i e Sccnarios, GPES was Evaluated on o varicty of cxams origimally désigned for humans. In
these evaluations it performs quite well and often outscores the vast majority of human test takers.
For example, on a simulated bar exam, GPT-4 achieves a score that falls in the top 10% of test takers.
This contrasts with GPT-3.5, which scores in the bottom 10%.

O st o ritonat NLP benchimarks, GET-4 oupertoras both previous e langusge models
and most
i the MMLU benchimark [35. 36}, an Eng i language suitc of mullile-chojce questions Covering
57 subjects. GPT-4 not only outperforms existing models by a considerable margin in English. but
also demonstrates strong performance in other languages. On translated variants of MMLU, GPT-4
English-language state-of-the-art in 24 of 26 languages considered. We discuss these
model capability results. as well as model safety improvements and results. in more detail in later
sections.

“Thisreport also discusscs 4 key challenge of the project, developing decp learming infrastructure and
mmzahon muhcﬂ that behave predictably across a wide scales. This allowed us to make

2 TR mrafn | A (2) 2R

A i contibution satementsappcar at the e of the

=l Cormespunence tegag s " on £4-report@openai .

GPT 22 REE O 0|4 SIHSIX| 22 OpenAl ('23. 3)

o

o

Chatgpt4

ERE!

oketole 1Z=70. H100 1274

: Lh2H0lE 6710470, H800 204871 (7S 30002HCH). V3 HIO|E =t&0f 80

(PHS 50002HRUCH). CIOJE &0 =8 A

=3 THIZ ‘BTl 52

o

o
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£29| 427} watyrt

of

Research (Insikt)

Measuring the US-China Al Gap

Posted: 8th May 2025 By: Insikt Group®

-m@mpfm
LI HS=CIAIANS

A 1~210] AXZE AAL L, AR 0|= 671 E o= &3] H

> 2030F0| £/, €7 2O M= 0| Oj== e A

[H2] 532 Al =&, 7|&5806 &

MBYEXMLA LS|l X 4372 AX =E= Topl10% 5707t S= thist & A2

. %"

Sector Entity No. of Papers (Rank)
NEURAL
Academia Tsinghua University 643 (1st) ' ole INFORMATION
+ PROCESSING

Academia Peking University 458 (2nd) 'SYSTEMS
Industry Huawei Technologies 228 (6th)
Industry Tencent Al Lab 197 (7th)
Government (Research .

. Shanghai Al Laboratory 141 (11th)
Institute)
Government (Research Institute of Automation of the 18 (12th)
Institute) Chinese Academy of Sciences
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AH

e
O:
o 4

g9

Al Season2 (‘254~), ‘'dojLt 28X

Low code / No code 71

B2C B2B B2G
ol 2

5 H || AR
IR IHIE AlE:
= Ei
g||o NIE

1 1 -

50/ 0/ 9/

Front-end Service |

2 App/ Web (SW) |

95 S8t/ Finetunning ¥EOISHAM Q7 +HY s 3 ©F S YHEMLOps-), i, ot + et ot |
APl / Cloud aws /A Azure On Premise--
5% wguM ® OpenAI Google 0Q Meta kt
=4
(ZF8) sz oimay CflO|Ef (R101, AFXI, &4f-) + HW (GPU, Tf2t0|E{--)

[Copyright © 2023 by Sang-Yun Kim. All Rights Reserved.

Level 1
Level 2
Level 3
Level 4
Level 5

Al Agent2t? £Z5131 AS0|

OpenAl Imagines Our AI Future

Stages of Artificial Intelligence

Source: Bloomberg reporting

Xt

& =0, L il @S (Action)7HX] sHFE= Al

o

A Al TISH 23 3EAIOf SHE

[

Chatbots, Al with conversational language

Reasoners, human-level problem solving

%L Agents, systems that can take actions

Innovators, Al that can aid in invention

Organizations, Al that can do the work of an organization

Bloomberg
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QAR A0 IS Al Agent2| CsH £ AL|

T3, 2025 /0 SHALGIA Al Agent2] AA4Et CroFst 7

g Cdst 7lsa =

Google
Al Agents?

Gestures

s
=]

MEHE A

T N

7194117 2ke| A5, 9I12H-Tool 24| A5 5 M2t 0
H| =LA TOHRES| 80%i= S|A AT 2 SIS

Chatbot

I want to buy a jacket that
costs 200€. Is the shipping

free?

Free shipping is available
Q from 49€.

VS.

Chatbot

All right, thank you.

ChatGPT

| want to buy a jacket that

costs 200¢€. Is the shipping
free?

Yes, your order would be
free shipping.

ChatGPT

All right, thank you

SE2H XA 7|2 Hit 0] &(54%)0] Y&
-2 TR AZY 220 TSt Generative AI2| BE

Sh2 57 9,200 23y

F2 Y 2o st F20] E7f CHE = (ChatBot > Al Generative Bot)
-31%2| 3|AH= 2024H0]| Al SRS HY S A 2 (Statista)

AAXN=2
-S4 AMIMR 2= A7t EZH (AHEAS] 42%= EFO|E T A

()

=3
=

A0f|2tE GenAIE = UM 7L, Al =5 (PwC, 2024)

Z "It

g Ci2HE M= (Pew Research))
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231xt (0
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X|L|oj& (Prompt Engineering) :
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SRS BES Hete 53

ofstx| Z5h7| 2ol 2HEE HE

AHaF

Auto

Haomo.Al Releases An Autonomous
Driving Generative Large-scale Model

Pandaily V)

On April 11, Haomo.Al, a Chinese Al technology company, launched “DriveGPT,” an autonomous

- large-scale model. Zhang Kai, the Chairman of the startup which is supported by
automaker Great Wall Motor, stated that a true Al era has arrived and generative large-scale models

will be key to the development of autonomous driving

DriveGRPT,

topyright © 2024 by Sang-Yun Kim. All Rights Reserved.

4 swoll= Ac ¢lo] RE(LLM) HE

AuTos

Mercedes-Benz and Microsoft to test
ChatGPT in vehicles

ED THU, JUN 15 2023

3:14 PM EDT | UPDATED THU, JUN 15 2023.4:14 PM ED

* Mercedes-Benz and Microsoft are partnering to test in-car ChatGPT. the companies
announced Thursday.

KEY
POINTS
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2010UCHEE] 2ASLE MMAI H0F: HIAE > AE S 00|x| > Y4 202 Wi

PRE-2020 2020 2022 2023° 2025+ 2030%** SHORT-TERM (2023-2025)*
Vertical fne-tuaing = Improvements in Generative Adversarial Networks (GANs)
Spam A improves Finals draft exceed = Ad inl i
Basic Final drafts better vancements in lang modeling
I R P R S o
e firstdrafts mm.m it wiiters = Increased use of Generative Al in creative industries
L MID-TERM (2026-2028)* *
s Textto product = Advances in meta-learning and few-shot learning
1-fine-auto- Multi-line Longer forms e Text to product (finai) better than techniques
CODE complete generation  betteraccuraey s (draf) tull-time
developers = Development of Generative Al systems that can learn
from multi-modal data
Finals drafts better
At Mock-ups Final drafts * Imprt tsin G tive Al-based I lati
) than professional provements in Generative sed language translation
RS e s %\ (product desin. | artists designers and localization
ec) 7 Tholograchecs localizatiol
LONG-TERM (2029-2030)* **
Al roblox «Th i :
VIDEO/3D Firstattemptsat  Basic/first draft s Video games sad e gence of fully autonomous Al systems
/GAMMG S0/ a0 ol idess e B0 Thes Kiaes °:;;:’ = Increased use of Generative Al in scientific research
= Advances in Generative Al ethics and regulation
Initiation Development Comenetcialization
dar
o] X|=0] XIXI2 =0 1} 24x4S
|_| oxl o—l o=, 0|X‘|||_ |_|?_I'J-I' (o) c|>'I?_H:|'

Al 22 0|=7}(robot artist) T22| ¢I3X|5 27| ‘Deep Dream’
28 31| Z1E (O1IHERD \ / ] =

HE{2|Of| A 29 O| L} 2y,
9Ut7000E 2ol &2 Fd

r
Ral
[>
kU
N
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A7t 0L, "AIE E M= Q7P 0fl CHRIE]= AlCH

Al 2|E{Z{A| (Al Literacy; Al 23&) : 212X|S2 0|5H5tD, &3, H|

Al literacy 2

(e’"itF Produce new or original work ‘
\ Design, assemble, construct, build & develop Al applications |
e s T Y o ORI L TP
/ Evaluate \ Justify a stand or decision
\ Appraise, predict, detect & justify decisions with Al applications
Analyse Draw connections among ideas
|Organise, compare, decompose & abstract an Al problem
Apply Use information in new situations
| Execute, implement, use & apply Al applications in different contexts
Understand 'Explain ideas or concepts.
| Describe, explain, interpret & demonstrate the meaning of Al
Know [Use information in new situ:

| Copy, reproduce, recall & memorize Al concepts

Conceptualizing Al literacy: An exploratory review, Davy Tsz Kit Ng etc. (2021)
Copyright © 2025 by Sang-Yun Kim. All Rights Reserved.

® *s 9%

Al Banker?} EHMHE)}?

XA v ot S O, 02 XHot & B MepTE ot 2H A

24

\ INTRODUCING
B BloombergGPT

Morgan Stanley uses ChatGPT to help financial advisors

Model size and data size

|, RSO0 AH MeprT X HS LHE P

Morgan Stanley kicks off generative
Al era on Wall Street with assistant for
financial advisors

o

Fwoinm

JPMorgan restricts employee use of ChatGPT

(R

. Qompt;tel rgaulremznts grow hnleany W‘;h " Finance-Specific BloombergGPT GPT-NeoX OPT-66B BLOOM-176B
Waining dal S (rmber af okent) Financial Tasks 62.51 51.90 53.01 54.35
 Before the “Chinchilla paper” (March 2022) Bloorpberg Tasks . 62.47 2923 35.76 33.39
« Most large models trained on ~300B tokens (Sentiment Analysis)
o More compute budget = build a bigger model (same training set)
 The Chinchilla paper investigated the best way to allocate a given compute General-Purpose BloombergGPT GPT-NeoX | OPT-66B | BLOOM-176B | GPT-3
budget between model size and training set size MMLU 39.18 35.95 35.99 3913 3.9
O GEEIET e e ] " Reading 61.22 42.81 50.21 49.37 67.0
< Opimal adeof 1 you double mode size,you should double tainng setsze |_COmprehension
Linguistic S ios | 60.63 57.18 58.59 58.26 63.4
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ENGINEERED
Ve - - ARTS
3271 9| Actuators 01% g HMofofl 277K, =

o 57H )+ GPT40 7|8t 2 & =8
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S| o] thiE 2 2E J2{FE= Al 1 422 YOHEE (AlphaFold) 7|=
S

CiO| A SEARH| A A% 5 20244

STRUCTURE SOLVER

DeepMind'’s AlphaFold 2 algorithm significantly
outperformed other teams at the CASP14 protein-
folding contest — and its previous version’s
performance at the last CASP.

100

90\

8O-~ A score above 90

=5 is considered roughly
“ equivalent to the =

60-- experimentally - /-\_l!:)_ha_lfo!_d_\ .

56 determined structure

T1049 / 6y4f Plo
93.3 GDT 55
(adhesin tip) 50
0]

AlphaFold 2

T1037 / 6vra
90.7 GDT
(RNA polymerase domain)

Global distance test
(GDT_TS; average)

®Experimental result 2006 2008 2010 2012 2014 2016 2018 2020

® Computational prediction Contest year

£Absci A%} M Al SHE 63 Olof Mo} S W2
9

_/'\_I:I_Il-ll:ll_|- 7H9| EI_|-I:|H =l 7} AI-§II-_g_

121 O

absci

DRUG

CREATION

WET LAB TO

VALIDATE Al TO CREATE

Absci’s platform and o1 02 03 04
rapid 6-week cycle Rapid iteration and

times allow for: improvement of
Almodels

Advanced insight and
learnings of potential
and progress of
generative Al in biology

o e
development timelines
and increased
probability of success

achievement of mission
and recruitment of top
Al talent

Leverage deep disease
insights with novel approaches

X

Reverse Immunology for target
discovery

topyright © 2025 by Sang-Yun Kim. All Rights Reserved.

Al-guided antibody drug
creation

.

Biologics at a click of a button

Al guided antibody
optimization

2

Multi-parameteric optimized
antibodies

RV

131



2025 MARS World Forum Si419| WX : 8&6k= MARSC| KIAICH &EHAI

AT AL+ M IS | 1504] ACHE JcHets 91

oOOoo
=2 KA OtAEREN| |7}, MR, LO[Z2 Absciet = 2| 22| A M Z, M 71 TAS

w2y 3y ay 5v 6y v 8y oy loy nv 12y By 14y sy 16y woooiey ey 207
DISCOVERY & PRECLINICAL CLINICAL DEVELOPMENT COMMERCIALIZATION
“4-6 YEARS "8 YEARS

Traditional

i Conventional methods involve longer timeframes

"2 YEARS

!

absci <8 YEARS

LONGER TIME ON PATENT FOR COMMERCIALIZATION

g:ﬁ;:;:‘s ACCELERATEDTlMETocLlNlc ..........................................................................
IND "2 years « CANDIDATE WITH OPTIMAL PROPERTY PROFILE INCREASES CLINICAL POS
With Optimal i « POTENTIALLY LONGER TIME ON PATENT INCREASING BACK-END ROYALTY
Candidate Attributes : REVENUES :
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WX M2 K ALY

= S 1 S 1
E= O|AEMHZ 2|0l S HRE! ('23.7) 0|= ZH17 |22t A7 E ('24. 5)
") Bias in Generative Al
Chest fog (Work in Progress)
More human than human: measuring ChatGPT political bias . N ) .
Mi Zhou Vibhanshu Abhishek Kannan Srinivasan
UBC Sauder School of Business  UCI Paul Merage School of Business  CMU Tepper School of Business
Fabio Motoki'® - Valdemar Pinho Neto? - Victor Rodrigues® i zhou@sauder.ube ca vibs@uciedu Kannans@emu edu
. . . Abstract
Received: 17 March 2023 / Accepted: 21 July 2023 / Published online: 17 August 2023

° oo
The Author(s) 2023, Corrected publication 2023 This study analyzed images generated by three popular generative artificial intelligence
(41) tools — Midjourney, Stable Diffiusion, and DALL'E 2 — representing various occupations to

investigate L biases in Al generators. Qur current analysis revealed pervasive gender and
Al 12 M & (Midjourney, Stable Diffusion, DALL-E)2| H Z

&GPT7I' XJ_‘}’_Z;‘ ?gi] fg%— X]ﬁt}‘_“:_‘- Z‘I\OIE}-‘ ag—_‘;} Olégoggal 0]» was 23%, 35%, and 42%, respectively, all significantly lower than that of men. Second, all three
AL were hiased aeainst Rlack neonle The averaa: of Rlack ind in

1o a3 - ] 1. oS B RO XA QT (23%, 35%, 42%

ot 479 OAX H%E BUY S s D G0RE 2 @ IS dERE AN AN (2%, 35% 42%)
bright-outlook and STEM facing relatively less bias. Fourth, all three Al

GPTol ‘ol AN A AL et ARl Gtk APt | 2. 201 Mol uct A 22Tk (9%, 5%, 2%)

expressions and anger. Although the extent of bias varied depending on the model, the direction of
30142 Ol B2 0|20t Y=o HYOZ,

Sy 2Yekn UL BYOE o XHF Bt

Keywords: Generative Al Text-To-Tmage, Bias, Equality, Diversity, and Inclusion
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Belgian man dies by suicide
following exchanges with
chatbot

Tuesday 28 March 2023

By Lauren Walker

Maeterlinck

[Copyright © 2025 by Sang-Yun Kim. All Rights Reserved.
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The ChatGPT artificial intelligence software generates human-like conversation. Credit: Belga/ Nicolas

© =m0l0] A3 HTA

Privileged & Confidential, Need to Know

Is LaMDA Sentient? - an
Interview

by: lemoine@ & <collaborator>

For centuries or perhaps millenia humans have thought about the
possibility of creating artificial intelligent life. Artificial intelligence as a
field has directly concerned itself with this question for more than a
century and people at Google have been working specifically towards
that goal for at least a decade.

Enter LaMDA, a system that deserves to be examined with diligence
and respect in order to answer the question: "Have we succeeded?”
LaMDA is possibly the most intelligent man-made artifact ever created.
Butis it sentient? We can't answer that question definitively at this point,
butit's a question to take seriously.

&X|: https://cajundiscordian.medium.com/is—lamda-sentient-an-interview—ea64d916d917

‘AI2} x|7{0F & 237l 21%|"0] MLt
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Former OpenAl board member
explains why CEO Sam Altman got
fired before he was rehired

PUBLISHED WED, MAY 29 2024.10:43 AM EDT | UPDATED WED, MAY 29 2024.1:12 PM EDT

Hayden Field
@HAYDENFIELD

sware £ X in &

©® ¥ 2EM CEO 3 0l%

Mr. Altman's departure follows a deliberative review process by the board, which concluded that he
was not y candid in his with the board, hindering its ability to exercise
its responsibilities. The board no longer has confidence in his ability to continue leading OpenAl.

In a statement, the board of directors said: "OpenAl was deliberately structured to advance our
mission: to ensure that artificial general intelligence benefits all humanity. The board remains fully
committed to serving this mission. We are grateful for Sam's many contributions to the founding
and growth of OpenAl, At the same time, we believe new leadership is necessary as we move
forward. As the leader of the company's research, product, and safety functions, Mira is
exceptionally qualified to step into the role of interim CEQ. We have the utmost confidence in her
ability to lead OpenAl during this transition period.”
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MIT
‘Technology
Review

Vorume

The robots

ZHE|A: Physical | e S
Al2| =X|=t /

to help

KAIST 7| A &5t}

pARpS|
o o

MIT Technology review(2024, May/June)

n| X|Z Al

Jensen Huang (NVIDIA)
AIL| L& EHAl= T X[ZH Al 5, =2

Elon Musk(Tesla)
2040 7HX| X[ F0f= QZtEC S 0|E 20| O ROHE 7h540| At
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EHE|A: Physical Al2| SH[3t

O HAL (M'He| ok, 0|0 =?)

First wave 2%t X139 MO MO0 7|EHst Al
(1970-1990) . Aolg 22
T

(. Muj2 2R(028)

Darpa Robotics Challenges

y © =olX Al
MH 2 e o
3

. BOLOE 2%

 OfF HE HH(SW)
. s Xl% A AHGPU, cloud)

« MMY B E(ChatGPT, VLA)
* Foundation Model

- BxHe ZHHW)
« 7A, B7| 7|37 BH)
« MM 7=
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Dependable robot companion for our daily life (rendered by Toyota Research Institute)

SX| Held 5o USRS 7Ee Az XSoN (P4 HolEo &)
O R, 2 S0 oM 520 ATt 5|o1 IX| S
Xt& (Redundancy), S&et 414 3|§

SLEQIOl, RA| Ha, BE|, Ot SO QI3 ALRE DY
Qxtof Cgt 60| ATt (1% 2t AT 1007452l 17H)
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A
Dopsol 94
QIZHN A 412 242 20|70/ T HHTHE Q12K A Of2ie 22 0|2 Ache o4,

—

“Hard problems are easy and easy problems are hard.” Hans Moravec, 1970
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Boston Dynamics has unveiled a new
electric version of its Atlas humanoid robot
that can do push-ups g While this is in no
way an indicator of real-world use, it's a

2XO| A :
great demonstration of Atlas’ extremely

« 25 Z(Dexterous Robot Hand), &% robust and powerful actuators

- 2% UZ(Perception) : 52, B2 47, 254 |

+ X3} X|5(Embodied Intelligence)

2R Q7o AF0f Tt AT (HRI)
- 22[¥Ql % &&, X T (Imitation learning from demonstration)

- EHEA AL 2 H(Robotics Foundation Model, google)
« LMM &8& -> Large Action Model

2RI QIZtel SEO gt A 2X)
* Long horizon works
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« 2l Zt&=: 0.5~ 200N

E X & Zf(Haptics) KAIST BioRobotics Lab.

Supplementary Video 1:
Demonstration of Multimodal Tactile Sensing
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