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FIRs S0k o EEA NN s DO RFEYPEEREREYL > R

BBy , %Klm(Bulv)",ﬁi 124 2%Re(B, ) ts i& (7 F I *» & #c(arctangent)i& & %

BT AR by, 0 Ae 2 N (2.0.10) 557

—1 Im(By v
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<1 (2.1.12)
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D Hc 2 G EE F RGN B A A 2R REPI R AR B B
Pl aAi#kh> ¢ &% wmre p % (Cellular Automata) » m® p & 4% 5 B 7 i 4 4p
>Rl B EEEREEL I Tar FM e Am e ¢ AR P

R 3 34p =B B % Pl(Regional (7 x 7))[9] -

mre p B R IT L K- W EJE ch Current pixel 2 738 0 EE T Y 4pas
%8 o £ Bimn]ixmn]adp AR B 0 05 R el o058 (2.2.1)
Bilm,n] = {x;[p.gl m—-k<p<m+kn—-k<qg<n+k} (2.2.1)

A3 A4

x[0.3] | x[0.4] | x[0.5] | x[0.6] | x[0.7] | x[0,8] | x[0.9]

A2 x[1,3] | x[1.4] | x[1,5] || x[1,6] | x[1.7] | x[1,8] | x[1,9]

x[2,3] | x[2,4] | x[2,5] || x[2,6] | x[2,7] | x[2,8] | x[2,9]

x[3.3] | x[3.4] | x13.51 | x3.6] | x[3.7] | x[3.8] | x[3.9]

x[4,3] | x[4.4] | x[4.5] || x[4.6] | x[4,7] | x[4,8] | x[4.9]

Al x[5,3] | x[5.4] | x[5,5] || x[5.6] | x[5,7] | x[5,8] | x[5.9]

x[6,3] | x[6.4] | x[6,5] || x[6,6] | x[6,7] | x[6,8] | x[6,9]

B] 2.1 wmPe E] ﬁ”f}ﬁBl[m,n]r‘r EEIL;/?.,’E'. #B;‘EK?P&I’J}

Aj,j = 1,234fori=0m=3,n=6and K= 7(i.e.,k = 3)
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Pixel 2% 5 00 2T %4 B,[m,n]A 2 & v T B A ~A, > TF4oT

Ao\

N B RES > APTT &P

A ={xi[pglm+1<p<m+kn—k<qg<n+k}

A, ={xi[pglm—-k<p<m-1n—-k<q<n+kj

Az ={xipglm—k<p<m+kn+1<qg<n+kj

Ay ={xi[pglm—-k<p<m+kn—-k<qg<n-1}

J

Neighbors £ Current Pixel #p & f& = **mwenn Pixel » 4o #757 @

P; = {xi[p, ql: xi[p, q] € 4;, x;[p, q] — x;[m, n] >}

4o PR 4 s hylm, nlga ;1

kK
1,|P;| >— foranyj=1,2,3,4
hi[m,n] = | Jl 2 r Y]

0, otherwise

RIT = Bcfogy [mn] &% 3

Xi+1lm,n] = x;[m,n] + h;[m,n]2n

2 H B PG @ Pixel 3B {30 TRAPCER
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ELEERFORGA L IR ARG LEd - 22127 T it Y e
RIEZ A hB b By ? BHUREIEE AT o ST AR hp R
WART S A UTRBEFE T P E RN BT TR A F - FEFAT TR
PRI AHEEORG G R DFHL T BB REINE o A * Normalized

Variance[10] & ipl4p = B B 2 £ = % P4 B & » Normalized Variance # 42 4

Pov

Tamurameasure =47 # 4] » £ Tamurameasure ¥Peizt 8 2% A T(P) 7 &k 5 ¢

T(P) = % (2.3.1)
B g(P)R A2 P HPHREL » ay(P)Rl 2 B HPHT0E -
y(P)go(P)an 55 5
y(P) = = INATNAR,, (2.3.2)
a(P) = zN LyN=1[p  —y(P)]’ (2.3.3)

A 2 27 e Normalized Variance 2 & 5 V(P)> #3255 p % 402 58(2.3.4)

__ a(P)?
V(P) = ) (2.3.4)

l‘_‘;‘_sﬁ_} it FU gL 1] [10] AN AR DA | B (235)
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V(P) = o [ BN 205 Puy” — v (PY?
(P)[ SN N P - v (P) (2.3.5)

d bt o T o h gt A e REET Rl 7 MR B

BRDFARS B AR R BBV (PRI RIS HINE G KRV (P)hERE

$HEFER A~ @ * depth-of-focus[11]:% 71 Pl 444 > B s cdp

B (it (78 B (FIIDOF » @ &+ ffg 5% & M?DOF ez b o 3+ 8 2584
DOF = An,,/NA? (2.3.6)

B A Zadrrihrr kL on, A AT BESEF > NA L8 8eh
Numerical Aperture(#ic @34 /%) o M B &_2> W Bg o~ B 5 o ST F 7 3
M2DOF » #-3 3% % p # %t & ¢ Search Step » - #c# ¢ Search Step # Bl i& {7 2

fE T @RS R

FORAEaaNAPT RN R4 4o 22 P70 A
Hologram 7, i $&3+ 5 (9 3B, ,, > 2 {6 £ #-8 %2 % & {7 Arctangent i& ¥ {7 3|
BBy, B CEpEREE > EERB,, BETF N R EFIR G
FHR SRR - ANEEEL IR RIEL XTI F RS T
v ArE R R LR
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(Avalonbus) > d Qsys T p #4 4 > BB My FF T XA MTE > 54
Qsys #71iE = e SOPC Jx v FPGA F A58 it 18 » e @ * NIOSFE# 1 2 C

FIERAORIARGFIR ) TRERTRES -

SOORCEAFR Y DGR ATY A OER “,ﬁ% S f%g%]f‘ » SDRAM 14

h o R 4 8 % Altera 559 SGDMA Controller % § i&— # 4ci# @ﬁ%l °
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SDRAM * % 732 Ji 4 2 B 12 2 @& FAL40 L -3 » On-Chip RAM » &35 < i@

* SGDMA Controller 3 i gy 3 4+ «

DDR Il
SDRAM
- N
NIOS |l DDR Il SGDMA
Processor Controller Controller
o I I _J/
Bus ]
i | Fresnel Tc:ble' Phase Evaluation On-Chip |
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Hologram Reconstruction System
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g sl p 2.2 &4 3|4 B B % RRegional (7X7) » HIEHT £ 2

Bl =R E A RE 2N Q35)R TS - e pHIE A RR LT

| 93

l]},T

EEMEREZE CREEL - 2 BTREHET ST 2 J[10]

W

32 FAFEHUZ Az HA

EIDEHIEFRANQRIFE A S BIA > Au s Y
AP FREEE L SRR B REG flhA R o 4oB] 3.2 AT o

e N
Pre-transform

Unit N
-, Table
~

Post-transform

Unit

\ J
-—-[ On-Chip RAM ]
l FFT Unit I

Bl 327 RfikH ~

f

32a wHEKHE~

o E A9 2 5N (2.1.6)K 0 1, IR KR B S, 1y 18 0 &
> F Ny i 17 4F Bty oo #f?&r% 33 %77 o @ 7 — B h A 4 B(Address

Generation Unit, AGU) ~ 33 % 8icend $2 ~ 3 BAF#ick iz B o
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) L
[ AGU >
d Address forp,
Index for
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(3.3)

F 7 25@L)ME 28 (B3N T T I B EEZE & 5]y, y, U, vie 74

B8P AR /AR K e 55080 FI36 G AR WO R R -

Af2x2 .
n i f a rAf2x}
1z z Cos —> o5 ———
Z //\ reg Multiplier
2,2
Sin — sin mAf "X
Az
Af? x x?
E X1
A Counter reg
(@)
mAzu} )
NZAfE c o mAzug
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R v # 0SE H 2 45 £ Altera Stratix IV GX EP4SGX530 FPGA B 4 4+
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(SOPC) » % »* £ 40 i% sc T e 2 Hehddfd » A MK P Pk E AP i & 0 T

EHIBFERTE MBI RAP KDL S o

USB Blaster 2 USB Host Stratix IV GX

Port Type A Ports DDR2 SO-DIMM EP4SGX230KFA0C2
(support up to 4GB)  or EP4SGX530KHA0C2
7-segment 8 User 8-Position USB Type ) 4 Serial 12V and 3.3V Power
Displays  LEDs DIP Switch oy Mini-AB Port —__ — . ATA Ports Supply Connector

4 Slide
Switches

CPU Reset
% RS-232 Port

Push-button

4 Push-buttons

=3 inptutout
nput/Outpul
‘ s | | SMA Connectors
4Gigabit . , ; v : i 100MHz
i} [ s T 1| 7 : i Oscillator

External PLL

+12V Fan
Connector

JTAG 3-Position
DIP Switch

Two 40-pin

PCI Express x8 Edge —————————— g Il 2mBsskRAM  6amB FLASH 50MHz HSMC MAXIl  Re-Configuration
Connector Oscillator PortB CPLDEPM2210 Push-button  GPIO Connectors
PCle DIP HSMC System Controller
Switch  port A DDR2 SO-DIMM
(support up to 4GB)

] 4.1 Altera Stratix IV GX EP4SGX530 FPGA (Top view)
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Feature Stratix® IV GX FPGA
Device EP4SGX530
Adaptive Logic Modules (ALMs) 212,480
Logic Elements (LEs) 531,200
M9K Memory Blocks 1,280
M144K Memory Blocks 64
Total memory Kbits 27,376
DSP block 18-bit elements 1,024
Total PLLs 8
User 1/0s 744

*# > @ % Altera Quartus 11 14.0 i 5 Verilog & %845 i35 2 B 8 T 5 »
Quartus # &% FPGA B # i * % - BRAFDRFRE TV ,r/,;gc} RTL-
level &2 Gate-level fiktzn 5Lk A BlARFE R B L Aol o § f SLE R =18 >
7k S i & SoPC g%t > A Quartus 1114.0 @ & * ehf_Qsys T o > @

7 A~ &% 3] SDRAM ~ SGDMA % ~ i o J- % AU F 7 {8 7 )

* NIOS II&%‘T’-%‘:&%@%} Ao

AR RS R RES
Device : Altera Stratix IV GX CPU : Intel(R) Core(TM) i7-3770
EP4SGX530 FPGA CPU @ 1.60GHz
CPU : NIOS Il Processor 150 MHz RAM: 8.0GB
Matlab R2014a
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Pre-transform ) Post-transform On-Chip
) FFT Unit )
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Adders o(1) o(1) o(1) 0
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Registers O(N) O(N) O(N) O(N?)
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Pre-transform

. . Post-transform .
Size ) FFT Unit ) On-Chip RAM
Unit Unit
N = 256 3,255 9,809 7,153 149
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Size Phase Table Generation Evaluation NIOS I
Unwrapping Module Unit Processor
N =256 16,174 6,549 2,019 1,174
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%4602 £ AT p R E TR REBEEY NN cRMUE PrERE ~ R E

~BEEn o Memory bits i 4L > K AP VERD T 0w s S H

Rl
A
oy
1‘~N>

skie i Sdeh Table » #7 TR EEF R s PR 2L 4248
29



Fud PR i A

Apk o @ SR T E A BATRRA G O(N?) » #7r2 Memory bits i 4=

MEEERE AR TR ETEAAE L OINXK) a3 % 0 11
§SEF Bt ] R R RRIT R B B R4S A B 40 2 Memory bits g
oA IHFHE AP uE B ARBER T EEREG AP FEDLE S TS £5
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. Pre-transform ] Post-transform .
Size { FFT Unit ) On-Chip RAM
Unit Unit
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247 ERE A~ WHFE A2 =G H 22 Memory bits Tk 42 %

Size Phase Table Generation Evaluation NIOS I
Unwrapping Module Unit Processor
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Pre-transform Post-transform

Size . FFT Unit ) On-Chip RAM
Unit Unit
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Size Phase Table Generation Evaluation NIOS I
Unwrapping Module Unit Processor
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] 4.3 Off-focus image (micro lens) : (a) & #E 5.56mm (b) & #& 21.55mm
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Bl 4.7 In-focus image (micro lens array) : (a) wrapped phase (b) unwrapped phase
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