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FEXR A @t -—Ae - BP AR RPN MTIRMR: - BEACRETR
(custom logic circuit) » i it Syt b A g BIUELAR o -7 B A Avalon bus b &2
BB R ALE “,ﬁ% pt 2 #b s Stratix HHE 45 + » 3% & DDRII SDRAM - flash memory -
Ethernet controllersz 1/0 %% % » B3 A R € * o

NIOS i ki ™ 71| iR g -

1. Altera= @ #7#% & NIOSTI IDEE - BART /16 chBHF 1 & > K H 7304
iR NE >  V %iFE vk PR TR o gt o § 7T

C F 7 ehudn B2 “b > if 5 HAL(hardware abstraction layer) s 3¢ & o # ¢ HAL

S 3R B - R e s Keip M % % API(Application Program Interface) »
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R ok A A P

beB234 7 0 R E T HC BT EB A AN T35 BHAL AP v k45 7

G R YE 1T o

Hardware Design Software Design
Use NIOS II IDE to run
Design Custom Logic the NIOS II IDE
Use NIOS II IDE to
Create a new SOPC setup a software project
project
Write the C program
Add the Custom Logic >
to the SOPC project
Compile the C program
Compile the SOPC
system Download the compiled
code to the SOPC system
Program the FPGA in Observe the execution
the development board results form NIOS 11 IDE

B2.3 mAME FXFRE
2. # i 7 Compact Flash=+ (127 f fLCF+) 5 Bord it » R F 7 T B 20
CF+ ¢ » & 5 HAL APIR 3 & (73 & B s 1 o
3. # =DMA(direct memory access)ﬁ‘-%ﬂgga:guﬁ Fohvig TRl e Ry ks

ig;u;iﬁv@gﬁl@f;g 7 ik * CPUF R ©

-

4 WIPH sk h B il BT P A S B R e A
PiB 5 A ATRLG 4 BRPELT S SRR HPRE PP -

;‘2

Y

ST G g A AR R R PR B A RIEE S 2K

TATE Y AT %P A A SEIEST T o
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45

2 AHDBEHA

¥R AREHR

5y

AR ERE iR R he RN DEI AR AR F R MER - &
ABLTEREA B S Bt D g 35 e il (on-chip RAM) ~ =2 A @k H <
( Fresnel pre-transform unit) ~ i& = £ #& 4% ¥ =~ (Fresnel Fourier Transform Unit)
fr322 B & # {5 H ~ (Fresnel post-transform unit) ~ 4p = & B j* p|4& = & =~ (Phase
unwrapping pre-transform unit) ~ 4 3= & #& 8 - ( Phase unwrapping cosine transform
unit) fe4p =B B2 Bl (2 E < (Phase unwrapping post-transform unit )

Kend &g kAR BE AR MR s it

31 =A@ HI PERERLAWTEER

FAN LB A A SRS T A A A IS | R T A

i
¥

P ERER TR n LD R TRIFES ¢ 7 = B%s @ik H ~ (Fresnel
pre-transform unit) ~ & = E &4 E < (Fresnel Fourier Transform Unit) e 4% {2
H = (Fresnel post-transform unit) - #4p i~ & B ;2 P & B % EHY S ¢ FZBIA
f# 3w H < (Phase unwrapping pre-transform unit) -~ 43 #& 3% ¥ =~ ( Phase

unwrapping cosine transform unit) f-#& 4% (& =~ (Phase unwrapping post-transform

unit) o ¥ b @ 7 - Bdt » Nz it (on-chip RAM)d & * BLF BLATE * o
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Jir
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a
a8
NI
=
5Y

-

H#e > on-ChipRAM eh* 25 = B > % - S5 & BELE by

>

y
A % %
4 VWL

S0

SH

Fg o KR R SR E NG DR R AR E P R F ks

it

2,

Fresnel P[rjc;—ittransform A

Fresnel Fourier
Transform Unit

; Fresnel P{)Jsr:i-:ransform | 0n-Chip RAM
Aval A
valon ¢ Avalon bus -
Phase Un
bus ietface el T SEWEDEER g

Pre-transform Unit

Phase Unwrapping
Cosine Transform Unit

Phase Unwrapping
Post-transform Unit

R 3.1 =g B fde 2 4p =B B 2RI W TR ERER

B A TR T E S jEon-chip RAM? 3 Bofin = 2 fr FAln,,, -
TAIPR218F eha 8 (24)2 2N (25) R FEE W Slkpy, BFE TR E
AU DN (26)3E W E STy, 0 B HHESE A ANQRT7) 258(28) 2
F(9E MAF B E e, 0 K F B S0HcF B (F4p £ T #-4p £ 7% »~ on-chip

RAM® > L 2 d 4p =B B T @

o

Jao

AR BT o HiHew H &g on-chip RAM ¥ 3f B 552 0 e Tk ch

BRQy, TR 22 &9 25 (215) 2R (216)fc 2 X (218)ie FEE 0 A 4 R
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4g4p = £ (wrapped phase difference) 2 freh
(2.21) ek 52 3 3 o 5N 2+

5

-t

Doy * Bt F

~

B T Sy

2 2 ;}‘
ML, ERGEALREEEIENT -V FE
Ft s o @l Rdap e Sdkd,, > AP E R
13 J~ :

BT ] E s

2 2

EREL!
,f‘:&“i}ljﬁ%}iiﬁ’lﬂj;\l k4T o B 31°hERBE A g e
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5y

Jir
Hels

AR BN

3.2 «_?]‘,% » 3\ 8 # (On-chip RAM)

ke orie dien i Y 0 on-chip RAM ¢ d & 5.RAM 2-port module*t ‘&
= » & % £ on-chip RAM1% on-chip RAM2 > I ® # ki 3 HcF L a@ INE 2 &

FRIE o gt = Hon-chip RAMZRE « | 3 (N+ 1) X (N + D) ene gLz B> 1 &

G L BELE ANFTREE T KRR G E Y iR SRR

=

R S W

# 7# @& * on-chip RAM @ & 4] * ¢ g *t 38 SoPC &k st} 1 ¥ Jkh 4w DDR2
SDRAM:# Flash%® ~ it 17 5 T 3 £ E - d 305 & & st off-chip % B 3 22

TR 8250 NIOS CPUR F—- B8 B rdp 4 4 i n s o 4t 3

BEH LR PR LA > E2 FE A- B R (clock cycle) ﬁfmﬁ 7oA
Flt o 3 R L A BT BN T g Y TR G g0
AW Y EER onchip RAMITA 25 58 » Me BT APy A7 Ml
BIER L A|(FPGA)S ¥ 4 ¥ » & WOPUT § & 317 %2 TP >+ § renjp
TR AR TRAFGEREY FRTREAF R PR -

hrEEE AP 3 & op chird] B (controller)fr ik & 4 % (address
generator) k p # & 2 1 ir 352 e i k22 on-chip RAM:g 7 358 i B ik
i > fed *ton-chip RAM:hg @% - (port) 2 i ht @%Jirﬁr*ﬁf T -BoA ;gmg?lz\

Kigirs B AR kA NEIIERTE A A E  FEHE ASH 2
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AHTEERNE

T

Jir
e

Ny

fﬂﬂ-b EEIA

f fon-chip RAM % L @ﬁ%liﬁu

L .

B piE 0T 4o Bl3.2%97 5 ¥

—

AT 5

e

2 elR i

“k s % SOPC i :

40!

=il

‘4\1"%.1%’

> h (2 ﬁ:—liﬁr

L@ aNIOS 11 CPU

N

¥ FR G A7 5 B (status register) p shficiE 0 1 BT T IR B 3 BR RS

Sl R E J B IRUEL 0 #F LA TR EAL R ~ on-chip RAM Y e

Read Address from CPU

Read Address from Fresnel Pre-trans. Unit

Read Address from Phase Unwrapping Pre-trans. Unit

Read Address from Fresnel FFT Unit

Read Address from Phase Unwrapping Cosine-trans. Unit
b Read Address from Fresnel Post-trans. Unit

Read Address from Phase Unwrapping Post-trans.

A

Write Address from CPU

4

Unit

Write Address from Fresnel Pre-trans. Unit

Data from CPU
A

Data from

Write Address from Phase Unwrapping Pre-trans. Unit
Write Address from Fresnel FET Unit
Write Address from Phase Unwrapping Cosine-trans. Unit
Write Address from Fresnel Post-trans. Unit

Write Address from Phase Unwrapping Post-trans. Unit

Data from Fresnel Pre-trans. Unit

Phase Unwrapping Pre-trans. Unit

Data from Fresnel FFT Unit
Data from Phase Unwrapping Cosine-trans. Unit

Data from Fresnel Post-trans. Unit
T Data from Phase Unwrapping Post-trans. Unit

1

MUX MUX

MUX

Status
Register

Read Address Write Address
On-Chip RAM1 & On-Chip RAM2

Read Data

Write Data

1

Register

l

Data to CPU, Fresnel Pre-transform Unit, Fresnel DFT Unit, Fresnel

Post-transform Unit, Phase Unwrapping Pre-transform

Unit, Phase

Unwrapping Cosine-transform Unit, and Phase Unwrapping Post-

transform Unit

B 3.2 On-chip RAM # 48 7 B % H ]
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S AHTHERAE
3.3 =3B 2 EiH H ~ (Pre-transform Unit) 2

& 3% 15 & < (Post-transform Unit)

AR EETE A2 BRSE A A BEAEVARTRIR

PRSI UL EER T R FUER B4 Y 5 S R P
P33 -

PRAASZEIAEE D E ~ > BA AR 33 977 0 ¢ g iad 2§

4% > 51 F o 45 84 (Exponential table) » 2 2 & B 47 #c3k 2 e (Complex
number multiplication) - 2 ¥ = xt & 4 %ﬁ%l I ene gy mak k3 B~ on-chip RAM
FALILE RF Y B G HApst izt > ¥ e R a s g~ dp i it
7 & % avds 0T o

Control signal
from/to CPU > Controller

Address for read from On-Chip RAM

Address Generator

Address for write to On-Chip RAM

Data from
On-Chip RAM ‘
Address from Exponential "~ | g »t ompiex » Data to
o 3 mux —————p number number
n-Chip RAM > table

» multiplication =™ multiplication — 5 On-Chip RAM

']

B33 =g 2@ 0~ 8 T %R

I8N QA)7 v uy 2y, 2 AP chdg B ) Sodie 0 1355 3 T A, TR e
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$2d AHTEERGSE
0

it & IxfryI f A B EHBE > 4 H0<x <NXO<y <N xfrysik

5 3 NAET 0 FIe T b 4 B2 Nientryindytich § 4518 ~ fydicd i
#ﬂﬂt%\ﬁ‘u? VARG gy~ DB RS g B o Y B xfey Pt A
P-4 TP hdplA 2 W b - BII R I HIELS S 1 BuE
FrERE KR o
g3 2R T R RN, ¢ s A BN F Ap R A Bk
A B % il R e 2 2 (3.1) -
(4 + Bj)(C + Dj) = (AC — BD) + (AD + BC)j (3.1)

199 2 R @) HfRR > T R E A R34 S TR F R B BHRA

A >
R X
_L Real part
+ — A4 C-BD
X
D +
—
A X
| > Imaginary part
+ — A-D+B-C
—r
X

B34 AFdsk iz BAMT R EH

Bl 352 B 36 5270 nd AN FRFOPFEAER - §

(%

S
IR
(%
|
E
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R T EF S S TRk TS

351 BAMBERE X0 g 4

B B NHIEDE L, 0 F R BN 8 T AT R R B Iy e 0 Ao 35 41

Control signal

from/to CPU €~ -r.'-: Controller -y
. ress for read real part of data from On- 1
v Address for read real part of data from On-Chip RAMI
| Address Generator Address for read imaginary part of data from On-Chip|RAM2
Data from .
On-Chip RAM |

Ref{n, ,}
Imin, } ! ¢l

Address from |

On-Chip RAM Y Re{ .} Kl s}
X — X . —e—p' Complex 0" CompleX ————9p/ On-Chip
i Exponential
mux =————>p table Im{u, } number Im{zy,  -p}  number RAMI1
y —> » multiplication = multiplication =% & RAM2

']

3.5 00 e+ B < 5406 0 A F(L)

B¥ o AwR360 i BL LT 1 BARER Ry - Rgd ik A O

o

Buy2 s 0 E - BBk RO PEA R 0 Py, 0 3 RE & ST 0
22 m 04 B RE 75 B| on-chip RAM1 %2 on-chip RAM2 -
Control signal . _ _ _ _ _ >
from/to CPU r-— Controller —.
. v Address for read real part of data from On-Chip RAM1
| Address Generator Address for read imaginary part of data from On-Chip|RAM2
Data from .
On-Chip RAM |
Re{,,}
mi,, ) ! ¢l
A 4
Rein,, -uj Reip,,} :
X — ¥ Exponential —e——>p Complex 2 _p Complex " p On-Chip
G > table number Im{y, x4} number  Imip,} | RAMI
y — » multiplication = multiplication ™% & RAM2

Address from
On-Chip RAM

W 3.6 28 g4k H = RS A F(2)
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B H2ezrnid BadE §1 %8, ip #c# (Exponential table) ~ = i 4¥ #c
3k 7% #- 2 (Complex number multiplication) » 12 2 £ it *» 3 i % (Arctan circuit) o
HP zlplns £% %3 B onchip RAM enFfl » #3885 %% 5w H ip ¥ en

SRR R S AT AL

Control signal

fromtoCPU €~~~ ~~ > Controller

Address for read from On-Chip RAM

Address Generator

»
»

Address for write to On-Chip RAM

Data from
On-Chip RAM ‘ l

—e—p Complex ——
! T — number
On-ChipRAM _, table > multiplication —|

—

Address from Exponential

i —

Complex |=——p Complex =—p
number number
L—— multiplication —— multiplication =—

Arctan Data to
circuit On-Chip RAM

Complex number
B13.7 =9 B fkfo 8 LA 4T B EER
R8T Wkt E A~y 7 B- Kadpddiko U fov 3n i3t 0

2N FE T kSl BN R entry sadpdicd 0 AR H41E kil

e
=
W
¥
=
e
W
pe
=k
<
e

LV e
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Control signal €= == === == >

from/to CPU | v —t & _‘[ Controller i 3 ﬂ
. g———— -
I Address for read from On-Chip RAM
Address Generator
Data from :
On-Chip RAM I Address for write to OnfChip RAM
Re {Tll \’} I
Im {Tu vy g * l
\ 4
U —— ; Re{( i Complex —0Re{7, -0}
u Exponential
mux =—p table Im (U,h}i number Im{r, -}
v > » multiplication S
Address from
On-Chip RAM

— Complex ~——————op Complex m——p Arctan On-Chip
number number cireuit — RAMI
L——— multiplication =— multiplication ————p & RAM2

Re{a} Im{a}

Complex number

Bl 3.8 350 fEH 15§ = AR 6 0 A (L)

ETTS

B 3.8 2 B 39 5 EIAEELE AREFPFNFEA R - i Arg =LA @ik

HAggiv g0 42 BAF hu Vv - 3§ 8=y i% 3 onchip RAM ¢

—\

b
R
st
=
e
|
J
=N
o
I3
o
=%

B et 1 By iF

N

SHE S pH1Zp LS F1 80
BLER R U Sdpdkci A D Ew, 0 & on-chip RAM P~ 8 e T, - Az i
rAFERFE R TR > R 38 BEFLVIEL LS 1 BRELERE RV A
Mgk Ew, Ew - HIABRAGEE - T R2 TR B, 0y Ty FERF

PETEamy =gz FhEgn oNafie,, > ”wB 39
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Control signal <= === ===~ >
from/to CPU | ¢ — — Lonunlie -|
: y———— -
| Address for read from On-Chip RAM
Address Generator
Data from :
On-Chip RAM I Address for write to OnfChip RJAM
Re {z—ll.\'} i
Im{z, } .
| } 4
A 4
U —p 7 > Complex I Re{‘r“ Y (U“}
v Exponential .
X table I Im{r, o}
Y, se——— » multiplication s
Address from
On-Chip RAM
Re{(u‘,} le{a)\}
\ * v v

R
—>  Complex M» Complex Rele,,} > Arotan S uv On-Chip
number ol number I { } circuit —_— RAMI
L———— multiplication «*» multiplication LRI & RAM2

N

Re{a} Im{a}

Complex number

B 3.9 3528 ik (s H ~ TN H A BI()

BLER 3.9, &k MR A o N ihjke, 2 {80 15234 (210) 0 B & fTF 1
SHE R KPR A A Bl ey, PRINEG R IET B L L Sk
(tangent)éni &> £ ¥t e 177 1 5% 508 B 9 5] coje £n iy ~ 4p B B T R tn &
o pt3maplad £ n#cd ik (Arctan circuit) k&5 > 4@ 3.10 > F 5 % ks

|:

% 1 ¢ 5w on-chip RAM1 2 on-chip RAM2 2_ ¢ -

Re {‘9 } » Arctan
Im{g} —> circuit

Bl 3.10 & & 7 0B R B 1B
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AAHT B4

_,

Bl 311 5 F & Sfcn BN *xm*vﬁg],

compare) ~ # 55 i 2 $58~ E(sign bit extraction) ~ 7L 2

i@

iz vt fi % (Absolute value

< # % (Data exchange) - &% pES

% (Divider) ~ & 1 *» & #ci# ¥ (Arctan function) 2 & & *» & fichy &) @ A 47 &
(Arctan output analyse) @ pt T ERLE R A @ E A X % 2y A2 4 B2 f4 R o
Control signal __ _ _ _ _ _ _ _
from/to CPU > Controller
Address for read from On-Cth RAM
Address Generator Address for write to On-Chip RAM
Input data
Re{g}——b —_—
RAbsolits value » Data exchange Divider —— Amt?n
Im{e} p{COMpAre L function
) angle
—>  Sign bit i Arctanloutput | c
: »  analyse
extraction ‘
B 3L1 £ 1 e B VAT AL T B2 HE
2 ST F (211 2R QR12)F A X QRIYF L b A BiE i

VE RS <

—— Data output

FiF o F I S HFLHE AT RAFIB 312 2% 3 BR2E
Lfi”ﬁ%;‘é%{i— » 2R ME T L o N (2.11) 0 K
Data input > X > X >+ | > =
0.28086 1
B 312 £ &7 Slichcie p 30R BT B
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Yo% AATHERIE

T 5 ANQRIY e@ L F AL I LR 0 50 R4 P Res T EY ¥

JEFed B F I+ S0 ficenin| #ic 2 dic(Reciprocal arguments) B 458 1T 5 B et o Fe > 1
I " 258(212)0 Fe < —10]i * 255(213) A F 4L L kel fcbigd £ 1>
TR ITEL 205 > B oot - FHRAEFTE S 4 E]

%31 F i &1&2};‘_&%)\ @‘_}-}-]I@uflé 3@?}"@#&

24 # BF PR
3 t.é-_ & s 3%' E-k)
Y i BA 175
> E
T 1< <1 € };l;\-\rs L _.a‘,,rs L
N RNIER T E NI
== 1 + 0.28086¢2 g e R
T 1 s s
F e>1 - — tan‘l(—) - LR T 3R B
2 €
1 1
F e<-1  —T_in'Q) - FPE ASE
2 E &

ES

285 e AN B A BF AR RINERRH AR IR

BHECREY RE RN URA R MELT ] A £ % 31

¥

4

BN A 1< e <1 RIT Y 201D 417 TR U BR Uk

H

oA cp o AFHAcR 3130 AR ERLERF o HRIVEF R INERT] &
%@%K@_LL fex Zre>1de< -1V 4 g * ;};h(zllz)i\; 2};\;(2.13)5 ’%‘i— ,

R g B~ 17

i\
i\
M |-
o

SRR L el sl iE 0 RIS B NS
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S

$2d BATEERAE
Compare signal 1
Data input Real part > mux —> dividend
Imaginary part >
Data output

l to divider

mux — divisor
— >

B313 FR BN SAMTRER

FIw s o] e RS Sl > RRRY - BrAREE- g v

=

Fless

M | =
[v)]

»om2bh B diel 1Ty - :'x“ﬁ%;‘éﬁ’»'g’—’ PR T UL gfﬁ%ﬁﬁi‘lig&'ﬁ# G

WA A3t B m) B3 4o critical path £ & o

20 T T

)

1\ jI

<

N s R s o e I KL N B e e aen

\

W
=]
b

T
|
|
1
|
1
|
|
1
|
|
+
|
|
1
|
T
|
|
1
|
|
1
|
|
+
|
|
1
|
|
1
0 T
2

El
blg”‘

L 1
-l m
=z =z

]

B 3.14 1 *» S Hc B3

Fior DBt B2 S & P poriE g o5 i b Y BcE > 2 9

v

£ Lt IR % UL TR BRI 314 T I FIF B scenin i 3 (-5,5)

e AP B BT R~ AR R R L (o] Bl AR AR T R S
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32 1B B VBT A he i

T 45 4y
F/E AEME g 7
wE
+ + | +0
+ - I +m
- - 1] —nt
- - \Y +0
GE I Kt PHERNE 330 Fa v akE AT ERZSVNET IR
3 et AU B0 4T T s o B R S A T B § R
£F R SRR B E NSE > DG SR A B B g N AR
S f B FREHE REARB Y ZEARE A BT 0 kA 33 %

a3 3 F e E o

F13.15 5 & & *r Sl @A AT BT RN 5 G TR R R T
e 3 et @ B @251 F o L A1* 5 ~ sign bits 3%
ﬁﬁi%]:".fﬁ_’“r’? FAR Ao d 34 G- RHE 0 A £ ¢ 7 mINERA > F]t Kgp

& 73 w on-chip RAML1 » & ¢ p¥ on-chip RAM2 R 5 » #i& 0> ffp =B B 7 B30

AR JRAR &3R4 0 F 2 ¢ £ * 5| on-chip RAM2 -
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433 F 1Y bR BALE A

KhF 2
;W , EEF LD
e TR s DRIT vaks xpu aps
A S I 4. A FE FE
- ! ek B g
i .
+ + T %;;a» a5v 211 +0 +0 +0
% 1 %2 . T T
+ + F 20212 — —
e>1 ¥ +2 +0 +2
e T :
- + T £:>%1 23211 +0 +1 +1
% 1 %2 : T T
- + F 27213 - -
£<—1 ? 2 e +3
st '351
L e ST R r —m
5 1 %2 . T T
- - F 28212 — - ——
e>1 ? +3 T 2
51V %2 :
+ - T E:>%i o3 211 +0 +0 +0
%IV %2 . T T
+ - F 254213 - = ——
e<—1 ? 2 +0 2
Sign bits
Data input

n
2
—
| L)
> + > mux Data output
—
—>

B] 3.15 Fﬁiyﬁyﬁiﬁ%ﬂ{ﬁ/}*%gp %Kﬁﬂ’fﬁ?ﬂﬁ%#*ﬁ
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$rd AREBERNS

3.4 #& > ik H < (Fourier Transform Unit) 2 34%

45% i3 ¥ < (DCT Unit)

ARG BARE FHEE A e A S T AL

ARFRETDRE TR b B > Apt > ¢ F (77 ddc® = E i3 (DFT)
MR i & 2 E A (FFT)S B84 - B 316 5 44ci® = EH R E ~a R
Blod 2 B~ mnt A4 B - endgic i 2 ¥ #00 (1D-DFT module)fris i %

% (Buffer register) #1 & = o

Control signal o _ _ _ ] Controller
from/to CPU
Addresses for reading
from on-chip RAM
Address Generator ¢
Addresses for wﬁting
to on-chip RAM
—» > —
Data from On-Chip ID-DFT Buffer Data to On-Chip

RAMI1 & RAM2 —— 3 Module register (————3 RAMI & RAM2

A 4

Bl 3.16 dp4cic = E @3 H ~ A 40T B F
2EFAEBETREL ARSI o RICE R E ~ g1 - g
P2 EWealip, 8 TEY AR EARNFHEL L RFFEE -
BEFIEERF A -JIEERPE g AR T AEE s B2 > ¥ ET
5 AR K, B - BRI E 2 (50 4 - Sl s B
e 3 ~ on-chip RAM1 % on-chip RAM2 ¥ » B~iX p Aep, » e F B T - 7iE

35



$Ih ARTEEES

B2 05 gk S 2 HE - 7 R

B 7 R 2 {8 0 &% & on-chip RAM1 % on-chip RAM2 z_ ¥ i

B Bp,, S - M 2 FFE 2 (S hiET,, 0 4o 3.17 ¢

Control signal s Controll L
from/to CPU ontrotier |
v :
Addresses for reading
Address Generator from on-chip RAM
I Addresses for writing
4 to on-chip RAM
R
Re {p\\} > > C {Tu \ } Ol’l'Chlp
DFT Buffer RAMI1
I
Imio.,) » Module »| register m i, } &
RAM2

CRET KRR (214) 0 pE -

U

q—'—_\;‘

Bl 3.18 & — Mepicid = F e

o

B3k B~ I 52 iE £ (Sine table) 2 43z & £ (Cosine table) & — ~ - BAF#icgk /2 B 1Y

% & B % 4e B(Accumulator) o @ R 4e B FRE HEAcR] 319 0 A - B4 oo

AT Eore S e BN SR PSR N U R R R

=14

2.—- By - At e T UET] R A TR o
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= AHTHFERAIE
Re{x,}
Im{x,} Reset
A\ 4 v .
—/ Accumulator —» Re{K .
z_; x =———> Cosine table l ) K.}
- Complex L
number Reset
multiplication
—» Sine table —>

Accumulator — Im {K : }

B 3.18 — A4 = E o) A gﬁi{&'#*ﬁ_gl

I
|
|
|
Input data—» + ——>  Register ——t> Output data
|
|

Accumulator

=

i ERNCADEEEE RN EREEE S R SIE- S STENCE S1F ¥

LS, 2

RS E R Y TR S RS S U S E TR
Fpt o Fan >N BIExnB- Nt F a4 > A keanE L S, B0 % 0 &

Fd BB R P E S A R K A A K

|
[
Tl
S
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on-chip RAM ® i x B> 7 2382 5 g et 5 B9 % X B2k -
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w8 BB A F - FlfeR - AR EE 2 16k 8 5 &3 B on-chip RAM
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$2% ARTEEENS
d Eﬁijﬁ 7?}\\:1! ﬁt‘[u v °
Control signal o __ __ __ | Controller
from/to CPU
Addresses for reading
from on-chip RAM
Address Generator .
Addresses for writing
to on-chip RAM
Data from On-Chip > Alignment » ID-FFT | Alignment * Data to On-Chip
RAMI1 & RAM2 — A » Module b B ——» RAMI & RAM2

B 3.20 g & = FigieH ~ T
B 3.20 5 P& &

B E O]
CEERE A MERER I BHIE it F- 8
g1k & > 4 % (1D-FFT module)fe i $4 5% #& % % (Alignment A, Alignment B)
PTEA ol MATIHE 2 AT 2 FERBIRT o P E - ahiiiE 2 EF R TR
AEER P ZREVMAATGERESAE RSP B E TP A G Qaf @
AR e FERTE S RO PE R EER TR A F 2L BRI
PR Femp o
A2 AT * - P e * o Altera 2 @ #7d& a5 FFT
MegaCore function[] - ¢* $icie 2 8 - 47 #icF L 313,] 2 H - AR 313,] el 38
TR E R AN, & EE T
N R ) - et & 2 0
A

ik g N

‘4
o

4 (streaming) st o gt B HES F g éé“mgzﬂ

PN TR I Sl R ‘%‘m@]
FL B Shid 2 R~ AT R ghdie(Fixed-point) 1 5% o 8 4 A
3% A B BEd(Block Floating Point)#.5% » 5 1 e & =g B gl B ~ 0w 2 35/

B gk B o % cnlEEE 75475 BR#icts 5N 0 7

a_ }ir! h
38

L

?;
=k
Py



>
-~

AATE RN
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Jir
Helt

fbe - B ROE B R

Control signal

from/to CPU €~ ] Controller — | Addresses for reading
' from on-chip RAM
I ~ Addresses for writing

to on-chip RAM

Address Generator

R
Reip., ) Y " et On-Chip
Alignment FFT Alignment RAM1
| I
m {p\\ }= A > Module > B m {Tu v } &
RAM2

P i 2 FipE A FRMS R 321 Er A @Ee H A B
Pxy = |EEE 754 Hif 5 BRlctt 38 0 g ~ RSO F A H R T BB SC
B R MRS LMD S R A e FEE o i
ZEE A G S BRI SRS REEBORIRE S RIREF B
LB BRSNS H M R F R B 2N A B 4k 4F eniE 3 w on-chip RAM z_ @ o
R pEE D EEEE A AP B 2l ERE e 0 A
o) w8 F AP TR P € Y B R R
¥ on-chip RAM # $t s cime i@l imnb 4 72 w3 B 2 A B R FF 2 w30

R A A TR S E AR, -
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Control signal o __ _ __ | Controller
from/to CPU

Addresses for reading
from on-chip RAM

Address Generator

Addresses for wr'iting
to on-chip RAM

1D-DCT Buffer | Data to On-Chip

Data from On-Chip
RAMI1 & RAM2

RAMI1 & RAM2 Module register

A 4

Wl 3.22 dthcapsn i 4 B AT A0 T B 2 1

B] 3.22 : i g H ~ il é"”“f#}%] Pent AR g E B2

SN

RIRE? el FR= o B o T4 E s mnd 2 B - Bt gt

(Cosine transform unit){= 3 =¥ 5 % (Buffer register) -

Control signal
from/to CPU © Controller _i

¥ Addresses for reading
Address Generator from on-chip RAM

| Addresses for writing
to on-chip RAM

On-Chip

Refr..} |  DCT o Buffer | Rl b] RramI
Module i register &

RAM2

] 3.23 dicipss it B ~ 74 in 6 pE A )
4o 3.23 0 AT R E AN 7 R0 EcE 2 EE A v - A

2.

o g e Sl Y R - S FAEE 0 B B AMEET LY

oo B Fl- BEAE R BT B Y hid 5w on-chip RAM > B~k

W

i
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k- Fly 0 FATA G e A EE R AL P HE - FREFES > BT

FE 4§ > #75F fon-chip RAM1 2 on-chip RAM2 z_# mﬂ* CH_ Sy, , S A
R IE R 2 (S eniED, ), o

A 1 Refet

Z:: ; —> Cosine table > >< »  Shiftunit — Accumulator — A

Bl 3.24 - aondgigspsz ik ioe b I0A 4 T B 2E )

- B E A (Shiftunit) 2 2 - B R4 BB iz Lz R4 BRE - 4
PACE 2 e - 4o
P52 55 (221) R~ chn & kdp sk 0 Fxk > N o Bl$akB N ke

B F A h M R AR LAk 2 N (220)F A R b

—

¢

20 A PIIRSEA e Kt Y _'ri’n’gvi;t@?])\ FHHE Y F2 LT

Bbe s ML R KF o f 2 TR AL B FL A GE

:E]—‘i’ﬁ)i/’l - 'B;a’\/é %’4‘-‘ EEIN T Ay > 2 /z‘{kbﬁ’&}i—xﬁk Fbﬁ’;g;f""é ‘/),%‘ImlE‘,z o
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Y2 % AATE A
35 BB E2 ik H =~ (Pre-transform Unit) 2

& 3% 15 & < (Post-transform Unit)

AR Rz B HE AZ @R cE Ao EMTRE R E R
RLF 32 ey - 2 H A= o
AR B e H ~ PR M ACRI3.25¢T 0 ¢ 3 R AL F i

FIE 43 E 42 B A R S5 H0 e (phase wrapping module)rt 2 5 1 % o H ¢

\*mF

AL BEAT kPR AL eRMEE KFFRRTHEUEBTLE SR Y

on-chip RAM ¥ p iz ¥ -

Control signal from/to CPU% === ===~ > Controller

——————— Address for read from On-Chip RAM
> Address for write to On-Chip RAM

Address Generator
Data from On-Chip RAM ——»

|
|

| MUX

! 00—

l ‘

l

|

| |
| ! !
1
i l
l
1 |
1
| |
i i '
. : . ; ! Data to
Data from | Phase Wrapping | .
y + —t+——> REG ——> +» REG ? + J On-Chip RAM
On-Chip RAM : P Module R i P
| [ ! 1
| [ 1! ;
i P P '
1 [ [ :
; [ Pl '
| [ ! 1
[ [ :
|
i REG | P REG !
i | )
[ ! |
Lmpmmiimiml Do i) Losiom st e o s o it
Stagel Stage2 Stage3
(Addition) (Phase Wrapping) (Addition)

R13.25 4p i B B % e H A MR B E R
d B]3.25% e H H ~ § — B3 &m? L2 ﬁ_ 15 2 39(2.18) >
Ny 2o i JF R A R SR LAY Ay o AR £ PR 2 58 (2.16) 4 )

#2 E  e R(m ] > G B B R A - s 8
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BT AT A, A R S R AR R S - B DA,

ABDFRT ] bts ¥ = a4 BB B B (S AL A AR

de oo (B F] BB AP ‘ﬂiyuv 0

Module 1 ’-—‘

[

—’{ Module 2 }

l
o . . mux — Output

s Momlex |2
I—B_

L Module 20+1) ]

|
R13.26 Ap RS I0AT R T LR
1P R SRR N 204 4o F13.26 - S OQHLBHEIE - B E T

0

Be = Bt 0 A feAy 18~ AR R ARHCE 2 18 0 ¢ 12 R 4 (broadcast) e
FBELT RS T R iE Y o ot iE- Bk o k=1,.20+1 # &
p oo 40 (=(2Q+ D+ 2(k = 1), —(2Q + D7 + 2kn]shi THeF £ F 5 7 = B

B N IR HACRB.270 F d A B R E - Btk Bfo- BANDBIER STl o

- @ comparatorl ¢ jmiﬂ 'Aﬁ,,frA e e £ F ) E N (k+2)m o
comparator2 f] §_+* #i A} ,,frAﬁ,,, ficie £ F L koo *%t EOk- *’Lrﬁﬂ ~ e a2

TR E AT & mz\%ﬂﬁifé’_%@ip\ ; :fgﬁgl)\ ficiE B4 SR N & e
PR o RS B R E ey B EANDRER L FE R 2 18 T PBiE

51> F 2R 500 il PR fiie Y e B g *- 'Tﬁaa])‘ A, B Ai’vé\t
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Input

—kn—m

t+—  Comparator |  —

(k+2)1

——  Comparator2 —

f

kTt l
B

B13.27 Ap R AEHCE P WO T B X R

AEEDE AN GFEL LS AP EABEEDE AFE T AR RT R
% fon-chip RAM1en} L 3R¢ » 3 v dddde s B A2t 8 A0 8 Pleni & A 2 5 34
%7 fon-chip RAM1 F X381 2 & L2mz @ o

1295 255 (2.16)fr 2 55 (2.18) r yyp B A Wy, P13 ko 2B B (3t
B FRTE NYor YNy VuoTrVun IR R4 86 F HEE F D,
Uniiw Yy TPuns L TR 0SuS N0 <v < N> 35234 (215)7 4 -
Y1 = 1p > Wnstw = Ov-10 > V-1 = G TrPuner = Quu—1 * 20 &F FHRE

VA ZREhaE R E A By BHARG FHE AR R IR
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fl*r ik 2? izl A4 ?;ﬁ-‘é? ME IR AR ep o 4 ﬁ‘uiﬁu’é TRY FX

31?] Mgy Wngrw Yy TPy TR TR R d =R A2 B2 H e

HH = ¥ jEon-chip RAML s P~ 10y, ~ (yogp > Quafrdun—1 7 @R ER LG

| v x
i . ess for writing A, , , — A On- Al
Address for reading ¥ from On-Chip RAMI Addrtes for WHing | Ovea™ P 10.00ChiD RAMI

Address Generator

On-Chip
RAMI1

On-Chip || Vurei ’?\ ViesVir + |REG|  Yor Ve | Phase Wrapping | Avii | gpg| Ahv-2
RAMI 2 Module 3

(Addition) (Phase Wrapping) (Addition)

R13.28 Ap =& B2 Rl 8~ 3R BF R RI(1)
B3.28 5 FALimd enfiim o g AP 0% - & ¢ > jon-chip RAML ¢ X35 #
WYy Er W E > P e ¢ 4 BEAREGLEE G E E A E B RE R

k73 LREGLY e, 400 > @ 4p iR @ I ehid § 553 REG2Y o b & A g S

N

% - g MR AR BREG2 G- £ R Bk iy, — Pup1E I AP RS
Bt B P aE R A (-] B ehAy 0 R % 5 ~REG3Y o @ A
Poen®Z md o Pl g R kG REGSY AL, , A w1 LREGA® i 11 % i
Atz BRE R AL G AREGAY hAY , 4B > 31 5 = ¢ 4= L & @ L % on-chip
RAM chie it B 24 B4R 21 Bng A0 o E e g- ¢

FHEER I 1 BERHFEOTZ @?J &5 Flpgton-chip RAML = cha4e 2 B ¢ #-

X g — DX, o fr0%dp e 2 15 0 ik Plon-chip RAMLT £ 219 4235 o
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=== == ~| Controller i:-— —I

T I

i ; i

| Address for writing LSB of Yu-2 to On-ChipRAMI __ ——————— ¥ - Address for writing MSB of %u-2._to On-Chip RAM2

! | Address Generator [ T

] Address for reading ¥/,..;,, from On-Chip RAM1 1. Address for reading A}, ! _drom On-Chip RAM2

i

i x

+ =4,

On-Chip | ¥wur D T reG| Yo% | Phase Wrapping [Au-ty MSBof Y2y | On-Chip

RAMI1 2 Module RAM2
LSB of 7u-2

(Addition) (Phase Wrapping) (Addition)

B13.29 4p =B B % BlH 4w B A F 406 pE A B(2)
B UTF XD R wiFrsﬁ@ﬂ’ 2t REBEEL TRy e a0 4
B3.29 H ﬁ.ﬂ?;{%ifﬁl o ‘,% T RS AIE € F 1 B giiE # 8 on-chip RAML
u,v—2

T LR B A — A}, 3T E A B ¢~ ﬂ%%?]?‘ Kk o Td 4eiE B

Somz = AL 3 feAy L, — A, sAB 4 F iy, 0 #-2 5 won-chip RAM1z ¢ o

#
Mf
E,;

RI30- Eiis E ~enil WA > ¢ 3 T HAF -EALE A B

O N L 1T RERR LT O s SRS Pl

W

(address to index converter)f-Lookup Table #7 % =

Control signal from/to CPU ¢ ======= >{ Controller |

I [—I Address for read from On-Chip RAM
Delay [
Lt Address for write to On-Chip RAM
o e S P [ e T o € e S S s, o s |
[ 11
! i i !
I —— Reg Lookup Table E g i
! i : i !
[ 1
| Addressto | 1 | L i Data to
: Index i : Adder ———*{ Reg Divider > (,,.chip RAM
: Converter | ! | i :
[ (|
] | 1
i : > Reg Lookup Table : : i
[ ! | |
| : | : : Data from
[ B e e i | On-Chip RAM
Stagel Stage2 Stage3 to State(3+p-1)

(Address to Index Conversion) (Table Lookup & Addition) (Division)

R13.30 #p =B B2 H et B A 8T B E R
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bpSfEd o A7 g Nigentry > fI* =p 22 EAL R5ImAn, g0 2

FlrefRUF P EHE AT RS 2 g gl @ pxadkied 21744 -
Controller 0

=

Address Generator

Address for 1 ,T‘\ Address for reading I,
elay
— Address for writing @, 3 ] l
e RAMI1
Inr;:: o Ndder 2c0s(mm/M) + 2 cos(mn/N) - 4 Reg 2cos(mm/M) + 2 cos(n(n - 1)/N) = Divider Dna-i On-‘gCL‘hip
Converter u RAM2
nitl Reg L -l Lookup Table k____'cos(ml/N)
Lt
(Address to Index Conversion) (Table Lookup & Addition) (Division)
s P
B13.31 Ap i B B2 P 10 B ~ 3R B BF R B
= ] ok £ R IR N ,r , L o
RI331 5 Wik fo H ~ FoRnd ki g ARz dd BradazsliE

PUSEE S8 SRR E ) CIORE-E SILITTE IR FIE R o

\

w2005 (50) +2cos (3) — 40 $ i T2 X (220)% 4R IS o S E A
mﬂﬁ: = B E O Altera=x 7 #7#% & chAltera Floating Point Megafunction[] » #* “f ES
BLAPEFR K e i WEL PP o qpE Fhp
on-chip RAM:§ 11 el 22 4o i3 B3t B enig & 4p f y B EE T LD, 0 B S
#-2_73 won-chip RAMz_ ¢ -

AR > IR H - F’“izp“r%] »eiE B T A 2 d on-chip RAM

OB it s FE At R %, 0 @ 24k on-chip RAM? [,

SR B ME N e SR e R B A B T A Sl K B 1 - B
VE(delav) BE B o pLag VR BER & 4 400k B2l E 2 mm Y _ 45 4

(delay) £ % o st B E € B4vi2 B3HH =2c0s ) T 2cos(—)—42 1>
#Zo Bl = B ¥ » on-chip RAM® 3 B2~[, _‘I;Qj_“f,é’- e RS %‘F“L_ET%-‘% 0%
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36 HmAREFXI

A de N Bk R Ap B B2 PR R T BS E HE B 1B SOPC i s

e g4y - BE R BIET B (custom user logic) - ",ﬁ%? Z O g R R

24,

2.k > ®e 2 INIOSHCPUE ~ 2 > 4oR§)3.32%77T o

A A

4 A

Ethernet PHY uUsB
Chip Device LGB Screen
A A A
Altera FPGA
i A 4
S y
NIOS Il DMA Ethernet UsSB LCD
Processor Controller MAC Display
S S

I Avalon Switch Fabric (Avalon Bus)

[ A .

4 A J A

=] opll O Ega

Avalon Tristate

: Proposed
Bridge DDR RAM Sys Res
m Controller Architecture UART Timer Timer
A
vy Y
= S EI Avalon Master Port
Flash SRAM D::mzfym
Memory Memory i E] Avalon Slave Port
Chip Chip chip

13.32 SOPC % 42T Be % 157l
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Fo% BATEERLSE
NIOS Il CPU[] e % 3t 4 41S0PC & se2E ¢ Fklerynds o d 30 A 3G+ 91k

e R Ad B Bon-chip RAMI® 2 228 B3 T B % 4p R B2 RIT B
FEE S % ap g > FP L 7 FE RS Bon-chip RAM: 43 #8173 3| & Fecndic e »
CPUR 7 f %3 2k %5 Benficie » &3 Bon-chip RAM# 57 % 1 B340 1
Pz BN B iE# D D @J KR A -H 2 B 2 % 53 »~ on-chip RAMz_ @ -
#13.33% 77 NIOS Il CPUL {7 iz » o s+ in A2 @ ¥ 15 3R > NIOS Il CPU*%
TR FRCREFEPN B RF R FRERHARAF L BE S
FuE 1T L B A A5 d]d NIOS Il CPU i@ & caff fain 854 ’rj&g B Pl a3 (T

5% oy S R 44
¥ E g

4 ek % 5 won-chip RAME ¢ » & F]4NIOSIICPUF 2 & a2

&

et GH A 4 REAHAMER AN FELDR B FL 2 BB RE
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Given7]_, in On-chip RAMI & RAM2

!

Activate the Fresnel Pre-transform Unit
for computing o, ,

l

Activate the Fresnel Fourier Transform
Unit for computing 7, ,

Y

Activate the Fresnel Post-transform Unit
for computing ¢,

!

Activate the Phase Unwrapping Pre-
transform Unit for computing 7, ,

!

Activate the Phase Unwrapping Cosine
transform Unit for computing I’ |

}

Activate the Phase Unwrapping Post-
transform Unit for computing @

mn

Activate the Phase Unwrapping Cosine
transform Unit for computing ¢,,,‘,,

®13.33 NIOS Il CPU#Y {7 2_ $ix 18 /i 42 ]
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Nu i PR SRR

Prd RS BB EN R

AZERETRAGE RN PETAEEZ P BF A EEREL LA

B B iRl B g U2 R REB A S

ALRBBEZ S BREBERBENYE

k2 & 0 oAl ¥ % 4 51 Altera. nStratix 111 EP3SL150F1152C2N FPGA R
FHEALBPFRT 5o 4oB4L 7 o 4 $24.1 £ Stratix 111 EP3SL150F1152C2N
FPGAR % 4 ciiim it T3 o @ E 3 UFPGA B# k¥ e % Ba T 5

F_F) LT ARG % 58 5 (System on a Programmable Chip, SOPC) ¥ 14 - efadé-4l

2

WEERFFRERE LA T LA B e g 3 2Eg - “TUFPGA 214 i

®B14.1 Altera Stratix 11l EP3SL150F1152C2N F# % 4% *} g

51



Fr® PEREESERES

# 4.1 Altera Stratix 111 EP3SL150F1152C2N ¥ 7 4% 212 %

Feature Stratix 111
Device EP3SL150F1152C2N
Adaptive Logic Modules (ALMs) 56800
Combinational ALUTSs 113600
Memory ALUTS 56800
Equivalent Logic Elements (LES) 142000
Dedicated Logic Registers 27213
M9K Memory Blocks 355
M144K Memory Blocks 16
Total block memory bits 5,630,976
DSP block 18-bit elements 384
Total PLLs 8
Total DLLs 4
Total Pins 744

R~ @ % Altera Quartus 11 8.01% 2 3£ 8 Verilogh %845 i3 2 T 55 3 9 5
WwQuartus N B eiZ 2 8 ~ PR A7~ BB 2 afe d ~ 24 RAFE - TR
SRR S S R AR REE o SRR S R S

BB H T rrf o F )k suie f]&a{ Bl A MRS i};? T SLZE fﬁ# ;‘ #.SoPC system

R 2T ;‘ % & chSoPC system’&4>t FPGAR & & > 7.%? IPECAEE S s

%fbﬁi%] » /ﬁi%l BTk b Herray & 1 Fplt e @ SoPC systemp ¥ 5~ ¢ 3 CPU-~
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¥

Wt R(ELAHEKEZ PCEEFRTR) - TRBEFZ 2 - B NP L5E
Altera SoPC Builderiz 2 /i m fic & @ = o Altera Quartus Il 8.0#7i * HPCH$2 5
Intel® Core™2 i7 CPU 920 @ 2.67GHz ~ 8G DDRIIIzz %4 -

@ Altera= @ = 3 &7 3 * Eclipse 2 & # =NIOS |l IDE#: %8 = i# * —*Ff TN
ARk ALY z’v’vﬁ{i‘gﬁ'ﬁ%ﬁ?ﬂ? 2 ANIOS I IDE™ % & o d >*NIOS Il % ¥k 3k 3+
A B “Altera FPGA*® B 3 = & «Nios Ilq*i R AT I B s B Y RSN S
SR A R Azt o 2 R F 1% o IDE fofl K 2 FPGAR R T 6 o 4
i# SOPC & S 3 o

A2 % 7o % Verilog AL AR HET KT TR ZAMTEER L §
i€ * MATLAB R2008a 3 - © » 2 48§ SRAR I e B % Bk ford 48 T B % o0
AT T AP o
s F R IR
Device : Altera Stratix 111 EP3SL150F1152C2N
CPU : NIOS Il 50MHz
Memory : 64-MB DDR2 SDRAM
O RIERR
CPU : IntelR Core.2 i7 CPU 920 @ 2.67GHz

Memory : DDRIII 8.0 G

53



T AR iR

42§ RS E R A

A EE L I D A R TR 2 Ap R B RIATRR T R AR BB B
564 X 64PF o F %% L FPGAR # 4 1+ RI & Flamaic 1 & F iR i o

W enSoPC kst > AT RA & A 2 = <384 > 4 58] 5 ALMSs ~ block
memory bitsfeDSP blocks > # ¢ ALMs#L * >t F ey s B 2 38 5 ¥ =~ | block
memory bitsi £ * ++ s g4 < % ; @ DSP blocksp] 4t * k¥ MBcEEFEE ¢
GAEE BN LR EEAE

2425 AT EBGE A £ OALMST RS 0 2435 40 B B 2
Bl B Y & i H < 2 On-chip RAM# i £ ALMS T R i » € & * FIALMST it eh
ERE D 1S SIPPER: SNE 1S S S INN RURCALS . SN IE eS: SUR R o=
B HE AV T h i lcd R D A 2 FHERE A STA oD SikE
MR AR S A IR P G FREBE A PR REEE 0 mE
FheVMUFRAEIDEZHETEY TRPFLELHRS > Flapiniig*r 4472
E o ME R AFRRZEY  F R FELZE - :’q&:vx gt Plw gk
B EB oA RRTRY A ERE AT RO B kegE P - L
B T ET RS AR RS VY A FEREAY cFRr bR F
e Hiire s €42+ EALMse tdp =B B2 B 7 e @ ALMSR] P B 45 i i

ARREG B EDT R B R A BB ERCE LA R - BF
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BLficrs 2 B2 ok F ) AReE Solicie crlookup table > Fpt TR ALK F T - & o

42 RAFEHE TR LHE AALMST R 4+ %

Fresnel Fresnel Fourier-transform Unit Fresnel
Pre-transform Post-transform
Unit DFT FFT Unit
ALMS‘J}J’ Py 3409 4383 7346 1725

#4.3 fp =B Bz Pl T B2 On-chip RAM® & H ~ALMsF ki 4= %

Phase Phase Phase
unwrappin unwrappin unwrappin
ppIng ! ppIng pping On-chip RAM
Pre-transform | Cosine-transform | Post-transform
unit unit unit
AL';:',‘S”; 303 2192 664 95

%4440 %454 W 1A R T L H @ block memory bitsF ki 42 >
ME AR B BZRIT R & H < 2 On-chip RAM® block memory bits 3 ik i 4= % >
block memory bits 1 =% % 'e £z R4 HE ~ > Fprvw g NI R FTRIPILE G
On-chip RAMAr-id & = FHirim » H 430 n p| RAUTBRgCR 2 Bl 425 A% 4
¢ ghon-chip RAME = §_d on-chip RAM1 7 % on-chip RAM2+% # RAM 2-port
module#t e = > & &3 BRAM module® & & FHli 5 en+ /] % 5 32 bits > #714
on-chip RAM #7342 eriblock memory bits % (N+1) x(N+1) x32 bitsx2 » # # N+1

R 2 & %0 Fletblock memory bitssHF R AL E € EF R RS ) e o @

PRI B e A T REH

I
e
I
|4
ki
=
a
I
o) 4
A
ETIRS
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e g PG S HE

%44 =g R k3 R ¢ & H ~block memory bits F ki 4 £

Fresnel Fresnel Fourier-transform Unit Fresnel
Pre-transform Post-transform
Unit DFT FFT Unit
Block memory
bits:¥ 4= 0 0 12288 9216

%45 jp =B B2 P % B2 On-chip RAM® & H = Dblock memory bits & ik i 4= %

Phase Phase Phase
unwrappin unwrappin unwrappin
pping ! ppIng ppIng On-chip RAM
Pre-transform | Cosine-transform | Post-transform
unit unit unit
Block
memory 0 0 4608 270400
bitsi} 4=

#4602 475 2R EH TR Y L H < 2 On-chip RAM¥ DSP blocks § ik

WA E B p BB 2 R T8 & H A DSPblocksF ifij 4= % > 1 & € i} 4£DSP

AR ERE A D - BRZF CBHLCE AN - Br2E o AT RM

4.6 2R T Y & H < DSP blocksF ik i 4= %

Fresnel Fresnel Fourier-transform Unit Fresnel
Pre-transform Post-transform
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