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A ABSTRACT

This thesis will present a research and developement of an X-Ray Computerized Tomography
(CT) in Thailand. The machine is developed from the previous work, [1]. It consists of X-ray system,
detector system, gantry, computer system and imgae reconstruction program. It uses a new X-ray
equipment and a detector system composed of image intensifier, CCD camera and image grabber
adapter. Using an image intensifier has many advantages. It works with low-intensity X-ray and can
gather many X-ray-data slices from a single scan. Total X-ray dose is reduced by using the image
intensifier.

The developed machine uses a new rigid gantry with microcomputer-based control. This is
improved from the old C-arm gantry. The computer system is based on microcomputer technology,
which is cheaper, simpler and easier to implement. The system uses PC with an array processor board
for system control and image reconstruction. This thesis also introduces improved techniques in CT
machine. They are physical and programmed position-calibration techniques. After the complete
system has been integrated, it was experimented with rounded-tube water, PVC pipe and square-shape
water. The very interesting experiment was a reconstruction of series of living-rat ‘s images. The

reconstructed images of the rat's internal organs were indeed very safisfactory.
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NMANUIN N.
TayAINUNIZUDILNINAT TARGA M8

TARGA M8 PRODUCT SPECIFICATIONS
(Truevision, Inc., "USER'S GUIDE TARGA M8', June 1987. Release 2.1, page. 4-1 to 4-8)

4. TARGA M8 PRODUCT SPECIFICATIONS
TARGET COMPUTERS
- AT&T PC 6300, AT&T PC 6300 Plus
- IBM Personal Computer, IBM XT
-IBM AT
- Computer that are 100% Bus-Compatible with the above computers. -
TARGA M8 only uses one expansion slot in the computer expansion bus. If the
TARGA is purchased with the Overscan Option, it uses two adjacent slots in your computer's
expansion bus.
SPATIAL RESOLUTION
512 X 512 Pixels :
- Display memory maintains one 512x512 pixel image.
- Interlaced video input and output only.
- Up to 482 lines may be displayed and captured using the display memory.
- Pixel Aspect Ratio: Nominal Height : Width = 1:1.07
If Overscan Options is invoked: Pixel Aspect Ratio: Nominal Height: Width
=1:1.20
512X256 Pixels:
Display menory maintains two independent 512x256 pixel images.
Interlaced or non-interlaced video input and output.
Up to 241 lines may be displayed and captured using the display memory.
Pixel Aspect Ratio: Nominal Height::Width = 1:0.53
If Overscan Option 1s invoked : Pixel Aspect Ratio: Nominal Height: : Width

=1:0.60
256 X 256 Pixels:
Display memory maintains four independent 256X256 pixel images.
Interlaced or non-interlaced video input and output
Up to 241 lines may be displayed and captured using the display memory
- Pixel Aspéct Ratio: Nominal Height::Width = 1:1.07
If Overcan Option is invoked: Pixel Aspect Ratio : Nominal Height::Width =

1:1.20
COLOR RESOLUTION .
Input:: 256 Input Levels. Each pixel is represented by an eight-bit grey scale value.
These input levels are translated by an eight input look-up before being store in the display
memory or before being displayed in Live and Overlay modes.
You may select among 8 independent input look-up tables and among four
independent composite video inputs. ’
INPUT SIGNALS:
Composite Video Inputs:
- Independent Composite Video Inputs
- Software selection of active input
- Monochrome, RS 170-Compatible Composite Video Inputs.
- Switch-selectable 75-ohm termination.
- Sync normally derived from Input Channel O. However, there is a jumper to
cause the TARGA to use the selected video input source for sync information.
Digital RGB (RGBI) Input (For Pass-Through and Mix-Through Modes):



- Works with output from IBM Color Graphics Adapter (CGA) and 100%

compatibles. _

- Digital RGB Inputs (TTL) inputs
Input Connector:

- 15-Pin D Connector

- Pin Assignment

Pin 1: Red input from CGA (Pin 3 on CGA)

Pin 2: Green Input from CGA (Pin 4 on CGA)

Pin 3: Blue Input from CGA (Pin 5 on CGA)

Pin 4: Ground (Pin 1 on CGA)

Pin 5: Ground

Pin 6: Composite Video Input 1 [Red]

Pin 7: Composite Video Input 2 [Green]

Pin 8: Composite Video Input 3 [Blue]

Pin 9: Intensity Input from CGA (Pin 6 on CGA)

Pin 10: Horizontal-Drive from CGA (Pin 8 on CGA)

Pin 11: Vertical Drive from CGA (Pin 8 on CGA)

Pin 12: Reserved

Pin 13: Composite Video Input O [Sync]

Pin 14: Reserved

Pin 15: Reserved h
The M8 is configured to always genlock with the signal applied to Pin 13. However,
you can change a jumper block so that the M8 will genlock with the video input that is
currently selected. Please refer to Appendix E for more information on this option.
OUTPUT SIGNALS

Analog RGB Outputs:

- RS 170 Levels for Red, Green, and Blue (0.661 volts peak-to-peak).
Option to add Set-Up to Red and Blue (0.715 V p-p).
Option to add Set-Up and Sync to Green (Monochrome Composite Video--

1.00 Vp-p)

- Composite Sync (2.0 volts peak-to-peak into 75-ohm---4.0 V p--p into high
impedance)

- 75-Ohm termination required.

Composite Video Out :

- RS 170 Composite V
deo Output (Green channel plus Sync and Set Up -- 1.0 V. p-p). i

- Configuration Switch on top of M8 must be set for Composite Video
Output. .

- 75-Ohm termination required.

Video Key Output: . '

- Jumper Block setting to output Video Key on Pin 6. Video Key output low
if pixel value set to 255 and high (4.0 V p-p into high impedance, 2.0 V into 75 ohms)
otherwise.

Output Connector:

- 9-Pin D Connector

- Pin Assignment

Pin 1: Ground .

Pin2: Ground

Pin 3. Red

Pin 4: Green

Pin 5: Blue

Pin 6: Composite Video Out
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Pin 7: Composite Sync
Pin 8: Reserved (Hor. Drive-TTL)
Pin 9 : Reserved (Vert.. Drive- TTL)
Genlock
- Genlock Modes:
Master Mode: TARGA generates video sync signal.
Slave Mode: Synchronizes with external video signal.
- Automatic switching from slave mode to master mode as long as external
sync source is not present .

DISPLAY MEMORY

- Readable register indicating absence of video source.

- Bit-mapped display memory

- 256 K Bytes of Row-Addressaable Memory

- Display memory space seitch selectable from one of eight 64K byte
segments (Default = OxA000)

- Two independent 32K-byte, bank selected memory pages within the
specified 64K memory segment.

- Bit-plane read/write mask.

- Memory Contention: Less than 2 percent.

CAPTURE TIME
- 1/60th second for NTSC field.
- 1/30th second for NTSC frame. v
- 44.7 microsecond segment captured from each scan line (65 microseconds).
The TARGA normally restricts its capture and display region to the Safe Title Area within the’
NTSC Frame. This region fits within the bezel of most monitors.
If you purchase the TARGA M8 with the Overscan Option, you can capture
the entire width of the NTSC frame.
You can always capture up to 482 lines within the 485 visible lines in the
NTSC frame.
PROGRAMMABLE OPTIONS
Display Modes:
-- Display from memory with selectable border color.
Display live image with resolution border color.
Display live image with live border.
Pass-through IBM Color Graphics Adapter output (CGA)
Mix-Through Add IBM Color Graphics Adapter output to TARGA output.
Overlay Color Graphics on Live Monochrome Vldeo Source.
Border color covers screen.
Hardware Zoom: Normal, 2X, 4X, and 8X magnification
Hardware Panning
- Independent Horizontal and vertical smooth pannig
- One-pixel panning reslution in 256 pixel/row mode.
- Two pixel panning resolution in 512 pixel/row mode.
- Quarter screen horizontal panning in overscan mode.
Vertical Scrolling '
Screen Centering
Video Output Format
- 525 line interlaced NTSC output (Standard NTSC Mode used by cameras and

VCRs)
- 262 line non-interlaced NTSC output

IA!



- 263 line non—iﬁ.teflace NTSC output (Mode used by IBM Color Graphics Adapter)

INPUT/OUTPUT REGISTERS
- Sixteen I/O registers
- Starting I/O location switch selectable from one of sixteen addresses
(Default=0x0220).
- I/O address mapped into 4-bytes in I/O space with 12 "phantom" locatlons
- Writable output ports for programming TARGA.
- Two readable input ports.
- Raster line (row) counter
- NTSC Field Indicator
- Loss of Synchronization indicator
- Input and Output Look-Up Table Values
- Programmable Input Gain and Offset for Composite Video Input.
POWER CONSUMPTION
- +5volts: 2.0 amps.
- +12volts: 0.15 amps.
- -12 volts:  0.05 amps.

72



T
3

NIANUIN 1.

B o L a L4
‘iﬂﬂﬂ:l’ﬂﬂﬂﬁ']l.'ll’]‘iﬂﬂllUUﬂ&!um‘Nﬂu

Product Number 110Series

2E 110vU—X

1
1 .
Electrical Connections g B
Color of
Lead Wire Description . 1 $ # P
Red Power source "
Black OV common 5
Green or Blue Signal A
White “-Signal B
- Yellow I Signal M
Opnion - PNP-Open Coliector Output type Shieiding Braic | Nc insioe connection  TRE
i Power Source L x 7 Fower Source DCSV+ - | Powe: Source W %
S
5> Sigrat A A% 5, Signal AB | :ir) 7 | Sgna ABM s T sigrai & [ signat a8 ..
T e R =t el R2 =|1:| C =1k Rt =1 c :Illl c B i c =ne
B60P/R | 055-006-1 §55-006-1C ©88-006-2 | 0SS-p06-2C Q5. 005 2V 0sF 008 2L [ 0SS-00:- THC 0SS-008-2HC
100 # 1 0885-0i-1 0Ss-01-1C 088+0:-2 t 08s-01-2C 058 01 2w 0S5 o1 2MC l 0SS-0i-1HC 0S8S-01-2HC
15¢ » 055-01%-1 | 08S-0i5-iC 055-015-2" l 085-015-2C 0ss 015 24 Cse s 2mec | OSS-QN5 IHC | 0S5-0!5-2HC
200 # 088-62- 1 085-62-1C 08s-02-2 ©£85-02-2C 0ss 07 o™ 2 me : 0S5-02 1HC . 085-02-2HC
250 # 085-025-¢ 085-025-1C 085-025-2 055-025-2C 0ss 025 2™ 5% 028 210 ‘ 0S5-025-tHC | 0S&-025-2HC
3c0 # 0S5-03-1 £5S-03-1C 085-03-2 0S5-03-2C 0SS 03 2w CEC C3 amC OSS~UE!-‘.C 1 0SS-03-2KHC
360 # 08§-038-1 0Ss-036-1C 085-036-2 055-038-2C 0SS 036 2w vss tae e | 03S-03%-IHC | 085-036-2HC
400 # 0SS-04-1 08s-04-1C 055-04-2 0s5-04-2C 0sg 0: 2w 055 0¢ 2MC % 085-04-1HC l 055-04-2HC
500 # ©SS=05-1 085-05-1C 0S$-05-2 08s-05:2C 0SS 05- 2w 0S8 05 2MC 0SS-05- 1HC 085-08-2HC
L and R are not inoicated - gt
Specifications {t#
CElectrical ERds < Mechanical BEa
. Starting Torove |
1) Li=4.5V — +13,2v DC 4 10g : em or Jess
oy Soie 2) H: +10.8 — .+ 26 4V DC ) )i § A
] Qe+ GRS o 45725V OC s gy anc] Shatt Loading Recal 5.7 kg
.o | Power Source = 1V with no load - Tnrust (357 ¢ 10.5kg
Output Voltage VeI vmns Angular Acceleration 1X 10" rad/sec
=TE®T i | 05V or bess at 20ma smking FRTE
2 ol K
[ o slhis inertia of Shatt A
= 1) A:Single puive TR e L T - R L
Signal Mode 2) AB:90" phase orherence ‘S1 ZE3 |
ameE 31 ABM.90 pnase Oitference and M Signa! Bearing Lite ! (2% 10" /rom) hrs.
i = {
Ri_ RZ=with pull-up resisior Max Siewing Ioeed 6,000rpm max
Output Moge - T - E et R ¥
we—z v -
- - . |
- Ne.:h:q;lms { S0g max.
S0sHz, max (60— 400P/R A, AB) -
Oz - 5 i o
SOt mar. 0= BOUF/B AW < -Environmental \ il e
20 (RI.RZ type) B Operating Temperature — 10" — +70T
e
‘A Signal “AB" Signal “ABM Signal
Current Consumption ) Storage Temperature SR
P et R1.2 Type 30mA 40mA 70ma S anus 30" +80T
C Type 20mA 30mA S0mA
- - = Humidity 35— B5% RH
5"7'.""" ging & Faikng | us or less, for each = 3 » neation: (NN -
wET Ly TTURE e s T Vibration S0Hz-40G « I hr &
Vithstanding voliage of =l Shigh L =
Outpwt Tr. —0.4v—+50V Shock 3
wHERET o o4 v 30641 s P

7
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MARUIN 1. (AD)

I
& Basic Construction (incremental Encoder)

Housing
{— Photo-transistor
~ Fixed shit plate

. ‘ } ' LED (Light emitung diode)

A slit disc is fixed to a rotary shaft held by 2
pair of bearings. As the disc rotates in accor-
dance with the rotation angle of the shaft, the
light from an LED to a2 photo transistor vis a

fixed slitplate is intermittently interrupted by
*the slits on the disc. Then, the phototransistor
develops a sine wave signal. This signal whose
peaks equal the number of slits on the disc is

| L. E Cover

i H Cirggboard then shaped to 2 pulse signal by a circuit on the
i | ~—Rotary sit-gisc i .

| ———"Bearing circuit board.

— Shatt

O Type Designation

RE;OES-05-2MHC

o o e R Sra=:
0ss to» ; 100P/R i Signal A L }—L,l.é— 13.2v OC L R1:With Z puli-up resistor
OES 036 ; 360P/R 2:Signals AL B = 10.8-26.4V DC R2.With a pull-up resistor and a diode
OEL tus . 500P/R 2M; Signals A. - A — C: Open-collector
Lonoe 10 1000P/R £. 4 Markng :: 4 an] LoD Line-griver
L 102e; in2ep/R signa! (index) wey ..
!—20 : 2000P/R

on type names.
(NS,O“L“K ABSOLUTE )
. 'ENCODEFR 4RL NOT A0

~ Circuit of Output Signal at Terminals

e s S

—_—

T
Signal V ! l l

P

Type:R 1 Type:R 2 Type:C-PNP Type: C Type: D
Protection for
mis-connecting P
—————0 P [ NN T o PoOwer Power ower
200 Source = 3 s::v'c'e Source Source Source
——0 Signal a0 p ¥ 2N N Signal
Signal et !
a A — 3 ﬁg‘z 3 x & R:T—c everse Signal
2sc2112 & 2 o o 25c2112 oy SNISTI3N ov
' Comme! 271
o equnalent i T 2 T R LS (elippien o AMELS3IP e
AM2ELS3IFP i
or equivalent |
; < 0utput Signals —— Rotating toward clockwise viewed from the encocer shaft |
Type;:R1, R2 and C Type; D (6 Signals) Type;D (12 Signals)
(AB, ABM) (ALK BEMWM (AABBMMUTVVWW)
"w
. . i S
Signal A = ' . Signal A_r—-l__l———l—J— _———l l
L H H Sigral A | I H
Signal B | : L Pl Signal A l I I | l et —I__l_J___L— i
e 18 . Sigral W
Signal M ‘ ' = 2P /) Revolution
o —

il /’/ Seraihd ' ;
(3

P | Signal [

» Signal W l ] I
Number of Puises/One Revolution i
LR g _| ABMUW Signals are inverse
abee=T ¥ 7 “ls '3 Rising pownt of A-signal is always at one Signals of ABMUVW

Fasing pornt of B-Signal 15 diways at one
pont wriie M-Signal 1s at Holevel

4

Wave Ratio (Duty). $0% = 25% point while M-signal is at H-level in CW

1
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AMANUIN Q.
PN =3 [y o a
NS ANAMNIEINITASININARY2N9AE Backprojection Tneldanfistlsinaiaas

v
UV]ﬂQ -l Yo al a o L3 o :’: i
(wnpNitlFFunsiRNRlunsUsr g Tmsisansseninasan 13)

( 89 WnAANNEY 2633 14 MATTTRAANIINININ AnAmmnsTuANERT i anendeTesiu )

613

n'muum’xm11n'|‘m1'\~xn'1wnn1wgn_&ckgro;ect;og Tmu’(ﬁgﬂ‘zn;ﬁ;!nﬁﬂ;jﬂ

gggl_mro;ect;on calculating s speed improvepent by AIILY Erocgsso;

- _o 4 - o
RIUNY G‘ﬂlﬂﬂﬂ *

iy Hrmwel
méana

m'ﬂmn'a TN L] L'naﬂummwmwmnmﬂm'aw'zmnnua-nauanuﬂ-:uw
unaRg AN 4.,1]':-'ﬂﬂikmx N7 RO 2a1unTL ﬂﬂzmu'mnaua i 'n'm'a-'aan‘d’ma'n i sfTURITR nSa':
mw'luumawm‘m 1AuBL mumﬁm-mmnaua l uanm FRIMNNTLER aun'mnaua‘iau tunI8n

. e X
u’mﬁi‘fwmwm‘nw'm'm Backprojection m‘mm::wnuaamman'nmwm-m‘m1'nnu
Abstract

Although an array processor can compute at a very high _speed. the
overall perforuwance still very much depends on the data t.ra;xsf er time
between the array processor and the PC mainboard. This paper describes how
to reduce the data transfer time in order to enhance the overall speed
per{ormance. This technique is explained using the Ccomputerized Tomography
(CT) Backprojection as an exanple. The first computed -inage can now be

displayed quicker than the conventional technique.

- ¢ > -~
ok ua'm'mn'mhum mua*mm‘sﬂaum i am A0t PR TV IADWIZ BN AR ﬂ'\«mM'\'xa'mn'szm

* unanmmnm‘h W')H’m'ﬁumam ﬂmuumn‘[u‘(aw-::aauma'\n-nmrmwmamzm
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MANWAN 4. (A7)

614

91913815 31783 (Array Processor) sihidnarerauam s Aa A
t-‘ngwaem’%aeﬁauﬁvma; NN T ARATEINA T A AN TN MeuediaiTu
1BAiTad finvmltEnavbian ﬁvm:mauam'\m-‘na‘\: %ouwﬁ"nani‘mwxﬁu (Integer)unz/
wip mmn-aaan (Floating point), W'mn'nui'm'nm-nm URs ﬁmummtﬂﬂnuzﬂmm
mauanau 1 [23 nu'mnamm’mn'z'wnm'xm1’:ﬂeuua11nn'h]'u'dmﬁa'mnum'man n'l:w
?ﬁn'rm'mawu'ma'nm'm'nm171‘14u11a1uw awumm'm'm'mrmenmnmﬂmmaqn’rm'rm
x%’ai'ﬂ uazBaunthuvenn 1y TR AT AL Eaea?'ﬁu’:u'm'm WhiFwWIn
TR T W hmbsr i e s T g T T ematuAT Y SviSebadintTtng
m'n'a:iatifw-aan winonisR Wi UL TATI TR e vninsaaudmEn (nadaTaw
?qﬂn'nm?'zz‘ﬁ’mi'sucﬁnma'mim'n fhhEAaMANN s MAT RRARY D9 INEDYL TS
Lrad M Ui n’ﬁaa'mu?uwwnﬁu

AT tuuman s, BRI 3101 TR DY u BT
A1 51U IR MR TN TS Backprojection MIRTNANFADINE 287D
Backproaecuon Taa‘liﬁﬂsnaiunwa M Ti13ady wa’(u‘tmwm’m PN 3R tnas
Fumond o ' wa'mnauﬂm t 1niuu-:na~nn1vma IR WA AT TasiINa T8
UNAWAR FINWATIEE 1 U0 1':un~mua N unq unIaz N 30 mﬂu’nqﬂmnnnna'hh
nni’unn‘lmma'\mwmnuaﬁ'mz 1 uni W N umlﬂwuau ] 1mwann‘w1nanu E
mu‘!m’rmﬂun'nmumaa..‘w-xnm‘!u 'avnn'wn'mmwnau'ﬂunmwannnw amm'l
WiIDAIMANPDNDTT 35T soTad a1u11nm1anau1nw‘mnwam~m’lu‘luxﬁa 12871740
u'mnauau'm uaTanUnmnwnum’m’lm (256x256 IR um‘mmwnmmum‘tﬂnﬂ
tdad umnmanmun'rmm-nnaumw‘lanwa'tuan'amm Hath wnswmmuwananmw
ua-‘wﬂaﬂiuaamﬁ\dw 7 ud mm'm'mnaua‘w—u'nm'nom-m'mwwm'numdmnaua‘lu
(37Tt ﬂunivn’l’(un'u'm'm'am‘luum“anﬂnwxuuwa umnuui-xfl\mwuu:mmm‘suu%fwna
uam'm-n’aaihma..n'xu xua’m‘laﬂw‘raﬁmun'na-nmman'nwnu'm Backpro.)ect;on u
u'mmm Tazman'nnuamwvumc'lum'w'mnauaum mm'm‘lmmamwmaem-: anusn
aanut $ 8

-~ g .
tnaliantI 1 mdiana1eian s Backprojection

IMAUNIINITH TN NGB TG Backprojection [1]
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615

"
AB ZQ, L3 AP & § |

tel 1

fix,y

2n
= = T 43}
4B =
- <o . v
Tas  f(x,¥y) Q2 @IPD2NWMARIMY X UART y ABNNIT
o .
M e FwTus et N A AT ee
. 5 . ) )
usgr  Q, (s Vi ANTUTRSUTUAWMINTIRBARRDNNUAY X UAE y

' Y
NnaaINT

s (1) et insd e wiinmng SeEna T uwmiug 3
wuitnivttiiivend i T s g Tu i i'm'zun"fc'lun'nil"wiaua ‘tamau'\:gammunfm
RE RPN <a-m-ma'm1um-u-u1mm) A7198 N AN (1 uo) Fauthe Ne nw M
efed iy M Turivaty une N afedwiun N unp

'lum-xuﬁq:hu‘iaga TR AU A pAI A ?'zr'wnum-f TN
wanded  aranamte et (o wivBauanmiiihadae 4 (Block) uiav Ertudwo
n?autio‘ﬁnua‘m'nanii’uaamﬁua"m 1 T o mnER R YIansA T NS | TETL
idigad um‘luum')'um 1~‘lmdua':nn'nuuﬁ1unaua ‘iamau’x._nauawannnu wam“m‘la
umn-nnm'mmm'nm-ieuacn’nmunauanm mm’m‘lmwmrnemmn'naanmuamax-n
NINNRATY (WARBEIANNITERTT SeastiinanaRs )

TRminT (1) uas (2) el SovRnuaTiuiEnees e R i Sei
MT (1) 273 Dewtwitd i

s=ol tmo

K= Y
f(x,y) = 4B 2{2 Q, (s)} T SN k)]
(KI+3)

Tooh W 1wt wediasa g Salre
uRz K o ﬁuiwm?eﬁuﬁm’nﬁ'uai’aga‘mﬁ taadu1 §a019 1 2 d T v e
KW = N PR 731
IMANIT (3 wAr (4)  Fwnanotine Sumauntdmnasiremiianne e
Wit naua‘m-u wiui i ¥ TuTtsaiu ﬂ::nnumaamﬂu K #m Teoudazdus=limine
¥ Taesadu dwou v ‘h.hnaiw‘lamrmw-uaai‘mwumen 3, W3, 2w, ... iR
[edvi T el wninfi 4 swiRe o TYT TSI K T aaientd s

¥ 4 ! w e s 4 o v
Wi Tarttwaty W T cetwdate ANRWIANNTT (3) Twars J, winlikelanwbanun
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616

Taanmasn (§=0) ?z‘iaaanm‘(auumumnam’mtmauamm’m‘fm1ini’ua‘smaa M/K Tus
nﬂi’u m'm‘lmvuu-:m-:')gwmnua'nuau1aaana~:nw‘1umun umua J umu'mnum:“mnm
mu'mu'] LAy M 'Imnm‘!u .
;?m%‘u’ivumw‘lun'lw'muaua WRIMRMANNIT (3) uaz (4) 3=ttt
:(w‘rmmunauanaﬂxh 1afhu ¥ m‘lm'nwu’wa'rma'm'rm LT wiandi mw-:m'm'dafm
ATRE W Txhnﬂi'u ua'ns:naua'm'xunamn'mnazun'z M3BRnT ) WANRIINAMW W Taly
|?ns’wx1n?~1m1man'nmm1naanmav“(ﬂna'nu'zum tm’aumw‘tmanaua'mu1ﬂi’ua1
UMW mnwiuna 1 M muwm:ua‘ammﬂuanmxﬂmnmm’x&u'snwmu M TUﬂwz":’u
Foia m-w'wnauawmum MK e K<H) Podia N ummna'm’:uawnaa‘lmuuqummn
# u'uaa z.-’am'J;nn'nmamuwumuammmw‘la m‘lm'nmuwwmzﬁmnmwngu
nmn‘li”lun‘nmuarmwn W TERN
T = TPAM + TF#N4K Strscesteriensensaes (5)
Tor T ifumntitnt st one
TP i 235 un i Tazi aRanvi Ty 1 vady dinwasiimiy
Il 1 )
TF sﬂul1a‘m'li"lun'mnnaumunauanzmumw
M xﬁua’xu‘au‘mﬂaniunmm
T8 K Tantian (n'mua\m) nasm’luna'ﬂumsmummuamm ue
A1 K (K = M/ nm‘msmwnu‘mnacm‘mn':'wi'wn'uunmuua'nna‘fmnm#m finkne
n1 K lpsu=laety w mmm'mm1u’nu1n awuwaamn’maanm W nmm“du Tegan
nIm AentiTasaung
W =  (MEM-VAR)/SIZE B T R (3
Tay MEM 1frunmmm'mmwna'nmna\m'li’munauanma
VAR Lﬁunu'muuwm'm?'lm'mn'azhn'lﬂmummummq 1 TEnienig
A
. uaz SIZE 1 umembisnauidonioning ¥

QTNARBUL PANAN TR N e el oject
TunInadaut munr"n-hwn’ruammwmummvum‘la nnTmaFayTantl

aUn'xtumeaaw'amaﬂunwmdamvﬁ
1. tmm‘lzﬂamawnam COMPAQ DESKPRO 386/20 with BO387
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617

2. priasiunigmzodueds  ®wdu PC XT/AT pad Eighteen  Eight
Laboratories 'm PL 800 nmmmwa'nuna'nm-n'h 60 ATatum [2]
3. TUJun1L1mﬁautnnum1nn1uﬂi Tay” nﬁuuuaﬂutaa1 TURBO C Version 2.0
‘yYas1ays"anas PL 800
FMTuLANIINARBL n'rm%"nn'\u&inn'rwnu':r-. 256x256 winm 2w 60 it
1aatu um..‘m-:nai’\mnmﬂ 255 mua et Fhunnad o Wumanuna::'m':nniu
nuiﬁuvua1anu1unaua (K) u1ﬂe1cﬂu1ﬂn 1 11u1ﬂn 2 URz 3 xﬁunﬂuiﬁaa¢na¢u1n1§1u
ANINAFBY TGm-nm 2 1fhinmas ‘nn'la'a'mn'nmmm [ 30 'hhnniu 'i'm‘nﬁ'n 3 (i
‘lm'm‘m-inni’u 3w 60 Tyt RdY d':u-:un 4 sf}umwmvm'nuam-nqamm Belﬂunaua

'hhnﬂi’un‘lm'xnn'nrmaﬂw TUR 3120 11J1nnﬁ\.

ik

- - < = - -t . = P o
LNAUANIT L MIATIME TN 1SNWIAS29S. Backprojection FMAWNTIIMTY

r. ;e X - . . v o ¢ -
1zt ﬂnwiau'mam'nnun'nEhnim_mae'iaun'nuua:hunagan‘l&'ﬂsﬂmfuz?’mm

[Average Time .vs. Projection Transfer}
?_‘

-
o

>
K'S

Time per projection (sec)

0 40

Number of transfer (K)

J ¥ J . ¢y
7 1 NI TFaeL TRITUNNTR T veA TR | SRRV MRS TN B ERNR (K)
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($ %] A.Rosenfeld and A.C.Kak, "Digitat Picture Processing” 2nd
Edition, Acedemic Press Inc., 1982

[23 Eighteen Eight Laboratories, "REFERENCE MANUAL For PL SERIES
PROCESSORS", Eighteen Eight Laboratories, 1988,

€32 iy Fooues, adu n\ﬁxfm'.'u. Bodund iR, “aosiapdinznmdianing
978", Idansaudas, h] 4, 1AuR 5, WA, 2531, w1 29-32.
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(Image Reconstruction Source Programs)

1
al o

H ‘l i 1 z -
Tuitazuaseidsunsun Il e e i v a5 uanizduree lUsunsuaF e nIna aenne

v - o [ a o Wysya - va o
wintiu ;eazidasteilsunsudanin diaulaaunsnssse i dauvieanefidy

Batch File for Reconstruction (RECONB1.BAT)
@ECHO OFF
IF "%1" == "* GOTO USAGE
IR "%2" == "* GOTO USAGE
GOTO SETVAR
:USAGE
BCHO Usage: RECONBI PrjFilename.Ext ImgFilename.Ext.
GOTO END
:SETVAR
IF "®%SETVARFLAG%" == “1* GOTO RECON
ECHO Setting Reconstruction environment 's variables.
SET NUMDET=243
SET NUMPRJ=180
SET D=60
SET B=3.6
«SET FILTER=2
SET FILTERFILE=C\CTSYSI\BIN\HAM.FIL
SET FILERECON=C:3SRECONS
SET IMGSIZE=256
SET POSCALIBFILE=C\CTSYSI\DATA\CALIB\LPCALIB.CLB
SET SETVARFLAG=1
:RECON
@EBCHO OFF
ECHO Please check these environment 's variables
ECHO NUMDET=%NUMDET%
ECHO NUMPRJ=%&NUMPRI%
ECHO D=%D%
BCHO E=%E%
ECHO FILTER=%FILTER% ; 1 = Rectan., 2 = Hamming.
ECHO FILTERFILE=%FILTERFILE% ; Filter s filname, include extension.
ECHO FILERECON=%FILERECON% ; Temporary ‘s filenames, exclude extension.
BECHO IMGSIZE=%IMGSIZE% ; %$IMGSIZE% x %IMGSIZE%
ECHO POSCALIBFILE=%POSCALIBFILE%
ECHO Type Ctrl+Break to cxit this batch program,
ECHO And then usc SET command to change ennvironment's variables
REM PAUSE
REM
ECHO CORRPOS %NUMDET% %NUMPRI% %POSCALIBFILE% %1 %FILERECON%.$$0
CORRPOS %$NUMDET% %NUMPRJ% %POSCALIBFILE% %1 %FILERECON%.$50
REM
ECHO BLOG #NUMDET% %NUMPRJ% %FILERECON%.550 %FILERECON% .$$1
BLOG %NUMDET% %NUMPRJ% %FILERECON%.$50 %FILERECON%.5$1
REM
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B&:HO MODIFANS $NUMDET% %NUNii’RJ% %D% %E% RFILERECON%.$$1 %FILERECON%.$$2
MODIFANS %NUMDET% %$NUMPRI% %D% %E% %FILERECON%.$51 %FILERECON%.$52

REM

BCHO GENFILT %FILTER% %D% %E% %FILTERFILE%

GENFILT %FILTER% %$NUMDET% %D% %E% %FILTERFILE%

REM

ECHO CONVOLP1 $NUMDET% %NUMPRI% %FILTERFILE% %FILERECON%.$$2 %FILERECON% 383
C:}PLOPRG\CONVOLPI ENUMDET% %NUMPRJ% %FILTERFILE% %FILERECON%.$$2 %FILERECON%.$$3
REM

ECHO STEP31 %NUMDET% %NUMPRJ% %IMGSIZE% %D% %E% %FI.ERECON%.$$3 %2
CAPLOPRG\STEP31 %NUMDET% %NUMPRI% %IMGSIZE% %D% %E% %FILERECON%.$$3 %2
TINIT

IMGDISP %2

REM DEL $5*.35?

:END
Back-Projection Program (STEP31.C)
/ vern /
/* Filename : STEP3.C Version 1.00 ; Complied with : STEP3.PRJ *
/* Compilier : TURBO C Complier Version 2.0 o/

/* This file is the Equi-spacc fan-beam Backprojection routine. */

/* For PL. Processor PL800. *
/* Create by : Akharin Khunkitti */
% on : June 15, 1990 /)

I !
#include <stdioh>

#include <stdlibh>

#include <alloch>

#include <dos.h>

#include <math.h>

#include <float.h>

#include <limits.h>

#include <timeh>

#include <conio.h>

#include "C:\PLC\PLLIB.H"

#define FP_PHADR(fp) (unsigxlled long)\
(((unsigned long)(fp) & OxFFFFO000L) >> 120\
+ ((unsigned long)(fp) & OxFFFFL)')

#define FP_PAGE(fp)  (unsigned)((FP_PHADR({p)) >> 16)

#define FP_POFF(fp)  (unsigned)((FP_PHADR(fp)) & OxFFFFL)

#define PI M_PI

#define MAX_IMGSIZE 2048

#define TRUE 1

#define FALSE 0

#define PLPATH "C:\PLCWPLLIB.15"

#define PLPORT 0x318

#define PEL32 4

#define dmachn 0 }
#dcfinc pbk0l 0

#define pbkll 1024

/* main() variables */ .

float far * far *image, far * far *prjin;
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unsigned char far * far *dimg;

int numprj, imgsize, nundet, ix, mexprj;

unsigned long int numpix, numdall;

float prjwidth, pixwidth, xrtoimg, reconar, xymax, xymin;
FILE *fpin,*fpout,*fpout2;

struct time time] time2;

float timelongtimetotal,f;

/* Variables ¥/
static int plbuf[4096];
float beta, sinbeta, cosbeta, betastart, betaskip, y;

int numstart, numskip, numperskip;

unsigned int endchk;

7

/* From Filensme : BAKFESP.C Version 1.00 ; Comnplied with : BAKFESP.PRJ ’ ./

/* Complier : TURBO C Complier Version 2.0 *)
/* This file is the Equi-space fm-bcam'Backprojedion routine. ¥/
/* For PL Processor PL80O. i
./‘ This file must be linked and called by other program. o |
/* Create by : Akharin Khunkitti */
I* on : June 12, 1990 */

i

/* PL address pointers */

unsigned int /* Data Area ¥/

pa, pb, pQstart, pQstep, pdiv, pmul, pKlist, pQ;

unsigned int /* Working Area */

psd, pyd, pcb, pysb,
pibuf, pU, ps_, px, pQ_, pxstart;

initpl(int pl)

{

plinit(dmachn, plbuf, sizcof(plbuf));

plslib(PLPATH);

plspre(pl, PLPORT, pbkOl, pbiil);

}

cﬂkprocels(l‘int qleft*)) ’ N

{

/* if ( queleft > 0 ) retumn(plekm());

¢lse return(-1); */

retumn(plekm());

}

bakfesp(float far * far *img, float far * far *prj, float D,

float a, float b, float xstart, float ystart,

int ni, int nd, int nv, int nvstart, int nvskip, int bprj)

/

/* bakfesp parameters : ¥

/* **img : Pointer of image array (img([nil{ni]) ./ [y
/* **prj: Pointer of filtered projections (prj[nv][nd]) */

/* D : Distance between X-Ray source and center of irage (or object)*/

/* E : Diagonal distance from image-center to angle of image array */

I* s0 image size is sqrt(2)E*sqrt(DE . */

/* a :Interval of sampling projection. { a = 2*E/(nd-1) ) */
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/* b Interval of pixel image. ( b = sqrt(2)*E/(ni-1) ) */

/* D, E, aand b arc in millimeter (mm.). */
/* ni : Size of all image array (img) ni*ni. */
/* nd : Number of d s of each projection(prj). *
/* nv : Number of all projections(prj). */

/*  xstart ; started value of X's image-axis to be backprojected. */

/* ystart : started value of Y's image-axis to be backprojected. */

/* divimg : Divider of image (before backprojection). */

/* mulimg : Multiplicr of image (after backprojection). ./

/* nvstart : Projection ‘s number to start backproject (O:first). */

/* nvikip : Number of projections to be skipped whilo backprojecting. */
/* bprj : Number of projections have been backprojected. */

int iQ; .

int nx, next, last, inext, ilast, numbuf, numarray, nQ, queleft;
float far *fptr;

fioat divimg, mulimg;

unsigned int hpage, hpoff;

initph(Q);

nx = ni;

numarray = ni;

nQ = (int)((nv - nvstart - 1)/(avskip+1)) + 1;

/* define data arca ‘s addresses */

#define dbk0 0x0400
#define dbkOl 14080 /* (0xEQ00 - 0x0400)/4 */
#define NR 14

numbuf = ( (dbkO0l) - nd*nQ - 4*nx - NR V/nx;
Jf ( numbuf <= 1) return(-1);
if ( bprj > nv ) return(-4);
smulimg = 2.0*PY/(float)(bprj + nQ);
divimg = ( bprj == 0) ? 1.0 : 2.0*PI/(float)bprj;
a = dbk0;
pb = pa + PEL32;
pQstart =pb+ PEL32,
*sttep = pQstart + PEL32;
pdiv = pQstep + PEL32;
pmul = pdiv + PEL32;
*pKlist = pmul + PEL32;
PR = pKlist + PEL32*3;
/* define working 's arca addresses */
"#define stitadr  pQ + PEL32*nd*nQ
psd = strtadr;
pyd = psd + PEL32;
pcb = pyd + PEL32;
pysb = pcb + PEL32;
pU = pysb + PEL32;
ps_ = pU + PEL32%nx;
PQ. = ps_ + PEL32*nx;
pPx = pQ_ + PEL32*nx;
pibuf = px + PEL32*nx;
endchk = pibuf + PEL32*nx*numbuf;

if ( endchk > OxEO00O ) return(-2);



/* Trensfer constant data */
xtonef(a, pa);
xtoncf(b, pb);
xtonef(-a*(nd>>1), pQstart);
xtonef(a, pQstep);
xtonef(divimg, pdiv);
xtonef(mulimg, pmul);
xtival(nd, nx, ni, nv, nQ, pKlist);
beta = 2.0°M_Pl/nv;
betaskip = beta*(nvskip+1);
betastart = bota*nvstart;
/* Transfer modificd projections (Q) */
for (iQ=0;iQ<aQiiQ+)
{
fptr = prjliQl;
hpage = FP_PAGE(fptr);
hpoff = FP_POFF(fptr);
plabto(hpage, hpoff, pQ+((iQ*nd)<<2), nd);
}
piwtxf();
vfieoe(pQ, pQ, nQ*nd)

pxstart = px;

3

xtoncf(xstart, pxstart);
viramp(pxstart, pb, px, nx);
plwtm();
/* Start parallel processing */
inext = ilast = 0; /* must be O to numarray-1 */
next =0;
last = numbuf;
queleft = numbuf;
while ( ilast < numarray )
{
if ( (queleft > 0) && (inext < numarray) )
{
if ( next >= numbuf ) next = 0;
/* datard(next, incxt); */
{
fotr = imginext);
hpage = FP_PAGE(fptr);
hpoff = FP_POFF(fptr);
plabto(hpage, hpoff, pibuf+({(ncxt*nx)<<2), nx);
}
/* waitforquenc(); */
{
/* Nothing because regprocess has routine checking queue. */
}
/* reqprocess(next); */
{
vficee(pibuf+((next*nx)<<2), pibuf+((next*nx)<<2), nx); *
if (bpj>0)
vsdivi(pdiv, pibuf+((next*nx)<<2), pibuf+((next*nx)<<2), nx);
y = ystart - b*inext;
for (1Q=0 beta=betastart;iQ<nQsiQ++ beta+=botaskip)
{
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#define NUMPROCESS 12
#define NUMQUEUE 32
/* beta = iQ*betaskip + betastart; */
sinbeta = sin(bota);
cosbota = cos(beta);

while ( NUMQUEUE - pickmn()) < NUMPROCESS );

/* Move scalars to PL */
xtonef(sinbeta/D, psd);
xtonef(1.0 - (y*cosbeta/D), pyd);
xtonef(cosbeta, peb);
xtonef(y*sinbeta, pysb);

/* U = X*(sin(beta)/D) + [1-(y*cos(beta)/D)] */
vsmsad{psd, px, pyd, pU, nx);

* S_ = [X*cos(beta) + y*sin(beta))/U */

vsmsad(pcb, px, pysb, ps_, nx); /* ps. = pcb*px + pysb */

vdivr(ps_, pU, ps_, nx); /*ps_ =ps_IpU
/* Lincar interpolation of Q for S_ */

Intrpe(pQstart, pQstep, pQ+((iQ*nd)<<2), ps_, pQ... pKlist);

FU =U*U

vsqare(pU, pU, nx);
PQ=QU;U=UUY

vdivr(pQ_, pU, pQ_, nx);
/* Image = Image + Q_ ; Q_ = Q_/(U*U) ¥/

vadd(pibuf+((next*nx)<<2), pQ_, pibuf+({next*nx)<<2), nx);

)

vsmul(pmul, pibuf+((next*nx)<<2), pibuf+((next*nx)<<2), nx);

vticee(pibuf+({(next®nx)<<2), pibuf+((next*nx)<<2), nx);

}
inext++;
next++;
queleft--;
}
if ( (chkprocess(/*queleft*/) == 0) && (queleft < numbuf) )
{
if ( last >= numbuf ) last = 0;
/* datawr(ilast, last); */
{
fptr = img[ilast};
hpage = FP_PAGE(fptr);
hpoff = FP_POFF(fptr);
plabfm(pibuf+((last*nx)<<2), hpage, hpoff, nx);
}
ilast++;
last4+;
queleft++;
}
if ( (queleft > numbuf) Il ( queleft < 0 ) ) retumn(-3);
)
plwtm();
piwtxf(;

return(0);

main(arge,argv)
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int argc;
char *argv[};
{
int i, j, prjcount, code;

float XX,min,max;

if (arge != 7+1)

{
printf(" Usage : STEP3 #NumDet #NumPrj #ImgSize #D #Bn")

printf(" PrjFile.Ext ImgFile.Ext\n");
exit(1);
)
#define argnumdet 1
#define argnumprj 2

#dofine argimgsize
#define argD
#define argE
#define arginfile

FURE - Y N N

#dofine argoutfile

numdet = atoi(argv{argnumdet]);

numprj = atoi(argv{argnumprj])

imgsize = atoi(argv[argimgsize]);

xrtoimg = atof(argv[argD]);

reconar = atof(argv[argEl):

if ( numdet <= 0)

{
printf(" ERROR : #NumDet (%d) must be positive integer\n",numdet);
exit(1);

1

if ( numprj <= 0 )

{
printf(" ERROR : #NumPrj (%d) must be positive integer\n” numprj);
exit(l);

}

if ( imgsize <=0)

{ .
printf(" ERROR : #ImgSize (%d) must be positive integer\n” imgsize);
exit(l);

}

if ( imgsize > MAX_IMGSIZE )

{
printf(" ERROR : #ImgSize (%d) must be less than %d\n" MAX_IMGSIZE),
exit(1);

}

numpix = (

igned long int)((unsigned long)imgsize®(unsig d long)irngsize);

dall = (unsigned long int)((ansigned longnumdet®(unsigned long)(numpr));

pixwidth = sqrt(2.0)*reconar/(float)imgsize; /* b */
prjwidth = 2*reconar/(float)(numdet-1); ra*

xymax = pixwidth®(imgsize/2 - 1);

xymin = pixwidth*(-imgsize/2);

numperskip = (dbkOl - (4+3)%imgsize - NR)/numdet;
numskip = numprj / numperskip;

numperskip = (int)(numpsj/(numskip+1));

maxprj = (int)((nurmprj - 1)/(numskip+1)) + 1
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if ( (prjin=(float far * far *)
faroalloc(maxprj, sizeof(float far *))) == NULL )
{
printf(" ERROR : Not enough memory\
#NumPrj (%d) is too large\n", numprj);
exit(1);
)
for (i=0;i<maxprj;i++)
{
if ( (prjin{i}=(float far ')flrcallog(numdct,sizcof(ﬂont))) == NULL )
{
printf(" BRROR : Not enough memory\
#NumbDet (%d) is too large\n”, numdet);
exit(1);
}
)
if ( (image=(float far * far *)
farcailoc(imgsize, sizeof(float far *))) == NULL )
(
printf(" ERROR : Not enough memory. #ImgSize (%d) is too largeNn®,
imgsize);
exit(1);
}
if ( (dimg=(unsigned char far * far ¥)
farcalloc(imgsize, sizeof(unsigned char far *))) == NULL )
{
printf(" ERROR : Not enough memory. #ImgSize (%d) is too large.'\n".
imgsize);
exit(1);
}
for (i=0;i<imgsize;i++)
{
if ( (imago[i}=(float far *)farcalloc(imgsize,sizeof(float))) == NULL )
{
printf(" ERROR : Not enough memory. #lmgSize (%d) is too largen”,
imgsize);
exit(1);
}
if ( (dimg[i)=(unsigned char far *)
farcalloc(imgsize,sizcof(unsigned char))) == NULL )
{
printf(* ERROR : Not enough memory. #lmgSize (%d) is too largen”,
imgsize);
exit(1);
}
}
/* Initial picture */
for (i=0;i<imgsize;i++)
{
Jfor (j=0;j<imgsize;j++)
{
imagefi){j] = 0.0;
}
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if ( (fpin=fopen(argv[arginfile],"rb")) == NULL )
{
printf(" ERROR : Cannot open input file : %s.\n" argv[erginfile]);
exit(1);
}
if ( (fpout=fopen(argv(argoutfile],"wb")) == NULL )
{
printf(" ERROR : Cannot open output file : %s.\n",lrgvfnrgwtﬁle]);
exit(1);
}
timetotal = 0.0;
initpl(0);
printf("™\n Starting Back-Projection from %d Projections..\n" numprj);
prjcount = 0; :
for (numstart=0;num start <enumskip;numstart++)
{
printf("\n Starting back-projection for image No.%d ( %d projections ).”, °
numstart+1, (int){(numprj-numstart-1)/(numskip+1)) + 1);
rewind(fpin);
for (ix=0,i=nnmstm;i<nnmprj;ix++,i+=nmnskip+l)
{.
if ( fseck(fpin, (long)(numprj-1-i)*(long)numdet*sizeof(float), SEEK_SET) 1= 0)
{
printf(" ERROR : Seok disk error on file %os\n" argvlarginfile]);
exit(1);
}
if ( (fread(prjin{ix],sizeof(float),nurmdet,fpin)) != numdet )
{
printf(" ERROR : Read disk error on ﬂle.%s.\n".argv[n{gir\ﬁle]);

exit(1);

}
gettimo(&timel);
if ( (code=bakfesp(image, prjin, xrtoimg, prjwidth, pixwidth, xymin, xymax,
imgsize, oumdet, numprj, numstart, numskip, pricount)) {= 0 )
{
printf("\n BAKFESP Routine error No.%d 110\n" code);
}
prjcount += (int)({(numprj-numstart-1)/(numskip+1)) + 1;
gettime({&time2);
timelong = 3600.0%(float)(tirne2.ti_hour - timel.ti_hour)
+ 60.0*(float)(time2.ti_min - timel.ti_min)
+ (float)(time2.ti_sec - timel.ti_sec)
+ 0.01*%(float)(time2.ti_hund - timel.ti_hund);
timetotal += timelong;
printf("\r Back-projection for %d projections was complete in %G seconds\n”,
prjcount,timetotal);
clreol();
} . s
printf("n");
min = image[0][0);
max = imagef0][0);
for (i=0;i<imgsize;i++)

{

91




for (j=0;j<imgsize;j++)
{
xx = imageli]j};
if (xx > max) max = xx;
if (xx < min) min = xx;
1
)
for (i=0;i<imgsize;i++)
{
if ( (fwritc(image(i),sizcof(float),imgsize fpout2)) = imgsize )
{
prifxtf(" ERROR : Write disk error #%d on file %os.\n”, i, argv[argoutfile]);
exit(1);
}
}
felose(fpout2);
f = 255.0/max;
printf(" Image scale factor = %G\n",f);
for (i=0;i<imgsize;i++)
{
for(j=0;j<imgsize;j++)
{
if ( imagefi](j] <= 0.0 ) dimg[i]{j] = C;
else dimg[i][j] = (unsigned char)(f*image[il{jl);
}
if ( (fwrite(dimgfi].sizeof(umigned char),imgsize fpout)) != imgsize )
{
printf(* ERROR : Write disk crror #%d on file %s\a”, i, argv[argoutfile]);
exit(l);
}
}
printf(" Image value Min. = %G : Max. = %G\n",min,max);
printf(" Total time = %G seconds.\n Each projection takes %G seconds\n”, timetotal timetotal/(float)numprj);
fclose(fpin);
fclose(fpout);
for (i=0;i<imgsize;i++)
{
farfree(dimgl[i]);
farfree(image(i]);
)
farfrec(dimg);
farfree(image);
for (i=0;i<maxprj;i++)
{
farfree(prjin(il);
)
farfree(priin);
1
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