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d 
'U'VI'VI 1 

o 
'U'VI'U1 

1 tJU"lr.nJtJL 'VI rlUf'ln1 ~~ltJ') ru~~I'1fll~ t 'VI t~ n~IYll~ "mJl~1 H\J~:; trJ"Jl'IJ'f)£h'l , " 

LL~~~'tllrJ";'11 tJ'VI1'1n1~LL~'VIULL'tl:; 1 tJ'IltJ'f) 1n~1~m'~~ ~')~ ~'1 n1~ H1. tJ'I 1 tJ'VI 1'1 ~ltJn1~l11tJU1N • • • 

, , " 
"lJ'f)'1tJ~ t'l"JlUt'l(;]I'1 1 :n'l Li']tJ':SfiYi1 'IX r.J'tl~') t'l L~,) LL'tl:: hJl11'tllrJtJ~ t'l,rtJ~ n ~,)rJ ~::lJlJ~ LLntJLnlJ-if'f)~'tl , ." 

~1~flJ n1~~ltJ') ru~~I'1fll~ t 'VI t~ nnYl~H' rltJ'f)£hr') hJlY nil"lJtJl t'l 1 'tImJ LL'tl:;Lrl~'f)tJtflrJ hJ~:;t'l,) n 
" '" 

~'11~il LL tJ') rl,) 1 ~ ~ t'l~"l:;~ [;J.JtJ 1~:;lJlJ~ LLntJ~') rJ f'l ~ LLn~ ~ I"JlUt'l Lrl~ 'f)tJtf 1 rJ 1~ ~ 1~ flJ n1~~ ltJ') ru 

~~I'1fll~t'VIL~m'IYl~il"lJtJlt'lL~n LL'tl::~I~,rmlJl L~'tl1'IX~I~I~mrl~'f)tJtflrJ1tJ1-n'lltJ1tJ~(;]I'1 1 

, " 
~:;lJlJ~ LLntJLn lJ-if'f)~ 'tlYi~ [;J.JtJ l~tJ"l:;m ~ m~ozr n n1 ~~'1 f'l ~ LLn ~~ 1 ~ ltJtJ In" " , 

tJ In ~ [;]')'f)rJl'1~l11n1~In~,)"l~'f)lJ1 tJ~~ (;]1'11 LL~,)-Wl~1 ~ltJ') ru~h'lfll~ L 'VI t~ m'IYl tt'lrJ ttJnLn~~ 

~~ [;J.JtJl~tJL~'f) 1 'IX~I~I~" 1-n'lltJl~rllJl~ trl~f'l'f)~~') LIn'tlf ~:;lJlJ~ LLntJ~'1 mh,)"l::ilu~:; trJ"JltJ1 tJ 

n1~u~:;rJn~'f)rJl'1~ln1tJ~ltJ'f)In~I~m'~~ LL'tl:;'11tJl11tJihN~'tlutJ[;J.JtJfin~ L~~I:;"l:;l111'IX 
CII q ., q 

" Lt'lrJhJl11'tllrJtJln~,rtJ 1 



3. 'el'tln LLUU LL~:;~h-l'l-l9n~'el~ ttm':;vd1-l~:;UU~ LLn'Wnu Lri~'el-l 

1~tfl~fI'el~Yi'l L(;]'elf L~'elfl'lUfI~n1~l11-l1'WLL~:;fu-n'el~~ ttJ~1 yj~ . " 

A I 'i' .. col • ., ~ 
1.5 u~ b!.J"liU'VIFl1~11~~ b~'i'lJ 

2 

1~~:;uu~ LLn'W~'ltJf-l~LLn~~1Yi~-l-l1'W~1"l!U~ LfI~'el'Wth tJ 1~~T\"fU n1~~1'W'l ru 

~ ~1-lfl1Yi L 'Vl ~nnYl~-l L1J'WtJ~:; LtJ"l!tr~1",fu n1~(;]~'l9 ~'elU L~tJhjl11~ 1tJL 'W-l1'W~1'W'el(;]~1'" n~~~ • 
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~1'W':Jru~~I..:JJlIYiL'VlhJn~IW ~':Jm'Vll"lill"l Convolution Back Projection L(;)t1H~~uu~LLn'W~':JtI 

f..:J~LLmJl-lllOlln~'Wl1ILil(;)f..:J~~L~m.J-137 Yi~..:J..:JI'W 662 keV l"l':JIl-lLLN 1,110 MBq LL~~H~':JtJ(;) 
I "" I I 

f..:J~LLUU;'W~~L~-n'W"llil(;)L"l!L~t1l-l1'elL'el1(;)C;) ("f1fH~m.J) "lI'WI(;) 2 il':J x 2 il':J ;..:JlJ..:JL,J'WhHiL~1 • 

, 
Q.c:.. Ci ~.c:So q I 0 '" 

1"l'el'Wn~I?ILMl-lL'Mm"ll'WI(;) 20 x 20 L"l!'WI?ILl-lI?I~ "ll..:J"'lI'W':J'W Projection LYitl..:JYi'elI?l'elm~I"lI'W':JruMI..:J 

" I ." 

JlIYiU'W Lvhriu 18 hhhhf l-ll-l~l-l'WhJVl~~ 10 'el..:JP\1 ~~t1~~I..:J~~ldl..:JL~u-nl-l"lJ'el..:Jm~LI"l~'el'WVlU'W • • 

"lJ'el..:J LI"l1'el..:J 1"l'ell-lYi':J LI?I'elf 1Ol~(l mJ'WYi n'elu1 'WLL~'W;r'ell-l~ (Disk) LL~':J~..:J ~'tltl~1 hhh~lJ':J ~ ~~ ~1~fu 
" " " 

JlIYiL'VlLl-lnnYl~Il-lI~(ll-l'el..:JL~'WL~~n~ih~'Weh'Wp\'WUn~I..:J"ll'WI(;) 8 ij~~Ll-lI?I~1~'elUI..:J-n(;)LIOl'W .. 

m~~I'W':Jru~h..:JJlIYiL'VlLl-ln~IW~':JtlL'Vll"lill"l~~arL~'elm~I?I~':JIOl~'elULLuu1lJ';i1~1tI L(;)t1~mnm~ 

~1'W':J ru~ ~1..:JJlIYi L'Vl Ll-l n nYl ~1'elJlIYi ~ (;)"lJ':JI..:J"ll'el..:JtJ I?I (l L(;)t1 H L'Vll"lill"l mnhtlJlIYi ~':Jtlf..:J~ L'elni • 

~-:)U'W~;l-l~~It1 1 ~~'WIU L(;)t1~~'WtJl?I~Yi~~ 3.6 'el..:JP\1 "'l'W1~JlIYi'elUI-:),J'elti 180 'el..:JP\ILL~':J~1 

JlIYiL'elniL~t11u'elI'W~II"l':JIl-l~I~':JtlLI"l1'el..:J'elI'W~II"l':JIl-l~I~I?IL'W~~I"l':JUI"ll-l~':Jt1LUmn~l-l"'lln . 
~~uu1l-l Lf'WI"l'ell-lYi':JLI?I'elf U'WYi n;r'ell-l~ Lu~1~;~'el1'W1~~-:)U'WLL~'W~~n LL~':J~-:)~11u~I'W':Jru~~I-:) 

" 
JlIYi L'Vl Ll-l n~IW ~':JtI LUmml-l~l1 WJ'WI~'W~':JtI LI"l1'el..:J 1l-l LI"l ~1"l'ell-lYi':J LI?I'elf 1-if~~ n m~I"l'el'W L':J~-n'W .. 

, " , 
JlIYiVlii I"lruJllYi ~;'W ~-:) LtI'WU~~ LtI"ll'W1 'W~I'Wm~I?I~':JIOl~'elU L(;)t11lJl11~1t11 'W'VlI..:J'elI?l~I~m~l-l L(;)t1 . . 
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1.6.4 1'lJU 1999 D.V. Rao, R. Cesareo, A. Brunetti[4] Ui'lh-l1'lJ~r.rrJ~'fl'l 

"Computed tomography with image intensifier imaging and characterization of 

materials" LtI'lJm~~~1'11l1YlL'VlLl-Jn~1Yl L~'fl~1I"Jru~m~tru:;'lI'fl'lr)~f;J'lIU~(;]1'1 1 L"ll'lJ L'lI~1ijn 

'U'lJ,)'lJ"'l-J~1rJl vHh 'hl Ltlw1f'lJ L~t11~iJ m~\n L'fl 1 'U1 n L ~l-J 1O),)1l-J L.Jfl-J LL'M l-ii1. 'lJ~:;UU~ LLn'lJ LL~:;v'i1 • 
m)'~(;6,J'lJ1LU~LLml-J~')t1hhLLn~l-J PASCAL 1'lJm~~1'lJ')ru~~1'11l1YlL'VlLl-JnnYl c.J~r.nn 

m~~m~t1~Yl~'1'11'lJ(;]1'1 1 riuLL~'lJm'fl'lf'l~~1-ifrh~~~~~ 1~1l1YlL'VlLl-Jn~1Yl"ll'fl'lr)~f;JiJ 



d 
'lJ'VI'VI 2 

'"l(;)Jl1YlLL~~:;'"l(;1LL~(;)~~~rhil-Ju~:;~'VItm~~(;)'VI'elt.lL:n~L~t.l (Linear Attenuation Coefficient) 11..! . . 
mnfhJ.;r'ell-J~~1~fu ~1t.l'J ru~~1~Jl1Yl L'VI Ll-J nnYl'"l:;m ~t1~~n m~'VI:;~ ~1t.l"1l'el~f~~ ~'eltj ~ bl L(;)t1 " .. 
n~1~ L~'el.yh H'tj~ ~~~t.l1U ~'JtI~l-JU'eltl 1 n~ LLnt.lLnu.;r'el'o!~'"l'IJ1~.;r'el'o!~ L Yitl~Yl'el '"l1 n,rt.l,J1.;r'el'o!~ 
~1~l-J1~~ ~l-J (;1l-J1 ~1t.l'J ru~1 ~1 il-Ju~:;~'VI tm ~~ (;)'VI'el'IJL:n~ L~'lJYl ~'ell-J~~U fuu N r1 ruJl1Yl"ll'el~ • • 

2.1.1 ~:;uu~LLn'IJLLUU~1f~~LLr1U (Narrow Beam) 

~nMru:;m~.yh~1'IJ"lI'el~~:;UU~'el H'ihf~~LLUULLr1U~~~~1 H',r'Jtj(;)f~~ 1 ,r'J 1'IJ 

mnnu.;r'ell-J~ml-J1 rur1'J1l-J L.;rl-Jf~~ L~'el,J11u ~1'IJ'J ru~~1~Jl1Yl L'VI Ll-J n~1Yl ~~ nm ~~1~1'IJ"1I'el~ 
" 

step ~1'el~t1n~n'elth~~~~~1 m~~LLn'IJ~:;t1:;'VI1~~Lr1~'el'IJ~1~LL~~:; step '"l:;L'Vhnu"ll'IJ1(;)"lI'el~ 

-rl'el~fuf~~"lI'el~,r'Jtj(;),r'IJ L~'eli'IJ~(;1m~~LLn'IJ 1 LLbl'J '"l:;1~.;r'ell-J~~~t1n~1 "Lu~1vJ~ (Profile)" ~1'el . " 

"LU~L'"lr1i'IJ (Projection)" LL~:;~~'lJ1uLU'IJl-ll-JU'eltl 1 '"l'IJr1~U 180 'el~Pl1 



T~st Compon~nt 

X-Ray Soure(" 

111-==1 
I 

Turnlabl~ 
Int~rlac~ Unit 

i 
./ I O~tector 

""""'-~-"'''''''. 

I 

Hi9h P~rlormance PC 

;~~t.:.t~ . 
e'~~J'::, b 

2.1.2 ~:::UU~LLmJLLUU~1f..:J~~tl~(;) (Fan Beam) 
" 

, 

6 

Lll'fl..:J'"l1 m:::uu~ LLnklf..:J~~1 LLrlU H' L 'Jm 1 kln1~Lriu-n'fll-J~ml-J1 rum 1 l-J L-nl-Jf..:J~ 
" " , 

l-J1 n ~..:J 1~il n1~~ OO-J'l.n~:::uu~ LLnklLLuu~1f..:J~~tl~ (;);kll-J1 L~'fl~ (;) L 'J ~11 kln1nriu-n1.ll-J~ L(;)t1il~1 " ~ 

, " 
LLUU LLm '"l:::(;]1..:J ri'WLii'fl~l-J'W1tl LL(;]~:::rlf..:J'"l:::~1l-J1~(1 LriU-n'fll-J~ Ltl~ 1 Yli L(;)t1hJ ~1.l..:J~ LLn'WLVin::: . " 

X-Ray Sourc~ 

Tumtablr 
Intrrlac~ Unit 
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~~kt1U (Two Dimension) ~'el ~~kt1ULktLLkt'JLLnktkt'elwiu~~kt1ULktLLkt'JLLnkt~'1 L~tJ'el'elmLUUL~ 
~1f'l~LijktLLuul'tJm'JtJ (Cone Dimension Detector Array) ~'IiOl~iJt'hr~iStJ'Inkt~1nn~1 1 

LLCl'J LL~~ L ktLLvi~~LLCl'JiOl~iJi'Jtj' ~f'l~'elrh.'I~1tJ~kt 'L'I1'el!l1iOl H' LLcJktlS'el'l LL~'IfUll1'Yi LL~~iJ 
" ~ ~ 

n~'el'l L 'Vl~l1 PlU4'UI11'Yi L~m~uu~ LLnktLLuull iOl~L.jf L 'J~1L ktn1Hnu.]'el~~ L'tJ~ 1vJ~il'eltJn~1l1'1~'el'l 
" 

X-ray Tube 

iOl1n~1~'elfiu1tJ']1'1 ~kt L~'elL ~~1~1~(1 L .]1LiOl ~'In1~rl1kt'J ru~~1'1111'Yi L 'Vl L~m1Yl 

1~~~1 Ltlkt~'el'lYi11'1'J1 ~ L .]1LiOl ~'I ft m~tru~'Il'el'l n1 ~~ ~'Vl'elkt 'Il'el'l f'l ~ Lri'el'Vl ~~ cJ 1kt ~'J n~ 1'1 n'elkt • 
~ , 

iOl1mrkt~'IiOl~~n'l't1 Lnm nu L 'Vl1'1i1I'1LL~~1fin1~~~1'1111'Yi L 'Vl L~ nnYl 

~1~1~mn~~W;1~mm (Interaction) nU~'Jn~1'1 4 'lli1~~'el i1'JI'1~'el'elkt (Nucleons) ~L~nl?l~'elkt 

(Atomic Electron) ~kt1~1vJYh'll'el'l'el~I?l'el~ (Electric Field of Atom) LL~~~kt1~L~'ll'elkt'll'el'l 

i1'JLI'1~tJ~ (Meson Field of Nucleus) ~ktl?l~mmnU~'Jn~1'1LLvi~~'lli1~~1~1~mn~1~ 3 l'tJLLUU 

4 I .... I tr A dI I • 

1'1'el n1~mm'Vl'Yi~'1'11kt'eltJ1'1~~\!~ru (Complete Absorption) n1~m~LiOl'lLLUUtJc;l'L'ltJkt (Elastic 
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Scattering) LL'Cl:::n1m~:::L~-lLLuuhjtl~",,~'W (Inelastic Scattering) mh)ti'eltJnn!ln1~ru~ 
., 

toW (;J'el'W~1~1Hl Ln ~~'W(;J~nhJ11 'W'Vl1-l'Vl ~Mn1~-K-l""~ ~ 12 ltJ LLUU LLj;]1 'W~'W(;J~nhJ1U1-l"llU~U-l hj 

~1~1~~YiU L~'W1~ 'WU"'l"'l'IJ'W LL'Cl:::LL,j'~1~-l~ LLn~~1"'l:::~1~1~~ Ln~~'W(;J~mtl11~""'Cl1mtJ LLUU LLj;] . ~ 

iJLVirJ-l 3 ltJLLUU~iJl"!'l1~~1~(lJ ti'el n1nn~toWt(;J~L~n'Vl1n (Photoelectric Effect) n1m~:::L~-l 

LLUUI"!'el~t1I?l'W (Compton Scattering) LL'Cl:::n1~Ln~LLYifi:Yi~~ni'W (Pair Production) t'elm~"ll'el-l 

mnn ~~'W(;J~mtl1~-l 3 ~tJ LLUU~~'W'elrJ nUl"! ru~~mi"ll'el-l I?l'l n'Cl1-l LL'Cl:::Yi~-l-l1'W"1I'el-l LoW (;J'el'W Lri'el 

120 

100 

'-
<Il 80 .0 ..... 
0 
tI) 

.0 
~ 60 

'+-
0 

N 40 

20 

0 
0.01 

~ ~. 

Photoelectric effect 
dominant 

0.05 0.1 

Compton effect 
dominant 

0.5 

hv in MeV 

Pair production 
dominant 

5 10 50 100 
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Lth..m1J'vl1'tl'l.U;]J'nhJ1"l1tl..:J L -W j;Jtl'l.lfl'lJ~ L~ n j;JJ'tl'l.l~~tll-JJ'tl'lJU') L~~tJ~"lItl..:J 

~')tJmJ',htJ L'YlYl~..:J..:J1'1.lL "'~ L~ n j;JJ'tl'l.li..:J~l-J",vl1L ~ L~ n j;JJ'tl'l.l~~ "''"l1 m..:J • 

" tltlnhJn~tJn~1 uL-WLj;J~L~nj;JJ'tl'l.lu mJ'~ruL~tJ~L~nj;JJ'tl'l.l~..:Jmh') '"l::~tl..:JlJmJ'~m~n~l-J"'~ 
~ ~ . 

(Characteristic X-ray) tltlnl-J1~..:JnJ~ 2.5 
~ 

,. 
Aiom 

, 

~1-tl~ L~n j;JJ'tl'l.l~,)..:J'I.ltl n LLr;i mJ'"l!'I.lvl1L ~ L~ n j;JJ'tl'l.l1~~'lJYl~..:J..:J1'1.l'lJ1..:J~,)'I.l'"l1 n L -W j;Jtl'WLL~::m::L~..:J 

tltln'"l1m..:JL~'"lJ'hJ ~L~nj;JJ'tl'l.l~nJ'::L~..:JtltlnhJL1tJn~1 '''1~tlmf ~L~nj;JJ'tl'l.lu (Recoil Electron) 

~,)'W L -W j;Jtl'l.l'"l::lJYl~..:J..:J1'1.l~ "'~..:J LL~::nJ'::L~..:J r;itl hJ~n'Yl1..:J~~..:J ~..:JJ'tJ~ 2.6 
~ 

; e ' 

Incident Photon 
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I I I " 

~L ~ I?ltl'Wi1Yl~'l'l1'W~ 'UJ1 niOl ~ Lrl~tl'W~ ~1U1-L 'J rui'W LrliOl ~~ L~ n l?l~tl'W U1-L 'J ru In ~il'J Lrl ~ ~ ~ 
" 

" " 
rl'J12-J L -if2-J~'W12-J 1 ~Yh~'l L yj I?ltl'WiOl ~'\.n~hJLL~~L1i ~ dj'W~ L~ nl?l~tl'Wfiu L Yl~ l?l~tl'W~'W iOl1 mr'WL 'W-ri'J'l 

" 

Coefficient of Gamma ray) 

Ji''J~'el'WI?l~mU1 [;)1'l 1 l111 ~'tfi2-J1ru"lltl'lf'l~~ ~1'Wr;l'J n~1'ltltl n2-J1~ ~~'l 
" Lu'WhJI?l12-Jn!J"lltl'lLL~2-JLijfl?l (Lambert's Law) ~'l\l 

, ... 
L2-Jtl I 

(Annihilation) 

.. . (2 .1) 
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"l1 n~l-J n1J'''JJ'tl-:J LL~l-J djf(;l L~kll~~1ml-J1 ru~-:J~~ ~1kl~'J nfn-:J"l:;~ C;)~-:J (;l1l-J ji)'J1l-J 

~kl1 LL~:;~l-Jl.h:;~'Vltn1J'~ C;)'Vl'tlklL;-:J L~kl Lc;)tI ~h~l-Jl.h:;~'Vlt n1J'~ C;)'Vl'tlklL;-:J L~kl;kl'tltJ n1J~~-:J-:J1kl 
'U 

, 
o IV cv .... q .dII I 

~1~J'1J~ m~tru:;n1J'~ C;)~-:J"JJ'tl-:JJ'-:J~ LLnl-Jl-J1 Ll-J'tl ~1kl 

~'Jn~1-:J~n'ttru:;(;h-:J 1 nkl LL~C;)-:JH~-:Jlt1~ 2.8 Lc;)tlmruLLJ'mL~C;)-:Jn1J'~~-:J~~hkl~'Jn~1-:J"JJUc;) 

L~tI'J LL~t'1-:JH~-:Jlt1~ 2.8(a) "l1nnJ'1vJ 1~111~L~kll~(:hml-J1ru~-:J~~~C;)~-:J ru ~1LLWtl-:Jr;i1-:J 1 

~'Jn~1-:JMl-:J"JJUt'1~-:JJ't1 2.8(b) "l1nm1vJ 1~111m~'tl~-:J~ Lji)~'tlkl~~1kl1J1L'Jru~ dJkl~"1J1'J~-:J LUkl 
'U 

~'J n~1-:J~iJ f'h~l-Jt1J':;~'Vltn1J'~ t'1'Vl'tlklL;-:J L~kl~-:J n~11J1L'J ru~ dJkl~ L ~l-J L~kl 1~~11 kl1J1L 'Jru~iJ ~1 
'U 

(2 .2) 

.. . (2.2) 

, 
XI , x 2 ji)'J1l-J~kl1"1J'tl-:J~'Jn~1-:JVi 1 LL~:; 2 

LL'Cl:;~1~~1Jmru~t'1Yf1mL~t'1-:Jn1J'~~-:J~~1kl~'Jn~1-:J~~1t1 1 "JJUC;)~-:Jlt1~ 2.8(c) 

ml-J1ru~-:J~~'Vl:;~~1kl~'Jn~1-:J~~1t11 "JJUt'1~1l-J1J'n~1kl'Jrul~"l1n~l-Jn1J'~ (2.3) 

I - I - f J1 ( S )dx 
- 0 e ... (2 .3) 

d d d 
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2.2.3 ';jfin1~LLunLtl~LIOlni'W (Back Projection Method) 

n1~'Yl1t1 n~u Llnml11 1n;r'el~~"lI'fl~ ~1~l-.Jtl~::~'Vltn1~~ 1n'Vl'fl'WL:n~~l-.J ~1~ 1 l-.J1'Yl1t1;~"l:: 1~fn'Yi L'Vl

Ll-.Jm1Yll'l1l-.Jfl1'Yi~1'W"ll'J1 (2) 

o =;$15.
0 

Object spa~e oiv;oed 
Into regular pixels 

" (a square object has been chosen 
",', to Simplify the profiles) 

~ "'ft8 I I ij - 270 · _____ :~'~~ I : 

------ r~~ 
" I I ; " r- ·1 

" / _l--L-l 
" / I I 

/" / I I V,,/ I I 

o ~ 235" <- : : YL_ 
0.0;;. 180 0 

2.2.4 Yl~Ll'l'flfYI~ni'W (Filter Function) 

IOl1~~'J~IOl::iJ~m~tru::~~~tl~ 2.11 (c) LL~~'JtI';jfiLLun LtlnlOlni'Wvi11t\'fl1'YiL 'Vl Ll-.Jn~1Yhnln~'J1l-.J,r'J 
" 

~'W n1~LLni1'1!~1~~nfh'Jvh1~lntln1~1-m~Ll'l'flfYI~ni'Wtl~utl!~;r'fl~~Ltl~1yJ;~"l::HL'W 
n1nLUn Ltl~L"lni'WL~'fl1t\'fl1l'1L'Vl 'Ll-.ln~1YliJ ~rufl1'Yi~~'W~~1 'W~tl~ 2.11 ;~ Lij'Wn1~l;'l~1~fl1'YiL'Vl . " 
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Respoose-----.i ~ - ---.. D 

• 
/ 

Circle of 

Reconstructuretion • 0 
(a) 

Detector 1\ 

Response-----.i ~. D 

• 
Circle of 

Deteclor 

X-rays 

X-ray 

Source 

Detector 

X-rays 

Reconstrutt=ure=tion=--_ __ -.. 0 X-ray 

Source 
(a) 

A 

• 
/ 

CircJeof 

'\ Rcconstructuretion 

Reconstructuretion 

(b) 

1 

Reconstructuretion 

Reconstructuretion 
(b) 

2.2.5 ~fiyhH[;J'tlfLL1jnhhL'"ln_nu (Filter Back Projection Method) 

>-

13 

(c) 

(c) 

LLU~'1Yfhtlf (Fourier Transform) LUUYiUfi1U Yl'"l1J'ru1YI'In_nUn1J'LLu~'1y[htif 2 ~ti F(X, Y) 
" ... " 

"ll'tl'lYI'In_nu J(x, y) 

co co 

F(X , Y) = f f J(x , y)e -i(XUYY) dxdy ... (2 .4) 
-00-00 

L;t1uYI'In_nu J(x, y) lu'tl~luYln(;) (r,s) t(;)t1~LLnU r 111~l.J B n1JLLnU~~u 

x "ll'tl'lJ'::u11J'"l::U1YI'In_nun1nLu~'1WLtlf F(X, Y) dJU 
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'" '" F (X ,Y) = f f J (r, s)e -i(X(rcos O-rsin O)+Y(rsin O+rcos 0)) drds 
-cO-cO 

'" '" F(X, Y) = f f J(r, s)e-i[rX cos O-rX sin O+rY sin O+rY cos01 drds 
-CO-cO 

S = Y COS B - X sin B 

'" '" 
F(X,Y) = f ff(r ,s)e - ,[rR+sS ldrds . .. (2.5) 

-CQ-oo 

F(X,Y) = Fo(R,S) 

~).JnlJ'~ 2.5 ~'el1,"'V1J'1U~1 (11 Jo(r,s) '\UJ'WIOl1n J(x,y) hJLtl'W~).J B Yl''ln-n'WnlJ' 

LLu~,nVLtJf Fo (R , S) n~~'WIOl1n F(X, Y) Ltl'W~).J B L'll'Wfl'W 

'" 
P(B,r) = fJo(r,s)ds ... (2.6) 

-'" 

'" '" 
P(B,r) = f fJo(r,s)e-iRr dsdr ... (2.7) 

-00-00 

~1mmtJULVitJu~).JnlJ'~ (2.5) LL~:;~).JnlJ'~ (2.6) IOl:;1~~1 PCB, R) ii~1LVitJUL~tJ'l1~ 

nu Fo (R, S) WI1).JLL'W'mn'W R ~1'el 

. .. (2.8) 

, , 
~).Jn1J'Vi (2.8) ~'el 'V1~M~LUnlOll"1-n'W-~1~sf (Projection-Slice Theorem) :n'lmh'J~1 

Yl''ln-n'Wnlmu~'lmLtJf 1 n~"jJ'el'lYl''ln-n'Wll1~'tl1tJ ~'elYl''ln-n'Wnlmu~'lmLtJf 2 n~"jJ'el'lYl''ln-n'W 
~ ~ 

, 
oQ. Q _ I O.c::. 

Lcn).J WI1).J LL'W,)fl1~'tl1tJ'V1 (;] ene.J1'WIOl en nI L'Wen . 
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., 
~'1l!lJtll ~1 niJif'el).J~:rYi'l nilJ nt mu~'1 mLtJ f'1l'el'lYl''1 nilJ1l1 ~'Ult191lJ'JlJ'ell!lJl?l).J).J LL~ 'J .." . , 

LJ'19:::'YlnlJ~I'Vln 1 '1!1l"jJ'el'l F(X, Y) UWJ':::lJllJ (X, Y) LiJ'el'YlnlJ~l F(X, Y) n~I).J1J'Cl 

~llJ'Jrun~lJl~LulJ f(x, y) ~'JtJntmu~'1WLtlf~n~lJl~~'1il 

1 2Jr", 

f(X'Y)=-4 2 J JF(B,R)eiR(XCOSo+YSinO)RdRdB 
7r 0 -", 

... (2.10) 

F(-B,R) 
~ I I cv 

l-JI"lIL'YllnlJ P(B,R) 

... (2 .11) 

., , 

iJ~l~'el'eln (Diversion) ~'1l!'W~1 R ~'1I"l'JJ'~nnl4'!1l~'JtJ~1 1 ~~'1 IRI::; Q nl~'W!1lh\Yl''1ni'W 

"ll'el'lntJ'nJ''el'l ~1'el~~L[;l'elfYl''1ni'W H(R) = b(R)IRI L!1ltl~ 

{

I wherelRI::; Q 
b(R) = 

o wherelRI > Q 
... (2 .12) 

nl~'W!1l1~-rl'J'I1Al'1"ll'el'lntnnlJif'el~~[;lIl-JLL'W'J"ll'Jl'1 (Lateral Sampling) iJ~lLU'W a 

~'1~'W 91n'Yl~1tlJlJ'YlntJ'~l-J(;]'J'eltll'1 (Sampling Theorem) 9:::1~~1 

7r 
Q = 2""'( =-'<j max 

a 
... (2.13) 

91nt'll-JntJ'~ (2.11) H'Yl~1tDI"l'el'WL'J~i'W (Convolution) 9:::1~t'll-JntJ'nlJ'~h'lJll~L'Yl 
Ll-JnJ'lYl (Reconstruction Formula) LU'W 

, 

1 ". '" 
f(x,y) = -2 J Jp(B, r).h(xcosB + ysinB - r)drdB 

27r 0-", 

Lih h(r) LU'WntJ'LLU~'1mLtlf~n~lJ"jJ'el'l 
" 

(Analytic form) l~Lil'W 

... (2.14) 
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r=O 

1 [20 . 2 2 ] - -sm(Or)+-cos(Or)--
2Jr r r 2 r 2 

.. . (2 .15) 
r:;tO 

h(O) = ~ 
2a 

. . . (2.16) 

, , 
.::s Q.... q I 

Ramachandran 'l!,n.J~n'rH1J~VlLLn,)'ll-Jln 

" Ll-JnnYl~;\J ~'l~l-Jn1J' 

4 
h(rk ) = - 2 2 ' k = O,±1,±2, ... ,±(N -1) 

Jra (4k -1) 
. .. (2.17) 

" 
l-J1 ~1\Jn1J'~I\J,) ru~,)t1~~ LIWflfYl"'l n-n\J n1J'~I\J,) rut1~~LiJ\Jn1aJfu-if'fll-J~ 1 ,x~Il-JIHl LLtI n LLtI~ 

'IJ 

n1aJJ'~l-J1 ruLLuuhJ (;]'fl Lti'fl'l~'fl'l~l-J n1mlJ'~I\J,) ru~~I'lll1'Yi LVI Ll-J nJ'IYl ~')t11fi~~ Llwaf 

LLijnhhL~n-n\J ~1l-JIJ'm~t1\J1~LiJ\J 

.. . (2.18) 
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2.3 f!tu1l1'n"il~1l1'n1'V11).ln'i1~ (Quality of Computed Tomography Image) 

'1 (;)U),:;~-lI"l~'tl-ln1 ),~~1-lJ11'Vi L'VI hmnYlri L~'el~~1-l111'Vi ~ (;)"1I':l1-l~~1l-J1nl LL~ (;)-l 

'el-ll"lu)':;n'el1J1l1rJL 'W~'el-l1 j;]l.l1~(;)rJbJ.yh~1rJ 111'Vi t'VI tl-J nnYl~~~-ltnJ1rJ n-l1l1'Vi~~1l-J1),l.l LL~ (;)-l • 

, ~ 

~~1rJ';jfl LLWJflVHlrJl-J Lif rl'W'tlrl1-l LL 'Vi i~~1 rJil ~-lil 

2.3.1 Pixel noise 

L n'el-l"1 n LU'W luhjl~~ L),1"'1:;~~1~),:;1J1J~U),1 "'''1 n~-l),1J m'WL~rJ LL~:;~-l),1Jm'W 
n LU'WU"'l4'rJ'elrl1~~~-l~.yh 1 ~111'Vi t'VI Ll-J nnYl~l~il I"1run1'Vi~ (;)~-l n1),1 (;) fii1~-l),1Jn':l'W"1I'el-l),:;1J1J~-l • 

, , ~ 

l-J1j;])':;S1'W"1I'el~ CT -number 1J1L':lru~"'~"1I'el~1l1'Vit'VI Ll-Jn),1YlY1ilLiI'el~1),L~m rl'W t(;)mL~ (;)-l'eltJL'W)'u 
~ ~ ~ 

"lI'el~fii1 Pixel noise 

~ , ~ 

n1),~1fii1 Pixel noise i'WLLm~'el-l~~1-l111'Vit'VILl-JnnYl"1l'el-l1j;]l.lY1ilLiI'el~1),"1l11(;) • 
L~rJ':l"'l1mr'WL~'elnif'ellJ~ CT-number lJ1~1'W':l'W~~-l (m),L~'eln~1'W'J'Wif'ell-J~L~'elrlL'W~':l~ 25 n~ 

~ ~ .. 
,~ ~ 

1 00 ~':l j;]1l-J~1LL'W:;U1"11'el-l ASTM llU1JY1 E 1441-97) "1mr'W~1'W':lrut(;)rJH~lJn1),~~r;l'elhm 

- 1 m 

JI. = -I Jl.i 
m i = 1 

. .. (2.19) 

0"= 
i=1 

m -1 
. . . (2.20) 

, , 
I cI .c::a. q d 

1"11Lll~t1"1J'el-l CT-number ru 1Jn':lru'VIL~tln 

, 
.o::::!I I I Q d 

Jl.i I"l'el 1"11 CT-number j;]1~ 1 'VIL~'eln 
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, 
I ~ I d 

rl1rl,)1).,J LtJtI'I LtJ'\J).,J111l~~1'\J"lJ'El'lrl1 CT -number ~~'El Pixel 
os 

r.l1n~).,Jn1~~'1mh') ~1 Pixel noise ir'l~1).,J1~Cl1l11u~1'\J')ru~1~1~11l~,)'\J 

~'ld'ld1ru[;]'El~'1~tJm'\J~1'El~utl).,J~tlnn'\J~1~1 SNR (Signal to Noise Ratio) Ll1ltlH~).,Jn1~ 

fL 
SNR = 

~'\JiJ'1ru~).,JtJ~~~ LYl~1~~~tJtJiJ~'1~tJm'\JU'Elti 1'\J'VI1'1n~tJn'\J,h~1 pixel noise 

SN R U'Elti LL~ 11l'l~1~~tJtJn1~~1'\J,)ru~ ~1'1J11Yl L 'VI L).,Jm1YJ~'\JiJ rlru~l.JtJ~~hl~ • 

2.3.2 Probability Distribution Function (PDF) 

... (2 .21) 

PDF LU'\JnnWLL'.,mLiOl'lrl,)1).,J~~LL~I1l'l~1rl,)1l.J~~~1 CT-number [;]1'1 1 iOl1n 

~,)'Elth'l"lJ'El'lnnW PDF l'\JZu~ 2.12(a) LU'\JnnW PDF "lJ'El'lJ11YlL'VILl.JnnYJ1'\J'VI1'1'V1'lM"!JL~'\J1~ 

~1 R1 rl,)1l.J~"lJ'El'l CT -number iJ LYitl'l~'El'l~1~'1 LU'\J~1 rl,)1l.J~~ CT-number "lJ'El'ltJ I1lCl (feature; • 
" " 

fL /eature ) LL'tl~"lJ'El'lLLUnn~1,)(;) (background; fLbackground) -if'El~'tlVl'l~'El'lil~1l.J1~Cl1l1l.J1~1'\J')ru~1 

R1rl,)1l.JLmtltJ[;]1'1 (Contrast; /1fL) 'l~~'1~).,Jn1~~ (2.22) 

I1;.J = fL fea ture - fLbackgriund ... (2.22) 

, ", 
[;]1'1 11'\Jn1~~h'lJ11YlL'VIL).,JnnYJ y'i11~Lnl1lrl')1l.J,r') (blurring) 1'\JJ11YlL'VILl.JnnYJY1~~1'1~'\J;'1 

'VI'lM!J Ll1ltll'\Jn1nmtltJ LYitltJ~nMru~n1m5'~iOl1t1 ~,)"lJ'El'lojf'El~'tl~1l.J15'CltJ 111 'l~iOl1 n rl,)1l.J n.)1'1"lJ'El'l 

R1 CT-number ~~1rl,)1l.J~LU'\Jrl1'1~~'1"lJ'El'l~1rl,)1).,J~~'1~11l ~1'El FWHM (Full Width at Half 
'" . 

Maximum) ~L~'El~1n~mn'\J ~'15'U~ 2.12(b) ~1~t'tJn15'~1~1rl,)1).,JLmtltJ[;]1'1"lJ'El'lnnW PDF 
'U 

, , " 
1'\J'VI1'1UDtJ~ iOl~Hf~1 CT-number Y1iJ~1rl,)1l.Jn~'1~I1l"lJ'El'lVl'ltJl1l~LL'tl~LLunnn,)11l1'\Jnnw PDF 
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hJnn~LL~~n1m~~~1ur;i'.l"ll'El'l~1 CT-number 1U111Y11~~ul'~~1n~1 FWHM ~'1~1 FWHM 

~~~'El1~L~Un'lrl'.l1~l!'.l'1l'El'l111Y1tYlhJn~1~1~ Ch~1 FWHM ii~1~1mL~~'1~1111Y1tYlt~n~1~ii 

rl'.l1~l!'.l~1n 1UYl1'1n~Unuch~1 FWHM ii~1,J'ElmL~~'1~1111Y1tYlt~nn~iirl'.l1~l!'.l,J'ElUVl1'Elii 

o 255 o 255 
Grayscale Gray scale 

2.3.3 Point Spread Function (PSF) 

PSF Ltlu';)fiVlti'l~H1.Un1~Vl1~1 Resolution ~1~1~bll111~~Un1~~h'l111Y1tYl 

t~n~1~"ll'El'l1'~~~ii~m~tru~LtlU.,~ (point object) ~1mr'U'fhU~1 CT-number ~1n~1LLVlll'lLLm 
'jJ'El'l;r'El~~1'1..i111Y1tYlt~m1~ 1Un1~Vl1~1 Resolution iULLmL~~"llU1~"ll'El'l point object ;U 

" 
~un~1~1 CT-number ~'1~~"ll'El'lhhlyJ~-if'El~~~~ii~1rl'l~ iU(;]'ElU[;]'El~11~~'Elu 1 ~~"llU1~'jJ'El'l 
point object ~'11Un1~~~'jJU1~ point object ~'1~~l111~~1 CT-number ~'1~~'jJ'El'lhh1yJ~ii~1 

~~~'1~'.lU L~'El1~~~1 CT-number ~'1~~'jJ'El'lhh1yJff~~~'1LVI~'El 20% "ll'El'l~1~rl'l~iu~'flULLm " . 
~ ~ 

• • 0 I.... CJ4 I . .., 

"llU1~'jJ'El'l pOint object ru (;]1LLVlU'Iu'Unrl'Elrl1 Resolution "ll'El'l~~UUUUL'El'l 

2.3.4 Modulation Transfer Function (MTF) 

MTF tJ~UtJl'l~1~1n Point Spread Function (PSE) t~Un1nLtJ~'1WLtJf ~1 

CT-number 'jJ'El'l1'~bliirl'.l1~LL(;]n[;]1'1nU Ld'El1.jf1'(;]bl~il~m;-ru~LtluLLvl'l~1~~'.l1'11~ii~::;u~~1'1 • • 
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" .r(;lnl~"':l'flt.h'l\l~l "slit" [3] 
• 

n1~·\.nl"h MTF l111~!'lUn1~tlT\Jl"h CT-number ~ln~lLL'\.nl'lLLm"IJ'fl'l-if'fl~~L'W 
'lJ 

Jl1Yi slit -if'fl~~~1~~~'flt.JL'W~U"IJ'fl'lLU~lvl;I"1':l1~~L!'lU.r!'l~1n'~1'W':l'WLLvl'l slit ~~'fl'lL~'WJl1UL'W 
" " 'lJ 

iJ ~~ L~ (;l~ L~m1'1 ~U'I n'W L!'lUL 1'W-ri'fl'l~1'1 5 iJ~~ L~ (;l~(;l1~ 1"1,)1~~'W1"IJ'fl'l slit L 'W~~'1 L '1l'W~h~ (;mi 

i1LLvl'l slit 1 LLvl'l~1'fl 1 L~'Wri(;]'flL'1l'W~iL~(;l~ ~lmr'W~11"1,)1~LL(;ln(;]1'1~~~~1'1ri1 CT-number 
'lJ 

~'1~!'ln1J~1~!'l~lnLU~lvl;I"1,)1~~L!'luri1~1~nlii'flri1m1~LmU1J(;]1'1 (/).Jl) "IJ'fl'l slit L'W'V11'1 

'V1~MlJri11"1,)1~LmU1J(;]1'1"IJ'fl'lLU~lvl;I"1':l1~~~~I"1'1~ LL~I"1':ll~~"IJ'fl'l slit ~~L~~~'W LL(;]L'W'V11'1 

UD~ L~'fl slit i11"1,)1~~~'1;'Wri11"1':l1~LmU1J(;]1'1"IJ'fl'lLU~lvl;I"1':l1~~~1~1~Cl~!'l~'1 L!'lUL'W-ri')'1 

LL~m~'flL~~I"1':ll~~;'W /).Jll nU'lLvl1n1J /).Jl2 LL(;]Yi'flL~~I"1,)l~~;'W~'flU 11"1,)1~LmU1J(;]1'1nri'flU 
. 

1 ~!'l~'1(;ll~~l~1J~'Wm~i'l !1Jl5 ~!'l~'1~'WLtl'W~'Wcl" ~ln-if'fllqj~~'1mh,)~1~1~CltJ1~1~1'W':lru 

1"11 MTF l~~ln~~n1~~'1(;]'fllu~ 

.. . (2.23) 

. . ... 
tl1Yl91~ru1~~ n1~-if1'1 rJf'WLL~':l L~'flm1~ n L~'Wri~'1~'W~~~'1 ~~ L ~ 1"111"1,)1~ LmU1J 

"''' 

(;]1'1~!'l~'1LL~~U'I~~L~ri1 MTF ~!'l~'1~,)U l"1,)l~~~~'Wfi~~~~l'1 MTF n1Jl"1,)l~~L~'W~ ~ri1 MTF 

Lvl1n1J 1 ~1'fl 1 00% LL~!'l'l~l LtJ'WJl1Yi~i11"1,)1~ L~~'fl'W.r (;lCl~ln LL~~L~'flri1 MTF ,J'flU~'1ri LL~!'l'l • 

" L'Wn1~~1'W')ru~lri1 Resolution L!'lUI"11 Resolution ~1~1~Cl~1'W')ru~11~~'1\l 

. 1 
resolutIOn =-

2/ 
.. . (2.24) 
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, 

~1Jm'W (0" d) ~'1~~n1~Yl2.25 

[ 
1 1] ~ 

O"d ~ nexp(-2floCE)Ro) + n 
. .. (2 .25) 

n 

E 

l~~rh n , flo CE) ll~:; Ro 1'W'V11'1uli~n1n~~,"h n lu'W~fi~~n~1 t"'rdhln1J.jf'ellqJ~'H~l')tJ 
i')tj'",f'l~ n1n~~,"h n ~1~ln1"':hl~"'tJn1n~~l,)~11'Wn1nn1J.jf'el~~t!'Wl'el'l 

" 

~1'W')ru~~I'1111Ym~') IOl:;vh 1 ~111~t'V1 hmnYl~l~ln '" ,",,)I~l1,)~ln~'W ~'1,",,)I~l1,)~'1n~h') IOl:; 

'elrJ1'WnJn1m~:;IOl1tJl?T,)"1I'el'lrh CT-number ,hn1m~:;IOl1tJl?T,)~'1n~'el111~IOl:;iJ,",,)I~l1,)~lnt"'tJ 
" " " 

'elIIOllOl:;tj'", l~IOllnrh Pixel noise n1J'1-irn~ ll'l'elfYr'ln-n'Wn l~'el1~~"',",,)I~l1,)"ll'el'l111~t'V1 L~nnYl~'1 
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Li1'W~ ni1'"lr.rtJVI~'1~il ~ ~-rl11. ~Jl1Yi L 'Vl L~ n nYlhl fOl~-n In LL~ :;'lJ1 ~ ntJ ~:; L ~tJ 1n~'1 n 
~1 'W,)'WL~tJ-n~ [;j'tlJl1Yi~il'tltJ Ln'W hJ VI~'tlm'"lil LVI In ~ ~ ~1'"l1 n'lJ'W11n L~'W~1'Wfi1'W tJ n~1'1'lJ'tl'l~1 ~'1 ~~ . ~ 

L.jf1~tr')t) 1n~'1~LInLn'WhJ -rl11. ~ LnU~1tJ~:;L~tJ In Hi'hlLYitJ'IYi'tl fOl,)1~ fOl~-n 1n'll'tl'lJl1Yi L 'Vl L~m1Yl~'1 ~1 

L~'tl1. m~Jl1Yi L 'Vl L~ nnYl~~~'1 fOl,)~'"l:;~h~Jl1Yi L 'Vl L~ n ~1Yl'"l1 n91'W,)'WL~tJ-n~~~'1 1 

Jl1Yi L 'Vl L~ n~1Yl~1~'1 ~ In L ~tJ'WhJ'"l1 n fOl,)1~ LU'W'"l1'1 ~'1 fOl,)1~ fOl~11n LfOl~'tl'W'"lInVl~'W'1J'tl'l.jf'tl~~il~1 n .. ~ 

~'WJl1Yi L 'Vl L~nnYl~l~n'"l:;il~')'W L~~ L r)1~1n~'WIn1~hJ ~')tJ L~'tl1. m~Jl1Yi L 'Vl L~ n~1Yl~®~'1 fOl')~r.r In 

,)1'1'"lInVl~'W1. ~InNnU'"l1n ~'1 n ~1'1'1J'tl~.jf'tl~~ hhl yj~ ri'tl'W,J1.jf'fl~~ hh lyj~ltl ~1'W,) ru~j1'1!l1Yi [2) 
q.. .. " '\l 



d 
tJ'VI'VI 3 

'i~tJtJ~LLn'U~'Jtl1~~LLn3-l3-l1~i~~1'U~1"liil~LFI~'fI'Ufi1t11~ 

-d1'V11tJ n1'i~1'U'JClA~f1~1l1~ L 'VI L3-I n'i1VJ 

, 

3.1.2 tr,)~~~<.:J~LLm .. n..J1"JjU~n'1I;i(;l'W1 CdTe "ll'\..n~ 5 ~~~L~(;l~i'W XR-100T ronn , 

1J1';'V1 AMPTEK 

3.1.3 LL~~'1r.i1t1hHh~n~1~'l LL~:::,)'1'"l~"llmtl~runJ1ru t~L~~ PX2T CdTe 
OJ ~ ~ 

100T '"l1n1J1';'V1 AMPTEK 

3.1.4 L1"l1tl'l Scaler Ratemeter hJL~~ 2200 "lltl'l1J1';'V1 Ludlum 

3.1.5 ~L(;ltJtl'l~tlL(;ltlf (Stepping motor) "JjU~ 4 L~~ "ll'W1~ 12 t')~[;] 1 

LLtl~LLtJf(;]tlL~~ 1"l,)1~~:::L~tI~1'Wn1~~~'W 1.8 tl'lPl1j;]tl~L~tJ , 

, 
3.1.8 I"ltl~Vi,)L(;ltlf"JjU~YmYn ~iJ~tlf(;l"ll'W1'W LL~:::Yitlf(;ltl'Wm~ , 
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IV .., IV 9 cv o.Q, .c!I v., "'~ tV 

3.2 n1'i'Yi (;lJU1'i::UU'" u.nU~'ltlH·" u.mUJ1'Yi~-:J-:J1'1J~1"J!'1J~ Lf'I~'el'1J tnt! L~'''1'V1'iU n1'i 

1"l1'1J'lru ... f1-:J1l1'Yi L fI L).I n'i1~ 

~~UU~LLn'1Jc1i',)t1~~~LLm.j~1Yi~..:J..:J1'W~1"ll~!?lLfil~tl'Wu1t11~~1V1~Un1~~1'1J,)ru 

~~1..:JJl1YiL'Vlt~nnli tltlnLLuu1"'iJ'll'W1!?lL~n LL~~~1V1,:rnLU1L~tl1"'LVI~1~nUn1~r;]~,)9~tlu1'r;]!:l 

o 
Object 

PX2T-CdTe 
Power supply & Amp. 

LUDLUM-2200 
Scaler Ratemeter 

Personal Computer 
(Notebook) 

, 

. 

IV 0 1I .... ~.... 00 .... 

VI~ n n1 ~'Vl1..:J1'W'lltl..:J ~::uu~ LLn'1J!?l') tI N ~ LLn~~1Yi ~..:J..:J1'1Jr;]1 ~1V1 ~u n 1 ~ 

," , 
Yitlf'Vl'll'1J1'W ;..:J9~~1n1~~..:J ~'1J~~UU~ LLn'Wl1Ju..:J'-l!?l L1-~ ~'W t!?ltl;JL yJLr;]'Vln'1Jon~ Lr;]tlfLiI'WL'lI'WL'lItlf . 

l' !?lm1~ L.jf~~..:J~ LLn~~1Yi~'1..:J1'1J~1~~'1Ch'W~')tlth'l ru ~1 LLm..l..:JJ'1J(~',)t1~,)1' !?l~..:J~ LLn~~1"ll~!?l~..:J 

~,)lJ1 CdTe 'll'1J1!?l 5 ijf'l~L~r;]~ ~1.l~u~~UU1"'1'!?lL'UYi1:;~..:J~LLn~~1Yi~..:J..:J1'W 59.5 keY 91n~'W 

ih L~!?l~..:J~ Am-241 .jftl~~ L;..:J ~') L~'ll~1c1i'91 nn1~,:ru1' !?l'-l::!:ln~..:J L.jf1~1~ tfil~rttl~Yh Lr;]tlf~1'W'Vl1..:J 
" " " 
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I '" I '" I 

Yi'eJfln'eJ'tJnJ'l-J Lil'eJ~'W~ 1nn1J'Lfiuif'eJl-J~Yi ~1 Lmtl-,l'l1'W Ll-J LflJ'fI'eJl-JYi'J LIn'eJf~:;~-,l-:jI'W"lI c;, fl'JU fll-JJ':;UU 
" 'II IlJ " " 

~ , 
n1nfiuif'eJl.!~(;h-,l 1 ~'WflJ'U 180 'eJ-,lP\1 ~~-,l~ln'l1'W~:;tJlif'eJl.!~L~-:j~'JL~"lJYiL~U~I'W'Jru~~I-,l 

flIYiLYlLl-JnnYl 

, 
~ 0 c::. .... .:::1 ..... 0 

3.2.1.1 1n'Wn1L'WM-,l~LLnl-Jl-JIYi~-,l-,lI'W1n1 

-,l1'W~r.rtl~HrX'WfiILUc;,;:-,l~LLnl-Jl-J1 Am-241 ih:;~UYi~-,l-,lI'W 59.5 keY 

fI'JIl-JLLN 100 mCi H~I~;:UInJ''J~~'eJUL~IL~~i1"1J'WIc;,L~'W~.h'Wp\'Wcl"n~l-:jhjLn'W 20 L"lI'WtiLl-JInJ' 

-Q 

U 

13.95 keY 

390 eY FWHM 

" 

241 Am Spectrum 

Energy (keV) 

59 .54 keY 

600 eV FWHM 
------1t>~ .....--
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3.2.1.2 ~'J1'C;)~~~LLmJ~I"llUC;)~~(;]'J~1 CdTe 

~1'W~r.rU~L~'an1-if~'J1'C;)~~~LLn~~I"llUC;)~~(;]'J~1 t:.J~n CdTe ~'JI~~'W1 
5 mm Lti'a~liIlniJ"1I'W1 C;)L~ n LL~:::(;]'a'IJ~'W'a~~~~ LLn~~IYi~~~I'W~11~~ 

lU~ 3.3 ~'J1'C;)~~~LLn~~I"llUC;) Compound Semiconductor CdTe 

3.2.1 .3 Scaler Ratemeter 

Scaler Ratemeter i'W LUDLUM 2200 • 

~U~ 3.4 Scaler Ratemeter i'W LUDLUM 2200 
~ . 
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, 
... • ov 

3.2.1.4 n'lL~'ElU~'l~J'uJ':;uun~ 

lj~ mtru:;djuJ''l'l L~'EluJ'uri1'1'J,m~l-J L~U~'luP\utJn~'l'l 60 em Yi'llOl'l n .. .. 

.d ..:::.cv': 1I q 10 0 I d 
L U'el'llOl 'l n'l'lu'JIOl tlU t;]'el'l n'l J'f'I'J'll-J~:; L 'eltl cPl LLl-JUtl'l"ll'el'l (;1'l LL ~U'I LL~ :;J':;tI:; L 'J ~'l'V1 

LL 'W'W'el'W ~'1 L~'eln l-if~ Lt;]U1J'Il-J'el Lf;l'elfl-J'll-if1 un'lJ'iu Lrl~'elu!1furh LU",~'1~ LL~:;~'J1' "'~'1~ LLnl-Jl-J'l 

3. 2.2.1 ~Lf;lW'll-J'elLf;l'elf 

'1'l'W';)9t1~L~'Eln l-if~ Lt;]U1J'Il-J'elLf;l'Elfiu PM42L -048 l~rl'J'll-J~:;L~tI '" • 
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" 
m)' l-D-:J1lJ~ L~Utl-:Jl-J'f) L~'f)f l!lJ'"l~~'f)-:JVi1 mm ),~~lJL ~~"1I'f)-:J"1I "WI') 1?1 1,x 

q 

~£1-:Jii1~lJnlJ~'f)Lti'f)-:J'Vl1-:Jl1?1'Vl1-:J~~-:J ~-:Jmm),~~lJL~~iJ 3 LLlJlJ~'f) m~~lJL~~L~m (single • • , 
phase excitation) m~~lJ~'f)-:JL~~ (two phase excitation) m~~lJLI?1£1~~lJ~i1-:JL~~ LL~:;~'f)-:J . . 
L~~ (one-two phase excitation) 

.. . , 
1~nl"ijlJ9Iij\1 ij"I~U1U 

1HlIllluAUHtI'U',Hh01:UlIflH 

+5V .+12V 

;;'l~t.JVi Lwmi'il 
1 1 

2 1 

3 0 

4 0 

5 0 

6 0 

7 0 

8 1 

" " 

1l~mi'i2 n~c:nii3 

0 0 

1 0 

1 0 

1 1 

0 1 

0 1 

(I 0 

0 0 

-:J1lJ~r.t£1;lJ\lL~ 'f) n~fim)'n)':; ~lJLLlJlJ~'tl-:J L ~ ~ • 

ll~m?i4 

0 

0 

a 

0 

0 

1 

1 

1 

~1 LL ~oJ-:J LL~~:;~ L~ul~ L~,) n~1 LL~:;1,x LLNU I?1l-J1 nn~1mm),~~lJLLlJlJ~lJ1 

~1 LUlJ~'f)-:J l-D,)-:J'"l),'Vl1-:J~ L~n L 'Vl)'tlmf ~1-:J1 ~-:J~ 

3.2.2.2.1 ,)-:J'"l)'n1Ltll?1LLN~lJl~yhm:;LL~~N 5 v LL~:; 12 V 

., 
L"1I1 

, " 
1lJn1), l-D-:J1lJ,)-:J'"l ),~1-:J1 L Yi'f) m:; ~lJL ~ ~"1I'f)-:J ~ L~Utl-:Jl-J'tl L~'tlfl!lJ 

~1 LUlJ"'l:;~'tl-:J Hf LLN ~lJ 1 ~Yhm:;LL~ ~),-:J 1lJn1)'ilJ,)-:J'"l),),,)l-J LL~:;~,)~ L~Utl-:Jl-J'el L~'elfL'f)'l LI?1£1 1lJ 

-:J1lJ~r.t£1~ Hl~Yhm~LL~~),-:J 2 ~,)1l-J~1-:J~mr ~'f) 5 V LL~:; 12 V LI?1£1iJ,)-:J'"l)'n1Ltll?1LLN~lJ1~-W1 
m:;LL~~N ~-:J),U~ 3.9 

" 
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+16V +12V +5V 

" " f(".d .......... Q ..... I • 

'Yi'flJ'I1I"ll'W1'WVlJ''fl Parallel Port 'W'WU1'lI"1N'"l:::L:i'r.in n'W'J1 Pnnter 

Port L'Yi:i'1:::mJ'1-n'l1'W~'J'W1V1'1lnU'Yi'afl1l"ll'W1'WLu'Wm:i'1-n'l1'WLl'1tJ ~'flnu printer LU'WVI~n Ll'1tJ~ 

'Yi'flfl1l"ll'W1'WJ'W~1~1:i'n 1 'IX 1"1'J1~ L~'J 1 'Wm:i'~'l ~h'W-if'fl~~ U1J''J 1'1 L~'J n~1'Yi'flfl1l'fl'Wm~ (Serial Port) 
~ . 

, " 
lh:::~1ru 8-10 L'Yh ;'l~1~1:i'n~'lif'fl~'i'l"ll'W1'W 8 UI1l1~,r'WL'fl'l ~m~tru:::"ll'fl'l connector "ll'fl'l'Yi'flfl1l 

" 
"ll'W1'WJ'W'"l:::LU'WLLUU DB 25 pin Ll'1tJj;]'JLijtJ'"l:::'fltl'Yl1'l~1'WVI~'l PC 'Yi'flfl1l"lJ'W1'W"lJ'fl'lI"1'fl~Yl'JLI1I'flf 

~ 

" lh:::n'flu~'JtJi'1!'1!1ru";'lVl~1'1 25 L~'W LL~~1~1J'nH'l1'W'"l1''l1~ 17 L~'W Ll'1tJi'1!'1!1ru'"l:::mJ'l 

'fl'flnLu'W 3 n~~ Fl'fl Data Port, Status Port, Control Port (6) • 
Data Port 
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r--- -

DO 
AI BI OUTI ;> 

01 
A2 B2 oun 

02 
AJ BJ OUT3 

03 
A4 -.J B4 OUT4 

D4 ~ 
AS t""" BS OUT5 

05 en 
A6 IV B6 OUT6 

06 
A7 ~ B7 OUT7 VI 

07 
AB BB OUTS 

- f-
[~ - f-

1 S3 
AI BI INTI 

I S4 
B2 INT2 A2 

-I--- S5 
!NT3 AJ B3 

-f- ~ A4 ~ B4 !NT4 
-l- t""" 
-f- en 

IV 

-I- ~ 
VI 

-I-

-f-

I~ ~I-
IV 
VI 

NOJ ICO 
Oa 

ICI 
Oh NI~ 

IC2 
Dc 

IC3 b. ~ 
t""" en -...., 
00 

Data Port 378H 3BCH 

Status Port 379H 3BDH 

Control Port 37AH 3BEH 
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3.2.2.2.3 ,)'l'"lJ'-nlJ~ LIfiDiluJ'elLIWaf 

H' Ie LlJ'elf ULN2003 Lth.l~')-nlJ~LIfIDU'l~'elLIfI'elHlJ~'1!'1!1ru 

'"l1m'l'"lJ'L~'el~t;l'elYl'elflfl"lJ'W1'W ~'lJ'D~ 3.11 
" 

INTl >- INI OUT I 

INT2>- 1N2 OUT2 

INT3>- 1N3 eOUTJ 

INT4>- 1N4 [,OUT4 
Z 
tv 
0 
0 ~~~~ 

l.» 

-< 0 4~ 
conunom +12V -< 

- '--

~ , 
tYnlfl'VlJ'1'W;~LIfI'elf~'l 4 ~') '"l:;l11V1ihYi1'Wn1J'lJ'elnrfi1Lmkl'l 

~~~'WLL~:;~~YhtJ"lJ'el'ln1J'Lri1J'~f'ell.J~ tDJ'LYhf t~m~'elti'l rfi1LLVlkI'l~ ~'lH '"l:;~'l~'1! '1!1ru~'el~n 0 

L;h~,)'l'"lJ'L~'el~ t;l'eli"'i'elflfl"lJ'W1'W 
" 

+5V 
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3.3 n1~~ 1PlJ'lJ1h..J~LLn~).J FI'l'U FI).J~tJtJ~ LLn'lJ LL~~i''U''lI'EI).J~ Lt.l11 Vhhf,.v,i'tJ n1~A1'lJ'ltu 
~f1.:J1l1'ViL 'VI L).J n~1YJ 

~lJl1l,jllll1\j~ 'L~mi'"U' 
mnrun"U 

thmJ!n hhumlJ 

L~\Jun ::LiI~til 10 

~ d" 
m~LllJUn::Ln\J'IJ!llJn 

'IJ!l~l::\J\Jnun"U 

. ~ 

un~~fh Background 

)'U~ 3.14 VI,J'wh'l"ll!l'l tthLLnnJrl'l'lJrl~),:::'lJ'lJ~LLn'lJ LL~:::Lf)'lJif'il~~ hhhhf 
" . " 

Lumn)'~ rl'l'lJ rl~),:::'lJ'lJ~ LLn'lJ LL~:::Lfl'lJ-lf!l~~ tth L YM~lV1¥'lJn'l)'kl't.!'l ru~~l'1 . " 

Jl1YlL'VlL~n),lYJ Lth.lLU)'LLm~~~~'t.!l~'t.!~'ltJhJ)'LLn),~ Visual Basic 6 .0 Yi1'11't.!'lJ't.! 

" " ),:::'lJ'lJUD'lJ'1in'l)'';j't.!L~'l~ n1)'Lrl'lJ-lf!llJ~ LU)'LYl;'"I:::LLU'In1)'Yi1'11't.!'il!lmil't.! 3 i't.!(;J!l't.! ~!l -n't.!(;J!l't.! 

'" " 
Vl1 ~1 LL Vlll'l!s~ ~'t.!n'l),~ LLn't.! -n't.!(;J!l't.!n'lnrl'lJif!llJ~ LL~:::~tJn-lf!llJ~ 1 0 LL~:::i't.!(;J!l't.!n'l),~ LLn't.!Lrl'lJ 

-If!llJ~ LU)'LYl; 



" , 
3.3.1 i'Wf;l'tl'Wnr~~I~'lLLvn.i'l~l-J~'\..lnI~~LLn'W 

L~'tln'l~ILL~'I..i'l~l-J~'Wn1~~LLn'W~'1!'1!lru'"llntYnf;lYln'Wen~Lf;l'tlf'"l~~'lhJ~1l-Jt~~~'tll-J~'JLf;l'tlf 
YlI'lYl'tlff;l'il'WI'W~~ILL'm.i'lLL'tl~L~~~ 379H L~'tlLL~-.l1munLml-JYl~IU 

Q ,. 

ll1J~U 

61Ufhfft)jt)jlWUln 

lvll~'I111u9lffl~ij{ A 

61Utllfft)jt)jlW Inn 

lvllmLnu9lffl~ij{ B 

No 

No 

ri 'UYt)jt)jlWl11,!U 

ffl~tlil~1Jm~ij{ A 

ti~fft)jt)jlWl11,!U 

ffl~tlil~1Jm~ij{ B 

, " , 
nJVj 3. 15 LL~'WIlIYl LL~ ~-.li'Wf;l'tl'Wn1~Wl ~1 LLt.n.i-.l ~l-J ~'Wnr~~ LLn'W 
'" 

0-

3.3.2 i'Wf;l'tl'WnrnnU u'W~n LLf'l~iStJn1.jf ~h,rurr~ 10 

33 

ri'tl'Wnr~~LLn'WLnu.;r'tllolf'l tu~1~~'VJn~f-.l tU~LLml-J'"l ~.yi1n1~iStJmn ~h,rurr~ 10 

~-.l'"l~-Wll-J11-iil'Wnr~ correct data L~'tl.yhnr~~I'W'Jru~¥I'lIlIYltYltl-Jml~r;i'tl1u ,T'Wf;l'tl'Wnrnnu 

.;r'tl~f'l~h,rurr~ 10 'tlfiUltJ1~'"lln lUlllYl~ 3.16(a) ~-.l~l-J'"lln~'WriILU~f-.l~ LLf'l~,r'Jrr~f-.l~ 'tl~ 

1'W~ILm'l..i-.l~l-J~'Wn1~~LLn'W ril'\!I'W~L'Jf'lI,rUrr~ 10 LLf'l~L1l-J.yi1nr~~LLn'WLnu~h 10 tUnLn~l-J'"l ~ 

(jl-JYil-.l1'W~(;lt'W~ '"l'WL~~'"l~'Wnr~~LLn'WLnu~h 10 ~'WrilLU~f-.l~ LLf'l~,r'Jrr~f'l~ '"l~n~ul-JI'tl~1'W 
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lSI'" I 
o 14C::it.!I .... 4oC11 crt.r ........ 1 we:.. !I oCII 

[;)1LLVI'W'l L~l-J [;)'l.m1~~LLmJ'W'W'\nntJ Cl'll-Jm~Ln1J'lI'ellolf'l'W1J'J (;l 1"11 1 0 L~~'"l~'WLLf'l'J L~1~1l-J1~Cl'Yl'"l::: 

,r'W~n ~1 1 0 L~'elLn1JHiStJn l-n'Wnj(n~m~~LLn'WLfi1J-if'ellolf'l hhl~f'l1-n L'Jf'l1'l!1Jrr (;l~ L'Vhri'W [;)1l-J 

VI~nm~l11'l1'W~'l~Ll~ 3.16(b) Vl1'elnnn~~'el'lm~iStJnl-n-if'ell-Jf'l~1'l!1Jrr(;l 10 n~1l-J1~Cl~tJnH 
~ ~ 

~h'l!1Jrr (;l~,r'W~n HLLt\''Jl~L-rl'Wri'W [;)1l-JVI~n n1~l11'l1'W~'l~tJ~ 3.16(c) 
~ 

NO 

-. IlUAU 

(l~tJlh 10) 

Pintrro\Jlhft, i ~ 10 ? 

l;;1JAl i == i + I 

(.) 

NO 

-. IlUPiU 

(Save 10) 

liun H Common Dialog (fo·Save) 

l;;U'l1i=i+ 1 

(b) 

NO 
.,nurrstJIhft, i ~ 10 ., 

,";lJ,;' i == j + I 

YES 

(e ) 

lLl~ 3.16 LLeJ'W1l1Yimnn1J ,r'W~n LLf'l:::~tJnH ~1'l!1Jrr(;l 10 
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" 3.3.3 i'WIn'fl'Wn1nnu-if'fl~~hh1yj~ 
'lJ 

~1'W'J'Whh1yj~~~'fl'-1nI~ L~tJ~flIL'J~IUUt3'~ LL~~~I'W'J'WL~tJof~~'fl'l~~~'Wfiriufll 1 0 ~~tJnH 

n1~Lnu-if'fl~~ hh1yj~~~r.nn ~ILL~\l'l"1J'fl'l~'Wnl LU~f'l~ LL~~~'Jt3'~f'l~ 'fltJ'l'W~ILm\l'l ~~~'\..mI~ 
'lJ 'lJ 

, , " 
YiI'lI'W~'lluYi 3.17 LL~~ lUYi 3.18 1n1~~I~U 'e)nvi'l~'l~I~I~n~tJn~ .jf'fll.J~flIUUt3'~ 10 -if'fll.J~ 

Lu~1yj~~~'lhje.h'Wn1~ correct data LL~~-if'fl~~ Lu~1yj~~eh'Wn1~ correct data ~tJU~'flmL~'J 
'lJ 

o .. 
1~1J~'U 

(Save file) 

• I «:II. " 

ml1'U~fl1n1J~'U 

ilon1~ CommonDialog (fn-Save) 

~n\ltTtl1Jthth j = Raysurn ? 

u'UlimltH'::lfllJ~ mll~lJ'\j'tll.!" hhhM j = j + I 

~n\ltTtl1Jfhfh i = Profile? NO 
~------------------------------~ 

i=i+l,j=O 

YES 
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- " 1$1J~'U 

(Save file [correct data)) 

• t Q " 

f11lf'U ~tl11 $1J~'U 

iltJn1~ CommonDialog (fn-Save) 

NO 

Correct data 

" .d.d 1" ~ln'IJ6lJlllo 1'l1$tJn 'II 

... d I ....... d. 

1J'Ul'lntl1'U1J1~1'l1'l1f11$ correct data 
d " "..l. , . 
l$tJ1J$6tJII1l1l'lmlllf'U~ i 1111:: J 

m1~n'61Jfhfil i = Profile? NO 
~----------------------------------~ 

i=i+l,j=O 

YES 
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d 
'U'VI'VI 4 

[)l'WLYlL",mj1Yl Ll?1mLtl'lmjYlcn~'elUmj"'1'l1\!"1J'el'lj:;UULrh..!~1)..J~')\!1~qJ 1 ~,)\!LLm ~'el mj 

YlI?1~'eluj:;uun~~1~fuiuLfI~'el\!~w11LUl?1f'l~ LL~:;,r')tJl?1f'l~ LI?1t1mjYlI?1~'elUR,)1)..JQn~'el'l LL~:; 

- -

Stepping motor 1 

Driver and controller 
Stepping motor 

Stepping motor 2 

Personal Computer 
(Notebook) 
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Iii Number of Step one-two phase GJ(Q)~ 

s~re~ ID"oct~ fi 
: p I~ Ii step I 0 

ClEAR "'" I aEAR ' " 

Speed '-1 --4"":"'"0--

One-Two 

WWYl (;)~tl1JJ':;1J1Jn~ L(;)rJ ihVI'W(;) L t\'~ Lj;]tJtl,n,JtlLj;]tlfLI"l~tl'lJ~hJLL~:;n~1J L(;)rJ 

Yl(;)~tl1J~l-ll-l 10, 45, 90, 135, 180, LL~:; 270 tl'lM'l LL~'lj;]J''l'"l~tl1J~l'W'l'W~L[;ltJ~H1:Wn1J' , 
I I , I" " 

LI"l~tl'WYl L(;)rJ~ L[;ltJtl'll-ltl Lj;]tlf~'l'W~tl'l,r'lr) (;)f'l~'"l:::rJltl'l LI"l~tl'WYll1''l~'W 270 tl'l M'l ~'l'W~ L[;ltJtl'l 

l-ltl L[;ltlf~'l'WrJl'Wfi'l Ltl(;)f'l~'"l :::LI"l~~'W~ 180 tl'l M'l 'V'l1J(:hn1nr1~tl'W~"lltl'l~ L[;ltJtl'll-ltl L[;ltlfd:J'W1tJ 

Ji''lrJ I"l'l'll-l LLl-l'Wih~'l ~~ n1J'Yl (;)~tl1JLL~ (;)'lL 'W[;l'l J''l'l~ 4 _ 1 ... 
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" 0 
41U'lUt'\LIn1.hl~'1 Stepping motor 1 41U'lUt'\LIn1.l'!l~'1 Stepping motor 2 

~ ... 
l.J~ (fl-lPl1) i'lNVl 

Turn left Turn right Turn left Turn right 

1 292 292 292 292 

2 292 292 292 292 

10 3 292 292 292 292 

4 292 292 292 292 

5 292 292 292 292 

1 964 964 964 964 

2 964 964 964 964 

45 3 964 964 964 964 

4 964 964 964 964 

5 964 964 964 964 

1 1928 1928 1928 1928 

2 1928 1928 1928 1928 

90 3 1928 1928 1928 1928 

4 1928 1928 1928 1928 

5 1928 1928 1928 1928 

1 2912 2912 2912 2912 

2 2912 2912 2912 2912 

135 3 2912 2912 2912 2912 

4 2912 2912 2912 2912 

5 2912 2912 2912 2912 

1 3856 3856 3856 3856 

2 3856 3856 3856 3856 

180 3 3856 3856 3856 3856 

4 3856 3856 3856 3856 

5 3856 3856 3856 3856 

1 7824 7824 - -

2 7824 7824 - -

270 3 7824 7824 - -

4 7824 7824 - -

5 7824 7824 - -
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H'~h .. lf11LU~~~~LLm.aJ1 Am-241 Yl~~~1'IJ 59.5 keV A,)1~LLN~~~ 100 mCi 

~')~nU\hr~~~~"l!U~~~~,),J1 CdTe VI'lJ1 5 5J~~L~(;l~ L~tJr.r~~:;uut)~~~nJ~ 4.3 U'IJ~nn1~1!u 

Count 12s. 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

0 

2.0 2.5 3.0 3 .5 4.0 4 .5 5 .0 

'IJ 

High Vol. & Pre Amp. 

(PX2TCdTe) 

Scaler & Ratemeter 

LUDLUM 2200 

I 
J 

5.5 6.0 
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ri'atJ~IOj:;~¥I--l111'YiL'VlL~nnYllJl,rtJ~ILth.lIOj:;~'a--liJn1nnu-if'a~~ 10 L~'a~IOj:;-Wl~nH1.tJn1~ 

tJ~ULLn-if'a~~ hhlYl~ri'atJn1~~ltJ(H1.l~¥I--l111'YiL'Vl hmnYl n1nnu-if'a~~ 1 0 ~1~I~rl~ ~~:;uulJl 

(;\--l~tJ~ 4 . 5 ~ LLntJLnu-if'tm~ LtJ~ 1 Yl~ L~~sn~~:; 2 ';jtJ1Yl L~tJl~iJ1' (;l rl (;]'J 'a th--l f'l'JU f'l~~'JtJ"1I'a--l 
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---------------------------------~-

'"I1n_if'ellqJ'Cl 'i:th1yj~ I 0 ~'1 Ln[;J~1tfhJ1CWf1')1l_JL_ifl_Jf'l~'"I~'Cl~'Cl'l ~1~~~-rl')'1 Pixel 

Number ~ 82 Lti'el'l'"l1n ml_J1ruf1')1l_JL_if~f'l~n'Cl~'Cl'lln1l_J~~tJ~'YI1'1tJnih~'1~'el'l '"I1n~tJ~ 4.6 
" 

, , 
cv~o ,<CIt. '" iJ" ,q ot::II. cvcv .... ..::lII <CIt. 

"lI'el'l~'1~ln1n':l1un')cw~1'W"lI1'1 LL'Cl~l_Jj;.J'Cl'"l1n Angular Dependent Ln~'"I1n~')')~N~"lICW~'~L~l-J 

~ LLn'W LL'Cl~i'W~ ~n1~~LLn'W"lI'el'lLL(;\'Cl~'i:tJ~1yj~ '"I~Ln~l_J~~"r').r ~f'l~yhnu~'Wn1LU~f'l~ yh H1.~ , . 
~1l_J1~(lfuml_J1CWf'l~1~LYhn'Wln'Cl'el~'i:tJ~1yj~ ~'1~tJ~ 4.8(a) dj'W~tJLL~~'1 Angular Dependent " .. 
"lI cw~"r').r~'elU~'"I ~ n'Cl1'1n1n~ LLn'W'vh 1 "~1~1~(lfu f1,)1~ L_ifl_Jf'l~ L_if1~"r').r ~ 1~~tJ ln~'1 ~')'W~tJ~ 

" " 'V 'V 
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... ~ " 0 tlfV~ " 4.4 n'"1~'VI~1I'eltl'VI1F111~L'nn~1I~"lI'el.:lL1~1'V1 L1! ~'Un1~1~ U~~~1'U1'UL~!J'lI~ ~'Un1~Lntl 

';'el~~ L'l..111 yM ~1'V1~t1n1~f'l1'U1CUllf1.:11l1'ViL 'VI L~n~1l1 ... 

, " 
n1 ~ 1-n..:J1\!~:;UU~ LLn\!Vl~ w.J\!1~\!'"l1 n hhLLm'l-J f'I'JU f'll-J~:;UU~ LLn\! ~1 LlI\!I~f'el..:J • 

~tJnif'ellJ~ I 0 '"l1nif'ellJ~~u\!~nlnt\'~'el~f'I~'el..:JrlU~1\!'J\!L~tJeDl-JLL~:;L'J~11 \!n1nnuif'ellJ~ hh 

hhf~~'el..:Jn1~ .yhn1~~LLn\!1t\'f'I),'elUf'I~l-Jt)~~~'J'eltJ1..:J~..:J~\! 180 'el..:Jf'\1 LL~'J~..:J.yhn1),'Vl~~'elUVl1 • • 

r.r~'elUnnUn1j'Vl~~'elU~..:Jnj~ 4 .1 0 LL~:;1ri\!..:J1\!r;i'J'eltJ1..:J~..:JjU~ 4.9 ~~n1j'Vl~~'elULL~~..:J1\! 
• 'IJ " 

d 
1?11j1..:J'Vl4.2 

1 

82 164 

'"l1nJ)1YlL'VlLl-Jn),1Ylvi..:J~'el..:JJ)1Yl '"l:;Ylu'J..:Jn~l-J~~1~1\!'J\! 4 'J..:J ~..:Jn~'el ),VlL'"l1:;Vl 
" " , 

~\!..:J1\!'Vl~~'elU "1J\!1~1?l1..:J 1 ~1l-J1nlL~\!"1J\!1~L~nVl~~1~ i..:JLnI?J'"l1nJ);mL'VlLl-Jm'1Yl 

~1\!"1J'J1YlUu1L'Jru~'J\!~;Jin~ru:;LlI\!'J..:J n~l-J~"1J1'J 1n~ rlU),"1J\!1 ~ 1 Vlru 
'IJ ~ 

'" " L~'el..:J'"l1 n~\!..:J1\!~'J'eltJ1..:Ju1L 'J ruU\!;J f'I'J 1 l-JVI\! 1 LL t.i\!~..:J n~1u1L 'J ru L~tJ),'elU .. 

" " w"" 
'Vl..:J\! 

LL~:;Ln~ 
, " 

artifact 1\!i n~ru:;LlI\!L~\! VlL~mn ~'"l1n f'I'J1l-J tj ~Yl~1~"1J'el..:Jn1nnuif'ell-J~ LU)'LvMvi..:J 
'IJ 

~'el..:JJ)1Yl ~J)1Yl L'Vl Ll-J m'1Yl~;J91\!'J\!L)'tJeDl-J 82 L)'tJeDl-J I?l'elVl~..:J LU)' 1 yJ~ '"l:;YlU~1;J 

f'I'J1l-J f'll-JeD ~~'eltJn~1n~1J)1Yl L'Vl hJn~1Yl~;J~1\!,)\!L)'tJeDl-J 164 L)'tJeD).J I?l'elVl~..:j Lu)'lyJ~ 
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L:i'Us]2-! 82 L:i'Us]2-! 1?1'el'hJ:i'1rM rt'J12-!rt2-!-n (;lil'elu n~1fl1V'1~ij~Tl.l'J'tJL:i'U.r2-! 164 L:i'U-n2-! 

1?1'el hh1rJi ~'el'tJ-If1~2-!1n 

., 
r.nnrt'J12-!~(;lV'l~1(;l"ll'el~n1:i'LfhJ-If'el2-!~t1.h1vM";~~'el~fl1V'1 

" 
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82 164 

1Oj1nI11~t'Vlhm~1~ ~tJ~1ij~1tJ~~L~tI LritJ-if'fl~~ 3 

';)'lJ1Vi~~~;l~L~uoi~ ~1~1~m~'IJ'1J'lJ1~L~n~~~1~ LL~~Ln~ artifact 1'IJin'Mru~Lu'IJ • 
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L'l~'l 

82 164 

6 

~hnVl ~'a~;1,m'u-nl-J ~'ll-J'l~m~u'llU'l ~L~ n~~ ~ '1.~ LL~:;Ln ~ artifact 1 U~n'Mru:;Luu • 
• ., 0 

L~U L~mn ~"'I'l n fOl'l'll-J ~~Yi~'l ~'ll'a'lmnn1J;r'al-J~ L1h'1. vl~l1'1~'a'lIl'lYi LL~ L 'l~'lVlH1. U ... 

m~~'l rl'l fOl'l'll-J fOll-J-n ~'ll'a'lIl'lYi LVI Ll-J n~'lYl ~'ll-J'l~C1Yi'l '1.~~tJ m~thurl'l hh'1. vl; 

'll'a'l rl'l CT -N umber IOn nll'lYi L VI Ll-Jn~'lYl ru 1J1L'J ru~'atJ ~'a'll'a'l~U'l'l'Ur;l'J'arh'ln1J'a'l m PI~'11 'U 
., ., 0 

'1'l'U,;)4'tJuHf~'U'I'l'Ur;l'l'arJ'l'l Fi'a '1.l! L~tJl-ir)fi Edge-Spread Function lum~C;]~'J"'I~'a1J ;'1 

~'ll-J'l~()'afi1J'ltJ L~tJ nnvl LL~ ~'1 rl'l fOl'l'll-Jil-Jiufi~:;~~ 'l'l rl'l Relative logarithm n1J ph Pixel 

Number 'll'a'lIl'lYiLVI Ll-Jm'lYlYi1J~'l~ Luu1J1L'Jru~ LUUmmPl LL~:;1J1L'Jrurl'l CT -Number 'll'a'l 
., ., 
~U'l1Ur;l'J'arJ'l'l 1J1L'l ru~tltJ ~'a,r'U m~tGi:;C;]~'JtGi~'a1J rl'l fOl'J1l-J fOll-J-n ~'lltl'lIl'lYi LVI Ll-JnnYl ~1l-J1~() 

Yi1L~tJm~ih~u"'I"I'J1l-Jnt)1'1'll'a'l Pixel Number ~:;~~'l'lrl1 CT-Number tGi'ln 25% LL~:; 75% 

'll'a'lrl1 CT-Number ~'l~'" thUrl1fOl'l'll-JI"Il-J-n~1'ULL'U'lLLnu Pixel Number ~'l1l1Yi~ 4.13 
'lI • 
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4.6 n1~'el'el n U1.J1.J:a'U.:JTlJ'YI ~~'£l1.J LL~:a:.J~ n'~~''U'ltu~f'.:JIl'~ L 'YI L).I n~1~"l.I'£l.:J:a'U.:J1'U 
'YI~~'el1.J 

I ".., I t I 

LLn)J)J1Yl~~~1'WI~h~'W L~'e)'amL1J1J~'W~1'W'Vl t'l~'fl1J Lt'lrJiJ"'l t'l~~~)J1rJVltj'~ t'l~iLtI'W LlJ VliJ"lI'W1 t'lfPliJ • • • 
L~ Ln'W 1 0 L'll'W~ L)J 1'lJ' L"'lI:;J'''lJ'W1 (;) j;h~l L~'flI'lJ''J'''l~'fl1J~1~ t'l f'I'JI)J~1)JIJ'fI"lJ'fl~J':;1J1J Lii1Jir'fl)J~ hJJ' 
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, ., 
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.:~<·· ·· ·· · ·· t ··· 
~ :" ,I 

./ ;! 

4.0 ,: m ., ,/ 
"0 18.5cm 

'J 'j 
~ /: 

fi11 2 cm 

I 
",-~i ............. L. 

- 16.5cm-

;'W-lI'WLlI'Wv1'el'W1~L\l'elLL~-l "lI'W1C;]lh:;~lru 18.5 x 16.5 L"l!'W~iL~[;W iJ~'elmL(;]n 
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tH~ n1 ~~ 1'W'J'W~~1'1111Yi L'VI Ll-J nnYl ~'JtI ~~UU ~ LLn'Wf'l ~ LLnl-Jl-J 1Yi ~'1'11'W~1 Lin tI 

ml-J1ruf'l~Lih~,"'Jt)InL~'Wt,h'Wp\'Wun~1'1 5 ij~~Ll-J(;l~ rhVl'WInL'J~1 2 ~'W1V1~'elVlt1'1L~U-rl-J ~1'W'J'W .. .. 
164 L~U-rl-J~'elVlt1'1Lth1yj~ Lflu-if'al-J~ 11 Lth1yJ~1~t.J~n1~'VIIn~'aU~'1(;l1n'l~ 4,4 .. 

0-

111YiL 'VI Ll-Jn~1Yl"1l'a'l~'W'I1'W'VIIn~'aU 

2 

0-

'In ~'Lr-1t1'1 nU~'W'I1'W'VIIn~'aU Llntlij'J'I n~l-J~ ~1 

~'1n~'a ~"1I'W11n 5 L"JI'W~Ll-J(;l~ 111YiL'VILl-J-nnYl~ .. 

0-

1"111'J 1 "1I'a'l~'W'I1'W'VIIn~'au1~LU'W'ath'l~ ~'J'W 

artifact ~YiU LU'WL~'W(;l~'1 ~'1~1l-J1n-l Ln In 1~ 

~1n 1"1'l1l-JVI'W1 LLU'W"1I'a'l L~'a 1~~hl~~1L~l-J'a 
1"1'J1l-J 1"1~11n LI"1~'a'W"1I'a'l~~UU n~~'l-ii1 'Wn1~ 

~LLn'WLnu-if'al-J~hh1yj~ LL~~m~Lnln~1nn1~ .. 

" 'ln~ Lr-1t1'1nu~iI'I1'W'VIIn~'aU LlntliJ'J'In~l-J~ ~1 
, 
~ ".4 I Q,o" .diI 

4 'J'I "lI'Inl"1'a ~"1I'W1InLL(;ln(;l1'1n'W 1"1'a 1,2, 2.2, .. 
3.0 LL~~ 3.9 L"lI'W~Ll-J(;l~ 111YiL'VILl-JnnYJ~1~ 

~1l-J1~{1U'an"1l'W11n nH1'1 LL~~~1LLVlU'I1"111'J .. 
" , 

1 "1I'a'l~'W'I1'W'VIIn~'au1~ LU'W'aU1'1 ~~'1U1L 'J ru 
" , 

Llntl~'aU~'W'I1'W ~'J'W artifact V1YiuiJ~n1tru~ 

LU'WL~'W(;l~'1 LL~~~'atl~"1I1'Ju1L'Jru'ln~ 1 ~ 

"1I'W11n 3 .0 L"JI'W~Ll-J(;l~ ~'1~1l-J1~mnIn1~~1n 
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o 
a Q .Q 0 " .4 Q'4 

YlUL~\JLYli.l'l'l'ln~l-J~~1~\J1~L~n 1 'l'l '1I'InFl~ 

:i'~\J1~ 1.2 L'1I\J~Ll-J[;]:i' ~'1LtI\J~~~1ri~"ll~'1 
" 

~~1'1I1TY/t'Vltl-Jnn~ t~i.I~1l-J1:i'(JU~n~\J1~ 

nH1'1 LL~~~1LLWW'l~~'1~\J'I1\Jl~~lLn\J 1.2 
'U 

L':!I\J~Ll-J[;]:i' ~'l\J artifact ~Yluiiin1'tru~LtI\J 

L~\J[;]:i''1 ~'1~1l-J1:i'mn ~ 1~"'l1 nFl'l1l-J~\J1LLtl\J 
'" 0 0 

~~'1Ln~1~Vi'W~,J1L~l-J~ LL~~ Fl'l1l-JFl~1~ 

LFl~~\J~~'1:i'~uun~ ~H1.\Jn1:i'~LLn\JLfiu-if'e)l-J~ .. 

1.2 

o 

n:i':i'l-J"ll1 ~1~ Ln~'1"'l1 n ~\J1 ~ Fl'l1l-Jnt)1'1"ll~'1 

" 0 

~1l-J1:i'mn~ 1~"'l1n Fl'l1l-J~\J1LLtl\J"ll~'1Ln~ l~Vi 

hJ~~1 L~l-J~ LL~~Fl'l1l-J Fl~1~ LFl~~\J"ll~'1:i'~UU 

n~ ~'t -n'\.m1:i'~ LLn\JLfiu-if~l-J~ ttJ:i'L vhf .. 

" 0 

'tn ~ L~i.I'I riU~\J'I1\J'Vl ~~~uViiii n1'tru~LtI\Jvi~ 
" 0 

...r'l"ll\J1~ LL~~:i'tJi1'1 LL~~~'1YlUL~\J artifact Viil .. 
in1'tru~LiI\JL~\J[;]NU1'1~'l\Ju1-L'lru"1J~UI11Yl 

~'1 ~1l-J1:i'(J Ln ~ 1~"'l1 n Fl'l1l-J Fl~ 1 ~ LFl~~\J"1J~'1 

:i'~uun~ ~'t-n\Jn1:i'~LLn\JLriu-if~2qJ~ttJ:i'l'YM 
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l' t;l Cllh::~.:J ~~~ n"lJ'el.:J n 1~~ [;J.J'W1 ~::1J1J~ LLn'W~')t.J f.:J ~ LLn ~ ~1Yl~.:J.:J 1'W~1"11Uc;) • , ., , 

Lrl~'el'WtJ1t.Jl~~1~f1Jn1~~1'W,)'W~~1.:Jfl1Yl L VI L~ nnw ,r'Wri~'el n1~ Hi'.:J 1 'Wfl 1 rl~'W1~ L u'WLtIl1 n1~ 

t;l~,)'"l~'el1J L~1 ~L1J~1 ru ~'W'hl LL~::1'~ c;)~i1 L~"lJ'el::t;l'el~ ~1 ~1~1~Cl ~ c;) ~'11-if.:J1'Wfl1 rl~'W1~ 1~~.:J • 

, ., 
nll1 4.15 LL~C;).:Jn1~~C;) ~'11-if'l1'W~::1J1J~LLn'Wfl1rl~'W1~ 
'" 
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. " 1 'Wm nfD)~~'WtJ1U ~ (;1 r;l--lJ'1--l~ 1~ c;1~1~1nl'vi11~ 
." " 

ri~'W;r1--l~~(;1') n LU~--l91n;:hhwwnLU1 ~1~1J't:llh~n~u~Inr;l~1~~1u mJ'~LLn'WLnU;r~~~ LUJ' 
" 

L~~1.jf L,)~1UJ':;~1ru 90 'W1Vi[;)~mJ'~LLn'WVI~~111YlL'Yl L~nJ'1YJ "ri1n1J''Yl(;1~~1J11utX'WLaJ LL~~L~1 

LaJ LL~(;1--l1'W(;]1J'1--l~ 4 .5 LL~~~~mJ''YlIn~~ULL~(;1--l1'W(;l1J'1--l~ 4.6 

. 
q ..... 

(;l1J'1--l'Yl 4 .5 (;l')~m--l~1'Wl1 fD)~'W1~ 

1 

2 LiI'WLaJ~'WVI~1 n ~1 tX'Wi:i"ll'W1(;1 L~'W~1'W 

pj'WJn~1~UJ':;~1ru 18 L"lI'W~L~(;lJ' 
" . 

~ ~~ t 

111fD)(;l1n "lI,)1~'Yl(;l~--ln1J''YlIn~~U ~~~~ 

91n~'WJ'1UUJ'~~1ru 35 L"lI'W~L~(;lJ' 
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Option Explicit 

Private Declare Function Inp Lib "inpout32.dll" Alias "lnp32" (ByVal PortAddress As 

Integer) As Integer 
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Private Declare Sub Out Lib "inpout32.dll" Alias "Out32" (ByVal PortAddress As Integer, 

ByVal Value As Integer) 

Private Declare Sub Sleep Lib "kerneI32" (ByVal dwMiliseconds As Long) 

Private pread As Integer 

Private pwrite As Integer 

Private STP _ T As Integer 

'parallel port control read data 

'parallel port control write data 

'time of stepping 

Private SCAN_T As Integer 'time of main scan 

Private CnUo(2000) As Double 'counts of 10 

Private CnU(1000, 1000) As Double 'counts of raw 

Private CnUCR(1 000, 1000) As Double 'counts of data correct 

Private RTN As Integer 'return stepping 

Private Lap_S As Integer 

Private RS_S As Integer 

Private Angle_S As Integer 

Private 10 As Integer 

Private c(3) As Integer 

Private b As Integer 

Private i As Integer 

Private j As Integer 

Private k As Integer 

Private I As Integer 

Private m As Integer 

Private n As Integer 

Private BG As Integer 

Private profile As Integer 

'distance of source stepping 



Private raysum As Integer 

Private RSV As Integer 

Private Sub Command1_ClickO 

Shape1.8ackColor = vbRed 

Timer1.Enabled = True 

End Sub 

'active prepare scan for start main manu 

Private Sub Command2_ClickO 

Shape2.8ackColor = vbRed 

For i = 1 To 10 

MSC1 .0utput = "SS" + Chr(10) , for Start LUDLUM 

Sleep (SCAN_ T) 

MSC1.0utput = "SS" + Chr(10) , for Stop LUDLUM 

Sleep (100) 

MSC1.0utput = "RS" + Chr(10) , for Read Count 

Sleep (100) 

Sht1 .Cells(i, 3) = MSC1 .lnput 

MSC1 .0utput = "RS" + Chr(10) , for Read Count 

Sleep (100) 

Sht1 .Cells(i, 3) = Int(MSC1.lnput) 

CnUo(i) = Sht1 .Cells(i, 3) 

Call DT_R 

Call DT_R 

Next i 

Timer1 .Enabled = True 

Shape2.8ackColor = vbGreen 

End Sub 
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Private Sub Command3_ClickO 

Dim 10File As String 

On Error GoT 0 Err 

CD1 .ShowSave 

10File = CD1 .FileName 

Open 10File For Output As #1 

Print #1, 10 

Print #1, SCAN_T 

For i = 1 To 10 

Print #1 , CnUo(i) 

Next i 

Close #1 

Shape3.BackColor = vbGreen 

Frame4.Enabled = True 

Text3.Enabled = False 

Text4.Enabled = False 

Text5.Enabled = False 

Err: 

End Sub 

Private Sub Command4_ClickO 

RTN = Int((raysum - ((246 - raysum) / (profile - 2))) + 3) 

Lap_S = Int(240 / (profile - 1)) 

k = 1 

For i = 1 To profile 
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If i = 1 Then 

GoTo NxT 

End If 

For m = 1 To Lap_S 

Call SR_R 

Next m 

For 1= 1 To RTN 

Cali DT_L 

Call DT_L 

Next I 

NxT: 

For j = 1 To raysum 

MSC1.0utput = "SS" + Chr(1 0) I for Start LUDLUM 

Sleep (SCAN_ T) 

MSC1.0utput = "SS" + Chr(10) I for Stop LUDLUM 

Sleep (100) 

MSC1.0utput = "RS" + Chr(1 0) I for Read Count 

Sleep (100) 

Sht1.Cells(k, 4) = MSC1.lnput 

MSC1.0utput = "RS" + Chr(1 0) I for Read Count 

Sleep (100) 

Sht1 .Celis(k, 4) = Int(MSC1 .lnput) 

CnU(i, j) = Sht1 .Celis(k, 4) 

Sht1.Celis(k, 1) = i 

Sht1 .Celis(k, 2) = j 

k = k + 1 

b=b+1 
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Call DT_R 

1********************************* 

Call DT_R 'if step = 164 'not active' 

'********************************* 

Nextj 

Next i 

Shape4.BackColor = vbGreen 

Timer1.Enabled = True 

End Sub 

Private Sub Command5_ClickO 

Dim T _File As String 

On Error GoT 0 ErrH 

CD2.ShowSave 

TJile = CD2.FileName 

Open T Jile For Output As #1 

Print #1, T Jile 

Print #1, raysum 

Print #1, profile 

Print #1 , RS_S 

Print #1, Angle_S 

For i = 1 To profile 

For j = 1 To raysum 

Print #1, CnU(i, j) 

Nextj 

Next i 

Close #1 

Shape5.BackColor = vbGreen 

ErrH: 

End Sub 
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Private Sub Command6_ClickO 

End 

End Sub 

Private Sub Command7 _ClickO 

Dim a As Integer 

Dim SFile As String 

CD1 .ShowOpen 

SFile = CD1. FileName 

Open SFile For Input As #1 

i = 1 

Input #1 , a 

Text5.Text = a 

10 = Text5.Text 

Text3.Text = a 

raysum = Text3.Text 

Input #1, a 

Text4.Text = a 

SCAN_ T = Text4.Text 

Do Until EOF(1) 

Input #1, a 

Sht1.Cells(i, 3) = Val(a) 

CnUo(i) = Sht1 .Cells(i, 3) 

i=i+1 

Loop 

Close #1 

Shape6.BackColor = vbGreen 

Frame4.Enabled = True 

Text3.Enabled = False 
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Text4.Enabled = False 

Text5.Enabled = False 

End Sub 

Private Sub Command8_ClickO 

Dim T _File_CR As String 

'On Error GoTo ErrHCR 

CD2.ShowSave 

T_File_CR = CD2.FileName 

Open T Jile_CR For Output As #1 

Print #1, T Jile_CR 

Print #1, raysum 

Print #1, profile 

Print #1, RS_S 

Print #1, Angle_S 

1************* 

b = 1 

t************* 

For i = 1 To profile 

For j = 1 To raysum 

CnUCR(i, j) = Log((CnUo(b) - BG) / (CnU(i, j) - BG)) / Log((Exp(1))) 

Sht1 .Cells(b, 5) = CnUCR(i, j) 

Print #1, CnUCR(i, j) 

b=b+1 

Next j 

Next i 

Close #1 

Shape7.BackColor = vbGreen 
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'ErrHCR: 

End Sub 

Private Sub Form_LoadO 

pread = &H379 

pwrite = &H378 

STP_T = 20 

SCAN_ T = 1000 

MSC1.CommPort = 1 

MSC1 .PortOpen = True 

10 = 82 

profile = 11 

raysum = 82 

RS_S = 5 

Angle_S = 18 

BG =4 

End Sub 

Private Sub HScroll1_ChangeO 

STP _ T = HScroll1.value 'choose time for delay drive stepping motor 

Text1 . Text = STP _ T 'display time delay stepping motor 
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End Sub 

Private Sub Text2_ChangeO 

profile = Text2.Text 

End Sub 

Private Sub Text3_ChangeO 

raysum = Text3.Text 

End Sub 

Private Sub Text4_ChangeO 

SCAN_T = Text4.Text 

SCAN_ T = SCAN_ T * 1000 

End Sub 

Private Sub Text5_ChangeO 

10 = Text5.Text 

End Sub 

Private Sub Text6_ChangeO 

BG = T ext6. Text 

End Sub 

Private Sub Timer1_ TimerO 

RSV = Inp(pread) 'recieve data from sensor for pointer 

If RSV = 199 Then 'Source to point complete 
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Call DT_L 

GoTo EndStep 

End If 

If RSV = 167 Then 

Call SR_L 

GoTo EndStep 

End If 

If RSV = 231 Then 

'rotate stepping detector 

'detector to point complete· 

'rotate stepping source 

'Source and detector to point complete 

Shape1 .BackColor = vbGreen 'display status to complete 

Out pwrite, &HO 'stop both stepping 

Timer1.Enabled = False 'prepare complete 

End If 

'rotate both stepping 

EndStep: 

End Sub 

Sub SR_LO 

Out pwrite, &H90 '10010000 

Sleep (STP _ T) 

Out pwrite, &H 1 0 '00010000 

Sleep (STP _ T) 

Out pwrite, &H30 '00110000 

Sleep (STP _ T) 

Out pwrite. &H20 '00100000 

Sleep (STP _ T) 

Out pwrite, &H60 '01100000 
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Sleep (STP _ T) 

Out pwrite, &H40 '01000000 

Sleep (STP _ T) 

Out pwrite , &HCO '11000000 

Sleep (STP _ T) 

Out pwrite, &H80 '10000000 

Sleep (STP _ T) 

End Sub 

Sub SR_RO 

Out pwrite, &HCO '11000000 

Sleep (STP _ T) 

Out pwrite, &H40 '01000000 

Sleep (STP _ T) 

Out pwrite , &H60 '01100000 

Sleep (STP _ T) 

Out pwrite , &H20 '00100000 

Sleep (STP _ T) 

Out pwrite , &H30 '00110000 

Sleep (STP _ T) 

Out pwrite, &H10 '00010000 

Sleep (STP _ T) 

Out pwrite , &H90 '10010000 

Sleep (STP _ T) 

Out pwrite, &H80 '10000000 

Sleep (STP _ T) 

End Sub 

Sub DT_LO 

Out pwrite, &HC '00001100 

74 



75 

Sleep (STP _ T) 

Out pwrite, &H4 '00000100 

Sleep (STP _ T) 

Out pwrite, &H6 '00000110 

Sleep (STP _ T) 

Out pwrite, &H2 '00000010 

Sleep (STP _ T) 

Out pwrite, &H3 '00000011 

Sleep (STP _ T) 

Out pwrite, &H1 '00000001 

Sleep (STP _ T) 

Out pwrite, &H9 '00001001 

Sleep (STP _ T) 

Out pwrite, &H8 '00001000 

Sleep (STP _ T) 

End Sub 

Sub DT_RO 

Out pwrite, &H9 '00001001 

Sleep (STP _ T) 

Out pwrite, &H1 '00000001 

Sleep (STP _ T) 

Out pwrite, &H3 '00000011 

Sleep (STP _ T) 

Out pwrite, &H2 '00000010 

Sleep (STP _ T) 

Out pwrite, &H6 '00000110 

Sleep (STP _ T) 

Out pwrite, &H4 '00000100 

Sleep (STP _ T) 



Out pwrite, &HC '00001100 

Sleep (STP _ T) 

Out pwrite, &H8 '00001000 

Sleep (STP _ T) 

End Sub 

Sub SR_DT_LO 

Out pwrite, &H9C '10011100 

Sleep (STP _ T) 

Out pwrite, &H14 '0001 0100 

Sleep (STP _ T) 

Out pwrite, &H36 '0011 0110 

Sleep (STP _ T) 

Out pwrite, &H22 '00100010 

Sleep (STP _ T) 

Out pwrite, &H63 '01100011 

Sleep (STP _ T) 

Out pwrite, &H41 '01000001 

Sleep (STP _ T) 

Out pwrite, &HC9 '11001001 

Sleep (STP _ T) 

Out pwrite, &H88 '10001000 

Sleep (STP _ T) 

End Sub 

Sub SR_DT _RO 

Out pwrite, &HC9 '11001001 

Sleep (STP _ T) 

Out pwrite, &H41 '01000001 

Sleep (STP _ T) 
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Out pwrite, &H63 '01100011 

Sleep (STP _ T) 

Out pwrite, &H22 '00100010 

Sleep (STP _ T) 

Out pwrite, &H36 '0011 0110 

Sleep (STP _ T) 

Out pwrite, &H14 '0001 0100 

Sleep (STP _ T) 

Out pwrite, &H9C '1001 1100 

Sleep (STP _ T) 

Out pwrite, &H88 '10001000 

Sleep (STP _ T) 

End Sub 
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