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‘Killer robots': Al experts call for boycott
over lab at South Korea university

Academics around the world voice ‘huge concern’ over KAIST’s
collaboration with defence company on autonomous weapons

Reniamin Haag in Sennl

Humanoid Robot Research Center

on the Korean
peninsula worse.
Toby Walsh, professor
at University of New
South Wales

sparked fears of a Terminator-like situation and
questions have been raised about the accuracy of
such weapons and their ability to distinguish
friend from foe.

Hanwha is one of South Korea’s largest weapons
manufacturers, and makes cluster munitions

which are banned in 120 countries under an international treaty. South
Korea, along with the US, Russia and China, are not signatories to the

convention.

A South Korea university demonstrates people-carrying robot - video

KAIST
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Intelligent Robot Application

* Home service robot

Medical robot

Military robot

Robot in hazardous environment

 Entertainment robot

Rehabilitation robot
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= Reduction gears
s Actuator
= Hydraulic, Pneumatic, Electric

82 = Non-conventional and Emerging
» Sensors

= Vision, Lidar, Radar, IR, Ultrasonic, Inertia, F/T
= Skin, tactile, Ranging, etc
s Communication
= WiFi, LTE, Bluetooth, IR, Laser, etc
= Cloud and Networking
s Computer

= Quad-core, GPU, efc..
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Vision Recognition
= Deep Learning
= Feature based

= Special
33

= RGB-D camera, Stereo camera, Structure pattern
= 2D Lidar, 3D Lidar,
s Al
= Deep learning, etc.
= Cloud computing & data,
SLAM & Navigation
= GPS, IMU, Vision
= Indoor GPS, Dead Recon, Lidar, etc

A
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= Dynamics and Kinematics
= Traditional Control theory — PID, Optimal, Computed torque...
= Trajectory Planning — Manipulation and Navigation
= Posture stabilization
8 4 = Advanced control theory — MPC
= Computing Efficiency

= Efficient Algorithms, FPG, GPU, etc..

= Internal and/or External Communications
= Ethernet, CAN, RS485..
= PROFI bus, Devise net, Mod bus, Ethercat...

= Real Time Control - RTX, RT Linux..
= User Interface and UX
» End Effector
= Gripper and Hand
= Customized Effector
System Integrations
= Safety and Certification
= Task Oriented Approach
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(1960’s) = (21 century)
40 ﬁ Working in structur eh [ Working in unstructurb
environment environment

= Pre-scheduled motion
(simple & repeating)

s Autonomous motion

s Machine-Robot

A > = Human-Robot interaction
interaction

» Technology convergence

K. Simple technology / k. RT+BT+NT+etc /

[HUbO Lab | Humanoid Robot Research Center]
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Cybernetics

HCI
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Recognition
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Navigation
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Programming Automation

> Mobility

Customized actuators Industrial actuators

Artificial muscles
& sensors & sensors

& smart sensors
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- ) ﬁl’g% ’ QIE% E% 7H t—’.; ’ Hyundai & Curexo “ Industrial & Medical Robots ”

f .

HAODG g.é
0.

X1 200

HD165 HD185C

HH130 HP160

HS165.200
HS185S,2008 !
>3
S

HX 200L 300, 400
= YL J|AIS SR STAL A At (1984) S
CHOEI NI . g e jucod) N
- HOIE 3R BRI 47 -

= AMC-HHI 9277|3374 F (2012~ 2017)
- FRALE) LAF (2017 ~ BA)

> |
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Intelligent Eye & Hand

/;7 Intelligent Eye

: Provide im of the target
- ' legion for ;9;5.;9 Surgeryg

o)\

a4 N
N

* Byung-Ju Lee, 2017

|

[Slave |
" Intelligent Hand " -
Instrument or device that
performs precision surgery Macro
/Micro
Robot
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Pulse sensor
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Pressure Sensor : EMG

p——

Big Data, Al
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MORNINGWALK

Mobile Device

Camera based Bio-feedback
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RoboDoc In Korea

Started 2002 in Korea
4000 cases accomplished at Lee Chun Tek Hospital

» Robot surgery
» Tissue Sparing robot TKA
+ Tissue Sparing robot UKA
+ Robot THA
» Hip resurfacing
» Research center

+ Publish & Patent

LCT Hospital for Korean
hUtp-//veww.Ict.co.kr

Online Training Center
http//ct juninediLcom -

More information ? GO

CUREXO

LeeChunTek Orthopaedic
S Specialty Hospital

Introduction  Clinics Specialty News & Information

Welcome to LeeChunTek Orthopaedic Specialty Hospital
From the central idea of Hippocratic philosophy, Clinical actions are imbued.

The physician must take care of the ill with devotion, selflessness, comprehension and compassion.
LCT Hospital has been sharing our long-time accumulated knowledge with world.

Home > Specialty > Robot surgery

What’s the Robot surgery?

Robot Surgical System allows surgeons to pre-operatively pian their surgery in a 3-
D virtual space and then execute the surgery exactly as planned. The System
includes two components; ORTHODOC, a computer workstation equipped with
software for 3-D preoperative surgical planning. and the ROBODOC, Surgical
Assistant. a computer-controlled surgical robot utilized for precise cavity and surface
preparation for hip arthroplasty and knee arthroplasty surgeries

It provides exact implementation of exact pre-surgical plans on non-homogeneous
bone tissue thereby ext
focus on clinical issues
the base platform for a

ndina the canahility of the siiraenn and allowina him/her to

LeeChunTek Orthopaedic
Q Specialty Hospital Clinics P y News &

Welcome to LeeChunTek Orthopaedic Specialty Hospital
Advantages - | fromthe central sdes o Hippocratic phéosophy, Cncal actons are imbued.
- Optimized Preoperativ The physcian most take care o the il ith evoton selfesiness, comprehenison and compssion:

LCT Hompaat P been harin oot 1o o accumuted Knoatedge weh workd
- Complete Removal of
- Complete Removal of
- Significant reduction o
- Risk of fractures mini
- Good postoperative st
- Good bone quality at i

Robotic Joint Arthroplasty Spine Clinic

.

Robot surgery processing

Our News Questions & Answers.

Pre-operative Process

The Fijl Times - Ex-Natabua student make.

F  @UYIN Q) NHICE=.

LCT Hospital for Korean More information 7

Bt/ wwwict.co ki Please leave your message on
our Q8A section

Online Training Center oo |
A = GO
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HI=X] XI3 akdl [2005.7.15 using da Vinci system
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Dr. WJ Lee
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BFRS (Biplanar Fluoroscopic guided
Robot System for spinal fusion with pedlcular screw)
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Telh 2ARE : .
HAS Global Medical Robotics Market, by S ek
Geography

Market “lial.‘lvue_ I,Vlaﬂ(;t:)alue
—| 5 ® $5.5BN ®|>$24 BN

(2019-25) |

& 24.4%

Global Market Insights, Inc

2017 2018 2018 2020 2021 2022 2023 2024 2025
INCREMENTAL
The market will be ACCELERATING '

GROWTH »
growing at a CAGR of close to 27% $765 mn

fo

m North America mEurope wAsia Pacific wmMiddle East & Africa Latin America

221.00%

Global Medical Robot Market is expected to reach
USD 33.65 Billion by 2026 from USD 4.92 Billion in relipdns e s s
2016 at a CAGR of 21.2%.
Maximize Market Research

of the growth will  thism
come from the
AMERICAS region

The market is FAIRLY CONCENTRATED ) 44% o
il

Rehabilitation robot market size at $641
million in 2018 is expected grow
dramatically to reach $6.4 billion by 2025.

,s Wintergreen Research, Inc
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M= X2 2tA|
Feh SAR
o

oMA 58 EX HEZO0E MY .
=244 £&2%2 : 20184, USD 2,556.5 million = 20234 USD 6,553.9 million
Hye it £&2% : 20184, USD 868.7 million — 20234 USD 2,315.5 million

7,000.0 -
S 60000 -
S 50000 -
g 4,000.0 -
83,0000 -
22,0000 -
% 10000 -
= 0.0
Laparoscopy Orsthopedic Pharmacy Neurosurgery Other
urgery Applications Applications
2018 2,556.5 868.7 704.2 708.7 1,626.2
2023 6,553.9 2,3155 1,902.9 1,699.1 4,270.6
CAGR 20.7% 21.7% 22.0% 19.1% 21.3%

MA Clz8 2R ANE ET

76 CUREXO
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Hi== XI2l oAl
Fas SR
a8t
oMA o2& EX ANFE 4 :
Robotic System(1&] £XtA| &) : 2023, USD 4,166 million
_| 7 Instrument & Accessaries (X|&£HQ A2 Y X&) : 2023H, USD 12,576 million

BY PRODUCT 2018 2023

Instruments 57 g9,

> 75.1%
& Accessories

Robotic Systems 32.1% 24.9%

MA Clz8 2X ANY EY

77 CUREX0



=g =X Jle W
ME Se Y

M= XI2! 3tAl

o

Medical Robotics Market

o MA 5 ZX MNT XIHE

MY

0%, 20233 7HX| 718 2 N& = X0 &

S0l XY 120178 MA A Z2 53.
SEE 0|4 (CAGR 22.4%)

OFAIOHEHES X : 7HE &2

I

78

NORTH AMERICA

53.0%
% 211%

CUREXO

EUROPE
24.0%

% 20.4%

REST OF THEWORLD
5.0%
% 16.4%

MA s 2R NE XNG9E BT

ASIA PACIFIC

18.0%
% 22.4%

MARKET SHARE (2017)
ﬁ CAGR (2018-2023)
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OP 7}E (Operation Cart)
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o Major Player

Intuitive Surgical Medtronic Stryker
da Vinci Mazor MAKOplasty
Laparoscopy/Prostate surgery Spine surgery Joint replacement surgery

= Global best-selling surgical robot
= Over 5,500 units are sold

= Master-Slave type

= 4 robot arms

» Fixating Robot & Surgical Table
= Planner & Navigation,

Intra Operation Varification
= Inserting K-Wire Type

= Uni-knee replacement surgery
= Over 1,000 units are sold
= Semi-active robot :

surgeon guides the robot arm by hand

Master

CUREXO
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$232.2
\
$315.3 _
$3205 — \

$323.6 — \

$453.6 — N

$465.3 — B

(A 1y
>y smith&nephew

¢ gop
178797

Orthoworld 2020 highlights
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o Orthopedic Surgical Robot

MAKO : 2020 A E0of 21,0000 E4A(2013F 0| = StrykerAtofl 1.8 =0 I Q1<)
CUVIS—Joint : A3 A OIZAARELEZE 2020 QIE0 5EHZE 22 +=H 2 HE

- od

84

4 Product CUVIS JOINT MAKO ROSA Navio
e ~ p
e — e 7,, -
N i ‘ [ il {
- o
= - .
Picture | Y
o Lo e
. L} uﬁw‘ L g
Robot Type 6 Axis Articulated Robot 6 Axis Haptic Robot 6 Axis Articulated Robot
Image cT cT Not Required or X-rays Not Required
Tracker OTS [NDI, Polaris-Vega] OTS [NDI]] OTS [NDI, Polaris-Vega] OTS [NDI]
Point Picking Point Picking Point Picking Surface Mapping
[Excluding Shaft Band] e -

Registration

-measured resection

[Excluding Shaft Band]

|,

Technique -measured resection -measured resection -measured resection
qu -gap technique -gap technique -gap technique -gap technique
Method Automatic Passive Passive Passive
Tool End-mill Shaped Ball Shaped Bur/ Saw Saw Distal Bur / Saw
. Sleeve Support Type Hand Grip Type Hand Grip Type Hand Grip Type
Cutting Holder “S »

CUREXO

¢ £

‘™ mh-

-
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0 Spine Surgery Robot
Medtronic : Mazor 214(20134), Zimmer : Rosa 214(20144) — Global 2| &7|7| 3| At
Curexo : CUVIS—Spine, 2020 M ERAHR L& X

2
o

; ! ) Product CUVIS-Spine Mazor X™ Ren'::sasz:r:ce® ROSA™ spine Excelsius GPS™ TiRobot®

Picture

((
MFDS (2019) MFDS (2012) MFDS (2016) CE (2017. 1)

gepicial CE(2020) AR AL 7Y CE, FDA CE, FDA(2016.1) FDA (2017.8) G (o)

Image O-arm, C-arm C-arm, O-arm CT/C-arm O-arm O-arm, C-arm, CT 3D C-arm
Tracker oTs 3D Scanner Bridge oTs oTs oTs

Stereo Camera
K-wire
Guide Dilator and Tapper K-wire K-wire K-wire Dilation and Tapper K-wire
Self tapping screw
Target
O X X A @) A

Tracking

CUREX0
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o Gait Rehabilitation Robot

Morning Walk
(Curexo, Korea)

Lokomat Pro
(Hocoma, Swiss)

G-EO System
(Reha tech, Swiss)

Walkbot
(P&S, Korea)

End-effector, seat

Exoskeleton, treadmill
and parachute
harness

End-effector,
and parachute
harness

Exoskeleton, treadmill
and parachute
harness

< 5min

30min

20min

30min

Ground walking,
Stair up/down

Ground walking

Ground walking,
Stair up/down

Ground walking

*setup time
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Active Surgical
Dr. Peter Kim

CNMC, Washington D.C.
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Active Surgical Anastomosis Robot (STAR)

Anastomosis

« Surgical connection of separate tissues, particularly 2
tubular anatomical structures such as blood vessels or
loops of intestine

« An essential part of many surgical procedures

« For many laparoscopic procedures, anastomosis is:
— Most technically demanding R
— Most likely to fail
— Most time consuming
aspect of surgery

CUREXO
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Active Surgical Anastomosis Robot (STAR)

STAR (Smart Tissue Anastomosis Robot) 2.0

Integrated Clinical System:
Workstation
(User GUI, Vision

S/W, User Interfaces) m’

1 Positioner
Vision System

(Endoscope)
\L ;‘7):7 - :
=3 .

Powerpack

STAR Clipping
Tool

29
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CUVIS-joint

2 ini v HIZNL
52 CUVIS-joint
) _J CT QM J|HICE & M £ET SSH 0 Wal LD HE U= HEFEZR
;] (]
| |
v Ex1 - Open Platform(ASE M8 JI5)
- HEoh 2 "
- Aot M¥(Cutting)
- X|H09] Alignment
- & 3 H1=¥F, Gap Balancing Jts
;] o
| |
v OI5]J} - MFDS 20201 Att)] 501
[] o
| |
v A

- JISSUNAH 2R+E)| 353
- CT/MRI & J[Ht =&

- Meimols [IsEAMRE) S2E JH0|S

- HIE A ZASIDIS, 84 & 2EDIs
- @2 reddd =
- HWESQIEOT FZHHQ 1A%

- OTS(Optical Tracking System, &eHAl Y X|Z=H)

H rijo
10
H
D
=
10
1
fm
re
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TKA (Total Knee Artroplasty)
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Surgical Process

Preparation Sterile Diagnosis Guide

-CTH0|H 2F - Non-Sterile / Sterile
T A2 4% - Tool and Base Marker Positioning

««

Femur Resection Intra-Resection Gap Check Femur Registration

Ila

- Measured Resection / Modified gap technique
- Pre / Intra / Post - Resection gap check

Surgery Result

o -
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Resection Gap Check

Valgus
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HE ST CUVIS-spine

s SR
HA
HELEER CUVIS-spine v HIZNHR
A2 LALR MO Al $SHIZ00 M2t Z20] QIO TRWTE HE5ES
o o
! !

v B - 2XH(C-arm)ilt 3X¥(0-arm) S / Openilt Percutaneous 25 XI Jbs
- HetM: 1159] Robot Arm Calibrationt ZZ8t Xl & XMl X
- OPSAL SiX} SZ{Q0| MAIZE TUEZ I AAIZH AJAH ZHA
- MOl SXTH HAIE ZtA D011 A9 Wy 2ty
- R%gt Workflow / £ One-step Surgical Tool

i (]
4
v o7} - MFDS 20194 Oh| S0 d
. CE20204 Al 01
i o
. )
v LIk
e - HIHIHIOIM IEE AHESIIRSE

- 0.5mm [RMS]
Laser Guide - < 1mm [RMS]
Tool Guide - < 1mm [RMS]

BRI - <= S 1222 E0E Valdation J1S

B  Orsiontical Tracking System, ZSHAl IXIZEX)
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Lateral Breach Medial Breach Accurate Placement
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Surgical Process

Post-op. C-arm Scan

K

Pedicle Screw

° Insertion (Percutaneous)

Instrumentation

» Anchoring & Tapping

(Navigation)

< Laser Guide
And Incision
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LL image

C-arm virtual space

—C-arm image to Robot

Detector Calibrator 2pc

0

Patient X,

é_ T Ss
REFERENCE
: Robot 3z

Detector

Y
N

Target %; Source

°
% Source Calibrator g

RTT = RTO ¢ OTP * PTT

Real world 3D space
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HE Sey MORNING WALK | Gait Rehabilitation Robot
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- OHXI OHI & J1S X0t BHXt0l S oy et

Sd
=2 T-Lo
- gimo| 2XIS SO M 1, ANY MISKX WA

~

—
OJ
Jn
0
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- 92 JAIE AXI3A SEQ
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2549 TRHX JHUE 2SI (353 A=)
9 HE 3 2% | HX:30~b6cm, &2 :4~70 steps/min

CE 215 &5(16.12)
FDA S5 2&(17.01)
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Morning Walk® (Model: MW-S200)

HE dM7Is - GUI (2AIZH Z[=% 7]5)

A7 o] EM XS

+ X|HHE3(GRF), HIZX|X|(BWS) X 5 2% BL|ETY
o #E8AZ BLE T (Butterfly Diagram)

. H{O| 2| EHi(SpO2, Heart Rate) H|O|E| X3

VR
s )

g6 4

10,000 step -

CUREXQ

Patient Info
D Name
Setting

Training Protocol OverGround
VR Contents N/A
Cadence 0
Step Length 30/ 30
Step Height 10/ 10.. .
BWS Level(%) 30 B
Saddle Height OB
Training Mod P:
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Guideline of Surgical Robots
M2 XI&! okl

“ We should consider mainly three aspects of surgical robots.

6 6 1. Consideration of surgeon opinion

= Surgeons prefer to adopt technologies that “assist” surgical tasks but unlike to
“trust”"computer or robotics in some critical tasks.

2. Short term surgical benefits

= For example, patient-specific surgical planning, soft tissue monitoring system,
and user-friendly surgical instruments could be helpful to improve surgical results.

3. Long term cost-effectiveness

= It is very difficult to verify long term cost-effectiveness of new surgical robots.

= However, we could obtain clinical evidences such as uniform and predictable

surgical results and reduced learning curve of trainee surgeons.
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