()
| "
$ %8 ! 0 3
- -5 -$/$-0
/ 01 & 12 3& 456
. 2 < ! 8+=9=
%
2
! 1 ? 1
! ?
? 0?7 ? 4 $99 4
$99% . @ A $99; B %9/ C
$9, D
@
?? ? !
! ? 0 $9/C #
$9; 4 $9 + $9 +
< $9=) $9% . @
?? !
!
2 1
2 @ ! 1
! ! 2 2
" .
272 v
) @ ! | )
27
2 I TR
!
I
# @ 2
2 I )

$3" #% $&g

g+ ), $-5.
#
+$
507 18+ 99)
/)55><
I
2 1 ?2? ??
! ?
! ?
@ ? 29
] 2 2 2
# @ I
?
@
2 @ A
? !
1?2 2 E?
? 1]
! 1
2 ? ? ! ?
T = 2 9
@ ? @
? ?
)
@
F??2 @ -
1l
o
!
?
?E?






" | o "
" A 2 ?
? A
2 @ 2
? 7?2 ? E ! !
viewing angles are the cues ,— ? | ? " @
- _— ?
f.‘“’\‘ —____horizontalplaneh | | F |
o ‘B‘. D = e cot(p) " @ @ o '
N % * 2 2 !
V2 o5t P 1A
}« 3 H H
F4 o A
| 2
YN o » ©
({11 eye height 7oz
\ \(.\ -:eye e_lg e " @ @
\ 1 calibrates
“!g- distance D B ? @ @ # ! :
T TeonerdedaVici ground plane g @ ! ??E L$OM
B A" $99K @

+% 0 N @ @

Albrecht Durer
inme

Any more or less regular ground pattern
provides cues for relative eye height estimation

EE = c

Sizes of well-known objects may modify the estimation

+ % 1 2 %
?

-~



very far objects are $
seen with parallel eyes

% " Quantitative relation ! ?
P p_D-d_, _d @
- 55 ~'"D @ !
: i with : 13 $9 ;2! !
= Tk > E 0 7 #
o7 \ | D distance o object 2 2E? 2 2"
: Screen d distance to screen 7 | 7 Q $999
i C  $9% 12
d :\Convergence angle as visual cue r) 7 @ n
.U Observer ” ’) @
b=IPD
« for objects in screen distance (D=d) = p=0
« for far distant objects (D>>d) <> p=b=IPD 5
+% *)
& @ "
" - ' @ @
| " @ " I " ?
@ " ? 1 " @ ? | @ |
% * 2" " !
H ? 2 @ I " "
@ " &
" & @ ! ! E Lo @ "
'@ $ ! .
. . 22 2 ?2E $93$
" @ 77 ? Lo
& ? " 2 I 21
?
! @ |
"E? 3" $99+ " @ ” ”
| | | ? ? | | " |
e @
" G @ " @ ?
" ? 1 rPer ) " $99 8 "
2 ? "o @
" @ n n " 2
| "H ? 8 @
! @ " 2 " ?
272 @ . .o
! @ ? . 0 o 29 N @
C" $9K ? ! # 77
8 ? " l; "@ 9 9%
? " ? b "
| [ 2 )
s " ! : # @ @
? ? ? | | |
2" ? " @
? @ @ 2
! mon ?27? o -
? 7 @ ' @ @ !
B ? @ @ $ @ $
| ;P | 27 ) - | |
@ ? Foor o
@! I ? @
2 1 "
# 2 @ "
2" | " ? ? ? E? |
??? FE? T
! @
! @ "



??? " - "2
2 I @ ?
? ! ?? ! l@ 2
@ " " ! ?20?
@ | | J @
?? ?? " ?
& . O ? .0 @ ' "l
2 " " ?2 @ Il @ &
@ @ 2 ] @ @ Al I @ !
2 I ] N ? " @
"9 @ ! # "o 2
! @ " ? E? #
C @ ? @ 2
| I @ ? ] " 2
" n m .O m
" 2 IE ? 72 E
B $IK o" ?? N E !
? N I @ "
! E ? @ #
& ?? R O $9 K
!
? n n
: 21 @ %
@ 2 F 0/0
| "
| ] v _ 2
" ?
! ? !
Interpupillary distance IPD (b): G @ I I G
ANSUR interpupillary distance — 3976 subjects 2 ’) ’)
- 63.4mm £ 25% ! 7?7
§ =0 4 ? ? 1
.- E A
® ? Ss" G G ? ?
50 55 60 IPDE:'"“) 70 7% 80 ! ! @
" ] |
Eye height e of a sitting person: @ S @ |
"m DIN 334022 523:7»2 [ - percentile — 2 " )
» ¢.’,-f°.{ii _?,}_1‘1%1 " | ?
@
e=78cm= 7.5cm
MaE ail & A s 1
-t " !
+% - (% , P G 72
% 6 *7% 83&&* 6 97 -
Co "o I 2 @ G ??E
” 2 I @ -9 L-9P 5 9=9
2 22 2 2 # ?
" 2 1$-99 L-9P =99 -999
" | s " 7 '2%$99K C $9/ 5 | IE
' ' ? ! P ?
0 * ! T @ ? AP ? .
2 ! s 0 ” &6 --/9$$$?9+ %
" F E ! ? 21 2 I
E ! @ 0 ! ) !
T



? !
c !
? E " @ "
” " "
2 21 27 &4 N

"@ % += | @
IK$ | @ K; !
K-/ L$P $99/ ?
ur N !
2 ? won

& ? 1 E A
I I I
? !
@ 2 21 2 1 @
" ? 'E
@
! G &!
F??2 @ #
"2
?
4 " ? ?
) I
"o I A
@ ! 1
"o 2 I I
2 1 E
2 "o
c 2 ?
? ? 1
29 I I - @
S ) $ °
2 v I
- ?
E 2! @
21 92 @ ?
! " 2
'@ ? ?2 1 "
2 "7 29 ?
|- ? I
2 2 2
?
? 2 29
" ??
'@ & ! "
F #
?
D 2 Lo-
2 @ N 1?2
" s &
? F
? I
@ " "9
H" L #

N €
G S ? & ?
@ ? !
2 1 2 @
@ v :
2 D 2 2 -
? "9 "
#
! ? P2
? ? ?
? I
? ! ?
&! ? ?
@ ? !
8 ?
" @ ” o
2 &4
? @
? &4 | @ 6
@ 2
n 2 " &4 @
2 "?? @ !
"9 @ E? 1
" @ |
I @ !
" &4 ? I
?
?
u !t F
| "

@
@ "
" ?
? 2 89 ™
" ” I @
? ? ?
2 I
" >
? ! @
! A 2
F &4 2 I 'E
2 !
" =
@ ?
8
| " "
2? Lo
? 7 5
2 2 @
&4 ? ? @
! " 8
5 "
! 2 2



I ? 2 2
" !
A L9
2 ? 1
" T 5
| |
@ @
I - $ 22 N
o
2
$ J | 1 A
? ? "
N @ A
N 7 "
?
- 311 ?
? &4 22
I "V ?E T
/ 311
? &4 22
I "V ?E T
2" N
? lE 1 2
? N
?
I
© 8 nol
? | @
I P I
? I "
oo
2 Il I
! ?
. LN
? " !
! ?
?2 " 2 F

5! /! @ ! "
! ?
" ?
F
? P I
" as &4
o w o
&! [
" @ ? n
1l @ ? ?
" g | "
"# ! #
@ N Cc I
N F " o
! ? E?
W ! ?
? ! R
" "2
n @ I
8 2
"@ @
4 2
T ! !
2 2 2 I - $N
2 22 I
A @ ?
T 2
P @ @
@ ? @
2
& T
X
NI o# I
-
@ @
I 2 2
? 2 !
! T !
@ @ ##
0 @ #
13 ? # 7?1
?
@ 2 2 "
Al ? oO# A "
N ? A
?? ?



R Tanata

s, E.x £ u;.d::
s, Snen Ao !:I al test objects Reference line on horizon level. Projection
1% s - "
- - -
P N
projectio 2 level e Size on the screen should match ght beam
observer (and projection) eye heightl
+ % 8 , < % 4 =
Al I 4 " "
I) n @ ! n T t)
? @ 1 " I 2
% 0 @ ? "
! At " 6 & #
A 2 C A ? #
| " " I # 2
" r) n | |
0 | ? @ ? 2
" 1l ! 2 | "
E 9 n @ '
’) # @ F . n H n l
5 N @ ) n o
A @ n n # ?
" # v "
” D
n ' ' I ? #
" N n n ? ? ?
) " " I o# ? ? H E? " ?
A
2 I ?2 2 #

Real-world dimensions on screen! $ A

w

: X

J ! o#
Al
n @
@
) ? n
Measured size on the screen
should match the given values ! |
A

+% 9 4 % 2 % =



|
Virtual fehce : ! i | ‘

in'screen

distance" "¢
o)

e e ol
1ON Ol
the viewer

screen

For objects on the screen, ideally both stereo images
should be identical; this assures a natural squint angle,

and the objects are perceived at screen distance. ? 0"
LCCeeeee—— ]
This is relevant in the human stereoscopic range of =40°. correct stereoscopic viewing 4 "
+% ; 8 % %
" @
0 4 Lo @ 2 1 @
? 1 8 L
E A " ' 8 ? E ?
0 Al " ? @? ?
? @ E? A ?
% 9 ! 2 " 6 2 P
4 " " &! 11
" A E? ? 2 )
@ ? ? "7 @
6 8 ! " " moo - %
e ; A # 1@
?? 1I$ I- U N ! 2 ] ?
? A2 L @
n E l
# ? ! ' I 1" @
2 ! # 1 ! ? " R
? @ ? ! O $9 KN $9 +
"R ! " & ]
2 2 2 " P
"2 I @ ? PN ?
2 1o "o
! ! N 2 | ?
? ! "7 N "2l
E? I @
- & /] 2 9? A
I " X I [1]
J ! 0# J ! O#
| E ! n
! ! ? @ ? @
" @ “@9 c F 0 7 vi T
? I ! n ' 277 F " 9 ' !"
" 2 2 F F
" | A E "
’ E
0o & @ viT ! A A E
E A ! ! @ 4
@ F 2 ! @ 3! ?
v? T V' T ? ! ! E | ??2E



+%

N " !
@? @ ?
1] # %
4
@ ?
@ ? ? "R
6 2 ! ?
"2
21 | @
;& ?
J ! O# ?
! ?
@
| ! ? P
" E &4 F
o
n # 7
? 2
E? ? " A
! 2
0 4 "
@
? | " A N
" 2 @
@ @ .
@ ° ?
" F
" @ ! "




6 & !
2 SS9
I 2 2 1
@ @ ? S&i C
# " [ ?
? ! "
22 &4 ?
v 5
2 I 2 2 I
2 "o
2 2
K 2
? X
J ! 0# A
?
0o & P
? ?
"@ A &t 1
" ?
"@ | |
"N 7?1 " !
21" @ A
% 4 "E @ !
"y Ly
Z @ "EZ @
% oo 2
? AL @
Al " @ 2@
@ F oo
2 " F 27
&4
4 .
"o P 2 2
| g1 2 @ ?
|
6 2 1 2 ?
! !
?
? ?

+ %

# v
+% , 2 > %
% ,? 4 @ @
6 7% % % *
57 2 %
6 7
A% 2%,?B 4 @
2 ! ?
" vV ?? T &N "
[ \; "
! "o ?
# @




+ & ? X
J ! o# "
" ?
@ E? ! ?7?
? ?
2?2 " @
0 & (N
?
F @
? 2 " ?
4"
!
4
"2 !
? 7 ! 12
@ ? !
6 ?
1l
? ! ?
2 ! "2
? ?
2 " ? o
@ 2!
” "
" .@ ?
?
C ? "
" I &4
P gl 2 ? 7
! @ &4
#11
8 " n
2 ? ! "S&4
S ? !
?
[ @
! ! ?
# ! !
@ 2 I @
? !
Vo W+ ?
A B
? 0?2 | ?
? \+ "
?
| N
2\ l@? 2!
! ? ! ?
@ ? ?
?
? 2 ? \ ? 1
! G ?
! 2 ?
! G ? 7
? 1! G ? 2
"2l

2

I @
F
W !
2
!
57
& !
! ?
! ? 7
1l
! !
! !
? | 9 3l
? 9;
? 198l ? 9
! @
I
2
E?
?
?
2
2
H I
I
F 1?2 2?2 ?
E? "
? .@ @
#? ? !
2
?
? @ .@
? 2
? ? @
?
? @
@ ")
I !
2 7?2 @
@ ??
2 2 2
2 1
E?

\$\- VK



@ &
1 @ ? " 2
F F ! ?
? 0 * 1 "
2 @ " 2 @
n &4 2 !
- % ! 8 E ?
? 0?2 | " ;
? ! &4 ! K-
? " 9
! " @ &4 '+= @
! " @ &4 1,9 @
! 1 O- !
" ! ??
@ ? 1 ? &4 F
K- @ F " @ &4
?
#
! " 2 E?
E? I E? @ 'E
? &4 $9 +
(
2 1 "
? 0?7
! ?
2 ? 2
" " 2 "
? ! !
? 2 H 2
@ 2
? " () 2
? " ! !
A 2?2 ? # 57
! ?7
&4 ! ? 17
?
8 ] ] 2
"o |
@ 1
5 # 7
? @ "l @
? ! ?
!
2 @
! 2 " "
? ! |
? 7
| "
)
8 | F ?
2 7 # "9 |

? " ! ?
E? ?
P # 2
272 292 2 |
! ! !
? @ ?
1 @ n I
?? ? #
? R $9%$$
& E? " !
" !
? ! ??
? 1 ? E?
8
?? !
E? 1201 10 1
! ! 2 !
?? 2 ?? ?
2 "o 2 |
12 %
2 ? 7 !
"2l @ 2" Q
R " 7 !
?? "
) ! R $9$$
C# 0 * Q) *D Q $9%
? N | %& '
% ) $/ $/ /-
9/l =+-
c 3 ) $9% & N2
A ? ? # ( )
* # ! =% . $-
C * $9/ J !
2110 ? @ ? 1$9 /19+ 19
$ ! |
C Q5Q C B 503 ." 00Q0
B? > $9, & ? @
@ " +, ?? KK +9
? 1 19 9KI ? $9,9 99
C Q5Q 6 5 Q3 $98 & ?
! # &
4 ! ) ! $93%
52?230 < $9% ?? ;, K-
C #B**! 05 %9; ! @
" 2 2 2
? ? X & -- ?? [, K
C J 4 # < < 0 $99
J 4 ? 4 4 5
/ & & 6@ #
) C $9; 2 !
12 2 2 "
? " 01+ K- KK



&7 < 8 1J@ ? 4 2
& . .
?? K, +,
) 84 C* B $9%
) ! ? ? E!
?2 2 & &
/oL 2
0 < $9$ 27
,+
) $9/ 4 2 !
50 111 @ A
11 5E? C * $$ ??
K-+ K/K
) C5D < ,- 47
! 2 " 3 4 &
3 1561! H+ 9 1 [+
--,,-"99/ ,E
&6 --/9%$ $99+ 5 )
4 $1J 7 8
6 $99/ J E !
272 & & +91
" 2 I
?2 1l 19 +1%$:%,,
5 $99, 2 0 D @ O
2 ? .@ * 3 4 ?
y +J 7
& & 6
211 @#? @#14 ? a ?

8 Q0 ,+= 4 4 2?2 & .
3"@AD2" 3 & *
& , ? C

211 19 99+I,+=- K/$ /K- ,aK
< 0 8A ) Q* 0 8
B $9=4 2 1" @

o J A 0 )J5
( . < 2
2 ) 7 ? : &
?? /1=K
. ™ C" U $9K " # 4
< 6/ ! 4 C * 3
6@ #
.@A B 0 # 0 $99; 2
4 2 8 5

8 <

Q . $999 J &
8 1 J@ *
)1 $999 27 ;+K/
B $99/ 0 &
4 2 & 5E?
& "

? " $99/ ?? +$9
B $9/ 8
& /01- 2

?-$ )0

B A" C $9K 0 -
2 100@'! ? 1 -

" # A" IKIK [+

B < $9K * J
y! .0 ?
= . 7
$$+ % - 9 9,120)<$9; $/+-=;
3" 020 &Q D HE & $99+
J ! 2 2 @
&(' >-90 2
( K/,99&
3 Q88 Q0,9 12
1?2 2 12 | !
I 5E? 4 . 42
41 K$ 2?2 $,;-9%
3 $9; ! ?
@ @ ! ?
4 )! $9;72? 9 9
0 D5) Q*0 8 $9/ J
5 ) J5
2 & 4" 27 -1/ K,
4 $99% ) 2
? ?2 1 2
& 51 ! IK- /=9
4 8 $99 ? !
# ? !
? 6
4 C *1 B 01 8 $9+
0 | | J*
2 & #? &
@
* * J # # CO . Q* A *.
$9- 0 22
& & <%
< & 6 <& A15! 9
.6 B 4 $9+ 5
@ - 4
& " )
2
R 4 . $9K 4 ?
<.
R 4 ) Q) " 8
B $93$ J ! ! ?2 4
L'w ? 4 2
2 # )l )$9$$5 2
J " | K ?%$9%$ 5E
# " 2.1
[ I ?
2 2
?E $9%% 4 0 E &
? 1@@@ 2E I I-"
1? 2 ? ?
El? E $9%
9/
2 ? DC 8 D ) * _
I OB$KJI 4 2 1 )2
<? 4 7? 2. & C
6@ #
7 2 $99K 2 S5F? 2

*

2101 '@ 1?1 I ?

i

$9/



