2t El A (Haptics)

Haptics Interface

\\\\T ERF

: 0fo|| oy
HVR Co., Ltd

www.hvr.co.kr

Haptic@hvr.co.kr




Ot
=

HVR Co., Ltd

) °I°IA] Ho|

Wi
K

Haptic (1/2)

Haptic

Do
<0

i it
mu__,\.w_/ x_no._l.
"oy ﬂ@w
20 T % 70
K ..—A/u/\
3o~

B0 B0 kM

-y alol ¥
o 0 X R
%E R
u U1

20l 259l
(HAR)

Z(Kinesthesia)2 2 T+4.
=2

e o]

W =

2 o

- <

o J—

3 ar m__u

o T

¢ R0 o K

@ M= o

T T

o ®0 or o

z @S g

= K Q ‘G

= o slam 3 S

FHa < $

) o _\l) ~— ..

5 ope W AT

g = ) n

T w g K= o

X E M o J 5

od N <0 o% I o

T s L d oz = O

A go o oKoE 2 B O 2

moz® ¢ o £ 5 5 2

N =m = m .. £ & 4 2

H T = N

Aog s 0o N - B mw
o~ 3 m =3 ﬂ/_m ol N A
wmoo ook s o T X
o £ - ~ o5 X @ oI N
mr g o s mr ofl KM X Ho o
BOS  S SOB5OS S OSSN
| | | |

Susan Lederman and Roberta Klatsky

© 2025 HVR, Inc. ForceDimension, Haply Robotics, 3D Systems

O] E|2 2 Al

o

=

=0

ol =
g Mdsteh =

o
=

b

H =

.
[}

[

[

o
=

o Auis
=218 4ot

v Z=Z}Sense of touch)2 BHE 4=
INHE

© 2026~2028 Haptic XR 7|



Haptic

WTERg
ey G

°I°|1A HojH
. HVR Co., Ltd
Haptic (2/2)

B Haptic Information:

v O HEE el HZ(Tactile) X 2= K0

v" Tactile Information:
< R0 MEEEs =0 e J8
- FE 43 2 9 MAFI KT &
< Moo= A2 chdtshy JE ME
v

Kinesthetic &= Force Feedback Information:

< 28 ZZH(Kinesthesia)of] 2t E HH:

- 2Hol My, et ME, ¥4, 9K L 2HY
© HriMoE = 2 Yoz 9K X 2:Y S

B Haptic Interface:

v Tactile Device EE+& Tactile Display:

o HOiMoE B2 DiEd Boz

Haptic Texture) 3

HEHO| £, Y| 59 W
© %7 AEHo| 20| JHRIE BS FHEHE 524 MME B

o
.

v" Kinesthetic S5= Force Feedback Device:

© MTiHoR Het 2 HOoR 9iX U 8XYo YUy

2l O EY(Force / Torque feedback),
x

[==)
222 X 2 (Motion constraints) 52 B3

[

¢ £7bg S8 AL CIXIE HEE HYsts HE Br2nE oe
0 YY =A e QIHHO|IAE EA B M
> HE BXE BE "ejol MOl e 38, 3 X AN 542
0 Wereh ACY ¥ 4 Yooz
o %2t HEfo| 4 Hg2 2 20 U 30 S§ Z2 AU ol
A % AE T80l 8014 AA Y AIZ.
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Haptic

@ 1°In Hoj
@ HVR Co., Ltd
HapticQ| Ztakst HAL (1/2)

® Human Haptic:

v Ol7bo| =27+ O Al gl ZEHQ| BHAl

v AMERol A ZZ(Active touch by human)S A2|sHd ZBHOIA &3,
v @A Z 2|8 R Psychophysicist):
% 1890 Haptic 801 8%.

® Machine Haptic:

v ZX7| YA ZE(Teleoperation)2 7|78 YA20t AZA 772 72|,

—
Ho71Y M=/m & 7HR1 D M &

< 1954 Argonne National LaboratoryOfl Al 2rAtY 23 XN2|.

v A HY, REEA 9 OIS I8k I Y AT
v RR T 20| ATE FZ0| B
“ NMEZ0e Ate 2R 750 240 AUE AFAE2
57t 7|52 2E eMF 22 22 IH5HE 0|
SOl 7ICHE Zmct B O 2D 0RY SHORHE S 22

® Computer Haptic:

v A

v 7t 24 1) MachineO| Z2HEl Human-Machine Haptic QIE{H| O] A 12,
FO| 7heidol| HH0l2ts MZ22 m2Ctd 8%
2

o

FE| ZH[Ql PHANTOM L H:
1993 SensAble.

“ HARHOM 7t =M E ddotL, 7td=HE HARE AE20ld2 S Ho.

HE| 2= (Visual + Aural + Haptic) 2+Z0f CHs 7)1

© 2026~2028 Haptic XR 7| =& A&t =24 E2H=X © 2025 HVR, Inc. ForceDimension, Haply Robotics, 3D Systems



Haptic

Haptic2

Zterst SlA} (2/2)

= 20004 O|=:

v

v

20014
20064
20074
20074
20104

2011

2013 :

20144

2015

2016\ :

2019\ -

2020

20214

20224
2023
20244
2025

2025

: ForceDimensionAtOf| Al & 2 Zt(Parallel Force Feedback) CIHFO| A QI delta.3 ZHE.
ol C|ZA Sensei 22 A|A™ FDA Q1F, Z[X=0Q| o|atM oz QIFE HE QEHLO|A EA

[

- NovintAtO| Al %|Z 9| AH|XHE 3D E{%| C|HIO|AQI Falcon LE(THE

NG

: Entact AFO| A W5D 2 (THS).
: Sigma.7 ¥E EX|E DLROIAM EA T MIRO =2 EX A|2HI0| S&.

: Magnetecs= MISE 918l 2% 7HHH /&= A 0] 3L 0|0|F(CGCl) A|AH0| Omega.3 HE THIE S

: Geomagic SensAbleAtOf| Al AH|XHE Touch 3D AEFY2{A SHE| C|HIO|A EHE(EHE),

: Medrobotics= ENT O{Z2|AH 0| & Flex 28 A|AH0f| Tt CE & FDA 50 2
15 X5 A HE HEW AMAROZ FFE[= =5 EX02 OceanOnes #ITt HE X E HS
L3-8 Sigma7 HE FH| AF, =X L3 AHESS)MAM X0 !IX[et = 718 d4xE

118 1 ISSO M sigma.78 AH8510] 28 HS 4 =5e Mo ¢t 245 MHSt= PILOT

sigma.72 302l 2 St 4

43 :sigma.71f lambda.7 & C|HIO|AE R&F X[Jote & ZAY AE QAHL|0[A &0 HE ILHO|

52 : AlA CIXIO|HE {I8H AMICH RE A[E20|E 2l BezelSimE £-7M.
: Haply Robotics, Inverse 3 & ¥ E ZHEE2] CES2024 =194 4.
: Haply Robotics, Miniverse 3 E{X| X| 2 3D O-RA CES2025 X3 Alaf =44

72 : IEEE World Haptics 2025, ==& Z4HIM MIE.

& O] Omega.7 HEl ZHZ XFSl= 2| 28 MRI =& 229! NeuroArm2| & HF A4 MHS &,

WNTERE,
oV "I,

oJojx Hojg!

HVR Co., Ltd
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Haptics

Haptics = Haptic Interface + Haptic Rendering

B Haptic Interface:

ol

5
=
S
atu
=<

ol
20
~
J
o3
8
H

<
ofu
tlo

7/

1
1

H Exsts =HME Ml

Al
=

v Tactile Device(¥:= Tactile Display).

V" Force Feedback((:+= Kinesthetic) Device:

EEl ClHIO|A:

Impedance

X3

o

|
€l Clbtol

| X|(Position) *

o
F

A

Admittance &

X3

o

Velocity @4

(

+ (Force) A4, ®IA|

® Haptic Rendering:

Of &M EXst= AA

=1
=

o B M ThetAr

88 %

S|
S

71&0|
Aol £ HAHL S 7Heof A0l

HE|
=

10

2
o3

e Ao,

)

v" Force Feedback(Kinesthetic

!

= (Tool)of|

X3

*

o
o
n

o
o
i
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Haptics

O °1°7 2o
@ HVR Co., Ltd
Haptics Interaction

= HE2 FZ4S SOl CIXE YEE WSS MER 7=

g2 3, FS U SH(Motion)2 AFEXIOIA HEsts
|

[=} o§—| o i
E ZX2tnstE &2 &5 AHMO|AE AFESHY 0| R0 .

v AN, 7t W A 2HE0f| FHZ(Sense of Touch)2 F7t.
m AZF C|HIO|A(Kinesthetic EE+= Force feedback Device)2| &= A&
v YU & wisk M (Bidirectional) 22t

v A Ql(Symmetric) HE d3 & MO R

v Tactile 2 + Kinesthetic M &.

W N

~/ Muscles

End
".:T.\ 1 P:nn'l(%\
- 5\\5_351\ HUMAN | : MACHINE

3)

Information & Power Flows

"

Actuators

© 2026~2028 Haptic XR 7|=2 A8 =4 ZH=X © 2025 HVR, Inc. ForceDimension, Haply Robotics, 3D Systems



Haptics

m]

X ALEXOA ELF &

N
=

oumHE Ha| Y GIEmo|A AT,

> n

=R
(Psychophysics),
. 21X|(Cognition) &

Human
Haptics

WTERE.
oV £q

@ foIA Hojt

HVR Co., Ltd

1 W2 Human-Machine Haptic Q1E |0 A A7

\
. Al C|X}OI
Computer Machine ™ ‘—Mlll e,
o o - O
Haptics Haptics DL A 0| M.
J
4 | ) h
> 7 o|& S&(Virtual Medical Application): > 917 ZX{(Teleoperation):
® =% A|Z2fO|E{(Surgery Simulator). ® 9|2 Z5(Medical Robot).
® ZTIth A= O0|E(Diagnostic Simulator). ® 27 H|0{(Remote Control).
® xj& A|E 2| 0|E{(Rehabilitation Simulator). J
> 7Ha BEH(Virtual Engineering):
\> Haptic XR 7|&& At&%H =24 2= /
© 2026~2028 Haptic XR 7|8 AME%H ZA Y 2H =
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Haptics & &20f

Haptics & &0f

744 o2 S8 (Virtual Medical Application):
® === A|Z2{0|E(Surgery Simulator).

® ZItt A|Z2{0|E(Diagnostic Simulator).

X2t A|E 20| E{(Rehabilitation Simulator).

rio

Z{ Z %} (Teleoperation):

o|& Z&(Medical Robot).

® 271 X 0f{(Remote Control).

7te B3H(Virtual Engineering):

® Ui m =2 EEFO[H(Virtual Prototyping).

® Jhy = Q(Virtual Mock-up).

o ug = AU 7= EIt
Haptic XR 7| AL 24 Z 2H=E
force |

QGeorﬂagic dlmensmn

St O HAPLY

© 2026~2028 Haptic XR 7|8 AME%H ZA Y 2H =

HVR Co., Ltd

Nein : Median_Cubital
Angle = 24
®lood A

m SR

@ ojo|A| Hojgt
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HVR Co., Ltd
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©

WNTERE,
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Haptic Device

Haptic Interface
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Haptic Interface

@ °[°|A| Hojgt

. _ HVR Co., Ltd
Force feedback(tE= Force feedback) Device
® Admittance 3 E! C|HO|A:

v &l(Force) A, 2IX[(Velocity HEE) 44

o O
v 2l dM7FEQS0], 17to] Mt HIE, Admittance Type : Y(s)
I(s) = Y(s) E(s
v ol &2 HY HE: (5) = Y6) EGS)
% HapticMaster : 250N. Force
ﬁ . .
v Force: AHE R} Haptic Device
o HIIH AlA" Y G—
% ALBAP} CHYS Force® 222 F 0 Velocity
SHE| C|HIO|AE Velocity Feedback.
= |mpedance @&l C|HIO|A:
v Q| X|(Position) MIA, El(Force HE ) M4,
Impedance Type : Z(s
B M7 R GO, MY 258, P ype - Z(s)
E(s) = Z(s) I(s)
v Back-DrivableZ E|E0}7}7| #+&0| 7t5%
Velocity
v' Velocity: —
o M7|E A|AH . M2 AHE XL Haptic Device
< AFEXETL CHESH Velocity2 232 FH Force
HE| C|HFO| A= Force Feedback.
position

© 2026~2028 Haptic XR 7| =& A&t =24 E2H=X © 2025 HVR, Inc. ForceDimension, Haply Robotics, 3D Systems



Haptic Interface

Force Feedback (EE= Kinesthetic) Device HIF L&
® Serial Type:

v o2 YAy

v 71T oz 9K s A SHEH B4 0] 80|,
B Parallel Type:

voolgf Jhel YAt WERE AHE 5 ez 2

v RN HYEE 2K £ X2z} 8

e

1A
o)
%
ﬁ
b
ot

¢ S0|H:
> %0l AHRE=(DOF)7F 20150 HAHQl X o7t 27tss XM
* 7§ AKX BiA:

> 2 BEO| YN RE ABHO £X FA O YIS Al A,

@ °fo|A| Hojy

HVR Co., Ltd

Serial Type Parallel Type
Z &3 ZHWorkspace) He =o
H 2| X| 8| d(Forward kinematics) £ fi(Unique solution) Of EC}
A QK| 8l M(Inverse kinematics) S 5f{(Multi-Solution) £+ Sl (Unique solution)
£0|8™ 24 (Analysis of Singularity) ZhoH 25
Zd(Stiffness) xe El
I (Inertia) = xte

© 2026~2028 Haptic XR 7|&2 A% =4 Z 2H=X
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Haptic Interface “’6 OIOIKI HOI%‘
HVR Co., Ltd
23 XtF = (DOF, Degree-Of-Freedom) °

" |nput = Passive DOF:

>

F

7 ClHpO|AT} &8, 39, @Rl EE B|Ho| SNYS HEH B 4 Uk
Sxo| & (T WA HE )
© YUHOR sfLe £5 ARE T SLtol QAT S AFBHHIOf
7170l elmclel 4+ EE | 4

= PHANTOM C|HIO|AQ] 0f:

/ 3RRE Y
@ 3 Ak K| BEHH (Position):
XY, Z

/6 RIRE 93
@ 3 Ak K| BEHH (Position):
* XY, Z
< 3 XML 92 (Orientation) 3 F7}:

* Roll, Pitch, Yaw.

Pitch 2} &k2]

= X0
=52

Touch Touch X

sTVs

Gimbal Z:
CW - COW

Gimbal Z
CW - COW

sTYLUS

© 2026~2028 Haptic XR 7| =& A&t =24 E2H=X © 2025 HVR, Inc. ForceDimension, Haply Robotics, 3D Systems



Haptic Interface

' Bl

N HVR Co., Ltd
=2 A== (DOF, Degree-Of-Freedom)

® Qutput EE&= Active DOF:

v ElHRO| AT &3, &2, &

o)

= PHANTOM C|H}O|A Q| Of:

v Cartesian Space EE= Joint Space AHE.

*=p{o
=92

v 3ARE 3702 2E AtE:
P X Y, 2% 2EO| 2t
ARl £ 0|
% Elul(Cartesian) ZHE A2 YA
° N (Fx, Fy, F2).
* K= Base Joint:
» mNm (Tj1, Tz, Tj3).

=zo

v 6 ARk Y2

6 /M2 ZE ALE:
“ Fx, Fy, Fz. + Torque(Twisty Forces):
s 3RREX Y zZE EH Y
Stylus &=%&0|2]
I 254 €2 E3
% 2|1 (Cartesian) ZtE A0
* mNm (Tx, Ty, Tz).
% £ Base JointO| Gimbal Joint2 E3
© mNm (T, Tjs, Tie).

E TS
EE—1T

© 2026~2028 Haptic XR 7| &=

7t

2 otLto] E30f St RE ARE.

DEOf Tp|7F HEEH

H &
LU i

o

oot
1E
m
i

S 4

Y,

Q

g

r
|m rir

N
i

-+
ot
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Haptic Interface

Xt = (DOF, Degree-Of-Freedom) & ZtE A (1/2)

® PHANTOMZ Stylus(End-Effector) ®IX0f Lt 6742 HZAZHE (Joint Angles)

v Stylus(End-Effector)= C|HFO|A 9| 7|L|OtE[A H|Qlo| &

= PHANTOM Joint Space:
v dd 48 Y HE:

@ Qi Qe Q3 Q4 Qs Qe
® PHANTOM Cartesian Space:

v Stylus(End-Effector) 2Z Zt& A0 M 9 X2t BaFd =l 5
< C|HRO| 22| 2| X]:
* Cartesian Zt®9| x, y, z2 B,
% Stylus 2tak:

QU™ O 2 Rotation Matrix2 H

.

+X
Stylus@| 22 Zta A dH
= ZHo| 2|

CIHO|A(RE) EHE A

© 2026~2028 Haptic XR 7|22 AFE3BH xAIZH 2EIX

A°1A Bojd

HVR Co., Ltd

Position 1_5 = (pxﬁp}'ﬂpz)

x N 4 Py

(s
=
S

(=]
N
<

-

T =] ~

stylus

=
L)
R
o
N
>
P ing

o O @ 1

Stylus@| 2Z ZtE A

+Z

ClHO|A(RE) ZHE A

© 2025 HVR, Inc. ForceDimension, Haply Robotics, 3D Systems



Haptic Interface

X3 &= (DOF, Degree-Of-Freedom) £ &

— -

= H|O|A O|&(Translation):

e

8}5F(Orientation):

v omega.6 X omega.7 HEl EX|0f&
3™ £50| SYE0 UAS

=2 ke 343 3| WHS ALE5}0]

FXHOE HHE=

A7 my| Q(Reference frame) Rwist 2 H 3 =

< O] 7| ZEA L YC ZEAQ B B30
=59 ZF 2|™ Hoj| YEE 2E Mo ofs)
BHEIE 2t ZOIA A AHE.

@°|

e A (2/2)

|X|= HI7t2E Zt&2t

m 2o ZHE:

/8 22imel e 9K

vV REE omega.7 SHE| RFK|Of CHBH o ZHE 2}
sHE| AHX|Of CHBH 29| ZHE 40| Hi

o
B
°=*

(==}

v 00 7#”#% A U2
C}
O

© 2026~2028 Haptic XR 7|&S A2 =

= ke 2trete = g

il

T

(Closed) T+-&0f 4

o IA :LE|E1% @ M(Opening) Zt=2| 37|7} Bt

o] Hoje!
HVR Co., Ltd
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Haptic Interface

Haptic Workspace
= HE ClHIO|Ao| HE XM2[7] (HIP)ZF S5 &

v HE| C|HtO| A0 of8l HF(Contact)E & Y& 22X 37
<« 717 HF LS00 T2 = 2 ES2h
* Touch: 160 mm x 120 mm x 70 mm
* Touch X: 160 mm x 120 mm x 120 mm
* Premium 1.5 & 1.5HF & 1.5 6DOF & 1.5HF 6DOF : 381 mm x 267 mm x 191 mm
* Omegax:® 160 mm x 110 mm
* Delta.3: @ 400 mm x 260 mm
* Sigma.7 : ® 190 mm x 130 mm
* lambda.7 : ® 240 mm x 170 mm

ol of:

|..
| Y22 gol fet Qe AL YS BTt

¥ PHANTOMS| 37t
< A 7R 27to| 2

HY S MK (Parallelepiped)l| &7t

' Bl
HVR Co., Ltd

o, PHANTOMS| ¢ 7hs5ot G2
22 LHEYS9 EXME 2

O.

PHANTOM % &
oM = 2T

© 2026~2028 Haptic XR 7|&S A% =4 FHE
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Haptic Interface

#El C|Bto|A H|m

Stiffness

Touch X

Premium 1.5

Premium 1.5HF

Premium
1.5 6DOF

@ oM =01

HVR Co., Ltd

1.5HF 6DOF

160 x 120 x 70

~ 0.055 mm

33N

0.88 N

160 x 120 x 120

~ 0.023 mm

79N

175N

3.16 N/mm

381 x 267 x 191

0.03 mm

85N

14N

3.5 N/mm

381 x 267 x 191

0.03 mm

375N

6.2 N

3.5 N/mm

381 x 267 x 191

0.03 mm

8.5N

14N

Yaw & Pitch : 515 mNm, Roll : 1770 mNm

3.5 N/mm

381 x 267 x 191

I I I e N

xe

ol

—

2t

i

egree)

0| silef=
(Degree)

o =

=S|
=

oot

(N)

A0 £3 53

Stiffness

© 2026~2028 Haptic XR 7|&

® 160 x 110

< 0.01 mm

12N

14.5 N/mm

AgEH EAU

@ 400 x 260

< 0.02 mm

20 N

14.5 N/mm

? 160 x 110
240 x 140 x 3200

< 0.01 mm
0.09¢

12N

14.5 N/mm

® 160 x 110
240 x 140 x 3200
25 mm

< 0.01 mm
0.09¢
0.006 mm

12N
80N

14.5 N/mm

? 190 x 130
235 x 140 x 200°
25 mm

< 0.0015 mm
0.0130
0.006 mm

20 N

400 mNm
Grasping : 8.0 N

14.5 N/mm

180 x 140 x 290°

0.0067 X 0.0067 X 0.0135°

200 (y), 400 (p), 100(r)

Grasping : 8.0 N

© 2025 HVR, Inc. ForceDimension, Haply Robotics, 3D Systems



Haptic Interface

* 500~1600 Hz.
< CHE PHANTOM:
* 500~1000 EE+= 2000 Hz.

v Force Dimension $HE! ZHH]:

% Omega.X & Delta.3:

< Z|CH 4 KHz 7HX| 2| T HlE (Refresh rate).

% Sigma.7:
o Z|C§ 4 KHz XS] THAY HI

i

v Haply && &Hl:
“* Inverse3 & Inverse3 X:
o A|CH 4 KHz THR| Q| XYM

Mz
tn

© °1°7M =o
@ HVR Co., Ltd

[m=] =
e Cibtolo Iy 8
1AM / A OfHFE}
!
wegd |
!
ol 201 0| 7t A
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