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Block-based Filtered Backprojection
Algorithm Design and
Implementation On FPGA (1)

Student : Kun-Shih Lin Advisor : Dr. Yu-Tai Ching

Department of Computer and Information Science

National Chiao Tung University

Abstract

The filtered backprojection algorithm plays an important role in

computational tomography, its calculations are complicated and tedious.



All we want to do is to design a highly parallel algorithm to solve the
limitations of hardware resources. Because of lack of resources, we take
the block-based policy, doing reconstruction block by block. After the
final block has been reconstructed, the block-based FBP is done. By
implementing the algorithm we design, we have the expected consequences
in different block size. You should refer to the thesis “Block-based
Filtered Backprojection Algorithm Design and Implementation (I)”

written by Chun-Wei Wu.
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® SDRAM -~ BRAM 2 2 FBP

Fle FBP #-E A K F ivehi &304 » 1 g ARF Yt 2 2 EIFTRE vz
g Flg M2 2 PLB 4pidt 4% o 3 >t SDRAM ~ BRAM #% &_memory - {54 > ﬂ‘fw’j&
B3t B i K > F]pt 22 PLBBus 4% o 5 B BRAM endva i ¢ /1 2 [P PF R
- "R o

FPRHEBFHEIE RGP g I FBP A £ 2 PLB pid 0 fe £

P2 B AR E A LR o TR APR SIS F- BAE

IP IPIF IPIF
Module | W Module PLB bus

B 3-6 IPIF &2 IP -2 2 PLB bus 2 F 1B {4
d B 3-6 2T 50 FBP A %82 PLB bus 2 B sl & 8§ 21
EDK #7# i1 IP Interface(IPIF){= 28 » ¢ 7 ridk ¢ * 2 = 0 IP ik ¢ on-chip
buses 2 B e A m PRIZ, 1L E & 73 B Ao > &~ %L PLBbus sh/ 5 % %4 IP

Holeehfi G

FI# IPIF & e id /i o PRA: > AP e g g # Jﬁ‘ g 28 Bus P F R

A N 0 A BT T AN
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® S/W Reset and Module Information register(RST/MIR)
® Burst and Cacheline Transaction Support

® DMA

® FIFO

® User Logic Interrupt Support

® User Logic S/W Register Support

® User Logic Master Support

® User Logic Address Range Support

BN ek 3t Y £ 9 S/W Reset and Module Information register(RST/MIR)

% User Logic S/W Register Support i&7 78 ks XA P o A2 fo H 3 & 5§ 7}“

FEA P & D 32 B 64bits o BEA PR Y o FETLER GRS APE
BTOREGHEY B BAG BRI AMNE N FBP A2 mE N TEY

IE S T FBP AR EE R g % 0 g BBk e h it ] 3 i
{'—I u«fx]’if 32 ll}%ﬁ’,;%j\mﬁﬁifﬁfﬂ/ﬁfﬁfa&i m;}%’}:igio

g A Pafop e & BE IPIC T a5y IPIF g i

43 PLBbus iF/&:@ » At IP Interconnect (IPIC)#F] E_IPIF &2 @ # Jf IP i g

=
4

E AL T 2 IPIC ¢ TR L GNE & 0 4

F_L

FATUGE - A
o KA T IERERT B RERT TR

-—‘1—
\_

B A B e ie BRI - @ 0 e B

TALELE L U RN TRE S T - B ANPRP G R 5 IPIC
ELXE S
Signal Name 1/0 Description
Bus2IP_Clk O | IPIC clock provided to IP. This
PLB_CLk
Bus2IP_Reset O | Active high reset for use by the User IP.
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Bus2IP_Data(0:C_IPIF_DWIDTH-1)

Write data bus to the User IP. Write data
is accepted by the IP during a write
operation by assertion of the
IP2Bus_WrAck signal and the rising
edge of the Bus2IP_Clk.

Bus2IP_BE(0:(C_IPIF_DWIDTH/8)-1)

Byte enable qualifiers for the requested
read or write operation with the User IP.
Bit O corresponds to Byte lane 0, Bit 1
to Byte lane 1, and so on.

Bus2IP_RdCE(O0: see note 1)

Active high chip enable bus. Chip
enables are assigned per the User’s
entries in the
C_ARD_NUM_CE_ARRAY. These
chip enables are asserted only during
active read transaction requests with the
target address space and in conjunction
with the corresponding sub-address
within the space.

Bus2IP_WrCE(0: see note 1)

Active high chip enable bus. Chip
enables are assigned per the User’s
entries in the
C_ARD_NUM_CE_ARRAY. These
chip enables are asserted only during
active write transaction requests with
the target address space and in
conjunction with the corresponding
sub-address within the space.

Bus2IP_RdReq

Active high signal indicating the
initiation of a read operation with the
IP. It is asserted for 1 Bus2IP_Clk
during single data beat transaction and
remains high to completion on burst
write operations.

Bus2IP_WrReq

Active high signal indicating the
initiation of a write operation with the
IP. It is asserted for 1 Bus2IP_Clk
during single data beat transaction and
remains high to completion on burst

-17 -




write operations.

IP2Bus_Data(0:C_IPIF_DWIDTH-1) |

Input Read Data bus from the User IP.
Data is qualified with the assertion of
IP2Bus_RdAck signal and the rising
edge of the Bus2IP_Clk.

IP2Bus_Retry

Active high signal indicating the User
IP is requesting a retry of an active
operation. This signal is currently
unused by the PLB IPIF.

IP2Bus_Error

Active high signal indicating the User
IP has encountered an error with the
requested operation. This signal is
asserted in conjunction with
IP2Bus_RdAck or the IP2Bus_WrAck.

IP2Bus_ToutSup

Active high signal requesting
suppression of the data phase time-out
function in the IPIF for the active read
or write operation.

IP2Bus_RdAck

Active high read data qualifier. Read
data on the IP2Bus_Data Bus is deemed
valid at the rising edge of Bus2IP_CIlk
and the assertion of the IP2Bus_RdAck
signal by the User IP.

IP2Bus_WrAck

Active high write data qualifier. Write
data on the IP2Bus_Data Bus is deemed
accepted by the User IP at the rising
edge of the Bus2IP_Clk and
IP2Bus_WrAck asserted high by the
User IP.

# 3-1PLB IPIF
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=% FBP ~i22xis - ¢ 443 BEE % »wE fopvhd 2

user_logic.vhd > £ # fbp.vhd & FBP =~ i* ¢hd + & VHDL % - @ user_logic.vhd

Pl EA AT TR 3 o BT AP pfE > D ke FBP = i 4 &
K2 o A * EDK p e Import Peripheral Wizard » 34 i7 i EDK #r48
,_l_

¢4 FBP ~ 2T st MHS % ¢ » » ﬁ{ﬁ@i&ﬂﬁ%ﬂﬁ#&féﬁ;

(Microprocessor Hardware Specification) e

user_logic.vhd fbp.vhd system.mhs
User Logic
: plb_ipif opb_v20
i_ -------- T
Bus_Bridge
plb_ipif ppeA05 | ...
ﬂ IPIC [~°7 77777 > fop [T
User Logic plb_v34

Bl 3-7 #-FBP =~ 4 » %352 7 %, W
Bk FBP i e » BEBRRI Y s o AR i 2 BB R R

2O ABTRAPEEEFALF M IP R Y 12 FBP A B (FEIG .
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33 #*IPAE

R AP FBP ¥ gAY oA P RE R TS B Xilinx o P A0t i
e1|P> — i Z_Single-Port Block Memory v6.1 IP- ¥ — i j| _Fast Fourier Transform
v3.1 IP - # ¢ Single-Port Block Memory & & #* i & ¥ 12 A 23] 3 - 7 12
& * e Bk 3 & > @ Fast Fourier Transform ~ £ p| ¥ - B+ % = FFT % IFFT

HadPs THAPREREANLESBIPo

3.3.1 Single-Port Blcok Memory IP

ML310 Board ¢ 3 FPGA 7 136 #. 18Kbits 7 Block Memory - & ** Block
Memory &_on-chip memory » ]+ & 75 B~if & + € vt off-chip memory & - o 34 i
Bk FBP ~ 2 pF 3 & - =t 3 i sinogram B i? X - Flor3 pixel K FFE o
FIP A PR R AN PSR H - BRI F AT ELF o

Signal-Port Block Memory V6.1 IP 7 12 §T 24 i & * FPGA # =Block Memory .3

T

- BT U A e B T o
¢ Single-Port Block Memory V6.1 IP e17E & 4 d 40T
® 1 3% Read-Only Memory % Random-Access Memory %4 s
® JUEE A WER  eRMW A L R FERY 2 5 2M words 2.
® ¥ I/ 4M¥ memory ek N g (T4 A o

® = B W B » & i 3 3 Read-after-Write - Read-before-Write %

No-Read-on-Write = #& #-5¢ -

& T &_Signal-Port Block Memory V6.1 IP ernsn it 3 5L g » H ¢ 2 4 gt o

R NP aRRt Y R D EL > A d RBIER G E Y Pl
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ADDR[mM:0]
DIN[n:0]
WE

EN

SINIT

DOUT[N:0] mm—

RDY

PCLK

® 3-

8 Signal-Port Block Memory i 545 %r )

Port Name | Direction Description

DIN[n:0] Input Data Input: Data written into memory.

(Optional)

ADDR[m:0] Input Address: Memory location for data written to/read
from.

WE Input Write Enable: Allows data transfer into memory.

(Optional)

EN Input Enable: Enables access to memory via read and write

(Optional) operations.

CLK Input Clock: All memory operations synchronous with rising
or falling edge of clock input, depending on user
configuration of the clock pin polarity. When memory
is enabled, all control signals, input/output data are
registered on the rising or falling edge of clock.

DOUTIn:0] Output | Data Output: Synchronous output of the memory.

# 3-2 Single-Port Block Memory V6.1 IP Core Pinout

F 32 EAMEA PG PRy BIP > @ Single-Port Block Memory

V6.1 IP e it ~ 3+ £i54 > % Block Memory #h3< it 352 EN £_1 pF > %73 32

R s (Tig 4 AR sl CLK 9t 2 4% (Rising Edge) s .7 *# % (Falling

Edge)% - pF o % & B EN 5 0 pF » Pl dl ok 2% ﬂi;f] d121 85 DOUT #-7

Fog M T AR MEEN 5 1565 03 5. DOUT %—ﬁ%l 4= % 2 5. ADDR

rdp Lne R R P hE o § B A AELWE 5 1o ’,}_ﬂig?l » 35 DIN ehig #-

B B ADDR #rdp e Rl R o @ KK I B ~ R0

1

Ji
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Read-after-Write » Read-before-Write 2 No-Read-on-Write o i& &) rﬁa?] gL aiT A

Ee R A B R EPRF 3 Z A ool DS o A BlARIE AT

® Read-after-Write 45 & fp - BpF% e ér_ﬁi%J » 218 DIN ¥ _h’ﬂfgi“,ért L=

Leme Rl ) ohs B @ T S5 DOUT ¢ 3 = 6 o

® Read-before-Write P £ fp — B PF#% @ » = % 350 ADDR *7dp e ftl i &

N e - iE P g DOUT @ 3 ’Mi""l °

® No-Read-on-Write £ 453 1848 &% » ok o gi;—] di2n gt DOUT ‘i sk
(Feg s o
A e ek 2t ¢ > Single-Port Block Memory V6.1 IP &3k 3 _F 2V iP:E 3%
No-Read-on-Write =58 o 2o g g 8 6 173k 25 2 4 %28 CLK ¢t 2
Y o @ F15 FFT 2 IFFT ehif2.¢ 3 Zero Padding «h# {7 > #1r202 128x128 #- if
Lol R B A el < o K 25 256 words(128*2) > = i word §_32bits > ¥
word #4745 B 3% 5 0o 2> SINIT-ND-~RFD % RDY 3. AP 1 2 2 & 7]

PRANERD Y 0 PR AP R DA R

1 |
| |
] |
CLK _/,/_\_/_\ /r \ )I" N
| ] |
WE _._/ i \_.—
1 L
DIN | XXXK W 11 W 22 M o
| | |
ADDR o TN 4 bb ¥ | = ] dd
| i | I f
DOUT 0000 T M -MEM(aa) ! X MEN(dd)
T T T
en _/ | | |
DISABLED : READ WRITE " wate ! READ

MEM(bb)=1111 | MEM(ec)=2222 :

B 3-9 No-Read-on-Write Mode Waveform

3.3.2 Fast Fourier Transform v3.1 IP

FBP ~ den¥ - Bric s fée § FFTEE 2 IFFTEY « Xilinx 2 7+ § #%
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EFFT 2 IFFT enIP ¥ 2 ikahipig > 3V ip 2 2 g8 ep K- FFT 2 IFFT eng B2 o

Xilinx = # 3% & 0 Fast Fourier Transform v3.1 IP end & 3 4T
® JLIPTFMARFREYXRTLS FFT & IFFTEE -
® FFTZ2IFFT# A b~ Hahfcp < ) FN=2" »m=3 5] 16 -

o -

e

ﬁ;;] »F R FERDE M E 81241622024 ZAFRE o

® FFTiE 8 Ef2® i@ * 3| ephase factortsr & by ¥ 12 % 8+12-16 20~ 24

FAE R o
® IEIEART HE AN

-Unscaled (full-precision) fixed point
-Scaled fixed point
-Block floating point

® % butterfly i 5 @427 & 4 endicie® 2 @ * Rounding £ %_ Truncation =

BT ERE - o

® PRt = AEH

-Pipelined, Streaming 1/0
-Radix-4, Burst 1/0

-Radix2, Minimum Resource

J& T &_Fast Fourier Transform v3.1 IP sn&f (3 5L (N /g » 2 & @R A £ 77 24 e

:q[‘%fu :

e
t
-l

”ﬁl’%q"f'Jﬁ"‘é%%u’*k’g E'Jix‘f\ ,’}_;\,,FB .m».l.;l )’14};,,;41-

-23-



m— XN_RE XK_RE e
—{ XN_IM XK_IM (e
—{ START XN_INDEX e
—— UNLOAD XK_INDEX e
m— NFFT RFD |——
—{ NFFT_WE BUSY ——
DV ——
—1 FWD_INV EDONE ——
—— FWD_INV_WE DONE |——
= SCALE_SCH
— SCALE_SCH_WE BLK_EXP fre
— SCLR
— CE OVFLO ——
— CLK
] 3-10 Core Schematic Symbol
Port Name Port Width Direction Description
XN_RE byn Input Input data bus: Real component
( bxn=8,12,16,20,24)
XN_IM byn Input Input data bus: Imaginary
component ( bxn=8,12,16,20,24 )
START 1 Input FFT start signal(Active High):
START is asserted to begin the data
loading and transform calculation
(for the Burst 1/O architecture). For
continuous data processing, START
will begin data loading, which
processing directly to transform
calculation and the data unloading.
UNLOAD 1 Input Result unloading (Active High): For
the Burst 1/0 architecture,
UNLOAD will start the unloading
of the results in normal order. The
UNLOAD port is not necessary for
the Pipelined, Streaming 1/0
architecture.
NFFT 5 Input Point size of the transform: NFFT
can be the size of the transform or
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any smaller point size. For example,
a 1024-point FFT can compute
point size 1024, 512, 256, and so
on. The value of NFFT is log, (point
size). This port is optional for
Pipelined, Streaming 1/0
architecture.

NFFT_WE 1 Input Write enable for NFFT (Active
High): Asserting NFFT_WE will
automatically cause the FFT core to
stop all processes and to initialize
the state of the core. This port is
optional for Pipelined, Streaming
I/O architecture.

FWD_INV 1 Input Control signal that indicates if a
forward FFT or an inverse FFT is
performed. When FWD_INV=1, a
forward transform is computed. If
FWD_INV=0, an inverse transform
is performed.

FWD_INV_WE 1 Input Write enable for FWD_INV (Active
High).

SCLR 1 Input Master reset (Active High):
Optional port.

CLK 1 Input Clock

XK_REJ[(B-1):0] byk Output | Output data bus: Real component.

XK_IM[(B-1):0] byk Output | Output data bus: Imaginary
component.

XN_INDEX Logz(point Output | Index of input data.

size)

XK_INDEX Logz(point Output | Index of output data.

size)

RFD 1 Output | Ready for data (Active High): RFD
is High during the load operation.

BUSY 1 Output | Core activity indicator (Active

High): This signal will go High
while the core is computing the
transform.
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DV 1 Output | Data valid (Active High): This
signal is High when valid data is
presented at the output.

EDONE 1 Output | Early done strobe (Active High):
EDONE goes High one clock cycle
immediately prior to DONE going
active.

DONE 1 Output | FFT complete strobe (Active High):
DONE will transition High for one
clock cycle at the end of the
transform calculation.

# 3-3 Fast Fourier Transform v3.1 IP Core Pinout
Bl 3-10 £+ 420 i g * Flamu s BEP > ¥ o Xilinx 2 7 3 oz B
IP> 70Uk 2 54417 FFT & & IFFT 5 o ot FFT - B35 4picid = F ¥
(Discrete Fourier Transform » DFT) B »c 3 e & % o & 3 3 eh&_FFT @ *
;& _DFT

N =

LN

x(nje 2Nk =0...N -1 (3.2

=0

>

@ Fast Fourier Transform v3.1 IP 34 {7 IFFT & & & * e ;% &

N-1

x(n)=> X (k™™ n=0..N-1 (3.2)

k=0

3 e 38(3.1) ¥ & HIDFT(inverse Discrete Fourier Transform)

N-1

iZX (k™2™ n=0...N-1 (3.3)
NkO

FerEE o ok T 128 LR E 0 FFT #4545 % 17 IFFT 3k (2 > F D[RR
W RBRE S 128 12 o inE AN gL P &R e 3 oo

BOAP P BREAE 2 BT A PR 0 P AT

® Pipelined, Streaming 1/0 © ¢+ ¥ 7 1 i i B AL - i}u{;g rFER

Pl 2 TR ﬁ;] TR R o 2 BT AT FFT R L IFFTE 8 %7 3
SR A o A EHET IP R A SHATE R AT RS Lh S o
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PR P hiE = Eiw B 2 5 Radix-2 butterfly -

® Radix-4, Burst 1/0 © ¢+ 78 4™ 2 {7 FFT & £_IFFT FEG oS BREE 0 - B

=

g~ g o - AR T A S T R R AW
i € v Pipelined, Streaming 1/0 8 & > » @ H cHpF A € 3 4e o P IR
ehid > % 5 2 5 Radix-4 butterfly -

® Radix2, Minimum Resource : p* % ]&rﬁ Radix-4, Burst 1/0 % *i& G FoRn
g B ERES BIEE S RLFE PO E 2 R RS
Radix-2 butterfly - F]p* #FBEFE HpFF A& > L7 R TH BT Ry &5 o

¥oob o # 7 FFT & E_IFFT 8 5 pF > & radix-4 & Z_radix-2 butterfly # 4% &4z ¢ -

BET A EH < T T RF L A F R RIRT o i feiE

N+ R E A

® Unscaled (full-precision) fixed point : £ i3 8 47 » 7 & 4B iTix b F
25 R VRS SRS W SR LA St Rl S

® Scaled fixed point: & ¥ FFT & £_IFFT ¢ 3 % ® radix-4 ¢ &_radix-2 butterfly
WA > & BRI Fehdgl o Mgl BT A 12480
N Rl (T L Bk T o & B EARR g5 0 e & & SCALE_SCH
wELY

® Block floating point : gt 3-8 2)58 Edg 5 & FFT & & IFFT @55 > d IP g

BT RSB A g i BLK_EXP 5P o
o ff el i ehz BB 550 S f BRI P & AR WG B TR o

WA R o R SRR ESd BRI FBP 2R d

e

Fast Fourier Transform v3.1 IP 34 = FFT i& & - F]* Pipelined, Streaming 1/0 74
B PN P AR £ 0 Flt 2 3% Radix-4, Burst 1/0 78 4 - i 17 FR 31,?]5'.

FERTFTALEE 2 A A PR o T b AP AR T AL pixel GARF E
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£ H A 0-255 > 5 & Bbits 7 11 A iE o A2 BAPRIIL & fix point
7 %k ST floatpoint ehF AL » Flpt g kP 2 B B A EGEE Y A2 )
BT e b YRR AR TR 2 AT Bl Al TR
~ % A % phase factor s 2% %5 24 = A TR o ﬁiﬁ% Bld P Bk 25 33
EATAR P EEFEC HREGE A DT AREL AP E R Unscaled
(full-precision) fixed point 3+ 5 7 ¢ » & & 55| & cehbe P a4 4 204 T3 e 530
APEHGTZ O HEEOFFT 2 IFFT EE v 2 o A i3 5| & 50128 pixels
AP e gl (7 FFT 38 8 % & &L (7 Zero Padding e 17 » F]=t % i 4-B 45 ik

% 256 ¥ o iz P 3k = o Fast Fourier Transform v3.1 IP e $-#ck 2o

T A S D hpE AR

ek [ L L L L

nfit i/ L7 _pt size i L /L LI i FINE

nfft_we

twa_inv 777777777 I _oert 7,

i~
|

T LTI, LTI

fwed_inv_we

scale_sch T, sealing (/7 T, JITTTTITTTTTT T, T

scale_sch_we

start
xn_re T T T T T T Ty 77T T 7Ty Zve() yen_ve(1] W xn_re(2) )} xn_re(3) ¥ xn_red]
xn_im 77T LT 77 7Y e im0 Y enimi 1) W e im2) ¥ sen_im(3) ) en_imi 4

®n_index | 00 01 W02 03 i W 08 W08 W07 by
o —

i~

busy

dv

adane

done

B 3-11 IP F#“&éﬁ%]% AL e A Bl
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ok MM MM

sclr ~

nfft /7 7. LRI T AT, / T T T,
nfft_we ! ' 1 | ! : :
fwd_inv /77T 7 7 T T T T TR T T i i ST
fwd_imv_we T |

seale_sch 7777777777 37 ZT7ZTZZTTTTZITTTTITIIIIIIT
) 7

scale_sch_we ~

start

i
1
1
h
|
xn_re v,

xn_im ZZZ777TZ7TTAT T I I TTITFITITTTTTIY
xn_index 00 !
urlead ~~7" _.\
il
busy T T N i | | |
dv 7777

edone " / . : : j : :

done E i !
]

xk_re : : : : : : N OREE) CAE0) G
xk_im 1 H H H H H B T b{xk_lm(oi}(xk_lmﬁID(xk_lm[E_‘jl
I 00 9{ o1 D( 02 |

wk_index 00 :
|

blk_exp Bk exp
T

Bl 3-12 1P i &1 5 L ek A5 )
H¢ Bi1d g start s 1 pF > & — B clock B 450 % v B clock 1 4

ﬁi%l ~ ¥4 5] Fast Fourier Transform v3.1 1P ¢ o 4 dv gl s 1 > B &\;ﬁ%] RIRL:A

' 2 g

m? 7}‘,’ o

¢

O

—N

3.4 FBP ~ 29 {v#®.

A}

BT RAPE A RZALR FeoINAs o L fifc{user_logic Bed v ok

Ti\4

RA 3 & Ed T <A 4of] 3-13 #771 » & BIMA L5 B 7 fpennie® ®

4

=

R AR

Cﬂ

® IDLE: ZW|B4ecd 4ok iE o ¥ 2 (8§ AN REFI N REPFR 2 AZRPE

45

—\\

%

She

e £ o
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® LOAD_IN: i & enwt iy £ 46 d 32 B 64bit ey 5 B 44 s 0T AL % 7% 31
d Signal-Port Block Memory iz i# IP #7 & = 7 Block RAM ¥ > 12 if Al 48
LIREY o

® FILTER : &5 fi “Thach1 i & 5 #3f » eng 4L 1% fft - filter ~ 12 2 ifft> %
N F R E T £ Kk k B (back projection) o

® LOAD_OUT : i & e it {,fﬁd 32 B 64bit e 3 B A R nF A
Flackgy o

® BP:iztA &1 IF?{J{%HJ‘ fi FILTER = = & enF 4 il #4217 F R

1 (% o

OAD_OU

Bl 3-13 user_logic i %% ik B

WA P AR GEE Y SFFILTER 122 BP & b & & 34 (£ (B

Ei e 2

RAM @ » 5]t 2 i 3 & 5§ — 5k fft_load #-igut T4~ 3 5 load 3 Fast Fourier
Transform v3.1 IP 48 & & chF g @ - 2 155 i fft_transform B 45 (718 = 38 5

£ ki r kg filter_operate #-E > £ E 2 ehiE L Bt Blo| FEBE



= {5 £ 1 * fft_unload #-3& & %
RAM @ 7 B s i r @2 F@8 X R FIEF 5 g4 AP e IPhg R 2 £
304 £ RCPHAMT RS BT AR HOR

% 2% 8w Block RAM ¥ »z_#r12 & 2L 8w Block

ab

b

# * Radix-4, Burst I/0 » i
FiI# ifft_load % fi #-F 4L load i& IP ¢ - % fi ifft_transform i* & & =

Ju

o

8
fmm

%3 hF AL B = Block RAM ¢ 2 i 18

5 2

B {8 ifft_unload ;& it T #-F &

B 3-14 FILTER jt i p 254 i W)

Mol AP R Rerr g g ff filter ~ ifft AT g (8 e F R 2% 0F 2% & Block

RAM # > Bt g im0 & bk fipr 3 LOAD_OUT » AL g (5 4

BwRie B4 g e TR o
LERE RS S ESVES BEER SR L LF Y.

% = FILTER 2
e Ft o AT R B 0 E - B R B H $Hk < sub_sinogram F £ 1T £ %
(EF L qcids (7 o 10— i AX4 <L TR Bl R W 315 kA e
B2 ¢ t ¥k +hsub_sinogram % £+ ¢ block_sino_start % block_sino_end 3~

L= .

BEFPwd gk B filtered real(i , j) 0 B¢ 0 dp % Bk j
sinogram _} srindex > ¥ ¢b iR 7 F Az Eher 2o A 5 x_coordinate ~ y_coordinate °
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MEL B ///c
N

W

sub-sinogram

# :(block_ vy cen , block ¥ cen) labeled a

{ ¥_s5in0_oricoor | X_sing oricoor ) labeled b
* - {v sin0 _endcoor , ¥_sine_endeoor )  labeled ¢
* -block sino cen = &F

:block_sino end = & + 3

- block_sino_start = €& - 3

Bl 3-15 44 sub_sinogram % &~ 3887 R B

B OOTER TR A > A LA oL 45 S 75 B4 1% » #-x_coordinate ~y_coordinate
r2 % filtered_real(i , j)r4 bit 253 3% » Xuint64 ¢t f 742 3] s 2 @ > Xuint64 # 4 =
upper 2 % lower & R4 ¥ A4 wd & fe Xuint32 #1ke s > 3% - filtered_real(i |, )
% >t Xuint64 ¢ upper 3% 4 > @ #-x_coordinate~y_coordinates & & ¥ % Xuint64

¢ lower e384 > & X FAl2 AT R Gbie A F bits ek FIELF G A Y © 2 L

\_
)

gl

AR NEY o TP AP R TR 25103 0 g B REE TR
FEfk o Bl 3-16 At - Bm LW 0 k¥ SR 32 wF i B4t i F -
Xuint64 s BFRAY B OFTHECAMAEFEL > ot - RV - TRZFBF
FBEI A A FREEFETREL G- = 7 RS TR GE R

P F sz A PER T R Ao F B4R sinecos B0 G LR A
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TRATIIAP A AR 4 N ABRE A LA AREEER  F

BT g BTG L AN
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