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3.3 Vztah mezi optickou a digitalni holografii
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4 Numerické metody
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4.4 Ziskani uhlového spektra
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4.5 Propagace uhlového spektra
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4.6.4 Vyva eni hodnot pro rotaci
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4.6.6 Jakobian obecné transformace
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4.6.7 Shrnuti rotace
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5 Implementace
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5.1 Pomocné aplikace Rayleigh-Sommerfeld
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5.2.1 T idy
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hologram->setFieldDistance(facetSet[0]->getZAxisInt ersection());
double diff;
/I--- Vlastni vypo et ploSek a jejich p idavani do cilové pam ti

for(inti=0; i< count;i+=1)
facetSet[i]->process();

/lpropagovat k dalSimu trojihelniku
if(i + 1 < count){
diff = facetSet[i+1]->getZAxisIntersection()

- hologram->getFieldDistance();
hologram->propagate(diff);
hologram->setFieldDistance(

facetSet[i+1]->getZAxisIntersection()
)i

}

/I--- finalni propagace
hologram->propagate(-hologram->getFieldDistance());
hologram->revertToSpatial();
hologram->normalizeSpatialFieldBySize();
hologram->exportToFile(Targetimage::AUTO);
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double Rtransposed[9];
transpose(R, Rtransposed);

/Irotovat Ghlovym spektrem
hologram->equalizeAngularSpectrum();
hologram->shiftAngularSpectrum(-width/2, -height/2)
hologram->rotateAngularSpectrum(Rtransposed);
hologram->shiftAngularSpectrum(width/2, height/2);

/Inavzorkovat ploSku
sampleFacet();

/Irotovat Ghlovym spektrem zp t
hologram->equalizeAngularSpectrum();
hologram->shiftAngularSpectrum(-width/2, -height/2)
hologram->rotateAngularSpectrum(this->R);
hologram->shiftAngularSpectrum(width/2, height/2);
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6 Ziskaneé vysledky

6 I % / Yo 7 1
& 6' 0 1 (& 1
7 % % 0 6 /] *& 6
& 6 &E ¥

6.1 Numericka rekonstrukce

6 & 6 &E > 0(6 / '0
0 (6 & 7 % C /1 1
& X 0ZI"h ZI"h"IP X O"h ZI"h "IP ¢ X Olh I"h "IP |
L7 * 0
6 ' (o o & 6 : % 1
4 F, /*% % *+ F, /*% % *y F</*% %
l|& g g
$ .> & 9 B &C & %
& 3, & & %
DO >* >*=§& (67 61
x| & & % ( 6 *- &
( 6 = 6 & 1
7% * 7 6 | & 0
0 >*"*
G & 0 6 & E 1
) * 6 0 7 6 *: 6
0 &E 6 ' 6 &
% 6 )06 *I1& &

XO0z"hz"h"P  XOI"hZI"h"IP K XO!"h!"h"IP
7 XOZ"h!"h"IP X O'h'h,/ AP *+ 0

S
G 0 >A 6 /
* 4 6 & 1
*D0 >> & 1w FEAU %
% # [0 0 18& % & 42 0
E 6 7 & & .
|6 O P & & ’
%' 0 * (6 71
% <>*< & &E ) ( *+ 0 >*@*

All



*+,F,2/5 oRELS
% & % % 2 +°
oo
C & & "%
&E
& &E
7 &E
7

%

*+ F,G/ $
' %
"+ K % & & ,
DO >B& 7
G O >* & 6
"<d*+ & % % ' (& 0
& Yo 7 *
C 1 / 0 >*
6*G 6 ()0
0 H % )
0)- )0& 7) E)
+ " 0 0& &
% & & & &
F % 6 0 > &E )
& & *7 &E ( o(6 /
6 / *+ O >*""*

E/ $
%

' & & '%

*+1Fl

%%

*+ F,.>/ $
' %
Ch&' & ,
# '%4 &
I -G\,
* _ *
/
H *F
"l 07 &
6 %
) &
&& 7 &*
*7 1
& 1
YO
70( 1



*+,F,.-/ *+,F,.</ $
. " %0 , :
% & % ,# % &&
*+ F. /" AN, # I LA\,
D g
+ ' 6 / 0o > 76 1
6 0 >= % % *F (1
/& & 7 * L& % 7& 6'& '(
0& % 6/ * - & & & ( 0
6 (*
6.2 Opticka rekonstrukce
70 6 0 / : 6
& % =>Il F4* 0 ( 6 '
0& ' 6% 0' &6 ( * 40
6 6 * 0& E( &
0 7 6% 0"'O 0 & 0 % &%
* % & % 7 0 &6
& '(&& & 760 6 & *

0 ' (
7 %6 /1
O*
7 0
? ' 7 47 # | R? IBS*K /1
& '(& 7 0 0 ' & & 6( 0& O



*% $

0 0 )+ )y
6 6& *- &
0 6 & 0 &
*+ F,.?/ $ *+ F,.F/ $
' 2 ' +$ &
%0 % & % , % & & ,
0 )>*A'>*"> >S@D & &
/I & 6 7 *G 0
% /) &&
I &
& (7 ( /
“+ F,.HI*% $
*+,F,.G/ $ &
% o A\,
% & & ,
G 0 >1& 07 6 %7
&(@d 6 6 07 0& *
4, /%% $
1 1 %,
& , RA\S

*+ ) Fl-'/ )

%, & , RA\S

A<

6'(0

*

&"<d' (& & O
'0
00 *

*+, F,.E/*% $

+ &

%
&
& & '
1

"<d*
||<d*

@d %

+,F->"% $

%

+,F-</[*% $

%,

&+ 9% &

1

& ,RE\S

1



DO >* >*= &' (& "<d @d & %6 *- 1
0 0 ! ( & & & 1
& 0 6 % =>IF4*-& & 0 0 0
6 | * % 0 & &6 1

6 0 6 & *

6.2.1 Detour-phase

06 '& 6 /| '& 0 1
1 * 06 6 ( ‘0
( 7 %6 * %
"0 7 S / 6 7(*
& 7 0 &% ( : 00 '
& & & 0 >* <*
*+, F,-Al $
C%& " *+,F-?2*% $ *+,F-Fl 4
& &+ ' C%& ' +P & %%’
R ' S3%, & &+ 1+ +1 1%
R$& S3%, 2'1,
DO >*>& &' ( 0 & & )1
0 7 /| * & 7 6 ) 1
* 1 / '
0 % O O >* AP &
67(* )) 6 0 ) & 1
1 /) 0 0*
6.3 Srovnani s metodou detail-driven
G & # ) |/ / 1 R? IS& (1
& 4 2 # | *DO |/ & 06 & |
6 "7 H ( ( 0 %
6 [ *
# H & 6 Iy ( 1
* 4 1 & 6 H %1
0( I "7 (&& & &
& % * & O 0 & 1
# ) | R# IAS 7% R# IAOS (1
& - % ' / 1 R? IS
H (& & - * K ( ' & % % )
o/ *+7 & 66 & % 70&
* ) 70 H 0& & 0&
0& ) 6 07 * ) %' %

AA



$ C
X0 *G % ) 0 # 1
) ! (6 6 (6 &E ) /1
1 0 0 & & 6 *
/| E 6 ! ( # (& 6 1
& % 7 6 * H1
(& & & 0 H & 0( 6 °
% 7 ( 6 ! X0 7 7 )1
&*
F H& 0& / 1 & 0(6 /1
%7 7 /| *$ 6 % # /I &
E & " (7 E ' % 01
7 / v 7 & | (6*
M R? IS & H '& ' 6& 6
/" (6 % & 71
& 6 0 ' (& 0 0' (&& )
& (% ( *# ) | 7 &6 1
(& 6 7 % * ( 6 1
/' (0 % ( 6 6 (0
(6 7& E dir - ()T
/ 1 #) 0 ' % &
o ' 0 &% 7 &% /0 [ )
| (7 ' 6 &
6 '& /o (
& #

hologram <

%  optické pole
( /"0 (6& Y Y R et A S
& 0 >*@*+ 7 /1 *+, F-E/ 9 %0'&!
1 ( % & &8 +' %
) /%30 0 ' &
(& (6 % 6
0 (&& % % x
3/ 1 7% E Y ( && )
X (o © 0 o+l % 0 &% &
6 0 *1( & & % '& 0 7&1
5 % 0 &% % *# ) | 7% 1
E & Y (0 0 7 &%*
& 0 7 67 (# & 7% (1
% 6 ' / 1 ' 7% & 1
%% )0' & : 0 .
L " H ( E & sy 71
0 6'( &E ' 6 7 '& 1
' & 7 (6 *G& ' ( 6
' 6 6 & * + # )
I C C0
& 0 & )»* G ( &E (7
% 7 % &E * & & 0T ( "0 7% 1
x % # y | "1
/ o *
: & 78 (# )
/ 7 0 &% *

A>



M$

7 ZAv r
+ 0 # ) |/
% 7% *| 0
0 6 I & (
0 *3/ /& &
& *
0 7 % )'
/| 6 * 8 6
/ /) 6 0 &
( && (
+ & / [/ 6
6 0 /) (&
6 & 6' &
( /| E 6
/ & 7%
06 ( 6 6/ *
8 / 7 0
*N %
I 0
E 0 *- 0% 0
% H' & ' 7
G 6 (0 %
0’ % 0 &
/) O
6 0 &
# /& & 6
06 7 06
& 6 7 '
&6
& % % % H*D
S5# 7 0 %
# ) | & 6
& *8 /
06 7 7%
& 7& 7 %
/ 7% *
: # / /
06" % # ) | %
0 % 6 *

A@

—~
~~
m*
o —

/| E 6 1
# ) /1
0 ( ( %6 %*
(& ( &%

6) && (7% &
06)0 6
% )

Ro
[ERN



Zdroje Informaci

R3 0/BS 3 0/5 h8 ' h#/ ‘# hAo|
L/ / /
/ *4 L5 *O5Q  *I G*# *+*
<@4 "~ | 'FL'K:3aD 3 B
"AS@ 1 "A@<*
RS 'S 8j 'C h~A . ' hg/ D *F /
/| *4 X 38&*% 3 x oy *
+*B'4 =*A [ 'FL'K:3aD : 3 e
A@ 1A@B*
R US 'C  *h5/ 'CO 8* h: '# * K
%0 $9 3 '09 1 %0 kg %2 )8 a
| * 11 4:8G BI1@ !'1<IAL
R -A"IS ['# hl ' U K''K O0'3 &6
RF 6 S+ r=trrK:3 I I*
6 *
F 6 k aYY.* * /Yl
RUO @"S F UO* + %& R Y?#55* I"*R <*
"G
k aYYo */YOom Y Y Y",@"Y/0 1
0* I*
RU IAS U I 5 K *0p XL
2 *U . + /'L aCO0 nL 0 *
IA* 4:8G 11,@<@'@@1 1<*
R? IS ?2 '4hl '# h: '+ * F 1 [
] *4 O&H# Q% *G #/ 1- *+
G0 YO '"*8 Y? 0l/a . /8 Y
2 0 /[ I*B=1>*
R? IS 2 5Q *K *L*7B ] *8 0:85P*L 0 /'
KaL 0 /K * 1% 4:8G ,@B1I1A" " 1@><=1A*
R? IBS 2 '4hl '# h87 ‘'l * %8 O *R:
| S+ *"mx B &) /
/I Y*F 6 k aYy * *y ayy * *vy
avyl —* * vl
R?. IS 2.0 g % ' 3K 3 * *K:3a LCL
* 11"t 4:8G IB<,=B @AM
RI 1@S | ¢ &'"'" 3& %
3 &' @+ * 4
. '+ h? 4
R5:F,AS 7 # %  &*% Q & ' 3L
% ' *K:3a?. 1 L*" A*"B *4:8GA>=1 @'@=:
R# . "S Ao ' K 0'3,K U& CC
63 6+B' |, R Y?-#55*5 a 3 =!I
R G

k ayy . * * YF - e



R# =S #

R# IAS #

R# IAOS #

R# S #

RG ,@S

R /@AS

RC IAS

RC I>S

RC @S

&*
0 / : *4 X 3 &
*0% 3 * U *+*1"4 *n [
FLal D X 3 'l= *"@AAL'@> *
" &*L 1/ / 1
0& . H * 4 %% *% '*
# 'l G+ *<<'4 *N [ aD :
3 HAYSI@ 1 <>t<H
" &*;H 1 /
1 H [/ *4 5 %& 5/
U " %% ' o [P ['? 4*8& | ¢
“4.0A@<': | 'L *. | "L3'K:3 a:4;, * IAx
Al="*
"'&hG i ¥, H /1 1
H 1/ / 0 / 10
*4 L5 *0O5Q I G*# *+ *<B'G*=<*
AN | "FL'K:3aD : 3 ! "X PALLY>=
G 'L*C*L & #' R Y?#5S5*>* 7 " @*R
¥ "IS*k aYY * 1
*Y0 Y/ * I
g8 - I*4 / *4
Q "3 & QU **+ "B'4 >*G.p 'GpK:3a
L# "S>S@A* =""1="@*
c ' = % R%0 $9 S R YFS*"YIA*
R * Q I"IS*
k ayvy * *yc Y Y I Y [* o
c ' = R YFS* @*"*I>*R
"0 IMs*
k ayy * *yc Y Y [*Y [** [*
c ' = 5 3 R YFS* * *Yl@*
R >* 0 I"IS*
k ayy * *yc vy Y * *Y R
B 0& ' a7
"o+ 6 & *2 L *: F/'L a
L - 0 /*",@*4:8G!1>>!I" @>1=1=*
-DCC3GL;" * ;*h : 3CCD" ;* #** - D 1:
C c/ = *4 X 3 & *% 3
**+rA@'4 *K:3a- D : 3 t>@

"IALM *



P iloha

7 0 & ( | '& 7 ( % ' 60 1
H*

A Uivatelskd p iru ka

+% I & & 7 6 "( & (6/ 6 1
*+9% 6 & 7 & |/ 7 67 7 &
H6 0*

A.1 Program Mrender

? / # ( & ) H 0 1
*+ )0 )0 ( & ' 6 "0 0
(6 & 6 *
% 7 6 /| # O Mren-
der.exe Nt Mrender 6 P & |/
/ 0
*+ E,./J 0 '%9 2% +& % u |,
& (
6 & *G& % ) O *G
V& E 6 6 ' 6 * /| T70&
6 6& O H 4;,@A< 0" (
">08&) *G 0 70& ( Vel
& =b#bG0&) 6 #QG *
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/ 0 # & H 'O 0 * |
& nazevihodnota * | 6 ( 0 6 7
0O H (] 7 6
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@ samplePeriod: 2e-6 ]
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@ outputFileName:output.df ] 0"
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@ lightDirection: -1; -1;10 ] 6 h h
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@ width: 2048 ] ) %7 6
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A.1.2 Vstupni formét CSV
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