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Motivation

= Medical procedures depend on surgeon‘s skill
* Frequent effective skill acquisition paramount
= Cutting surgery especially difficult to simulate

= Haptic feedback enables generating authentic
feeling to surgery student

= Traditional training methods are either

*BEBERREL.

= costly: rare organ donor parts

= unrealistic: dummy organs that have
different physical properties (i.e. false teeth)

Methods

* [nner sphere representation

. MU|ti-PaSS a|90rithm (See overview on the ”ght) 1. Surface contact 2. Normal estimation 3. Drilling

1. Continuous collision detection of moving tool
spheres against drillable spheres

2. Neighbourhood based normal estimation ‘ |'.'§ ‘
3. Drilling along continuous movement path |
= Constraint-based haptic feedback

= Virtual coupling for torque computation

= Massively-parallel GPU implementation
= Implicit metaball surface over spheres b §

b

= Coulomb friction model

Material that has to be removed
during hip arthroplasty before an™ g
artificial hip socket can be inserted

Results

= Drilling simulation @ 1 kHz (for <300k spheres) p
= Integrated in two applications

W

= Hip replacement surgery simulator

= Root canal opening simulator

= Robust, stable forces up to 137 N with KUKA LBR
liwa robot

200 300 400 500
Sphere count / 1000

d by: . o odh o o z I M
Federal Ministry ";J: :f /
for Economic Affairs - =y N e Zentrales
and Energy @ U nive rSItat ‘ ;“ e :é Innovationsprogramm
VR

. " y Mittelstand
Bremen Computer Graphics TECHNISCHE UNIVERSITAT

-
(W
-
-

Simulation f [kHz]
.
- e
. - 5 .'
s
N
% i
s LG,
N D
& ." X ::\ ;‘\’ “.- .
£if . \"T. N : + fn
‘ IR N R AR R S
4 TOLREN SR
8 IR e HSEER ALY B
. 4 -_.\ s . ““ -_“‘5' O o |‘-?.’\‘ SR o
s TES s 1\(“\ : » &;‘, _:\, $.
B e O a5 ‘
904 5 SRR R, P e R A A
S ‘..c 3 . .g:‘ : ‘.': e A Q;‘ \_". ® o
B! b ‘% oy - - w‘!:,;\‘ — I -".‘t; : Y %
f‘a‘;‘_ & & R ST gl g N 3 A
.'{Qd;‘ . ’;5“ I S ATA R B L TR L AR
X =, y Ny > ‘N M iRy 1
@ o0, ST AP R M ‘ e L& ;"‘ 8 W ,,'_‘:
o BRSNS L
g Rt S A '.“.x-. ROV 4
2 - A 1} N ‘.‘ A -
LA - o > } AN LY
e ) P -\ ‘W LAY \ e l\
A WA Y O RN 1 . v
‘t." .:'z 4 '.‘\ “‘ il }.. " S 3 §
T - . e’ " 3 X -
TR Y A3 PR R, e By
FUDY | - o S hLL: s hie A LR YA e 3 NS
SR, Eh o s R R e R L0
N R g MR RN I | QRS
R B AL X O in R 5. mr
\‘}.. e ) ot g .". " ‘vn‘-‘\ » 5 :\ L » R
iy ‘-".‘ : .{'.., W e “-‘( 5 :‘ i;‘.. i‘ \‘ 9 O T
G gL i SRR L v 2 iR LA “_“.-\\"Ql.’
l,.‘-g\.,’.‘l‘ " ‘0‘__1, st L\ (Yeg “Aa
\-‘—,a R ’ X b Sl LK T ) LSRN ¢ e L ) %
W 2 ! W “\"‘“‘ AN vy , I . A :
Mg a 'Qi".'f'\t AR TR TR Ran AN LA O M
a % o oy O SE QUARLIRAY & WPS MR 4 'y £
IS g Al ‘Lt. (3 t':?_' VAR nh LS A w 2Ry
K- R Vbt AR RS 5§ g SRR T3 g YT A e D
St o . ANIETIRTMER DR Ratign R R, Ty o N IR ER
TR . ! (T Rl 3 { N o e AR LI '
TR e R AR T R AN iy gid L 4 o
St RETRT TR L S H 00 LA St N T eI BN AN
‘ r”i':',’-“ v ; ™ 1% R RELNY a9 “ “ 3 ToN .
U e Y . S ¢ e e o § » = 2 N Ahat b &
b ALY ¥ R VR RRTATIR R R A Ror L84 b
et 3 LS ¥t o VAN A S8 R B NG ¥ oe il
s N4 ALTRY 1) R LU whe “‘ \ R,
: A o ALORTUE AR e Nl
\ (3. o Yy .‘i k‘n' Y.w.x A e -‘." g"".'
"/ 1 ) 8 . ;. .“, o n =,
3 Al i}’ 34 G ‘\'
Sl A Y \9‘ N i ~‘n . \ ) 3. .y ‘
) .‘;;; ‘:t\;\ ‘f.\;_.‘ i “.\ " g “ o MR ¢ .
,:"“f'v'?. e - v .".x.? w} "‘ B
| | ;:“\.‘;_" ‘"; et
o
s At
Thyy V0

-

[ l-:.

on the basis of a decisi Virtual Rea"ty C H E M N ITZ

on
by the German Bundestag

Computer Graphics and Virtual Reality, University of Bremen, Prof. Dr. G. Zachmann, zach@cs.uni-bremen.de



