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Haptic Rendering

Kinesthetic Feedback &l HIEH 22 ?|eF QHLO|A & (1/2)
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= b 2tEa =22[H0 4= EES ?lof #E CHO|AE AFE:

v End-Effector®| ¥X|E Q3HE =H.
v AZO|O|EH = ARBXOA BE HE.

v BHEI E||:-|F_C"| ot

= Al=gO|M QT2 That 2t F ol HEfE ALk
v 74 K| 9| EH (Representations).
v S2|8 dSo A AlZh AlZg0|H.

v XU Eel REY S HFE OfL|H o],
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Virtual Environment (VE)

ofo|A| Hojet

HVR Co., Ltd
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Haptic Rendering
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Kinesthetic Feedback E! #HHZS ¢
m ZE HZE(Collision Detection):
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A oA Hoj
@ HVR Co., Ltd
Servo X IE&= Servo M B E

m ALZO| AFZOf| CHEH £ 2 ME A|Z2t2 EE 0.005% E &= (200H2):

v Al T & 7| A =8 K(Mechanoreceptors)& 2F 400Hz7HX| 2| &2 ZHK:

< HCOFXEAED FaSHA 27| 87| I8 22 1000'H (1000Hz) @2l & YH0|E Q.

e OHE A Ol S G St2H, of 4oz M3siof g SHEI C|HFO|A 7hAL B A
* =2 YHO|E =5 |X[SH7] {8l
_ 2IAH / M OfH}EF
Servo R#Z= Oz HEO| 24 £27t 22 2 E0N
HAE v
HEEY
o HE| ZE 4SXES ?lo ZE| 22 E A, 7
SHE|l BH2l 2ot ZAZ TO 0] 0| THAE K|
= HE| HMOE Ros RO WESE 3
v Geomagic ${E| ZH|

| —= AV 4
“ Touch:

Servo Loo
. 500-1600 Ha haptics feedback P s= 1z =
< CHE PHANTOM: Z|CH 4000 Hz
* 500~1000 EE&= 2000 Hz.
v" Force Dimension ${E! ZtH|: A2 30| M Azt 2 e
< Omega & Delta: = - ' AlE2o|M S
+ Z|CH 4 KHz 7HX[2] Tl BIE (Refresh rate). ozl
< Sigma.7: 30 Hz
© Z[CH 4 KHz 7HX| Q] TH A HIE,
Fd
X v S, X :LEH“_ilﬁ
#E| (Haptic) = d= > e S QUZI
ClHFO|A > AR (Force response)
1000 Hz + Fd W 30~120 Hz
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N laniElES C|HFO| A
#E ey _
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Haptic Rendering : Collision Detection
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v Z2|&(Polygon) B NURBS 7|t 2 &
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\
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© 2026~2028 Haptic XR 7|=2 AtGH =4 2H=X © 2025 HVR, Inc. ForceDimension, Haply Robotics, 3D Systems



Haptic Rendering : Collision Detection
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Haptic Rendering : Collision Detection
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HVR Co., Ltd

CS277 - Experimental Haptics, Stanford University, Spring 2014
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Haptic Rendering : Collision Detection o OIOIKI I:IOI Ot
| HVR Co., Ltd

= CtAl ZOIE(Single Point) 58 HE 2

M

v" 3 DOF : Position/Translation. 6-DOF Interaction
v Force A,
= HE| ZLOIE(Multi Point) 58 A& 2.

v 3DOF + Orientation/Rotation.

v Force WY + Torque HEH .

v YO Z 6 DOF C|HIO|A0| R&: 3-DOF 6-DOF
< Xt WS FM N EJE £3 Position/Translation + Orientation/Rotation
v S Ol BE XIFE 7HK|= 7t EHof CHet
N I Force Torque
EAl?_I' >= ?:E All
=Xl 2 S ol YAUE S0 HE
5= 4dE0| 24 CHE
< Hash AAMAEE2 7MY SX el =Yt
& H(Scene)2| Et-d0] 2tM St
 BE AEL 2EH0|1 Z[HoE d12|E EHa.

Point—-Object Object-Object
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Haptic Rendering : Collision Detection

@ ojo|A|] Hoj|Qt
% ?:1% %"_T'_E'_|§ HVR Co., Ltd

" ZE AdE YiE|Ee s&8Hel WY
v giEel Holy fxRHMEY YA 3 F7H 28
v MY (Global)2t £ZZ(Local)Zte| 2 atA QI [(Transition)

= ZAHX|(Approximate) 5& AE=:

v YHEMO 2 1kHzo| M2 = HE0| 274 &L,
Moot A4S AL (Interaction) R 20| R = stAN HE.

v H2Y 8fA(Bounding Box) & AE:
“ AABB : Axis-Aligned Bounding Box.
“ OBB : Oriented Bounding Box.
% K-Dops : K-Discrete Orientation Polyto-pes

:

V" H-Collide [Gregory. 1999

o WE HBEBS e WD ng@ EL LEE!
“ HI2 Y 2rABounding Box) 55 AZT B2 20| ZBE 025

v 2B 0 E2(Volumetric) &0 Distance Field & &.

= g2l B A=
v Hetot 45 A S(Interaction)t 22| T 20| Lo 2HAHO
HMEsl7| 2ot YNBFEO 2 YHINM O = ALEX Ho|sto] HE.

v" SmartCollision™ & E 2 VPS(Voxmap PointShell Software).
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) _ HVR Co., Ltd
Haptic Rendering

S(xy,2)=(2x2+y2+22-1)3 - (0.1x2 +y2) 22
Implicit Surfaces

Volumetric Data

O[O]X| &3: Prof. Kenneth Salisbury
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Haptic Rendering : Potential Fields
HVR Co., Ltd

Potential Fields (1/2)

® Virtual Wall:
v Of ZHotst JHa 2k (VE) - 3DQ| MY A E
voorgd AT AFEE = L,
HOF S30 7ty otga 4 28290 80 2Y 28, avatar

_A1_ - = : ['I
F(z) = r ifr > _
i otherwise

® Sphere:
v 3DE TFNE HOE T St= 7+ ZhEtoh B, ] ,
Ly
F(,9,2) = —k(a? + y* + 2% = 12) HEE :é?"
WO ST BPUE S SO S SN S SR F b
Flo.g.z) = 4 F@ +9+27=r) a4y 422 <r Fif & =
e 0 otherwise .@ -

CS277 - Experimental Haptics, Stanford University, Spring 2014
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Haptic Rendering : Potential Fields
HVR Co., Ltd

@ M=o

Potential Fields (2/2)
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& A 2 v\ ) \ “\.
’ - VIS g i LI
p— N L 4/ {41\
A
v > - -’ ’? \
T et 5

CS277 - Experimental Haptics, Stanford University, Spring 2014
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Haptic Rendering : Implicit Surfaces 5 OIIOI KI H OI %

o HVR Co., Ltd
Implicit Surfaces (1/3)
= SO AM AIE B2 BEA ol FHolE 22t S BH:
vV Sxvy2z=0
0 o 0 SN | ] o
_Ar{ N | b ~
\ A ) RN A
i /i O\ \
AN\ W T T T = Sy |
, TR
\l \ \\ )‘f \ \&.‘ﬁ-_‘ = e 4‘:7')1
b }‘7_ \M\ ..r"f i 5 ’
0 N P N A \ | A/
\ — 1/

S(xy,2)=(2x2+y2+22-1)3 - (0.1x2+y?) 22
Implicit Surfaces

CS277 - Experimental Haptics, Stanford University, Spring 2014
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Haptic Rendering : Implicit Surfaces @ o"olxl =l OI%
Implicit Surfaces (2/3)

= proxy /|8t Zne[Fez HHE 7hs (1/2).

] | SRR v
? i-\ o o
f RS < 4
S TNew o -
b R -« o
0 Lo :ss S e
- k- - o -
- - - - -
o —————
; mErP g
| - e - - -
= e L e I S S
w;'/ A T
el iy LN
IR AT NN
| -
| -t 5N

haptic rate: 26
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Haptic Rendering : Implicit Surfaces ol OIOIKI uOI%'

HVR Co., Ltd

Implicit Surfaces (3/3)

= Proxy 7|8t ZN2|FE HUEHEY 75 (2/2).

Eunou o lllill(F,\. FB)

I?tuh rsection — "N‘X(I'_.l. F [;)

13!!1[]4 rence — lllﬂ.\'(F‘,.L —1‘113)

Polygonal mesh (left) and resulting implicit bunny (right).
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Haptic Rendering : Force Rendering

@ M=o

HVR Co., Ltd
Force Model

® Force Model®| Eft¢!:

v HEQIE 7|dt: ot mIOIE Q|

[

v Ray 7|gHLine Segment) : BtY ZQIEQ| £F & + EF. Force Torque

v 3D A 7|4t HE| ZQIEQ| FF, & + EF.
® Stiffness HEH 2!

v" Potential Fields.

v Implicit Surfaces.

Point - Object Interaction

" . o Object - Object Interaction
v 7|81 (Geometric) 7HY = A: (3DOF Output) (6DOF Output)

< X|2f(Constraint) 7| gt &

* Spring-Damper 2, Proxy Contact Point.
% Penalty 7|8t &
* Penetration Depth.

[Frvos Erumem one

s =H: : these capsules has an Effect script attached to it.
’ % ° D” (VO l u metrIC) |-é>|- = x-” ’ Ilﬁmgwf\s:actzeuwnen the stylus tip enters the capsule.

XL

Constant

*,

< 3lo| HtsE(Direction) & E2| (Amount).
B Friction !

v EFol SHYo| B2 Kot

rir
pot
2
A4
rg
pot
44
N

Vibration Foots Viscosity Spring Friction

® Haptic Texture HH&:

v Neste g0 22 mekPerturbation) 37t
vV HEAN DY QX BE Vs & el
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Haptic Interface Point
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St7{Lt E 7 (Assist motion)
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Ol (Motion)Of| X
tH= 2ol = o2 7kX| 7t US:
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Haptic Rendering : Force Rendering
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Haptic Rendering : Force Rendering

Force Rendering

) oA Boj
HVR Co., Ltd

\NTER,
ey

m UHEM O 2 Bl(Force Feedback)2 &2 & (Motion)d| X2 (Resist) SHHLE 2 Z(Assist motion) Sh=0| AFE.

= 3l BlE(Force vector)& &l C|HIO|AS| =& T

= Ch¥oh 2445 ddotr| R €& Adtsts WRol= o 7HX7F AS:
v AEH oM g & AE M VMK Fa2 8 Edcs Y TS MU TS EE S

/£ 5% 82 Y CjuojAo| 8IS JHoE Ay
% AIE: Spring
% "I : Damper
< OFE - Friction.
< 2 : Inertia.

= AlZt 3% (Time Dependency):

- iHaptic Material efting —|
Stiﬁness:lﬂ.ﬁ— =
Damping:l[l.[l— =
Static friction:[0.0 | 2]

Dy namic fri|:ti|:|n:| 0.0 =

VAL ESE 7IEe 2 Atk

=]
% A= Constant.
% Z7| : Periodic.
< 57 : Impulses.
= AL = AL =
" 8 ZE0 A7 S50 g

EEOf o7t HEEH

: 8 HE %2 (x,y, 2)

© 2026~2028 Haptic XR 7|8 At 24 2H=
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Haptic Rendering : Force Rendering

NTERE,
o 2 J(_/

A°1A Bojd

. HVR Co., Ltd
Motion Dependent (1/6)
m Ax@ B8 (Springs/Stiffness):
v Of CHYSE D ARBSHY| ¢HHSEHZ| IfZ0of E AL 0| AFEEl= 74E LEE Ol 3 ALk 4 © hard material
v Hookel| HAlZ MESI0] M@ AZE 3 ALk
o AZE2 Y WF K| Py 2F C|HIO|A IX| Py AtO|Of £A soft matarial
< D WI K& YEH o= AMEXIIL E{X[SHE BH| BHO HiX| =, X
o B HEE AZY 30| 3y DHE WBFO| X5 T E T
v B d(Stiffness, ke AZ 0| XpAS FX|(Rest) ZO|2 3|55t St Y& LIEHH:
o W2 ZAH M 22t L U, 22 24 M4 guEg 2.
7471| MOl M Buzzing
2 Kicking ‘& .-‘ AA,—.
d=0
< > < ~ >
F=0 F = - Max force F=0 F = -Kd
A= DEo| AlFEo|d AL
F = -Kd (Hooke2| HZ%).
2
AFERE AZE EE Stiffness & K= EH ME g
2 JtstH .
d= H?|(Displacement) Bl E.
Po Ol &t & Q1 Jhad C{HIO|AQ| QX[ (&S| THEot EX2l EHO HF).
2z HY AHE| d = Py - P,.
P, ¥ Xl(Current) 7t&F CHIO[A O] (K],

© 2026~2028 Haptic XR 7|&

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



Haptic Rendering : Force Rendering

Motion Dependent (2/6)

= C

o

[ |
| >
[l

ko
ML

o| O

v HET HOIE AlXE:

< O|AH(Discrete) & AT S 2l

AN

Stiffness 21}

“ Z2°80| Zrreo| et 774 S7h

v" Servo Rate &1}

o ME 2m 2c7 S71E 98t

= S 7HX|o] WA

&I position
[ ideal force
' sampled position

E commanded force

i at=oh oA X| 7t dd.

v D3 Hof 22|, Gzt A2 oM, Aol 7% (A= 5
.
> 100 N/m 2
700 N/m -
i1
> 1000 N/m =)
JAP
3000 N/m
.
> 10,000 N/m
\\ 5000 N/m
e > 100,000 N/m

CS277 - Experimental Haptics, Stanford University, Spring 2014
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1 }5/—
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>
1 }#f_
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Haptic Rendering : Force Rendering

Motion Dependent (3/6)

m AmE DEo| ZOHE:
v AMEXHE 9580l A|ZHContinuous time, Analog)2 2 &S M E83}|L},
Ttk AT 2 0| A A|ZH(Discrete time, Digital)2 2 &2 A4k
<« SAol MEY E B Abt X2 HH ClHO|AQ| K|t A|ZHE X0 2had:
o Zhd 2O 2f5l| O Z(Extra) & .
= Hd/E (Damping/Viscosity):
v HE2 WEE 2 OIHX)Ol AlZE EE= Ao w2t HE ZalSte A:
< YoM o=z CHTHO| Z & & End-Effector 2= 0] H|.
v a2 gy Ao Hif Heto 2 A
% End-Effector® &= v& 0|5 3|3
82 45 vo| 0| Wato wr| witos MA
< Jteb A0 oot {22l o MAHo| AtE

v 582 eIV Hate I LIEfLHE RAel Mt
Mz 20 e

[=0]
A= F20[ BOXX| Fesfes 92

=.
= M (Inertia)
v Bd(Inertia)2 2 O|5aF 2HE &
« Ol 20|, FOIZ YHE L1 ACHH (O 501, 25 HHYAS &7 M),
wHO| HA (F=ma)E ALESI] 3T & F0 L7l= e &7 AU &= US.
© 2026~2028 Haptic XR 7|8 At 24 2H=

\Nuh’\f,

OIOIKI I:IOIOI-

HVR Co., Ltd
- _— " *
X 1 - =
force errors \L =T
e
] 1P pra
.
L L
— L=
= =
=0 2
O|=3stH
F=-Bv
ve ClHIO|Ao £,
B= Z(Damping) &=
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Haptic Rendering : Force Rendering

@ 1o

HVR Co., Ltd
2oy W REOl A2 0|M A1k
F=-(Kd - BY)
K : Stiffness, B : @& /& (Viscosity/Damping), v: &=,
. d : #H?|(Displacement) HlE,
Damper(Zt&4 o2 HZA-TIE X H)

Motion Dependent (4/6)

m A GHIH(Spring-damper) 2 &

® Virtual Proxy 2 &

Proxy

74 Proxy2| AlZ20|M At
F = - [Kd(t)- Bd'(t)] n(t)

* K HESEh(Stiffness).
* B WHEH/AE (Viscosity/Damping).
* d(t) : & & (Penetration) Z0|.

* n(t) : Surface normal

" Finger-Proxy ¥12|&:

o7 W o
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Haptic Rendering : Force Rendering

Motion Dependent (5/6)

= 22 O (Coulombic Friction):

VoOOrE 71250 WEls 2% 37|19 OHE M= c0f Cfst OpE oz &
V1 AR0AM 28 DHEE2 E™A F= csgn (v)
% v AEO|HEO £E0|10 c= OPE A5
v o detdo 2 F oy M9t
LY B ST+ 2H Y)7F E2
A AMZ AMBSHO T E.
v 23 02 =2 3o E2
OFEHO| £ 0f Hl2st7| W20,
erg HHE I #2822 MaS el =30 &,

v OHEO| HE ANt SY-ZE ALESIO] A MEICHE FOM 28 OFEa /A
o (ROIYR) U AT D SUT 0| £2 O YTk A,

¢ =2 0r&E(Coulomb Friction) (1/2):
= =2 & (Normal Force)Of| H|2{|St= OtE = (Friction Force).
Ff = ;'.!F_.\r

© 2026~2028 Haptic XR 7|&

@) °leIA 2o
HVR Co., Ltd
ol vrjots 22 opE,
(1 XHAOIA)
2ol it wao = 82 MY
4
AL AL BHS et
SHVEREEE: FH|o| 7H4 9I%]

F,

- COS O

Ff=—F_.sina

surface

Move avatar if
sina > f1cos o

tana > pu
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Haptic Rendering : Force Rendering

°fo|A Hojg!

) HVR Co., Ltd
Motion Dependent (6/6)

= HX/5X 0Or%(Static/Dynamic Friction):
v @A OHE2 GX|HEfo|A &=H
/£ ojme

BHS e} 0|5 o [f THE|= O,

v ety Stick-slip OFEE AF: Bamt] 0.0
& £ 7o ANt 42 2O MEfolA OIE e s amping: 0. 2]
» opg Rge Aol 8ol

| 223 S5
212 met AT 2 X0 HEE 1 Aol

==10 ==10

v OpEEe By BRS ufet 5B SN YD HiiE, Dynamic friction:[0.0 " 2}
Op&24o] 37| &4 = (Normal) & 20]| dl2g.
€ =5 OtE(Coulomb Friction) (2/2):

= (Sticking) OF&. Fo < pFyn

- %%(Slldlng) |:||'7tEF Ff = ;;Fhr

how far?
_—

= et M3 S Y0 AR I EdE=

228 5% Heg 7
=
=

= tan

surface :
o =tan " pu

© 2026~2028 Haptic XR 7|&S A

Static fric:linn:ll].ﬂ ;_|

} = tan~! i

e A\ § [
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HVR Co., Ltd

oJojx Hojg!

F = Constant

HO
0
Me
nH .
o] 300
il RO
K: ol
= =)
RO g I
R °o 9
"2 m_l. ol
= — md
1o ™
NY - or
T B Hr
ol =3 rAS
o% ]l do ol
o <k =l DK
oo @ o0 . o Ko
=< ol . —
_ m_Aro "y X mE op a1 od
=) o0 = — Ko &M ET
A
<0 W - Ka ol g0 < Al
H = kS %0 LH Ea g
Y oMl _ <r N
il & = ol = s B o
Klo = ~ i} o &Ko
mr =1 K- 6 ol ol
ol o T% F Wz w0
AR oo of [ T g o o oF
NS R O o o
. (] |__ 0 = ol or BN HT_
O S = oju < = 5 < 51 Klo —
aor HTRES o Moo U o J
o © o = < w43 R ool
5 = o W o ow UM o M5y
> . o [ 2 ou
i3 Il e g T woow
o5 m g RowE g o R
I I R0 M oo KU gy ANy
<k RO 2 8 oy o~ ®oto < g o oEE =
o Ho2 N8 = =z Ko ¢ Po o N
= — o = w2 g . o w9 NI | —
or »n O c < Y O I F ol b _— T 4 jod - 9]
= 8 ok €T 2 g4 7 T ot P
Mos o S8 2 TN b g B oy MW= w 2
> o ¥ —Rkry % o< = R H < =
2 < & T @@ J o & T o 2w By m o=
po o o oy O o = N ol W gl =3 I oo z <0
g > O_L c — 0 o © X H == <] K o X o
2 S 4 8 N wxTa o X3 Fag ok o R Ry R
& c G M gz u T oouw oy 5 Bol B g <o 3 oo
g 2 o 5 o yEsloe o wy wyTRE 2 K BN R
08 M 9@ g0 W o5F g o ®EW Z oy K
S o I W o gl om gD g RH BT E EE g
2 O Ko & R @K o N TN B | A N
= o 5 = < = < B < - S0 % % 3l
m m = go ov o ok ~ Kk Kk o © 9
E T ol s S > > o0 >
8 = < 0© K- o
O | | | | |
a
©
T
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Haptic Rendering SDK : OpenHaptics

OpenHaptics Overview

® HDAPI(Haptic Device API):

E
=

v

i3

ClHO| A0 Lot W2

AR
T

E
=

v

%

T2 M7} B (Force)S

v ClHtO[Ao| HEHY S5

® HLAPI(Haptic Library API):

SHE| 2|
[= |

v HDAPI ELC}

o A X
=2 &9

v OpenGL APl Z2 12 T{0l| A Xl=3
=2
o

v 7|E OpenGL ZE21H#Z2 X At

S [m]
el %

® QuickHaptics microAPI:

T80 ot

agie A= 7te] S7|=HE 3A

v C++E5 AH23lE APIZ OpenHaptics 3.00A 37}

N
i3
o
r
N

N =
M Ham
oo Mo =
op 2
Jm
Hu oo Mo
ofo
[H
Hu
[
I
o

[l

<\

¥
uy oo
1A

ro

gg

m

3}HEncapsulate)

[
)

ok H
[H

=
i3
am

r=
Ip

\
i
B~ or oX
et ogt i
]
o

1o

N
=
Im
L]

Pl
Hiore o

[n
Hu

¢ rE
m >

bt
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e
P
al)
H
Jp
1A
lo
HU

[}
1113
=2
%
Jm O
mjo
4%
N

O EHA

o

Z (Direct Haptic Rendering)

7EIE 7S

I
I
I
|
I
I
|

30hz
graphics
loop
1

o &
=

af CJH

ol
MNET.

PA

AAE HS.

OpenGL

Rl :' G

' 3

A°1A Bojd

HVR Co., Ltd

Depth and Feedback Buffers —

F N

OpenGL
context

User
Application

HHLRC

HHD

|
I
I
|
|
I
|
|
_’

Monitor

|

QuickHaptics

HL APl

HD AP

\

1khz servo
loop

/

PDD
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Haptic Rendering SDK : OpenHaptics

QuickHaptics (1/2)

= 2= WE/dY S8 220 S5H2 7= HAE deas

@ C++0f Rl Crysl = LAt 2
A 57 FHE + A,

7 WE Z2IY CRel X RN, J1E 2RO 57 F74,
ME2 ofo[T|of Al 2 #E| R 44,
= YUFEOl AL AlLIZ| S 04310, B 7|2 ojrf s MHo| HEeof
AL #E XY 28 ZROS 019 B8NoR AY ¥ 4+ US

= HE/efE ofE2|AH olH0f Bt ZEHQl T

—

v 7| OfLIH O THZ| XM XM ER| ot 72 24,
vy e 2S7] 8 OpenGL &4 =7|=t
v OfLf e o] HE A =7|=h

v ZH(Scene) X ZtH2t H7H.

/YW ouNMEN ¥ U 24 o ES U,
v MBEg e 2% ST 4

izt 91X, ClEpolA B2 7RIS & TR B S40f T3t 22
YAHOZ Ho| T Waglo] 4y 5T BUS BE & AUS:

v Default Parameter Values for Shape and Display Windows &%

© 2026~2028 Haptic XR 7|22 At@SH X£AIZH 2EIX

OpenHaptics V35

oJojx Hojg!

HVR Co., Ltd

Touch Device Driver v2023.1.4:

for Ethernet Touch or Touch X, USB Touch
or Touch X, and HID Touch devices

Interface: @

0S:10/11 (64-bit) More

Download

Phantom Device Driver v5.1.7:

for Firewire or Parallel devices

interface

0S: 7/8/10 (64 bit)

Download

OpenHaptics

Touch Device Driver v2022.10.10:

for Ethernet Touch or Touch X, USB Touch or Touch X, and HID Touch
devices

Interface @]

0S:10/11 (64-bit)

Download

Touch Device Driver v2018.10.22:

for Ethernet Touch or Touch X, and USB Touch or Touch X devices

Interface: @]

0S:7/8/10 (64-bit)

Download

Phantom Device Driver v5.1.7:

for Firewire or Parallel devices

Interface:

0%:7/8/10 (64-hit)

Download
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Haptic Rendering SDK : OpenHaptics

© 1 o
HVR Co., Ltd
QuickHaptics (2/2)

" QuickHaptics & #® =& (Level):

v ot m|Oo|X| O|2to| C++ DEE HuHN ST HHE Z2EEY S0 AR & = AUS.
® QuickHaptics & H®™ =F(Level):
v OANEREe B 21, ECf GOt 2 MDA G ALEAL Ho| EW BB HISots T

M HE =F(Level):
v 7|2 OpenHaptics 2.09] HLAPI X HDAPI 7|50| H&st= 7|8t Qo] 2

v &9 Z2 0|0 OpenHaptics 200 A 7{&E S & T2 12
OpenHaptics 3.50(A 72| = H& =7SHA| g HHZ0{Of B

/'

v Shape % 2% #

1t
in|
I

Command v el 2aF F A

representing
70-80% v C|HIO|A HE ZuH
of functionality

v AHE X} 9| Shape ¥ & =1
Commands representing . .
20-30% of functionality ¥ QuickHapticst

7|& HL/HD API9| £t

Current HD/HL APIs

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



Haptic Rendering SDK : OpenHaptics

QuickHaptics Micro APl 222

® QuickHaptics Micro APIE C++2 THIE|1 4 7HX| 7|2 7|5 2225 Heol:

v DeviceSpace ZaA:

< HE CIHIO|AZ} O]& & == U &Y ZZHWorkspace).

v" QHRenderer 22
< QHWIin32 U QHGLUTS| 7|& Sz,

@ M=o

HVR Co., Ltd

< ZHHEE Al (Viewpoint)Ol A ShapeE I 25t0 ALEXI7L HE| CIHIO|AE ALBSI0] i AHES =2 &= Us 2 AR
v Shape S22
o O2fE W HEloR HHE & 5= Ui StLt 0| &e| X| 20| E2| A0 Chot 7|2 S,
v Cursor 2alA:
% Touch C|HFO|AO] = F B A9 2 XS AL = HAL
O & XH2 HME HE QAEHO|A ZQAHMHIP)ZIIE B
« AMZIO| A Touch®| HIP E#.
© HIPE TF2 Touch ClHf0|A 9l SYUBH 2IH0f S,
Application
Device Space OHWIN32/QHGLUT Shape Cursar
Class Class Class Class
1 | i ] | | | l l l
nGL
| Callbacks Camelaw c:xf;':rég [Callbad:s ponape TriMesh { Text ‘[Default {TriMesh
|
Constant . ; Texture 3D geomet; Normalized
force -l Riotcy [ Claphes J -[EP‘J- BMP, 9“]] { Gmats I S[col:mo lf}
Dampi TrueT
mping Touch Color 3Ds Font file

© 2026~2028 Haptic XR 7|8 At 24 2H=

-‘ Servo Loop

Translate
ate

E
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Haptic Rendering SDK : Force Dimension OIOIKI H OI%‘

. . HVR Co., Ltd
Force Dimension SDK (1/2)

= Force Dimension SDKE &3l ArE&AtE & TA T2 Yol 2= SHES s7A4M OHE2AH 0|0 HE 7|

o>
o
it

A x4 U

or

v 0] 2Z EQ| 0= Haptic SDK 2t Robotic SDK 2| & 2oz F4E.

v Haptic SDKE At83t= Z202ifs ZE0| H E9| €/ C ++ B It}
Force Dimension &l ZHX|Q]

kl
't
I
|.|-|
H
>
o
inl
I}
o
b1
=
ot
fot
o
ot

% Haptic SDK= AlE2|0|M S& T2 7 UKt}

Force Dimension HE HEZ2 &M &7 AT = U=

of

20| 7|= SHEl A|2t3} T 7| X|Q SA| SetE|e SEYS A2,

TAE ALEALE 2|5 Haptic SDK&

I_ (-
Force Dimension @& &X|Q| RE ZHO| MM A3t MO & & A= OIS H+E 7|sS MS

o.

/13 Hof MY Susforets o
3|

V" Force Dimension2 ZHEl AT EQ|0{e} 2 22 U Y OfE2|AH0|M /LS SEE o=
Robotic SDKE XS
% Robotic SDKZ At}

O YE BAITE BZI0IA QST A 0|5 & Yone
AT 7] A7 e = e MES HRHE HS.
I——
= O|AlM: —
V" Force Dimension SDK= B £ 8 SSHE0|A A E|H,
Z Q0| w2t Force Dimension 7HE EO|M EL} MEotE stdoz 0|4 & = UF ﬁ
v Force Dimension SDK& 115 A0 2 S /U5t = AEXE 2I8l Encoder TS 2,
2E FE A Kinematics 2Dt 22 CHO|A0| 2= Q45 HAPTICS SDK ROBOTICS SDK
st Ao 5 2l 7158 43 ——

" DED} KINEMATICS/DYNAMICS

v 2 AMRSIE CHY ZE )Y OIE{Ho|AQt YBE 1RO
Force DlmenSIOn SDK |- OI' = J'LE o ‘Ill.‘” | 9" = —_l'l' E USB 2.0'COMMUNICATION
B = Force Dimension M0 Ciet 88 Z2 M3 L & 5= UAS
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Haptic Rendering SDK : Force Dimension OIOIKI Hol%
. . HVR Co., Ltd
Force Dimension SDK (2/2)

B EtA S2HY:

v AESHE R AE ZHAI Ti7 (Xt EHA ALY £ AE 28 HS:
&3t= AlE20|d S8 ZT2IUMS WLEX7L A ALE.

% SenseGraphics H3D, Matlab, Labview , Simulink &

v" chai3d SDK:
< BHE| AlZtzt 8 EH§}604 AAZt AI%EHOI’&

WS HC 2D HANMOR OHE 4= AUEE H
« = O chaidde AlY, I% {O|E, R S8 AZEQO], AHME|E OLE, fstH AlZtgt A o|& OfEZ(A oM &2
CiYst 20RO A =R G Sl M2 Z2HE| AHE
it ir O
= HE|-ZHE 2F MA
v Microsoft : Windows 32-bit.
v Microsoft : Windows 64-bit. ki & gravitycop X > O
“~ OPEN EDITORS CLI » gravity » € gravity.cpp > @ main(int, char **)
X € gravity.cpp 2 if ({t1-t@) > REFRESH_INTERVAL) { —
V" Apple : macOS 14 (Sonoma). « Exaupies
v cu ® // update timestamp .
te t1;
. . > autocenter
v Linux : Linux (x86_64). > autoint S
> center Lt (dhdGetPosition (&px, &py, &pz) < DHD_NO_ERROR) {
. . custominit printf ( , dhdErrorGetLastStr());
V" Linux : Linux (@armv7I). Ve R
v gravity
. . > gravity.xcodeproj /1l ret fi
¥ Linux : Linux (aarch64). i b s (i s Mk i e
S gravity-VS2017vex... printf ( n", dhdErrorGetLastStr(});
done
» gravity-VS2017vex.
v BlackBerry (QNX) S gravity-VS2019vc ’
» gravity-VS2019.vc.. // display status
v Wlnd River : VXWOka M Makefile printf ( 2 , PX, Y, Pz, fx, fy, fz, dhdGetComFreq());
’ ' gcon // user input
S TIRTON: if (dhdKbHit{) && dhdKbGet() ) done
H TLOI . > multithread }
u = El '?:-IIJ'LI- = E1 robot }
S /1 close the connection
v Visual C++.

v" Borland C++ Builder,

v GCC &
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Haptic Rendering SDK : chai3d

°Jo|A] Hojg!
HVR Co., Ltd
CHAI3D (Computer Haptics and Active Interface) (1/3)

® CHAI3D (Computer Haptics and Active Interface)= ZAFE A&, A|2fat X Chatd HA|ZE A[Z2{|0[HES 9[%
C++ 2fo|EE{E|o @EZ AA ME.

ZOFO A ALE.

v OAZE, S2H U H2H DS S3 AIB0IM DY 920) Bt
2t 2 0] Al 0|H BYS Lo ot B o, B2IM U ALE S HES N

1 = o =2 =2d
BCh 23 AAHOR AT € 4 USE 4 H9E
v CHeh 9ol WE TSH HK|S X UBORM,
chaidds 13 ZHEE BE 22M2 &2 SR

v 2003E ARHZE CfEto| 2 & Gl QI3 X5 ATFAHOM M FAl

v" Force Dimension:

< G 7|2 870l oot 2EHQl 7|E X2 MI5H| 2l

HEXQ SEZZIHO i3}l chaidd 7HE S F=.

v Cheeol st 7|

% Stanford University.

“* EPFL(Federal Institute of Technology).

% Seoul National University &
Tl el ME 9 B4R

% 3D Systems.

“ DLR.

* ESA &
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Haptic Rendering SDK : chai3d

© 1 o
HVR Co., Ltd
CHAI3D (Computer Haptics and Active Interface) (2/3)

Sl =
= HE 2nE:

v chai3de Finger-proxy 2@, ZHA HE 3 2A|H J|8 2 EHS ZH50
ST e oY YngES sty
D207 SEE E OEY 7502 Fud Al o|ME & e

= 2T Ao

v chaizd Z2Y YA M, 5N L B 60l

£ ZHste
CHEHA| &0 2 (Multi-level scene graphs)E A Adst=0H 23t HO|E 1xE X3.

V' 7tH2 OpenGL 7|8 Oz % AF2 FE 3D JA2fE 7% SIEQI0E AHE5HY
JHA BHAS HA B S Lo

v BE A oA, QAH 2O

= (=¥

=207t &7 EEsof

I
Il
_l
3
rir
1l
=y
ox
rin
N
I
uju
i
[>
oy
el
ret
oo

= 3D BE:

chai3d= Autodesk 3D Studio Max 3 Alias Wavefront@ Z2 M2 22 =2 1M0j|A
3D O 7MY 27| W WELZIE X,
v 2z o9

= I+ % 2D o|OjX|of| it K| 20| = A 0f ZELOf US.

= X OE
v ERAL 74 2200 tiet X[ A2 chaidd A

/s AZIE WE ClABY 0| 2R M2 SFGtAE RS Y T SABE BE30| HB B
© Z2ol 25 A Op|HH HE0| chaidds 12T EE e ATIS E3tet
H 13

© 2026~2028 Haptic XR 7|&S AL =42 FHIE

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



Haptic Rendering SDK : chai3d

@ °I°|A] Ho|gt
. ) HVR Co., Ltd
CHAI3D (Computer Haptics and Active Interface) (3/3)

= Chefot HE| CIHIO|AKX|J:

CHAID

v Force Dimension At2| Omega.x, Delta.x, Sigma.7 ¥ lambda.7 M E =
“ Windows, Linux, Mac OS-X.

v 3DSysytems At2| Phantom, Omni, Touch XM &
“ Windows.

v" Novint At2| Falcon X|#.
= X3 5= 0

v Leap Motion At2| Controller:
“ Windows, Linux, Mac OS-X.

% extras/tdLeap/doc &=,

Sixense At2| Razer, Hydra Controller:
% Windows, Linux, Mac OS-X.
< external/sixense/doc & =.
v Oculus:
“ Windows.
< module/OCULUS/doc &=,
v 7t @El CjHio| A,

v FLiEE HE CBo|A S8

0

v ANEX YOl ClHto|Ao] S8t S |
= HAH CIHO|AE 2|3t 1/0 EE:

v Servo2Go 1/0 EE, Sensoray 626 1/0 EE.

n
o
3H
m
it
Jm
1>
¥
>
ot
%g
0z
fot
ik}
o
ikl
ro
nx
>
e
z
o
=)
k=)
rx
[H
=)
oo
(e}
[

% Windows, Mac OS-X, Linux.

© 2026~2028 Haptic XR 7|&S AtGeh =47 2H
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Haptic Rendering SDK : chai3d

@ HVR Co., Ltd

chaidd 7|5 (1/2)
= Core:

v C++ APICHES E31E(Windows, Linux, Mac OS X).

v OfZE|#H 0

M "HE3I(GLUT, .NET, Qt).
VoA EQeE 3 AHE).

=i

v XY I,

S

iy

= J3m A
v OpenGL 2.1.

v" Scene Graph T+Z.

/OEY W AYR SAL

AN

D, 2D % 3D HAKX &4,

AN
>

i& %4 (Material Properties).

o|lE
=

mjy

= 2R E.

v E&(Volumes).

v 2t MOHE,

v Al K| (Mesh objects).
v S Ak (Shape) Z2|0|E|E;

% Box, Cylinder, Sphere, Torus, Cone, Plane.

v 2D 93,

<
T

=Y

T

E

v EZRI™ 0|4,
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Haptic Rendering SDK : chai3d

ofo|A| Hojet

. . HVR Co., Ltd
chai3d 7|& (2/2)
= gl AneE:
v

Finger-Proxy 2 &

v E§ dEE.

v" Potential field.

v" Coulomb Ot& (Friction) 2 &

v Stick-slip, B-d(Viscous).

v TS (Vibration) S At (Magnetic) &1t
v HE| ZE HZE(Grasping).

7
(=]

i
T

=
.=
v

AABB(Axis-aligned bounding box) 2 &.

H
mn

v ZH 9shODE).
v & (Deformable) & &/(GEL).
v EHEIA AZ 0| M(V-REP).

v Oculus Rift HMD(OCULUS).

V" BULET.
= CHY OPY WA X,

v O|O|X| Mt

“ .BMP, .GLF, JPG, .PNG, .PPM, .RAW.
v OA] TpE:

“ 3DS, .0BJ, .STL

v Qr|e WY
< WAV.
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Haptic Rendering SDK : chai3d

P o]}
I°IA Boj3
- - - HVR Co., Ltd
U YE ClHto|AE Qlot AXEY O] Y £

v Z7bEel 7|5 Eak
« 22 Ho AHHo|A MO 2& LAt S

2| AL X} QIE{H O] & Tk
< GUI 2 HUI, GUI {1313 Al &2 0| M SI=Lof

g 245 ME.

-+

v 70" BB (Proof-of-concept)2| tF2 7Ht:

o
< O£ £0{, Hansen Medical®| 21t 2 A|E20|H.
= ALEXFFO| g & AT (Collision Engine):
v 3D OA] ZHH| (CAD Ol M) Z|&k:

© JefE 9 e ACYo o 5 29,

[

=
@ Xl M7 fo‘ XEH 27| Atole =2 HlES 58,
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