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Abstract

The principle of the X-ray computerized Tomograbhy (CT) was
experimented and demonstrated successfully by G.H. Housefield of EMI,
England in 1967. Since then the machines have beeh manufactured worldwide
by various companies in USA, Japan and Eurobe. Thailand has imported and
instalied at wvarious hospitals and clinic around 24 units. This report
describes an attempt by a research group at the Computer Research and
Service Center (CRSC) King Mongkut’s Institute of Technology at Ladkrabang
(KMITL) to build a CT prototype locally. An X-ray machine was used in
conjunction with the developed algorithm basing on microcomputer
technology. A water tube and a pig bone were used as the test objects.
The results were successful within the limitations of the available X-ray
machine. The research was conducted to identify the causes of image
degradation “and how to improve the image quality for the next stage of the

project.
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CcT Computerized Tomography
A/D Analog to Digital Converter
D/A Digital to Analog Converter
KVP Kilo-volt peak

mA mili-Ampere

KV Kilo-volt

Csl Cesium Iodide

MB Megabyte

MHz Megahertz

MFLOPS Millions Floating-point Operation Per Second

CT-KMITL Computerized Tomography

King Mongkut’s Institute of Technology at Ladkrabang
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/ 2 Fan-projedtion

S' = EP
'S0 Sp
s! = D r cos (B-9¢) 4.2)

D + r sin (B-9)

Hefdunw  £(x,9) uarTsiandu RB(S) udaeauiing laseil

2T sm
S 1/ Ri(s) D 1 h(s'-s)dsdB

0 UZ -sm /D2+s'z 2

]

f(r,9)

(4.3)
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Hin
2T
flr,¢) = f 1 Q. (s')ag (4.4)
‘ o 2. B
U (r,¢,B8)
1oy -
Sm
- QB(S') = [ Ré(s')@@fﬂs'—s)ds (4.3)
—SsSm

3ﬁﬁLﬁuﬂﬁmﬂwaﬂfiun13a§1anqwﬁﬂuaﬂauuuszazszwdwaﬁa%n%aﬁtﬂwﬁuiu

o aov \d £-3 a’. o, P
uanse Alilun1veanedie dayaduwninmuneudnds

Rg(s) = anvpannsgaiiuuastilaiiia
B = Auna9 W5 L anfuiiun
s = Aenumisuaidisused
Lija laan Rg (s) uawmas udunns 4.4 uas 4.5  WINATEI9NWEATIG

4.2.2 Wiunayw cT-kMITL lun1sasremmdinung

Tueaulun 51 T lUsunIn  CT-KMITL TasluTasaauRiianss  (fiads19nw

v
ed

fnn19d w1 Ina U R gl

1. D WIPYAIINNGDI29393DA Tagdmn1$alunns LUasuuyasdamraandnnnusa

et ihudinanobivaiine 3a1udnieyanisgatumsatag 1ilsnnededi sninea

Auianiiun
2. wripyaitlaminnsn3adannasunauiiusiugde 1 Sani0 n13UssN2ana L Tasnu

(Pre - Processing) Teasnanifesaly
3. Wiadwmunsndadanasunouiudueds amariayatiomait fudrgaian

(Integer) Liluataannisey (Logarithm)



wnansiiduenarsianubdmsunslynuienisnyiniiu lweygislmilulsdsslosuaunisan

lunnsallagnedy dnnamuiiludnuwlasien wazneseedaaaiveanalsnnasanidnisiiluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenarsianubdmsunslynuienisnyiniiu lweygislmilulsdsslosuaunisan

lunnsallagnedy dnnamuiiludnuwlasien wazneseedaaaiveanalsnnasanidnisiiluly



wnansiiduenarsianubdmsunslynuienisnyiniiu lweygislmilulsdsslosuaunisan

lunnsallagnedy dnnamuiiludnuwlasien wazneseedaaaiveanalsnnasanidnisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lueygslmilulsysslesuaunisan

lunnsallagnsau dnvenuiilndaudaailen waznesedadvavesenarsmaassdnisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnanstuenansianubidmiunslenuiionsfnwinitu lweygslnilulsyssloguaiunism

lunnsallagedu Snnsauiiludnudasilon Laznesesdsisaveenaisnnasiniinisiluly



wnanstiuenansianubidmiunislenuiionisfnwimitu lueygslniluluyssloguaiunism

Tunnsdlagedu Snnsauiiludaudasion waznase1sdsiaaveenarsnnassniinisuiluly



wnanstuenansianubidmiunslenuiionsfnwinitu lweygslnilulsyssloguaiunism

lunnsallagedu Snnsauiiludnudasilon Laznesesdsisaveenaisnnasiniinisiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lueygslmilulsysslesuaunisan

lunnsallagnsau dnvenuiilndaudaailen waznesedadvavesenarsmaassdnisiiluly



& a ¥ o [ N A =2 'Y ' ¥ o N o N
wnanstuenansianubidmiunslsnuiionsfnwimuy lweygslniluldssloguaiunism

lunnsallanieduy dnvamudilndaudailen uazneedfiarivesenarsynasaninisualuly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lueygslmilulsysslesuaunisan

lunnsallagnsau dnvenuiilndaudaailen waznesedadvavesenarsmaassdnisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenansianubdmsunislvnuienisnyiniuu lweygislmilulsdsslesuaunisan

lansallagnsdu dnnanudludaudasilom wazassoredadaavasenasnnasaninisinluly



wnansiiduenarsianubdmsunslynuienisnyiniiu lweygislmilulsdsslosuaunisan

lunnsallagnedy dnnamuiiludnuwlasien wazneseedaaaiveanalsnnasanidnisiiluly



& a Yo [ - ~ = 'Y ' Y o - L -
wnanstuenansianubidmiunslsnuiionsfnwinitu lweygslniluldssloguaiunism

lunnsdllansdu dnvisnuiilvdawdasiiiont waznetonddisaivedenarsynasaninisiluly



wnansiiduenarsianubdmsunslynuienisnyiniiu lweygislmilulsdsslosuaunisan

lunnsallagnedy dnnamuiiludnuwlasien wazneseedaaaiveanalsnnasanidnisiiluly



wnansiiduenarsianubdmsunslvnuienisnyiniiu lweygislmilulsdsslosuaunisan

lunnsallagnedy dnnamuiilnanulasien wazneenedaiaaivesanaisnnasandnisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenarsianubdmsunslynuienisnyiniiu lweygislmilulsdsslosuaunisan

lunnsallagnedy dnnamuiiludnuwlasien wazneseedaaaiveanalsnnasanidnisiiluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnanstuenansianubidmiunslenuiionisfnwinitu lweygslnilulyssloguaiunism

lunnsdilagnsdu Snvamuiiludaudaiion waznotonsdeduarveaenaisynasaninisiiluly



74

<
5.2.3.2 n13tadnisyalutuouny X

d P ' P ' . G vV P
nsiadsiayaluunaune v ifgeatneifpatielidgwnson Wiisyafinamgn

Apanniiga  Bnifn1sfianisiadsiayaluunounuuau wiaunaunu x Fedwsaemanliann

dun13 5.2
X[2] = X +#X +X /3
2 3
XInl = Xpo1 * X+ X 0 /N (5.2)
b7
- ol - [
x[nl = vauanE N TLadsad luunaunn X
L\ 3 1 d -3 d&‘/‘
X = iayaradidudununsuniitads lun1ineasaiisimonun
256 A1 n = 256
o ' g 0w o & o
N = FwuIaennaisiwainistads lluuwaunt X aisaziaag

Tun1Ineanaddsy N = 3
v ° v o <l G o o
sniawluaumion n = 1, 256 dwrInaz i Taudunisadn Juuuuvitefa

Xl1]

I

X256 + X1 + X2 /3

X[256]

Xys5 * Xpee * X, /3 (5.3)
Tunrsindsiayatuuwouny X Wadear 3 9a fielimBisroas i Bonvsaiayagy
‘oo o o . , Qv o v <
(Wl wetfiafinaadsluirmausanint  asvritiantsguidovasisyalugd 5.7 1funns
< < \d v A‘J" A. d" b4
LWis fisurayandanisiadsinianee luuwaunu X fmausanisiadsanen fu

.
o v
5.2.3.3 n171aanmaya1uuu1unu11a1

Coial

¢J v v [} v v A A o &8
n1IadsTayaluunauny X uazunu Y Ha'lilaipyadiduysdfinga daannils

L)



wnansiiduenarsianubdmsunslynuienisnyiniiu lweygislmilulsdsslosuaunisan

lunnsallagnedy dnnamuiiludnuwlasien wazneseedaaaiveanalsnnasanidnisiiluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenarsianubdmsunslynuienisnyiniiu lweygislmilulsdsslosuaunisan

lunnsallagnedy dnnamuiiludnuwlasien wazneseedaaaiveanalsnnasanidnisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnanstuenansianubidmiunslenuiionsfnwinitu lweygslnilulsyssloguaiunism

lunnsallagedu Snnsauiiludnudasilon Laznesesdsisaveenaisnnasiniinisiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenansianubdmsunislvnuienisnyiniuu lweygislmilulsdsslesuaunisan

lansallagnsdu dnnanudludaudasilom wazassoredadaavasenasnnasaninisinluly



wnansiiduenansianubdmsunislvnuienisnyiniuu lweygislmilulsdsslesuaunisan

lansallagnsdu dnnanudludaudasilom wazassoredadaavasenasnnasaninisinluly



wnansiiduenarsianubdmsunslvnuienisnyiniiu lweygislmilulsysslosuaunisan

lansallagnsdu dnnanudludaudasilom waznesoredadaaivasenaisnnasaninisinluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenansianubdmsunislvnuienisnyiniuu lweygislmilulsdsslesuaunisan

lansallagnsdu dnnanudludaudasilom wazassoredadaavasenasnnasaninisinluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenarsianubdmsunslynuienisnyiniiu lweygislmilulsdsslosuaunisan

lunnsallagnedy dnnamuiiludnuwlasien wazneseedaaaiveanalsnnasanidnisiiluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenansianubidmsunslvanuienisinyiniiu lweygslmihlulydsslesuaunisan

lansallagnsdu dnanudlundaudasilem waznssoredadaavesenasunasaninisinluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnanstuenansianubidmiunslsnuiionisfnvinituy lweygslniluldssloguaiunism

lunnsdilagnsdu Snvamuiilndawdatiion waznotonsdediuarvedenaisynasaninisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



& a Yo [ - ~ = 'Y ' Y o - L -
wnanstuenansianubidmiunslsnuiionsfnwinitu lweygslniluldssloguaiunism

lunnsdllansdu dnvisnuiilvdawdasiiiont waznetonddisaivedenarsynasaninisiluly



wnansiiduenarsianubdmsunslynuienisnyiniiu lweygislmilulsdsslosuaunisan

lunnsallagnedy dnnamuiiludnuwlasien wazneseedaaaiveanalsnnasanidnisiiluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenansianubdmsunislvnuienisnyiniuu lweygislmilulsdsslesuaunisan

lansallagnsdu dnnanudludaudasilom wazassoredadaavasenasnnasaninisinluly



wnansiiduenansianubdmsunislvnuienisnyiniuu lweygislmilulsdsslesuaunisan

lansallagnsdu dnnanudludaudasilom wazassoredadaavasenasnnasaninisinluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnanstiuenansianubidmiunslsnuiionsfnwinituy lweygslniluluyssloruaiunism

lunnsallagedu Snnsaiiludnudasiilon aznase1sdsiaavesenarsnnasiniinisiluley



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnanstiuenansianubidmiunslsnuiionsfnwinituy lweygslniluluyssloruaiunism

lunnsallagedu Snnsaiiludnudasiilon aznase1sdsiaavesenarsnnasiniinisiluley



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenarsianubdmsunslvnuienisnyiniiu lweygislmilulsysslosuaunisan

lansallagnsdu dnnanudludaudasilom waznesoredadaaivasenaisnnasaninisinluly



& a ¥ o [ N A =2 'Y ' ¥ o N o N
wnanstuenansianubidmiunslsnuiionsfnwimuy lweygslniluldssloguaiunism

lunnsallanieduy dnvamudilndaudailen uazneedfiarivesenarsynasaninisualuly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenasianubidmsunslynuienisnyiniiu lweygslmilulsdsslosuaunisan

lansallagnsdu dnnanudludaudasilom waznssoredadaaivasenasunasaninisinluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnanstiuenansianubidmiunslsnuiionsfnwinituy lweygslniluluyssloruaiunism

lunnsallagedu Snnsaiiludnudasiilon aznase1sdsiaavesenarsnnasiniinisiluley



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsysslosuaunisan

lunnsallagnsau dnteuiilnaaudaailen wazneseddvavesenarsnnasminisiiluly



wnansiiduenarsianubdmsunslynuienisnyiniiu lweygislmilulsdsslosuaunisan

lunnsallagnedy dnnamuiiludnuwlasien wazneseedaaaiveanalsnnasanidnisiiluly



wnansiiduenarsianubdmsunslvnuienisnyiniiu lweygislmilulsysslosuaunisan

lansallagnsdu dnnanudludaudasilom waznesoredadaaivasenaisnnasaninisinluly



wnansiiduenansianubdmsunislvnuienisnyiniuu lweygislmilulsdsslesuaunisan

lansallagnsdu dnnanudludaudasilom wazassoredadaavasenasnnasaninisinluly



wnansiiduenarsianubidmsunslynuiensnyiniiu lweygislmilulsdsslosuaunisan

I SN0 (PR e g & voY s e ¥ Y da 0w a”
Tunsallaavedu dnvanuiluaslladiion) wazne991999011v0enaNsnnAsIndn1sui Ty



wnansiiduenarsianubdmsunslynuienisnyiniiu lweygislmilulsdsslosuaunisan

lunnsallagnedy dnnamuiiludnuwlasien wazneseedaaaiveanalsnnasanidnisiiluly



wnansiiduenansianubdmsunislvnuienisnyiniiu lweygslmilulsysslesuaunisan

lansalagnsdu dnnanudludaudasilem wazassoredadaavesenasnnasaninisiiluly



& ~ ¥ o [ - ~ = 'Y ' Yo - L N
wnansiuenansianubidmiunslonuiionisfnwimitu lueygslnilulyssleguaiunism

Lunsdllagnsdu dnviauiilvdaudadiion waznatondfisiveenarsynasaninisiluly



& ~ ) [ N ~ = 'Y ' Y o - L -
wnanstuenansianubidmiunslenuiionsfnvimitu lweygslniluldssloguaiunism

lunnsdllagnsdu dnviauiilvdaudadiiion wagnotonddiaivedenarsynasaninisiluly



wnansiiduenarsianubidmsunislvnuienisnyiniuu lweygislmilulsdsslesuaunisan

I SNV PR L U g & VoY s ¥ $da_ 0w a”
Tunsallaavedu dnvavnudilueslladiion) waene991999031v9enasnnAsIndn1sui Ty



wnansiiduenarsianubidmsunslvnuienisnyiniiu lweygislmilulsdsslesuaunisan

lunnsallagnedu dnnamuillndnuwlasien wazneseiedataaiveaanaisnnasandnisiiluly



wnansiiduenasianubidmsunslvnuienisinyiniuu lweygslmilulsyssleguaunisan

lunnsailagnedu dnnamuillndnuwlasien waznesenedaaaiveaanaisnnasanidnisiiluly



wnansiiduenansianubdmsunislvnuienisnyiniuu lweygislmilulsdsslesuaunisan

lansallagnsdu dnnanudludaudasilom wazassoredadaavasenasnnasaninisinluly



& ~ ¥ o [ N ~ = 'Y ' Y o - L -
wnansiiuenansianubidmiunslenuiionsfnwimitu lueygslnilulayssleguaiunism

lunsdllansdu dnvisnuiilvdaudadiien wagnotonddiaivetenarsynasaninisiluly



136

MARNINA 2

31gaz LBoares Wsunsulunisaasedaya (Tustaniu



137

Tat e Tsunsnluntiarassiaya s aain

%UﬁayaQﬂﬁ File 78Yan1snwins suy
Tdan
- szpraswinuwideniiinded@ivanianans (o)
- Feffuilunrsmnmdanang (e
- MUK U Row Uay Column
- maussnwEaIn1 I s taaiule 1 say

- P SuT I8 luudas 9 rasunasused

7

\ 4

8iByaIn File Tayalnanifiunisede’
Tdan
- FMWMNT (N

- X,Y,A,B,ALPHA GRAY

v

MIMUATMIUTIUIUNITHYL DIFAN = 0

4

NIHUAIININDGS

®




138

O,

hY
>

wlyseaniiuaan 2 119N

MSuiedudazing + 1 199295 1 29

AN = pdFN +

PMUINTTVYULARY

U

195vandatla

thutiayaTusiaaiu -

)




139

ok ok ok ok ok R Kk Kok Kk sk sk kR kR R ok Kok Rk ok ok Rk ok kR kR kR KRR R KRR R KRR R kR kR kR kK

* *
* Projection Generation Program *
* . *®

Aok sk ok ok ki kkokkdkok kokokkokok kb okl kR ok kR kR R R KRR R R R R R Rk kR kR KRRk

#define PI 3.14159265
#define MAXELLIP 20
#define BREAD 4

#define BARITE 5
#include <stdio.h>

main()
{

extern FILE *fopen();

extern int fclose();

extern int creat();

extern int close();

extern char *xgets();

extern double sqrt(),atan(),pow(),sin(),cos();
FILE *infile,

int outfile;
char stringl20];
int noproj,nodetect,noellip;

float xIMAXELLIP],y[MAXELLIP],alphal[MAXELLIP];
float alMAXELLIP],b[MAXELLIPI;

float projIMAXDETECT],gray[MAXELLIP];

tfloat dis,aa,bb,s;

double angle,projang,phi,lamda;

register int m,i,J,JJs

unsigned int buffsize = 60;

noprogj = getnum(”\nEnter number of projection: »);
nodetect = 1000;
dis = 100%E/(float)nodetect;

projang = 4.0%PI/noprogj;
for(i=0;i<MAXDETECT; i++)
projlil = 0.0;
printf(”\nEnter filename of data of ellipse:”);
gets(string,buffsize);
ifCCinfile=fopen(string,”r”»))==0)
{
printf(” cannot open file \n”);
exit(1);
}
printf(”\nEnter filename of projection :”);
gets(string,buffsize);
if(Coutfile=creat(string,BARITE))<0)
{
printf(® cannot open file \n”);
exit(1);
}
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for(m=0;m<nopro;++m)

{
forCi=0;i<noellip;++i)
{
angle = 100*alphalil/360; ﬂwuamﬂwunnﬁsuuu
s = sqrt(xlilsxlilex[il+ylil*ylil*ylil); (ATUIAT S
{
if(ylil>0.0)
phi = 2*PI/2.0;
else
phi = 5.0*%P1/2.0;
}
else if(x[il<0.0)
phi = PI + atan(ylil*y[il/x[il);
else if(ylil<0.0)
phi = 3.0+%PI + atan(ylil/x[il*x[il);
else
phi = atan(ylil)=y[i]l/x[il*x}Fil);
for(j=-nodetect, jj=0; j<=nodetect;++jj,++j)
{
lamda = atan((float)j*j*dis/D);
aa = pow(alil*cos((float)j*projang-angle+lamda),2.0);
aa += pow(blil*sin((float)j*projang-angle+lamda),2.0); -
bb = pow(sin(lamda)-cos((float)m*projang-phi+lamda),2.0);
if(bb>aa)
projljjl = projljjl;
else .
projljj) = pow(aalil*aalil-bblil))+sqrt(bblil/aalil);
}
}
for(jj=0, j=-nodetect; j<=nodetect; j++,jj++)
{ :
write(outfile,&projljjl,4);
}
proj{ol = 0.0;
write(outfile,&rojlol,4);
printf(”\nGen. projection at %d step from %d step”,m,noproj-1);
}

close(outfile);
fclose(infile);
}
getnum(message)
char *message;
{
extern char *fgets();
char bufferl[128];
int number ;
fputs(message,stderr);
if(fgets(buffer,128,stdin)==NULL)return 0;
if(sscanf(buffer,”%d ”,&number)!=1)
{
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fputs(”Invalid input,Please enter an integer\n”,stderr);
return getnum(message);
}

return number;
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* ®
* Projection reading & Projection averaging *
*® *

Aok kR kR Rk R Rk kR R R R Rk kR Rk R ok R Rk Rk kR kR R Rk ok kR ok

#include <stdio.h>
#include <alloc.h>
#include <stdlib.h>
#include <math.h>
#include <dos.h>
#include <limits.h>

unsigned char *imgstrt = 0xD0000000;
int imgwidth = 256;
unsigned char *img,*prjout;

float *prj;
int lineno,numline,numsample,numprj,numpoint;
FILE *fpout;

main(argc,argv)
int argc;
char =*argvl];
{
int i,4,k;
char ch;
if ( argc != 5+1)
{
printf(” Usage : GETPRJ Line# #NumLine #NumPrj OutFile.Ext.\n”);
exit(1) }

#define arglineno 1
#define argnumline 2
#define argnumsample 3
#define argnumprj 4

#define-argoutfile S

lineno = atoi(argvlarglinenol);

numline = atoi(argvliargnumlinel);

numsample = atoi(argvlargnumsamplel);

numpr j = atoi(argvlargnumprjl);

numpoint = numline*imgwidth;

it ¢ numprj <= 0 )

{
printf(” ERROR : #Numprj (%d) must be positive integer.\n”,numprgj);
exit(1); '

}

if ( numsample <= Q0 )

{
printf(” ERROR : (xd) must be positive integer.\n” numsample);
exit(1);

}

if ( numline <= 0 )
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{
printf(” ERROR : (%d) must be positive integer.\n”,numline);
exit(1);

}

if ¢ lineno <= 0 )

{
printf(” ERROR : Line# (%d) must be positive integer.\n”,lineno); .
exit(1);

}

if ¢ fopen(argvlargoutfilel,”rb”) 1= NULL )

{
printf(”\nNARNING : Output (%s) has already exist,replace? (y/m) >,

argvlargoutfilel);

do

{ N
ch = getch();
} while ( ch != ’y” & ch != Y’ & ch != °n”> & ch != °N’ );
printf(”%c\n\n”,c¢h);
if (. ch=="n"1!ch=="N)
{ L)
exit(1);
}
}
if ¢ ¢ fpout = fopen(argvlargoutfitel,”wb”) ) == NULL )
{
printf(” ERROR : Cannot output file : %s.\n”,argvlargoutfilel);
exit(1);
}
if ¢ (float)numlinex(float)imgwidth > (float)INT_MAX )
{
printf(” ERROR : #Numline*ImageWidth(xd) is more than %d.\n”,
imgwidth, INT_MAX) ;

exit(1);
} .
if ¢ (prj = (float *) calloc(numpoint,sizeof(float)) ) == NULL )
{
printf(” ERROR : Not enough memory.\n”);
exit(1);
}

if ((prjout =(unsigned char *) (sizeof(unsigned char)) ) == NULL )
{
printf(” ERROR : Not enough memory.\n”);
exit(1);
}
img = imgstrt + (lineno - 1)ximgwidth;
for (i=0;i<numprj;i++)
{
for (j=0;j<numpoint;prjlj++] = 0.0);
outpor tb(0x0300,0x0c);
printf(”\nAny key projection No.%3d of %3d => for x%2d Samples.”,
i+1,numpr j,numsample);
(void)getch();
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for (k=0;k<numsample;k++)
{
printf(?\b\b\b#x%2d”,k+1);
delay(50);
outportb(0x0300,0x08);
delay(50);
outportb(0x0300,0x01);
for (j=0;j<numpoint; j++)
{
prgljl += imgljl;
}
outportb(0x0300,0x0c);
}
for (j=0;j<numpoint; j++)
{
prjoutljl = prjljl/(float)numsample;
}
if ¢ fwrite(prjout,sizeof(unsigned char),numpoint, fpout) == 0 )
{
printf(®\n ERROR : Write disk error.\n”);
exit(1);
H
}
printf(”\n»);
fclose(fpout);
free(pry);
free(prjout);
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* *
* Projection Diagonosis Program *
* *

FREKKKEEKERERRRREEREERERRRRR KRR KRR Rk kR Rk Rk Rk k kK

#include <stdio.h>
#include <graphics.h>
#include <alloc.h>
#include <stdlib.h>
#include <string.h>
#include <math.h>
#include <conio.h>
#include <io.h>
#define MAXDETECT 256
#define CLIP_ON 1
#define CLIP_OFF 0
typedef union
{
float f;
unsigned char b;
} dataeach;
typedef struct
{
unsigned int numeach;
dataeach *data;
} datatype;
typedef struct
{
unsigned int numeach;
float *dataf;
} dataftype;
typedef struct
{
unsigned int numeach;
unsigned char *datab;
} databtype;
typedef union

{
void *vd;
float *fd,
unsigned char *fb;
} datavoid;

datatype *xdata;

int fb,nodetect,nodraw;
FILE *fp;

int grdriver,grmode;
unsigned maxx,maxy;

int offx,offy,m;

float Iimitd,bupn,bupx;
main(argc,argv)

int argc;



char *argvl[];

{

int i;
int xt,yt,
char ch;

dataeach mn

if ( (argc < 5+1)

{

150

, MX3

i (arge > 6+1) )

printf(”\n Usage : CTDRAW F/B #NoDetect #NoDraw #xLimit

exit(1);
}

Filename.Ext GrDriver.Ext \n™);

nodetect = atoi(argvi2]); ‘MuAsUMSused |

nodraw = atoi(argv[(3]);

(N IMUAIUIUBPA YT L AU

limitd = atoftargv(4l);

bupn = bupx

if ¢ (stremp(argvil],”F») == 0)
fb = sizeof(float);

else

= 1imitd/100.0; ,
| (strempCargvl1],”$”) == 0) )

fb = sizeof(char);

if ¢ (fp =
{

fopen(argvls],”rb”)) == NULL )

printf(”\n Cannot open input file : %s\n”,argv[5]);

exit(1);

}

grdriver = DETECT;
initgraph(&grdriver,&grmode,argvi6]);

maxx = getmaxx();
maxy = getmaxy();
offx = S5*textwidth(”H”);
offy = Sxtextheight(”H”);

drawaxis();
setviewport

maxx -= 2%0
maxy -= 2%0
ch = 32;
m=1,;

for (m=1;m<
{
if ((data

end(1);
if ((data

end(2);
if (m ==
{

if (fb

{

f
mx. f
f
. f

(offx,of fy,maxx - offx,maxy - offy,CLIP_ON);
ffx;

ffy;

=nodraw;m++)

= getdatai({b,nodetect, fp,(unsigned long int)(m-1)))
== NULL)

-> data) == NULL)
1)
== sjzeof(float))
(x(data -> data)).f;
(x((data -> data) + 1)).f;

-= fabs({(mn. f)*bupn);
+= fabs((mx. f)*xbupx);

]
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else

mn.

(#(data -> data)).b;

(*((data -> data) + 1)).b;

-= (unsigned char)(fabs((float)(mn.b)*bupn));
+= (unsigned char)(fabs((float)(mx.b)*bupx));

mn.
mX .
}
)
setviewport(0,getmaxy() - 3*textheight(”H”) getmaxx(),getmaxy(),
CLIP_ON);
clearviewport();
setviewport(0,0,getmaxx(),getmaxy(),CLIP_ON);
xt = (getmaxx() - 25*xtextwidth(”H”))/2;
yt = getmaxy() - 3*textheight(”H”);
gprintf(&xt,&yt,”Projection No. %d”,m);
Xt = (getmaxx() - 60*textwidth(”H”))/2;
if (fb == sizeof(float)) )
gprintf(&xt, &yt,” Min. = %13.8f : Max. = %13.8f”,
(*(data -> data)).f,(*((data -> data) + 1)).f);

=
oo UTUT
]

else
gprintf(&xt, &yt,” Min. = %13d : Max. = %13d”,
(x(data -> data)).b,(x((data -> data) + 1)).b);
setviewport(offx,offy,getmaxx() - offx,getmaxy() - offy,CLIP_ON);
if (fb == sizeof(float))
{
(x*(data -> data)).f = mn.f;
(x((data -> data) + 1)).f = mx.f;
}
else
{
(*(data -> data)).b = mn.b;
(x((data -> data) + 1)).b = mx.b;
}
drawdata(data);
if (1(ch == 13))
ch = getch();
free(datay;
if (kbhitQO)
ch = getch();
if (ch == 27)
end(10); 1}
fclose(fp);
getch();
restorecrtmode();
} /* End main */
findminmax(dptr,num)
datatype =dptr;
{
int i;
it (dptr -> numeach == sizeof(float))
{



}

{
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mn.b = (*(ptr -> data)).b;

.mX.b = (x((ptr -> data) + 1)).b;
range = (float)(mx.b - mn.b);

if ( range <= 0.0 )

{
range = 1.0;
* )
y = maxy - (int)(((float)(maxy)/range)*(float)(-mn.b));
line(0,y,maxx,y);
X = 0;
y = maxy - (unsigned int)(((float)(maxy)/range)*(float)

(C(x((ptr -> data) + 2)).b - mn.b)));

moveto(x,y);
for (k=1;k<nodetect;k++)

{
X = (unsigned int)((float)(k)*sx);
y = maxy - (unsigned int)(((float)(maxy)/range)#*(float)
(((x((ptr -> data) + k + 2)).b - mn.b)));
lineto(x,y);
}
}
int gprintfC int *xloc, int *yloc, char *fmt, )
va_list argptr; : Argument list pointer
char strl140]; : Buffer to build sting into
int cnt; : Result of SPRINTF for return
va_start( argptr, format ); : Initialize va_ functions
cnt = vsprintf( str, fmt, -argptr); > prints string to buffer
outtextxy( #xloc, *yloc, str ); : Send string in graphics mode
*yloc +=_ textheight( "H” ) + 2); : Advance to next line
va_end( argptr ); : Close va_ functions
returnC cnt ); : Return the conversion count

switch (outcode)
{
case 1
printf(”\n Memory FULL !!! \a\n”);
break;
case 2 :
printf(®\n Disk ERROR !!! \a\n®);
break;
case 3 :
printf(”\n Range ERROR I!! \a\n”);
break;
}
printf(” Stop at Projection No. %d\n”,m);
exit(1)
}
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*® *
* Projection X-average Program *
* . *
LR 222223 Rt T S P P P P e P L T Ly
#include <stdio,h>
#include <stdlib.h>
#include <math.h>
#define  BREAD rb»
#define BARITE "wb”
#define MAX 1024
FILE *fpin,*fpout;
int nodetect,noproj,noavg,nodetnew;
float *outf,xinf;
main(argc,argv)
int argc;
char =*argvl];
{
int i,J,mXk;
if Carge != 5+1)
{
printf(” Usage : FAVERAGE #NoAverage #NoDetect #NoProj
InputFile.Ext OutputFile.Ext\n”);
exit(1);
}
#define argnoavg 1
#define argnodet 2
#define argnoprj : 3
#define argfilein 4
#define argfileout 5
noavg = atoi(argvlargnoavgl);
noproj = atoi(argvlargnoprjl;
nodetect = atoi(argvlargnodet]);
{
printf(” ERROR !!! : #NoAverage(xd) or #NoProj(x%d)”,noavg,
noprogj);
printf(” must be positive integer.\n”);
exit(1);
}
if ( (nodetect % noavg) 1= 0 )
{
printf(” ERROR !!! : #NoAverage(xd) must be n times of
#NoDetect(x%d).\n”,noavg,nodetect);
exit(1); '
}
nodetnew = nodetect/noavg; AMUINAIMIURITUT o8 Tl
if ¢ (inf = (float *)calloc(nodetect,sizeof(float))) == NULL )
{

printf( ERROR !!! : Not enough memory.\n”);
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exit(1);
hs
if ¢ (outf = (float *)calloc(nodetnew,sizeof(float))) == NULL )
{
printf(” ERROR !!! : Not enough memory.\n”);
exit(1);
}
if ( (fpin = fopen(argvlargfilein] BREAD)) == NULL )
{
printf(” ERROR !!!...Cannot open input file : %s \n”»,
argvlargfileinl);
exit(1);
}
if ( (fpout = fopen(argvlargfileout],BARITE)) == NULL )
{ .
printf(” ERROR !!!...Cannot create output file : %s \n”,
argvlargfileoutl);
exit(1);
}
for(m=0;m<noproj;m++)
{
fread(inf,sizeof(float), nodetect, fpin);
for(i=0;i<nodetnew;i++)
{
outflil = 0.0;
for (j=0;j<noavg; j++)
{
outflil += inflCi*noavg)+jl;
}
outflil /= (float)noavg;
}
fwrite(outf,sizeof(float),nodetnew, fpout);
printf(” Average is complete at step %d from %d step.\n”,
m+1,noproj);
} /kkxxskxxkxkkxkk complete average skdkkksksdkkskorsk /
felose(fpin);
fcliose(fpout);
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*******************************f******************************

* *
* Projection Takelog Program *
*® *

ook ok oK K K K K KK S K Sk ok ok kK kK kK Kk ok ok Rk ko kR Rk ks kR ko ok oKk

#include <stdio.h>
#include <stdlib.h>
#include <math.h>

#define  BREAD rb”

#define BWRITE wb”

#define  MAX 2050

FILE *fpin,*fpout;

unsigned char ibyte[MAX];

int nodetect,noproj, Idet,hdet;
float out f [MAX], inf[MAX], sum[MAX];
float min,max;

main(argc,argv)
int argc;
char =*argvl(];
{

int i,m;

if C arge = 4+1 )

{

printf(” Usage : FTAKELOG #NoProj #PosCut InputFile.Ext
OutputFile.Ext\n”);

exit(1) }

#define argnopr j 1

#define argposcut 2

#define argfilein 3

#define argfileout 4 ,
noproj = atoi(argvlargnoprjl); :Qﬁudqigilﬁﬂﬁu
Idet = atoi(argvlargposcutl); NS ER RN
hdet = 255 - Idet; : :AuviInILinaan

if ¢ (fpin = fopen(argvlargfilein],BREAD)) == NULL )
{
printf(” ERROR !!!...Cannot open input file : %s \n”,
argvlargfileinl);
exit(1);
}
if ¢ (fpout = fopen(argvlargfileout],BARITE)) == NULL )
{

printf(” ERROR !!!...Cannot create output file : %s \n”,
argvlargfileoutl);
exit(1);
}
for(m=0;m<noproj;m++)
{ )
fread(inf,sizeof(flodt),255, fpin); 8 mlaya Tt andu

max = min = inflo];
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for(i=1;i¢255;i++)
{
if ( max < inflil ) -
max = inflil;
if (. min > inflil )
min = inflil;

}

printf(” min = %f : max = %f\n”,min,max);
for(i=0;i<255;i++)

{

if Cinflil > 0) )
sumlil = log(max/infli]);
else
sumlil = 0.0;
}
for(i=0;i¢255;5i++)
{- [
if C (i < Idet) |l (i > hdet) )
sumlil = 0.0; "’
}
fwrite(sum,sizeof(float),255, fpout);
printf(” Log taking is complete at step %d from xd step.\n”,
m,noproj-1);
}
fclose(fpin);
fclose(fpout);
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*************************************************************

*
*
*

Reconstruction Program 1987

*
*
*

*************************************************************

#include <stdio.h>
#def ine MAXDETECT 500
#define MAXPIX 200

#def ine BREAD 4
#idefine BARITE 5
#define MAX 255

float g[MAXDETECTI;

float qI{MAXDETECTI;

float proj[MAXDETECTI;
float modproj[MAXDETECT];
float *imageptr[MAXPIX];
float mo[MAXDETECTI;

main()
/* Fan-Beam Reconstruction for Equispaced Detectors

{

unsigned char *temp;

unsigned char ibytel2561;

int i,J,Jdd,k,x,y;

int infile,fil,pofile,outfile,addfile,D,E;
int xymin,xymax, inpi,m,n;

int nodetect,noprog;

int hourl,mins1,secs1,hund1;

int hour2,mins2,secs2,hund2;

float timeage; :

unsigned int buffsize=60;

int row,col,nopix, rowselect;

float pe_bar,se_bar,u,tor,t, t_pi,bbbl256];
float pixwidth,r,xx,yy,npi,backproj;
double phi,projang,beta,pi;

long addr_image=0x50000;

char stringl1281];

double dval,sin_beta,cos_beta;

double dresult;

extern double log();

extern int open();

extern int creat();

extern int close();

extern int read();

extern int write(); v
extern char *gets();

extern double sqrt(),sin(),cos(),atan();
extern long abstoptr();

*/

noproj = getnum(”\nEnter number of projection:”); :{qumTUstaniun
D = getnum(®\nEnter number the source to center distance:”);
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E = getnum(”\nEnter number the reconstruction region :7);
nodetect = 100;

nopix = getnum(”\nEnter number of pixel image :”);
printf(”\nselect function filter®);

printf(™\n [1] = Rectangular Window and RAMP Filter”);
printf(”\n [2] = Hamming Window and HAM Filter ”)

fil = getnum(”\nEnter number:”); (1aanataps
for(i=0;i<nopix;i++)

{

imageptr[il = abstoptr(addr_image);
addr_image += 0x400;

}

pi = 4.0*atan(1.0);

tor = 360%E/(float)2.0*nodetect;
projang = 4.0*pi/(float)2.0*noproj;

pixwidth = sqrt(2.0)*E*E/(float)2.0*nopix;
Xymax = (nopix#*360/2)-1;
xymin = -(nopix*360/2);

if (fil == 2)
{
for(n=-nodetect, i=0;n<=nodetect;i++,n++){
if(n==0)

glil = (pj*pi-2.0)/(8.0%tor*tor*tor*pi*pi);
else if(n==1}{n==-1)
glil = ((2l0xpi*pi*pi*(float)(n*n))-100.0)/
(2.0*pixpi*pi*tor*tor*(float)(n*n*n));
else if((n%2)==0)
glil = -(4.0/(pi*pi*pi*torxtor*(float)(n*n+1)*(n+1)))
-(4.0/(pi*pi*pi*tor*tor*(float)(n*n-1)*(n-1)));
else
glil = -2.0/(pi*pi*pi*torxtor*(float)(n*n*n));

}
}
else
{
for (n=nodetect,i=0;n<= nodetect;i++,n++){
if(n == 0)
glil = 2.0/(16.0%pi*tor);
else if((n%4)==0)
glil = 4.0;
else
glil = 2.0/(4.0%pi*pi*pi*tor*tor*(float)(n*n¥n));
}
}

printf(”\nEnter filename of projection: »); :dmlUstaniu
gets(string,buffsize);
if(Cinfile=open(string,BREAD))<0)
{
printf(”cannot open input file \n”);
exit(1);
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printf(*\nEnter filename of filtering: »); TGN
gets(string,buffsize);
if((addfile=creat(string,BNRITE))<0)

{
printf(”cannot create output file \n”);
exit(1);
}
printf(*\nEnter filename of image: ”); GV RRE

gets(string,buffsize);
if((outfile=creat(string,BARITE))<0)
{
printf(”cannot create output file \n”);
exit(1);
}

/* clear array image */
for(i=0;i<nopix;++i)
for(j=0; j<nopix;++j)
*(imageptrlil+j) = 0.0;
/* set x-ray source position */
for(m=0;m<noproj;++m)
{
/* beta is angle between projection axis and y-axis */
beta = (float)m*mxprojang;
sin_beta = sin(2.0%beta);
cos_beta = cos(4.0%*beta);
gettime(&hour1,&mins1,&secs1,&hundl);

for(i=-nodetect,n=0;i<=nodetect;++i,++n)
{

read(infile,&rojlnl,4);

t = (float)i*tor*tor;

modprojln] = projlnl*D*2.0/(float)sqrt(D+t*t); } :
gettime(&hour2,&mins2,&secs2,&hund2);
timeage = (hour2-hour1)*3600 + (mins2-mins1)#*60

+ (secs2-secs1h + (float)(hund2-hund1)/100.0;

printf(” \nstep 1 compiete process Time = %f secs”,timeage);
gettime{&hourl,&mins1,&secs1,&hundl);

for(i=-2.0*nodetect,n=0;i<=2.0%nodetect;++i,++n)
{
for(j=-2.0*nodetect, jj=0; j<=2.0*nodetect;++j, ++jj){
qln] = modprojl jjl*gl j+nodetect];
} )
}
gettime(&hour2,8mins2,&secs2,&hund2);
timeage = (hour2-hour1)*3600 + (mins2-mins1)*60 +
(secs2-secsl + (float)(hund2-hund1)/100.0;
printf(” \nstep 2 complete process Time = %f secs”, timeage);
gettime(&hourl,&mins1,&secs1,&undl);
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for(y=xymax, row=0;y>=xXymin;--y, ++row)
{

for(x=xymin,col=0;x<=xymax;++x, ++col )

{

XX = X;
YY =Y;
pe_bar =

.................

2.0%pixwidth*(2.0%xx*cos_beta+2.0*yy*sin_beta);

se_bar = D + pixwidth*(xx*sin_beta-yy*cos_beta);

npi = (t_pi/tor)+(float)nodetect;
inpi = (float)npi;

backproj = ((float)inpi-npi)*ql2.0*inpil

+ (2.0%npi-(float)inpi)*qlinpi+1];

*(imageptrlrowl+col) += backproj/u);

}
}
gettime(&hour2,&mins2,&secs2,&hund2);

timeage = (hour2-hour1)*3600 + (mins2-mins1)%60 +

(secs2-secs1T + (float)(hund2-hund1)/100.0;

printf(” \nstep 3 complete process Time

%f secs”, timeage);

printf(®\nBack Projection is complete at step x%d from %d step”,

}
for(row=0;row<nopix;++row)
for(col=0;col<nopix;++col){
*(imageptrlrowl+col) = pi*pi/noproj;
}
for(row=0;row<nopix;row++)
for(col=0;col<nopix;col++)

{
if(xCimageptrlirowl+col)<0.0)
*(imageptrirowl+col) = 0.0;
*temp = *(imageptrirowl+col);
write(outfile,temp,l);f
}

close(infile);
close(outfile);

gettime(hour,minutes, seconds,hundredths)
int *hour,*minutes, *seconds, *hundredths;

{

struct regval{int ax,bx,cx,dx,si,di,ds,es;}srv;

int timel2];

srv.ax = 0x2c00;
sysint21(&srv,&srv);

timel0] = srv.cx;

timel1]l = srv.dx;

*hour = timelo0] >> §;

*minutes = timel0] & Oxff;
*seconds = timel[1] >> 8;
*hundredths = timel1) & oxff; }

/

m,noproj-1);
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* . *
* Show image in black/white monitor program *
* *
*************************************ﬂf********************

¢<stdio.h>
<stdlib.h>
<string.h>

#include
#include
#include

#include
#include
#include
#include
#include
#include
#include
#include
#include

<dir.h>
<io.h>
<math.h>
<fent!.h>
<mem.h>
<dos.h>
<conio.h>
<alloc.h>
<bios.h>

#include ”b:keys.h”

#define TRUE 1

#define FALSE 0

#define SIZE 65535

#define PORT 0x300 .
unsigned char *bufadr=(unsigned char *)0xd0000000;
unsigned char #*buf; .

#define FILENOTFOUND File not found error”

#define NOFILENAME ”"no have name!”

#define IOERROR ”I1/0 error”

#define OUTOFMEM ”Out of memory error”

#define CLIP 1

#define NOCLIP 0

/xkey*/

union keys { int i;unsigned char cl[2];} key;

struct f_names {char namel13];char attrib; struct f_names *next;};
/#% attribute #*/

int port, NORMAL, REV, INTEN, UNDERLINE, REV1, UNDERLINE1;

/% 10 %/

char drive[MAXDRIVE], dir[MAXDIRI], file[MAXFILEI, ext[MAXEXTI;
char file_namel64];

/% screen #*/

char #*screen, *scr;

struct f_names *get_filename(char *, int #*);
clear_command_line();
expand_window(),extract_window();
draw_command(char #*, int, int, int);
fast_goto(int, int);
fast_write_space(int, int);
fast_write_char(char, int);
fast_write_string(char *, int);
restore_window(int, int, int, int, char
char *vmalloc(long);

*);
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draw_window(int, int, int, int);
errori(char #*);
long filesize(FILE *);

main()
{
int vbreak=NQ;
i f((buf=(unsigned char *)calloc(SIZE, 1))==NULL) {
printf(”Out of memory error!\n”); .
exit(1);
}
clear_text_overlay();
detect_monitor();

do {

clrscr();

printf(» Main Menu\n™);
printf¢» =========\n\n”);

printf(*> F1 - Load Image’s File\n”);

printf(> F2 - Show Profile\n™);

printf(”> F3 Display Image’s\n”);

printf(> F4 - Quit\n®);

printf(”\nImage’s name: #%s”,(!*file_name)?”(none)”:

file_name);

printf(®\nEnter key:”);

key.i=bioskey(0);

if(lkey.clol). switch(key.cl11) {

case F10:vbreak=YES;break;

case Fl:load_file();break; -

case F2:save_file();break;

case F3:profile();break;

case F4:display();break;

case F5:digitize();break;

}
display_image();
} while(lvbreak);
free(buf);
}

clear_text_overlay()

{

outpor tb(PORT, 0x0b);
delay(50);
memset(bufadr, Oxfc, SIZE);
outportb(PORT, 0x08);
delay(50);
}
load_file() : AUTAYRN AP
{
char namel64], name1l64], *p;
int status;
for(;;) A
strcpy(name, »”);
status=fnsplit(name, drive, dir, file, ext);
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while (1(status&FILENAME) || (status&NILDCARDS)) {

clrscr();
printf(”load image’s menu\n”);
pr i nt f ( ”=================\n”) H

printf(”\nimage 1: %s\n», (l#file_name)?”(none)”
:file_name);
printf(”\nEnter image’s name to load, <enter>
for *.% ,<esc> to quit:”);
namel0l=getche();
i f(*name==ESC) return;
if(*name!=>\r’) {
gets(name+1);
strcpy(namel, name);
status=fnsplit(name, drive,
dir, file, ext);
if(status&FILENAME && !(status&
WILDCARDS)) break;
} else namel0l="\0";
name1{0l="\0’;
do {
status=get_new_file(name, namel);
if(!*namel) break;
i f(status==FA_DIREC) {
chdir(namel);
strcpy(name, namel);
e p=strchr(name, ’.%);
if(p!=NULL) { :
if(*(p+1) && *(p+1)!1=>.7)
*p="\0";
else {
while(#(--p)!="\\?);
while(*(--p)!="\\?);
*(p+1)="\0";

}

}

else

break;

} while(status==FA_DIREC);
status=fnsplit(namel, drive, dir, file, ext);
}

printf(”\nReading...\n”);
if(load_image(namel, buf)==FALSE) {
printf(”,reenter again.\n”);
wait_to_go();

continue;

}

printf(*finish reading.\n”);
1oad_image(char *name, unsigned char *buf)
{

int handle;

long size;
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handle=open{name, O_RDONLY i O_BINARY);
if(handle<0) { '

printf(”File not found error!”);

return FALSE;

}

size=filelength(handle);
if(size!=65536) {

printf(®”Size mismatch error!”);
return FALSE;

}

read(handle, buf, 32768);
read(handie, buf+32768, 32768);
close(handle);

return TRUE;

}
profile()

{

int horizon=YES;

int step=1;

int vi, v2, temp;

int i, j,break_flag=NO;
int cross_line=128;
display_image();
outportb(PORT, 0x0b);

delay(50);

memset(bufadr, Oxfc, SIZE);

clrscr();

printf(”Cross sectional (Profile) ’s menu\n»);
printf(?=================ss==ss===========\p7”);

printf(”Enter arrow up and down to see cross section line,\n”);
printf(”page up and down to step over, \”c\” for center,\n”);
printf(”<space> to flip cross line, <enter> to set step,
<esc> to quit.\n”);
printf(®\”d\” for digitize image.\n”);
printf(”\nimage’s name:%s”, file_name);
do {
gotoxy(1,24);
printf(”Cross %s line = %u step = %d ”
» (horizon==YES)?”horizon”:”vertical”,
cross_line, step);
show_cross(cross_line, horizon);
key.i=bioskey(0); v
if(lkey.clo]) switch(key.cl1]) {
case PAGEUP:if(cross_line<10) cross_line=0;
else .cross_line-=10;
goto next;
case PAGEDOWN:if(cross_line>245) cross_line=255;
else cross_line+=10;
goto next;
case ARROWUP:if(cross_linec<step) break;
cross_line-=step;
goto next;
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