UNIVERSITY OF APPLIED SCIENCES I

HOCHSCHULE MITTWEIDA usan

e %
58
1 8
S0
FARRRND
B W D
LG






Inhaltsverzeichnis

Abbildungsverzeichnis Vv
1 Einfithrung und Motivation 1
1.1 Virtuelle Realitat . . . . . ... ... .. o oo 1
12 BIOTACNT « saavss s es s 4@ 8s S @en A SE Sa@Es 2
13 AfgabenstellifilE o« vomos vamosn vamen sAMEs BAMT S 3 3
1.4  Aufbau der Arbeit . . . . ... .o o 4

2 Grundlagen 5
2.1. Crundlagen desPipettierenis’ « « v wev s vu v s vomve owmwve 5
21.1 Ablauf . . ... Lo 6

2.1.2 Fehlerquellen . . . ... ... ... .. .. ... . ... ... '

22 Victhells Realitah o v vawee ss@mon s @er so@en s@mas ¥ 7
231 Allgeneine FunkiionswelEe « « » o« cw s v s wnmun wm s s 9

2.2.2 Vergleichbare Applikationen . . . . . . .. ... ... ..... 10

223 HIEOVive wiss srmos SHMEE S MES SRMER SREER & 11

il DRI « v v s sameos nnmes GREES RAIEES A EEE RW MR EE 12
2.3.1 3D-Objekte . . . . . .. ... .. 13

232 2D-Elemente . . . . . . ... Lo 15

24 VUNiY s s ep pa@men P i@ 8s @S0 S0 IE PI@In G @G 16
240 CrmtlEapen <« vamos vomas vames vasmos VAT E ¥ 17

242 Steam VR . . . .. ... ... 19

B Belimilistellent s: o crwes SRIBEE CRMEE SRIBER SRIGER & 19

O DKMVl wnoss e e s n e nEmmEs RE NS RE NS REFRNE NG EE 2 20



) Y. !
VAl
29 B/
& L?
o/@®
3/
FAD

o /
| 4B/

Lol
@mc?
2 9/ 57

445
o) D)
B R
| 458,

S%

O | BB
oC |
A@D

e[ BR
0 &0

20 \ |
/>11

=Kl

eDE

[ B/



INHALTSVERZEICHNIS

6 Zusammenfassung und Ausblick 55
6.1 Anpassungs- und Verbesserungsmoglichkeiten . . . . . . . ... ... 55
6 Tl camevs vuevs nomus GRmMmES SW A ES BW IS S0 MES J 56

Literaturverzeichnis VII

1






(*F0 (& #
r/o(% .
(&R (0.
86,54/

B8 ) W&
*3 96
$( ,$498 6
@B W6
( WHE

3 A0
S (H
$( % K
R Cm)a
S| 405

%

0%
%






&) & (7

% %' &
) " &I 1" 1)
"1

X "188 "1&)
g'3 + 0
188 . 8 7

Q8 &

o187 && %

1%' ! %
188

& % %

E&'7D
' & )& 1'3

W& L
). A && ' &
&R* %" @

&

I2l $

1'&%

$

"$
&& &
w1 ) 3 " g & $
% ' 4
Y
2'_
+ "%
6) &
5 - 7 "$ 6%
*(9/0$
B %
% &
& 9 &
% "y 13
% % 6
'E O i
18 $ & L $
_ [
& &

&'&'& "$



A

11
9
7

# (
+11

)W,
g !
#)

0t +4 !

) !

B 7

o

2 @RIEQ@

L
) @
W SRV

H1
# 1#
N /

Fa%

#4 ") Db I %
0 C
JENV &

%
o |
%P

R )
%! ; (
b ;

B % S B)&

%Yo

;)

LY

#r
N # %&
I
# 8-8 9B":bi&
, Yo

Ot #%

1*11 & %#HAE # H#A +&
/,. %!l | &
6 p4
[ #1# #H &
1x 1
¥ #%
B
[# $
oOHP
# W#
I Po )&
JH OB | & /, &
% 14 )7 &
4 ¥ ;9 &
&
# #
# : ]
/4 #%
) %4 1&
Ost, \# 4
h§ %
8!
4 - N
d %
# # |
%
D %
# +& (% &



¢ " ' $
B SR S B $.$ # o
Y-S #BS! 3 o
$#3 $2 3 '$ (9 .

) $ # $2 ( "\

-) 8 #$ : $ ! $ .

S # 8# S IE21E |

A D

) L BEBKE b (,#3 #
M "S- #2 Fo# O# K
RS HHE B ( "=# L
-O# S ;P #$ -
Y # & -
#B" ! & * -0 | #! #
X D

HEBW!'S # & . $$



%' ! &

S8 I |
| & %
31 (&3 2 5
7 ® ) (! &

2 @32

I ®2 E
! $0o
Wk ! %Y&
74 +] K %4 &
B W
I %% 1l &
1, A& | (B8 %IBB
® . @ 86 % .
% D & 1& 7
%}y (& (.
| RER P
Y %
wME (L %6
. $06
ORI /I &+ - &
b 19459 R 6
@45 %
%!) !
7 +04

%

$6

n s

$0 &
' %

% .

B % I(

Yo 0o

%S 4
% ,
Mo

&



| # ¥ & * ()
+ - & ( &
*0 [ ! &
1 & L o# &
2 #"( ( &
13! 4 & # &
$ 0
'@ 1 (
2aB< , ! 0 &
) %I 2 &
'R 1 D
+#
GME E
b0 Q *, &
( 64 " g
M (% ( ) # & &
N 5
0) % D& &
@ ( * )
# ( # & # """ & + &
I O G 9 "

2 O0O#LL. - &



% 2 + &%

2 ¢ &lA B +
+ @& B O

% 2% . + #
BIE & W@
28 2 6 & ( B3
1 3 B3 %B
VBB 2 ( 33
1%2 %& 3
2 3

% FH Go4B & + D
2%$1 & 1 2 ( 3
& . & +3H G
1 & & # 2 ( 3
4 6 &3

1 @4 + %2 ( 3

VR . % 2 ( O

" 9B -

9t

% 4

#



8-,
WL
"B G Ry
Ecia -

EM.
2% 5
@, 9%, D0
5 |
TRAR B
W&, [ Bb! #A
+8, 8L, A
BN &, "B
w 4 O U
- A OB B
0 ' 45, S0
', CBS 'S
s D

p B #D!''0

A

Ok " K86, 0

21, "R HI$™0

658 |,

AllScH

+, %618
g
% P
Y3 20

2] §o,' 't
Y- D'&

k4 &D!''0




#10$ # % (°

& 10*

'8 % BB &
- P& %G
! C %
HIPER, - #
%#HU % - #
AN
1 C % &I*
B #\ F

$t Ea

I C# U
% # B
# 5! gt
B & (
' % C# ##G %
, 2/ *

% C# B# B
L # F
# B # B

%G G %

& BH & F#
# 1 & # &
J

08 # %
PRR &

&%

[ %-# #

gl #

B¥ A&F

&

!

] C

D #

©! &
E %

CosBt
# |



&% | # %(

%+- & *) ] I 9% %" .
IRV $ 0+
/4 " 3 R%.
6 + 67#'3
+ 9 8 'H% 1'18
0 ‘9! ! 3 -6
+ + 6 ¥
)
0 ! 6 !
4 & ;814 / &
$& * v + 1 " @
EEHK CPQRATIR
110 ¥ 38 .
% # ' LS
4 3 & O
: +' b
4 35 | 1 8 $ !
W * | +# 30 /
I 1'g 1
% o *! 4 "
I 2 '% 3 &%.
b# * % B + %
+ 4% 6 +
' * * +|
11 6 1!
+ w .
I * O 'B & #
4 " g ! '3 A%



0)
%
& $
$ &)
& $+
88 X
(OS5 BEDL\NVEERD)
$ R %+0
1%+
4
& )
5
TUNVG&EH
& L.}
j &
/ )
#® <
62 9
# $ +# | 4
$

)/



b - (0/%R)( ‘&
& P f (6B % % 6 (
£ G I8 W ( 15,5
04. @ % *T.
A9G@ HE3) 6 & 35
1961 ( (.10 (% @8 8. (0 O
COE@® Ed0. ( (5 (/&
8%. I

KO FE

% 5 (( -’ i:21))
L j)F.GYhi % X &
.. (8@;/$ @ .. C%R
0 £* (" (B 1 k8
m* (R (% 2%6- & B, @
%0 ¢ . D% 6%E
- |6 & '0%
B & |

RO

0/#& Y -(¥ i 3t(* %0
e §) iMoo 8%k
¥ 865 -( UG« 6$, 0 &
&)/ % ) (%S D L
)0 %6 %,/ ( iR * 0=
- @ 8F'& |

N e 9 3 )(
) (K ® *H & ©
W. (0 & -2 * 190 &
(6(PA -(H w0 1
(2.1 O 1)) B, & 8 ' (%



al

BI(

( *K

|=>



8 ) 2
28 ¢
7B ABH
I NS
T 4
! )
Vv | e
T #
/& 806
!
L U
+#8

3/

B'U&

/

Q/

&



% )R 10., [/ .
0, 4€m 0 , &l0., = b
), 1@ 6, ?

b % /WA



Vi, 3
ok
@ = $;
. CY
BB %% &
&

(B [EB3

* > 08AR
RO > ®
3 "It% K

1

%

" 0%

&

>R



$$

"& W
) $

+ JP + $*

N

/\$"|



! | SEHPR.
@ BEERS
L Jeged

HEPO B\
9 IWan

1 &

90 B: b\

e\

o 90
294 9 67

30

30

38

B
(. 7
4
@8
was
b |
St
Hb: 78
S0
80 3
3 W



R &, H#H"
$8 B BH4 #§&

&B,
? 3854 P&t + 7

A (HHO R OV

*

i
*)

AR B W
b S
W63 ¥ BY%

)

R

RBAA3 5 BB

) &b * +#%
+ 5 +#"
bt

Vil & &HpHR

+ 0i 4844

%*

o

t 49,
X
OBGE
%' & @Y%
WO + G652
, %

|

+# "

%

? B

Pw
yo

#+ |

%



& 4

H&

IIBQ n

918 &

BOREH )
Y) % Oy
8z ( Y
G & )
4% Ty

2

25 |

‘G 3

) §

15 ( EY

e & &
) L REER( A3

m;l
S 42 6

o+

X7

8 X281

HER 2

YUz

IIBI

k.S ...

&G
X B, '

18&
G)

B

P& Al
& )Xz (&

Comy F Yy

Gms X

$/.-%
(7&

.4l

B 4H)

B G
0

W4 X

X, @

9 7)

2k



D), Y
WG B
BE G H RWIHIAC
N

11 N FOARQ
1 KEBE)

\_ "\

Ky a !l N
K@ 54 " .5
BB TR
By D
[ | U298
B85 @B
4 Qus4!! \D S
& 9l

2" B WEKQ M IC3

< S

WXz

@ F o {=

i

F @F 1 435 | THC

®HI'5 4 D CCC
€ e 0%

&%
#H B

1z 4
9! F
55

B/ 'UH
8/. 4|!!

& %
c® 0 ! %
@5

@ a



AR
LY |
a &
B! 0 7®
g
! Al
&gl 2)
F ! B
N R QXS
Z Y§ 0 !
D[ N )
+ 11 1Y6
F G
Il b a & D ((
& . ! ] X
11/ 4
[! DI !
Loy uY4r 1
& c
FE D
? ) 'D &D
WM& | §BE | &
L& 1
E oy
Y /I g
YDa ! C ]
14 B&'Y) ]
Y
B Y I
,&! d

HIC. H.

I 4

2

D& 4 !

R 4
!

Y& &
I ] !

' zA

LAl ¢
I 4K

4/



V3688,

)



Hog IS H"

QUG # HHEH
SEHVHEIT #M
B # &4
SRS A &

"10"! & B
&

K&l
&0 #&: SBM

AR T #

b +" # - &
I'M- N¢" 0 &
€ ! IMIE ITM

HOBR  HERR( "/

I D

e TBA

B

! HeRHEoR " |

$- 3R @B
2 BN/

T
IS #OT"/

# | 2&

$"B(LH# L ( &
G/

) (&
S $1 1
L # +-
=

) A%t

8 &3

& T8t
$2 "HR
+! &Bt /

g
AW &

| S K

) &






R By W
08 & 1"
BE T & B
8& Ao '8 @B
ST NE) ! SEEo
& BDEZ FY! 4! PR
$ g
SRR, Y "R
&) &L Bl 2

VN

a RIE®RY
B @) " Wl
W8 BERG
et e 8

& S0

Do B
B )IBERe
&R &("®

3

&0y ") &) B2
& VT
Ve&(\(' / &' Q&
& R 2
Qs
IR K 4
B% PEH & @&IF
61'G$
7 &R\
.| vaRAVMR

& $96 S

IO %2

&S 9%

PN 8 B

8% 'Y &
18 &8 BREG
) DS 8"V

B &g

3@

&&

3 %
( 2

&2



JRIEEE &)
<$BHR
96 %

S G e

QS

. S #

9-&

%/



oBH |

"1, 600 () 8,

B (= (
(B# - &
Do %o -(
D $. &%
Q-0 "((#E ) (e

<(

FEIRS

BE&># ( (W
B,

s

L (- (

) tH)HBE PHIN&

@ (,, E (
) EB 9%
- B E BY(

"-H# ZLES)(B
TBEBH#) (
X- < M-( b

@ o )@
(e®@):H# &3
S

+<(

Wy
% O¢# ., g((HA
("WEH >

< %-$@) ,

B (

W
(#&
E  H%# -,

) HH# R &

<#
%" 8 X &
$%.(-(&
JEC (&
KA.
B (O
O/ (%
H( BE + X&
E$ )
(¢t &
% ( ()8
(+ W&
—_—
<t #%
% #% $, .3
) (% -
#C (&
Efe(, (
+%; &
) (O &
* &
- Yo
+% &

ji



&0 €

128, B

X0 &0,

FGH(BF

WG )+ K

BB 3

0: ¥Ry
®R;RLE

>

B op¢

80, 3% @5
- B, RB
5D
-+
e
200M),) =6 ge
NSRS
@(,)8" (8
B 3P
>@(1
(3



00"l B oy -
A A G W
(L] I /
B @ <! &
es'oe
)% N M #B
@! / Nb
[+ 1 ;gﬁ@l
WY R
v
4
IBB @ @& ?! -
1@ @99
ay ! | N I <
@ ! \* @)
q ! 5 o@#ul:l# 9
” g
AR
? R
M// I 9c;

Ws /@ !'''d/

fe

o |
? )

al/ !
/ 9
@
@
? N
5 -
| 1 P-
> !
#@
;! !
>A 191
3]
5/ %# #



& !/

R

Gl

EEEOE




)%
1
a2 4

|
.543 2
W2

&

5

L& 1



8 8

Wit |

6 ' W s "3

e B A
R #o ME 3
#o®l SOAm(tE B
| @4BKY 1BY 3
B R
il
Kamo A
BB A 1B
"o GO 3
" £ PR
! SRR 452"
D
PHE U A

B e

yas 8

HACH 3

BREA

#i '3

HHH #
%3
¥3
k.
T
H#
H
#Ho
B
i
4
T
# 'Ch
5 0
3o



2 QEEH

&, & MH, 7
L $
uer,, & (R
Vv
Z YR B
) W H M
M K& 9§ &
b8 $& IM&

¢G> 0

v & *

& &-

)

_’_*

3
6 *
& *
4 B&
) 8
4
& (G
&&T [ W 1R

¥






"2

%

%& %
!
42

& Ha®

!
moen -

AN

M!6

6

&!

M $!6

)2



HIL & ¥



- RV
T 9B BE - %8S
w988 BB2" 6 el

s 2 B3

1% 35 D018
HERTEF
R
WRBES T8
PRI %63
[ 1 a8
, %

® B
38 oAl B

da N

R " oNEGTE
$"F (B85 BY
Gy T -
o G
R B
IF; % SH®WB
T Chb
% ' 98791
o/m "ﬂ 8
6 ®"9 . FEEEb
VST Yo
" 15
& A

@ fin

oED T



@6
%) ’
pE ) % 2 @ 30
00 5 ‘o
(- ( 5) :
@ % %*3( )) \
(D CHB ) )
) EFB &% ) ( '
-2 (+ H) ) ) O

D XX

JMINOER

YN ® o0 -
— q)
( 3W.( B ( A
W) w6 +

R

( el 2
P ( (
Ha/X G s
E2( (2 (
g .
ol @+ ) ) 2((
Q A(E

( e [((&
) A) ) 6&@A )
] (



® ! H
[ S %%

BB B | @Y
| GBE®: B

HOWIER

. | 5°?

1z V13
B 105

AAT %0 #°

K !l %

P | &4 Q
AT £ J A
JO ? .A&D

\$&od

m 8

9o
%

rI@ 0?2 % 9
%< T
SVREB< ¥
JPA !

| #1 E K n

@yt okeE
WM& @& A

AR )

?#

@ anA u

Y%



- HE B!
A " SR

B +D 3

p Kl ! KL

3 Q!,0
ITHQ 3 R /

FEC UGB/ XK

B! ® NM
- 38
H#t B +3 RIBHE ¥
b Hidge
S | Kie
w -
xw ! 34
e
| 3B# B S
[ !
Bg/w & Q
|3 MR fiBae.!
31 ! It
| ROGI#R
B! B B+
L K /
iy
# 3BV B



) & ' N; 2

<% ()

RV, O )
WY BEWBIWY

W %) & ) )

6 % W +&

&' O %W

(& % Q
% & ' P

20 %o

%

2 %

8o

& ')

%

& &

(7918



Q*

HHET

7

B HEB

qz

% &
-

L TUIA
H®5



)

f

O+;1#) B(] Y&
+B/8% "HY B
#! Xkl T

8 &y

200 "TNSR E !

KNER/
$ "oHE
%3 X1
# RGO
T *BZ Y
* " +**|'|' | *
(3 kv X
IR
' 8IB Y% B
A* &&'3
(G 3
¥yt "EJ(3
"E R
CET! @
"E\ # Wy
B
* "y LS
"1 A (3
* (w
=8 (K ®
R
e
# (K

2%
& X
2430 |
L _E"* B HERYE
W+UT! |
+H(E@w N
H#H X R (
B |
$ ;o
L2 B S
21" 1
]!
#Y -8 #' |
*
*H UG O1SE
# la'l
%R ¢
H#D&, )& (
* <"“: _¢
b '(
28 R |
Ot H
# (K" !

P Y X H
2 HRA A






)W! @"- "& *
SEOTE B (W
%1& ('8 (T ?(1
V) 2 @& & * g
qECRe & ()1 s
SH'@ B 3)&1
S D 9% )4
QEER 7 8&*
) BEE. . 2 &BR(*
% 1bsaH 0O
&R A BB B 3 W
88 18 IR DEL1'Y
5bh& &'/ &2
B &1 (.o =
1-" BpALERR) () ¥y &
k3 314 & 1D/t
8&'8 &1 K
& B d w® &
AN BB & (1* ) %
en(a)y B 'Rl
o &8 4 8 1
6 ¥1&E & 8 (2@
%p 1|27 S8 @29 ¥
BYp YT ;' @% 2)1*
B ( & * OB 1 (81 FEE
DEES) BHF 1 8 (&
8833 @ 35
L. IR (&
Mk 38831 ("
@M &% ® (RIR *
Ry DAY Bt @&
B BufsD ((2 7 @2

&*



22 "W -



+- A (" a on
VR

&\ 1+
BRI/ X YD -
B4 &M
GUMERD. G | -
& 1]

B R0 S -
arj (("" & &k ®
&®' Es0
& [
E ('






B0

H=# #H*

# #



('&%8
#)
/. .. S5
el
;" 3
9% = > =
13 AR
C:: b 97 =B
)C £ B,
J P
XY NI
(¥ N3G
CR
y: 1 )C38
); & > 2 ?
0 R B
B@;: P e ( )@p
5C* @ L |
L)
(i @p C @¢: p
@Y % 8: *;: @Yy D
oA M *
¥ (CD) 8 ) bp
A G Tl <
R NSO
I B*QC 9=
B O*
i B @@ /=]
@ (™h'B

s Ct; B

)

Ik

o

* [

)

, QD

a*:

%9



(1&%
($
$)

<R

$ 7% 9L
D! ( Qs P

& 8 R $L
7T$ IB# B
I 1#

VIR

P REPE B1IP ML
& (4 ¥ s 1 s
B OR & SES s 3
RIT 78 1B s
i IK dal 7 L
B & K L
¥ ER Ma
'R I &N L B L
#a &l % @ L
0$Q  I('@n! L

9 1L

B

<

&" P( gy
BP $9 8 !'$
P M%) &&

r &oa ' ($ IPL
$ 2 ®



# "
# # &
T
£ 1% 10
!
/
&®
124 I
B 2 & #
"sg 10
" S i
%? $ W H
&
vt

22" & 2@
$M "7 "4
" NED?" 3

B8V

LG I S

& "%

II?

1o

%

@sd@ &
#1



&8 " |

Bt -

H!

KWL ' && (
s S35 9
(#5 B4  H(&
$ + 07 8B <
®mES $!
&WE NS ! ) &
® ! P
+ RS 3$ $
&N, Wi BO
&; S oW
L0 T
R + 5
&R " $ \WB E
+ % E

(W E
(G4 & &%+ M
& &E WRE
+&& S Bt H O
OGS+ SV
& ($3+#

| i

+ KB S'H
,(t 5 B
H, & <@F

SEFEE & . ( &
0B & Y8

' RE R& &

FX &t +, E
&% E

& $!+,

WH &

, B

oA
I+ 4+

G+ % (W3R E

(& €83 '=+CE
M+ &, & (&
(%F +HES
'+ +34CE +$# W

W &$G E
K2

+

% E






-
1ot

5 ) |

&l 9
+1 Q)
) n #

* P&

B BH -

% 3

1Yo

% 8) )

HE&H #
¥ 39)

% #
# &
a

RBHEFS

Ha ! #
G)))

&
ZE

*$F

% H)!,1
I $$1
 D&oott
# LS

+ Ww# 0 $

! )% )@ I +8 !

%BF
) L)

0

VWWRT

&« &1
) &

)

+ ) T
'H &&) 3 |
&%¥d !, *(
$ ) (
¢
K & !4

#A

"

0

& ¥

o #
I &
))) B

# P +

[ Z X

I



£ ()W ) #
& @2 ( ( ,
5@ 2! 24 ("
AL # T HS % * (
(2 L ) L 4
o2 (o % "
)¢ 2 @+
$ (L !&4

D &

TP & S,
¥ e g
L= g + 2
vV (#S$ Bl ( W( %
# L K .
L (% v B B,
e w( A2 )









(" &%
HE, -, '&YEH *
R g 2. &70%
& 98 + < Kb
e @ &
B ('§A >
(DANNTID HEIWD QHA SR
Xo( Q&> %
oY B Ry
-6 & W ;i
R Moo A
i -]
i Y
BVB&Y 447 }
vt \WOB L
i B
B B &N
-
W
RS >80
W,
@D 653 FR- i\ BEdD).. —
ms [

(99

20 /
%A
Bl
»
i
¥ K
B &
w (
+ (
[0 ]



8 3

D RHY2HE(! “c
& ¥

SR o
48(' 2R ('R')

W Y [eigt
g A WXz ji £

b c}iMHBL) 52 £
) 2B XY 14R
AZ 9\X Ed

B
) A 'dB2 H(4a
AZ G, i B§\BI(/

eHad,E
8¢ 7

A1\ iwzB -
8 6y @4

(3 4

N

B qE

g [ @H 2™ 1
) )N
B GAE),

PP,
aB'\gS

@
<K BEBEEA
)4
1@
1) 228
%
a8
1!
BE
&
¥
@
y @
x2! ¥
<TADIR
GB.
B 6Y
‘ @E
12
o §Z



B HSEH

8 RER
ANEERR
QP o
KR
), 4 .
¥ W
0.4 S
KIE;
QHpD
L ]
;4 Mo\ EID
BN/
KB KItHR
N EOWE
oY)
NI
@D P om
G MM
UEO
< ACERTD

2B






#
#1
1 0% $0)#% N
! | . rnr
1/ |
" |
! | 84'$
B %l :

I %

) !

$!



