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Development of Technique for the Evaluation of the Properties in
Standing Tree for Improving Productivity of Wood
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SUMMARY

I. Subject of Research

Development of technique for the evaluation of the properties in standing tree for

improving productivity of wood

II. Necessity and Scope of Research

Wood can be easily deteriorated by micro—-organism which would entered thorough dead
branches or wound in stem. Some species might have heart rots as the standing tree is
getting old. So, it is needed to develop technique for evaluation of inner state of standing
tree, because the heart rots in standing tree cause reduction of annual diameter increment,
or make standing tree fall down and withered. In Korea, an increment borer or shigometer
was used to evaluate inner state of standing tree. Those methods, however, could have
made second wound which can be passage for micro-organism, and imposed a burden
during the test. Therefore, the method to visualize the condition of standing tree with the
portable CT(Computed Tomography) system which can be applied in the field and do not

make wound at the stem.

IM. Content and Range of Research

First, this research was done to understand the attenuation characteristic of X-rays in
wood for developing the technique to evaluate the properties in standing tree, and literature
investigation research also done to know indices affected to change density of wood
because X-rays is attenuated by density of object. From the attenuation characteristic of
X-rays, the equation of mass attenuation coefficient was derived to quantify radiograph.
Second, the research was also done to visualize the inner condition of standing tree by
using X-ray CT image. X-ray CT image was reconstructed by using the FBP(Filtered

Back Projection) algorithm with the radiograph which were gained at every certain angles.



And then, new CT reconstructing program was developed by revising general CT
algorithm. Lastly, portable CT apparatus which can apply in the field was developed, and
developed portable CT system was applied in the field to verify whether it can visualize

inner condition of standing tree or not.

IV. Results of Research and Plan for Utilization

Through this study, it confirmed that the factor affecting X-rays attenuation are wood
density, moisture content and the penetrating depth of X-rays. So, derived the equation of
mass attenuation coefficient according to the penetrating depth was used to convert
radiographs into density profiles. The density profiles were successfully used to reconstruct
CT mmage. CT image using the equation of mass attenuation coefficient was more accurate
than general CT image. Then CT apparatus and reconstructing CT image program were
developed to apply this technique in the field. Using developed portable CT system, heart
rots and distribution of moisture content in standing wood were investigated. And the
results of applying other wooden materials with portable CT system also contain in this
paper. It i1s considered that it can be used to manage forest effectively or to investigate

mner condition of wooden materials such as wooden properties.
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A 2d XA 273 &4

B oAFoME ga @A wet Ade] A)7]7F @ebA a1, Hounsfield Unit A4S 93k 7+
£ 4 (Motion phantom)& A3 wjultt 4T 5 gl7] wol, Beere] WA S o] &3
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gon, 18 npet XAl gH4she A% Avng

1. XA A9 2 gxgd vy

7h XA A

I
g587] e e A XA 21 =& ARke] aTEdey, 9
7lwe] wdw 9ty dHajol= CMOS(Complementary Metal-Oxide Semiconductor) silcon
active pixel sensortt CCD(Charge Coupled Device)E AF-83t+= A9 aajAd= t]eg el 7|
W ok XA AR g2 AfbEr XAS =E3AAE 9H] e A3E 45 T UA "
o A EstE XA AdE ol&dtd: 2 A9E 25 T Us AoE ARHA
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a9 3-2-1. X4 Hd4(CP 120) 25

£ 3-2-1. XA AACP 120) A% (www.icmxray.com/ndt)

o = AL &
Output voltage range(kV) 40-120
Tube current range(mA) 01-15
Maximum useful angle of X-ray beam(") 50x50
Overall dimension(mm”) 470x155%227
Total weight(kg) 7
Focal spot(mm?) 0.8%0.5
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255 dststar Qlstd WA ARRS HAE gfd =z WA stofo
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a9 3-2-2. yAE HHEHNNX 06) 25

NX 062 3] 2ol WA AR Aol sl =& 2540%2060pixel’o] Atk B3k A4 H T
Ag g e UabA ARe A7) 9JEiA CCDE ARgstar Q7] wlio] v AdoM= 7
g glo] #Eo] ZbeatH, dF3 o] Qs HAHS AFeta yAE ddm AFT 5 Uk
19 3-2-39] "AE "HEEH NX 068 o]&3te] Xao] Wik Axlo s mdE= HA o]
Bl gtk =3 UEE e 4 Qe gray scale #°] Za, W 9 G o] wrgEr] w

ol B ATNA AFgEHE CP 120 Ao B E WA XA ALgs] A s,

Light Analog .
X-ray WM Scintillator M Capacitor [plded  A/D Digital

Photon amplifications Charge storage converter signal

£ 94

a9 3-2-3. UAE gEgE(NX 06)o4 XAdo] WARE Alxloz §dy

2. XA A4 2 gxg yHH

A9 KR 24 4%

XA #& ZF=(Maximum useful angle of X-ray beam)t I A g Ao Aol HIALA AR
Z

9 Qe $83 guow A4 Afetn dE A9 FE 4EE A2 Fes) doh A
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el 45 4wt ARAe] FA% A9 ANE ARG 5 7] We] FF CT v A
Aol %23 QA7) 57] gEolrh XA g CPI20 AZAF ICM ALl A AFFS A3in
e W, XA F8 7= 50x50°] AT

XA A CP 120(ICM, Belgium)e] XA ZAtsl7] YafjA AF&E At gxd ey NX
06(RF system, Japan)> WAFA ARZlS Az AFEE AT XA Ao 23H 380mm Holxl
o tA g HEHE X% F 3% ¢ XAdS RSk HARd ARLES 56t 954
WAL A2 ] f-8 AL Matlab R2014a(Mathworks, USA)S ©]83}o] gray scale L2
W gk o] FA AT

21 13 o] gAY HEE e dA Aol gAY vEy e dA JA 5 FE I
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FE YA AEE ol&ste] HAYE HEE Y dirE XHdow A 5 gle XA dddy

g4 tee Aol A Asakgict

h

l:a=xz:b (1)
360 X< 2d

o= arctan(z/2d) @

T

o] 71 A,

[ gAE geee] A4 Zol(mm),

a= WA AP O AA gA

b= WARA AL W & A S

= & Zol(mm),

6= XA 7 ZFxe Auk()

(2) 23 ¥ &9

% 3-2-40 5 AR AR FAE FE2 A T =0 AAEe Aok AR AR
W A4 G (a5 254001tk AA AR ARl A gray scale W9l 0~2Mo] glon W
AR ARZL W gray scales 0 A)~255(314) HAR FAAIA A A&l oW, gray
scale gkol 2557F &= & 4 Abole] AgE AR dS w, WA AR W f& 4
T(b)= 964°] At}
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OAg tego] XMool 27 ZAMATE AL 3od 4= 99

9% i @7hE 98 Ao XA A% UAD DHgHE o] §ste] XA CT 7142

==

AR ue] 443 9 B4 e} 497 UAY TEE Apole] Ael} @

8% o)
B4 F gk AnHoR XA 54 fFAA Al AF wuestel FwErt st
Aow A vk webd Ael wE Age] AE 74 Age] vy wde] Basrii @



XHe 2AFE7] 9@ A9 CP 120(CM, Belgium)& AF&3191om, wWakba A S 2d7)
A tAE gEE NX 06(RF system, Japan)S A&t 3k X S 9= B4
of XAl ZAF olyA S-S flste] txE "Ey Yot dFngor vtE AAAE AR
sto] A AT FEAE doakd 4 KS B ISO 19232-2 v 9b3] A} - WAl F3b Al g
AP A -AR2T AAAAGE/ e d)-dEgke] 28& Faste] Azsigleon, A4 A

ol 19 3-2-5adl AAIHO] Ak AAAE Y3 AR AR 9] gray scale S o] &8}

=

A A

a9 3-2-5. XA A

(a) FAA A4
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Agle] w2 A XA 2% 72 WatE dolry] 9ate], XA AU txg v
Alelo]l A E 410, 420, 430,-, 480, 490, 5000 & H}H b HALM ALKS AQTh XA AL
3 Ogxg geE Abolo] Agl: Y 3-2-60 vk = A o] AA AlFE AP ~
AL CT ZH e o] g3te] WAz AL

39 3-2-6. XA A3 gAE "Ey Atole] A WAE AT AgdH 2L CT
el

XA 2AHE 9% Addel Bdetat B FE Zh2 42KV, 15mA°1M_D% ZAbE XA 1%
HE =3AA AR AP S F5383tH H oo Ao WA AR el
XA A gray scale < Matlab R2014a(MathW0rks, USA)S o] &3lo] B48)
Atk "oy £4E5 F0]7] fste] 9 DICOM 349 & o] &3t

(2) A3 4 E9
a7 3-2-79 Add XA FE(gray scale)9t XA AL} tixE gEE Alole] A A

&
v AA#AA T AAEHe] Tk dukz oz aex wpel o] Agl Aol wkH|HES & 5
ARk 2A AFRYE 0930t}

x
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2,450

2,400

® y =-0.0019x + 2685.9
R2=0.93

2,350 r

Gray Scale
N
(]
o
o
T

2,250

2,200

2|-150 1 1 1 1 1
160,000 180,000 200,000 220,000 240,000 260,000

He| H& (mm?)

¥ 3-2-7. Gray scale("dt 4 XA A=) XA Adda gAd HeEE Apo]e] 7e
Al kel B A

B AT A% BAHe 9% WY gu 24 A% /& AR, XA CT 7162 ol §3t]
=T YREE WE CT ouAR ATgas Rolt wepq Aol we XA AEe -
e s ook & Abgolth, A QIFE mish gol, AN F=e] Mot Fulel A

210wk XA Ayt gAE ey Abole] ARrE e 4 dvk B3 XA Aol A
2AE = XA del= 3 AolM WAl A Y= cone beam FEjol™, HAE HEH=
Hol7] WEel tAE vEE e HW elM= XA Ada gAY HEE Atele] Agrt upA
A doh 2 A Az Ao AJdaAAe 5 XA CT ovA +4 dagFol a1y

1
=

Beerel W& o §3te] WA AE WE gom WHsnA HAlel ue AT
g Faua gk £%, 24 9 G5 2

[e)
=
on BA Fo we Bae ARpHAs £ SAser. ddow Zae Wr 24
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of A% &= ©@(monochromatic) X419l 75 ZHAle] FA dgt X4 72 dAY

& Z= (continuous
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Aol A ARE- AL

spectrum) XA o]7] wjiol] XA 3 A]g A 2]

Aol meh XA 4
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ol
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Xl

I —

X4 Z=AH(Cone beam)

Al
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Z g 719 (Rasband, 2012)<

A AR imagej

A2 gray scale?
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005
* ., ® ]
B oo e o o0 o % _o
e oo ° P . .
_ 004 | L e .
g _......~. ™ ®e 0o % ot
= ]
W
F 0.03
FT —
=
n 0.02
o
Rl -
001
0 | | | | |
0.35 0.40 0.45 0.50 0.55 0.60
711 2& (g/mn)
a9 3-2-11. 7174 U=o wE A=A
¥ 3-2-3. 75 wE T8 44 vE (9] %)
Elemental analysis
Species
C O N H Ash
Larch sapwood 49.57 44.19 0.17 5.85 0.22
Larch heartwood 49.86 43.99 0.12 591 0.12
Pine sapwood 50.18 43.38 0.17 6.08 0.19
Pine heartwood 54.38 39.16 - 6.31 0.15

,52,



E 3-2-4, #F0] W ZAle] AFFAAS

il

Photon Mass attenuation coefficients
energy
(keV) Pine sapwood Pine heartwood Larch sapwood Larch heartwood
20 0.598 0.581 0.601 0.600
30 0.310 0.305 0.311 0.311
40 0.237 0.235 0.237 0.237
50 0.206 0.205 0.206 0.206
60 0.193 0.192 0.192 0.192

gooXA 3 e

(1) A= 2y

XA CT olvA& A4et7] el = 44 Z=ol whg WAk ARE

o
ZHol wpel AR ARE Ao w XA T @S S AR Ee A Bde R
2 oS40 FFol wE AFga AT 2ok glo] XA Tk g SAe A%
A= 2ol7 gle Aor AtrEdoy & HdS Fako] Fdsir gy
= A A 5 a9 3-2-129 2 d&E FHE T

ARE Ak 1 F AR Aol thskel WAPTEI HAYFOR XA FALStol
P 2o AFRFAAFE =EAn




£33
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WAL AL

(2) 23} 8l &9
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olgtal Az E T},

=
LN

2> H ol whe} XAdo] 24w 7] o
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ox

AFAF (g/em?)

# 3-2-5.

ﬂ_mo
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x
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0.041

0.041
3-2-6° XA F3 Aol w

0.042
0.039
0.040
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=

o] A= ol
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# 3-2-6. XA F3F Aol wE SA9 AFgAAs e AT AlEd A # HE

e =17](mm) 7174 & (g/em®) g
o £ go]  we  #w  wzax (%)
A 3151 3337 0.33 0.41
B 3287 3858 0.46 0.75
80.00 12
2] 7] o A 3150 3358 051 0.27
A 3290 3995 0.41 0.37

XA 53 Age wE EAo HIFRHASF abEe] AMEE XA HAYS CP 120(CM,
Belgium), UHEHZE NX 06(RF system, Japan)S AF&3th @S A @A, 25 35,
37kV, = w7k XA R A we Eae A@AAFE AT XA e @
HAFE= 15mAR AASA A5k WA ARSI =519

2% 3-2-13% #Ze] i 3-2-60 AAE AAES HAI XA B AGE WAAHH
XA A3 gxg gee e Alele] A 650mme]on, XAl 523t mEAA s
AR ARE F 5kt 5% WA ARE Matlab R2014a(Mathworks, USA)E ] &3}
o] gray scales XA ZE=Z W om 24 4 Beerd W, o me} AlHES S XA

A%, 2AR T 5L ol g3te] AFRAATE mEAAT

P
rz
rz
o

X4 Z=Af(Cone beam)

650mm

al=1=

3% 3-2-13. XA R} Aele] 02 BAe] AAAAS 25 9% Y Ba

,55,



(2) 23 ¥ &9

9 3-2-14% AAAES JAAIIY A2 WAL ARdo|th 19 3-2-1404 B nwle} ol
AAAS TRtz FAAE SHI guke AR ste] yxE WALA ARG AT Ao
WAL ALZD oA ZA] 9] gray scale #s DAY gray scale @t XA Adide Aad
Aol thdste] EA AAHS FT343 XA A= e AXES

a9 3-2-14. XA Z=e} XA Fip Agd mE SA9 AFAF &S g AAH

WAL ARR

(7hH XA Amel wpE EAeo] Az AL

Beerd] W3, 2] 4 & o]&3sle AHFAAATE =53RS ul, #HGo] 25 35 37kVY o
AFRAAT= 247 03628, 0.2098, 0.1844 o]tk ¥ 3-2-150 AAEfgl= A3} 2o,
#AQ e A7V A-FE AFFHAATIE FolAl = AS AT F Q) o= AEstE A
o Al MAE] = XAHo] A& S 7HA = A& XAHdol7] e, 19 3-2-89 A|A = U&=

A

Hhol zro] #AHQre] =77t HolA42 A XA oA Fupgo] xpAEE= B Lol 7

7450l Hla) wol FAEAY] wiFoletar AdETh o=
9} Y33 tt. Hoagot Krahmer(1991)%= 20keV ol A
el i A I R i Eat = TR INTA o R

1

Hoag®} Krahmer(1991)7} w¥%3 2y}
30keVZE FHd HA}o|HA &

i
ol\
)
>
b
o

,56,



1.2

0.0

- y =0.3628x-0.2058
R2=0.98
i @
@
®
'l | | |
0.0 1.0 2.0 3.0 4.0
=22 pt (g/em?)
(a)
- y =0.2098x - 0.1695
R*=0.98
i ®
| | 1 1 1
0.0 2.0 4.0 6.0 8.0 10.0
=22 pt (glem?)
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y =0.1844x - 0.2618

0.96

© 9
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(c)

a9 3-2-15. XA = u
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e
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25kV, (b)

1
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e

)
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< o,

HAATE AHEYS
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—~
fite)

e
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ol
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ofp
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Fobal g A ot
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y =0.2435x - 0.3624
L 2 =
1.4 R:=098 o
12
1.0 |
=08 F
= ®35kV
06 y=0.171x - 0.1508
R2=0.98 X 37kV
04
02
00 | 1 | | |
3.0 4.0 5.0 6.0 7.0 8.0
=2 pt (glem?)
(a)
16
v =0.185x - 0.0165
1.4 L R2=0.99
12 |
1.0 |
=08 | .
=’ ' =0.1348x + 0.0649
i y X ®35kV
R2=0.99
06 r X 37kV
04
02
00 1 | 1 | ]
4.0 5.0 6.0 7.0 8.0 9.0
=2 pt (¢/cm?)

(b)
39 3-2-16. AR XA Fak Aol M) wdstel mE S A Faa A
(a) F3712]: 12.52~13.09cm(35kV), 12.59~13.17cm(37kV)
(b) T8 15.68~16.38cm(35kV), 15.36~16.46cm(37kV)
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(W) XA T3k Aol we Zxo AR AS
a9 3-2-158 B9, HAFo] Frbetel wel 27] XA FEeh AEs S4d Fo XA
=o] gzt @A er SUkekA ¢, Al 71E717F astiA SUhekE EaS 5o
ot Ao "WE WS RHEY] fjste] HdE Al Folg, v Alded AAE
et ABES FHEG oY WE Wol7t 0.32~051g/em’l Eyistrg A Jgs 1
A Mgs dERTE XA 3 Agea @& 5 olvh mebd XA R Aerr Ao o
2 27 XA Az AEs F3d Fo XA AR digue] S AaAvlE ddeld #
g, XA Fak Aol wE HAe A AsE mEste mat
3 3-2-7e] v gl A Zo] FAY XA B A XA F3 ATE Skl whet
AFAAAT7E Fasta S &AT 5 odvh AR E e 75 (2005) 0] wEE 4
= Ad&olAy FAS] FAZE FAA HW FEAWAA Aol ol wAste] Frtr =
A7)0l maetA Bvka w3k weka T XA FRolA HAo F7E upHe] whek XA
FI AYTE dojA T3 5 XA AEe vEe] AbdE Xade] 3 vAE vEE A s
ol X2 F3 Ak 2ol wel HAjo] AFAHAGTT Had Aow Atndn
F 3-2-7. XA T3 A we AFRA A
B L KV) 3 712 (em) A &7 4] 719 (em”/g) R*
3.12~3.28 0.4991 0.99
> 6.25~6.55 0.2919 0.98
9.40~9.82 0.2667 0.99
35 12.52~13.09 0.2435 0.98
15.68~16.38 0.1850 0.99
6.32~7.85 0.3049 0.99
9.44~11.99 0.2226 0.96
o 1259~13.17 0.1710 0.98
15.36~16.46 0.1348 0.99
Shd XA Amel we EAe] AZgAAsst XA £ Add e SAe A3t
st tie AdE A Beks o, WA ARIE EE profile® HHFY] 9 EiA =
EANE Fsts Aolol wel Aol AZFRAAFE A &stolof e &
~ 60 -



WAF 15mAC] diste]l HAe] AFFHAT AS =& en, ol A AT A
=]

MALAL A1Z1E WE profile WEEE] AL LT

0.35

0.3

2 025
£
S

L 02
=

= 0.15
0
o

oo O

0.05

0

u=-0.214In(f) + 0.7251
Rz =0.98
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(D As =2 By

CT elvlA& T4 A% 44 29 358 W38k Aol AEe] 200mme
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a9 3-3-3. A EF % g3t 9A AR

YA ARRLE F537]) flste]l AMEE Ay YAE dEEHE CP 1200CM, Belgium) 2}
NX 06(RF system, Japan)o|ith. XA Aol #dda #A/(}L 60kV, 1.5mAo o, A}
He Xdo "gA"E dEHE 123 =3AA AP ARE d589dnh 27 3-2-60 A #
APAA 2AL] CT GHlE o] &3te] o] oA thre] WA A g53t8lt) &
=3k AR AR S 9, 18, 36, 72700 2Tt

A8 o A= AR A] TAE 4 Q= Aok = 4F v
APE Agsiatt vAE deE = @4 syt Za glo] S 94
A

bo AFESHAl = Ao e Ay 19

NEe 94479 UAd teee =

e A o AAgEA A7t 2 A4S 54 99 Holy CT
ek b 3

o}rl_,
jg
it
SE,
2
i
rlr
o
o
il
2L
(ol
et

,65,



-
¥
lo
Az
o,
Ay
rot
{0
o,
B
o
>~
>
e
o2
ox
o
o,
ofo
_0#
2
=
.
ng
oy
il
o
Ry
ok
-
%0
rlr
Y
2
4o
Ll
)
o

Al

| BGLERET:

a9 3-3-4. A3 EHF

53 HARA AR Frol mek CT oW A& A7 on, dubdog AR 9= CT
olmx] A+A LdaglEe FBP(Filtered Back Projection) & Ab&3tdtt. FBP H-2&
convolution Holgtilte weH, o2 WA ARRIE FHske] @2 CT o|vAE o=A7]A
1} convolution A dke] Bd& BEHA Asts eItk (1Y 3-3-5). FBPHE A-§37]
el Aozl v WAk AR S HAES s on, O ARES o] &8t CT o|rA& +
Attt CT olu A 74 d&de Ao gt zaad 3= 1) WAL AR o)X g 3)s)
= 44, 2) Agd 2 #x 474, 3) FBP ¢1g5g B¢ CT ovA AFHoz FA4=H3A
on, Matlab X218 o]&ste] IS AH8H daegls FZ=+ Appendix 1o #|Al &
o1 A
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a9 3-3-5. 29 17. CToll Ale5+= 9597 d5H2A 9% 7]+ (Serram, 2013)
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ek ole] Zmol A WA ARE 9] Gl of x
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skl CT olm A& AFAdstAdh 2y 2 dFoA Algsts XA d93 gAg teEE 9
545 wkdetA e, AHe efolA eyt wAe= wAZE Ak FBP M-S Matlab
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TR BIE ANO0) 2V ESTH)
# UTF-B

# parameters

PROJ_TYPE = USHORT
PROJ_PATH = "tinber3#i#+ den”

PROJ_COUMT = 180
PROJ_ANGLE_START = 0O
PROJ_ANGLE_INTERYAL = 2.0
PROJ_ANGLE_DIRECT IOW = CCW

PROJ_S1ZE_X = 4040
PROJ_SIZEY = 4040
FROJ_PITCH_X = 0,05
PROJ_PITCH.Y = 0.05
PROJ_OFFSET_X = 0
PROJ_OFFSET_Y = 0

SOURCE_TO_DETECTOR = T11
SOURCE_TO_DRIGIM = &12.0

YOL_S1ZE_X
YOL_S1ZEY
YOL_S1ZE 7
YOL_PITCH_X
YOL_PITCH_Y
YOL_PITCH_Z
YOL_OFFSET_X
YOL_OFFSET_Y
YOL_OFFSET_Z

YOL_SCALE_FACTOR = 100000
# FOK

FILTER_TYPE = SHEPP_LOGAN
FILTER_CUTOFF_FREL = 1.0

0

a9 3-4-4. A4 24 Hd A4

ol
rr
M

A4 A4 3 Yol A CT A+ Al F=43lok
1. PROJ_PATH = "timber3\1\*.dcm”
- A" BAA AR 9]

b e et 2k

=]
T

2. PROJ_COUNT = 180
- AR AR B9 &
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3. PROJ_ANGLE_INTERVAL = 2.0
-13] #9 Al XA Ad3 9A" gEE ot 8@ 4=

4. PROJ_ANGLE_DIRECTION = CCW
- XA A3 gxE gE9E JQ BF (A = o)

5. PROJ_SIZE_X = 4040
- gAY geade A4 stz 94 5

6. PROJ_SIZE_Y = 4040
- OAd geEeY A4 Az 94§

7. PROJ_PITCH_X = 0.05
- Yxdg gy sz A e 27 (29 mm)

8. PROJ_PITCH_Y = 0.05
- OAd gdy A= 4 st 27 (29 mm)

9. PROJ_OFFSET_X = 0
- Aoy TN HAE HEg st 7t22 Heold Aol (44 mm)

10. PROJ_OFFSET_Y = 0
- AAMeld FAAAM HAE HqEgst A2E geld o] (49 mm)

11. SOURCE_TO_DETECTOR = 711.0
- XA 493 949 998 Aeld A (@) mm)

12. SOURCE_TO_ORIGIN = 512.0
- XA AR A wol" FAA A (FH: mm)

13. VOL_SIZE_X = 256
- A7 CT o7A 712 44 =7
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VOL_SIZE_Y = 256

14.
- AT CT v A A=z g4 =7]
15. VOL_SIZE 7 = 256
- AFA CT o|n A Fo] W3 JA 7]
16. VOL_PITCH_X = 0.64
3 voxel 3yt 7F=2¥3E F7+AF =7] (mm)

ATFAE volumes TAIE

VOL_PITCH_Y = 0.64
dthtel A=wE T4 271 (mm)

17.
- AFAE volumeS TA 3= voxel
18. VOL_PITCH Z = 0.64
- ATAHE volumes TA3E voxel 3t Zo| w3 F7HA = 7] (mm)
19. VOL_OFFSET X = 0.0
- AT4 2 volumes TA3E voxelo] 720 Fo 2 Hojd Zol(mm)
20. VOL_OFFSET_ Y = 0.0
- ATFAE volumeS TA3E voxele] AlZ2%3 oz Hold Zo](mm)
21. VOL_OFFSET _Z = 0.0
voxelo] Eo|W&go =2 Hojd Zo](mm)

AT+ E volumes TA 3=

22 FILTER_TYPE = SHEPP_LOGAN
A4 Al A€ "H, ram_lak, cosine, shepp_logan, hamming, hann 522 A& 7}&

14+ Window 8.1 < AA¢F Geforce AHGit) GFX

AR, AFE. ZZIAS FEI7] 93
To mxol aAFS FFAE Geforce AHGit) Z#|® =2 gxe A

700 == 600 Al =,
El7} dasttt
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O AlZhel Z2a9 Qg seo] s

AZtst Z2as A Azl & E7] BEEE 345904 D)5 =9 AT EAA ddS
Aestd, CT olu A A4 AAd wel CT olu X7} At 29 3-4-5% ¢4 A3
7h AAE A7k B B gk CT olv A A4 A3 37 uet e A3 220
2 olE ol At AZtE T2 a3We A4 Axial, Sagittal, Coronal, 22]1. VR 3}Ho 2 A

o] 9t} Axial 3tW2> A @A S vERN, Sagittal ¥} Coronal 34 3] Al A 9]
SHE 5% EFA 2 EEFS HoFErth npxHo g VR st FJAEA 9 329 CT ¢

3

Axial [x1.00) Sagittal (x1.00)

Coronal (x1.00)

a9 3-4-5014 @ #Al = v olFe flolM LEH v ¥ES vEW, A4 A
TAAE HdHE AW Axial o|PAE AFE 4 vk =3 Q) A= s T o
g = HEo] o], AFRAE B S T omAlE A4 & Y @. ©

A

il
X
r
)

31_5

o 9= AAMLS Axial, Sagittal, Coronal 3tHo] A4 H YX= Yetdtl nf¢2E o] &3}
o 7t A& ol FA7IH IS vl ¢ Q) o] & o] &3ste] B A9 CT ouAE &Aqet
T A
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o "= CT olvA 4

ATFAE CT olm A 474 Luedzs BZa7] dated, We CT onAE FAGA. AF

g8 AEe 47 175mmel @7 gagrelleh, Euld g et s WEs g

& 747} 043g/em’, 1290107, W CT onAe] ABwE AZa7] flake] 19 3-4-69%
@]

2ol A9 FAozRe sz AZ 72 35mm, 20mm "ol 9] gFste] AF At

[e]
=

(b)
a9 3-4-6. D= CT oA AF4E 9 Ad 253 2 A8

(a) g7lvrauys K55, (b) Stdd) ladst 94
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WA A A7) Sl B 3Tky, BAF 15mAR EAFEE XAel TAE uHE

527 wmEAAT EF oY Zme] mE WA RS @7 §ishel, 4@HA 2AU

CT AvI(18 3-2-6)& ol &3] Aug 24 3447 7o #9e AU XA CT ol
a9 3-4-15 22 HPoE XA CT oAE ATAsgth CT ovA A7H dues

N4 AGE =4 4FE Limited FOVolRith ATHE CT oA A7teh =2

shol o] EAEQO At Lol AbgHE Ak

CT elv]A9 Rsw

=i}

2 Felaty] ekl CT olw A7 A A4 =o] 24mmsl
ﬂx‘}_ol'oq xﬂzj I;]Z\_ﬂoﬂ/\ i}\]fﬂo U]—‘:oi 712:]_ ]E‘%‘ %Xq'é‘oﬂ

S
gxas
ANdAY 9= 219 3-4-79 e 9ok

n
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w 24

100
0 &

(a)
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(b)
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15204 7]

ko)
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_Zrl
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2% 3-4-8. ATl tj@ AL AR A

3 Mol XA AR A AR ZHEEko g oF 20cme HEES

[e3]
9 U REAE GAEE 929 CT onAS 44 FAT F vk 1% 3-4-99 17 3-4-8
o @7 @ AR NA QoA CT A7k A U, 13 3-4-9a0l 4 2

Lo

Ae A3k H T3 A7) "ol ¥ 3-4-89] @ #IA oA
AN AEHE RS FATd  A}Jvh 29 3-4-100] 33 C

A AR

o] gtk 24491 CT olwlA o] wale] Astel oA 7] 5& W aal

o=

4
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(b)
a9 3-4-10. 32 CT o|v|# A3
(a) Axial 3} (b) Coronal 3s}H
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[e)

=

7}A] " %= profile

P A= 0184407 <7)9k XA 3t

ol WX profile®

[

stAtH1d 3-4-2, CT olv A A+4

o
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e

Ne Ha
A

1=
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<
T

a7
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o1 1807He] WART ARX
tel CT o]mA

L

°©

(W) 2= CT olmA 54

A
2]

7
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]

o ©
B
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e T
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- E
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(g/cm?)

1000 — 1.0
10.9
800 1 0.8
1 0.7
600 10.6
0.5
400 0.4
(0.3
200 0.2
0.1
200 400 600 300 1000 00

(b)

29 3-4-11. 2= CT 23
(a) ARFAAF 018445 A& W= CT olvA, (b) XA T3 Al &

AFAAS e A4 D CT o)A

=
C

H

olel 19 3-4-123 o] AHE AFete] AA 7 WEe fE CT ol AdA Aozl
L
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(a)

)

b

(

a9 3-4-12. AA 7]

YA pp=in(ly/ D/ 1/t

S

of WaiM Azl

XA F3 AZ7F 11.99cm

o
o
el

-
R

u A Al 0.1844

]

o

7F dAdh

0.1348¥.t} =Z7] wj& AlA

Frhal A%
RSt AR,

3

!

0222618tk #a1, XA F3 72] 15636cm ©]7d o

3

E

o sy

il
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E 3-4-1. AA 71 2ot A=A 018445 o] &3 Hx CT ovA W o5 ¥k v

1 2 3 4 5 6
A A 0.37 0.40 0.40 0.42
X4 CT 0.66 0.48 0.43 0.70
B 2] 0.4 0.40 0.41 0.43 0.44 0.45
XA CT 0.72 0.35 0.32 0.34 0.37 0.73
C A = 0.42 0.40 0.41 0.42 0.43 0.45
XA CT 0.65 0.36 0.37 0.32 0.33 0.68
D A 0.41 0.42 0.41 - - 0.46
X CT 0.64 0.33 0.33 - - 0.55
B A4 0.42 0.43 0.41 0.41 - 0.46
XA CT 0.62 0.32 0.32 0.34 - 0.67
F A7 0.45 0.48 0.46 0.46
XA CT 0.65 0.53 0.62 0.64

3-4-2% XA T3 Agel wE AFAHAAITE o] &3 B CT o|n x| ZAifolrt. A
2 9% g3 FFgErt =grh Oy 3-4-137 o] Al Wxel WX CT oW X< o

= U zto] thste] RMSE(Root Mean Square Error)E B atH S uf 227k A4 0.1844

(e He3 "W CT v A& 0.165g/cm’, XA T3k Aglo] wa A4 & 4

%= CT onA &= 0041g/cm%i B2 ALl o HoZ

T3 A w2 dFAASFE AL CT oln A oA AlH FA Hlsle] AlA 9] Z9

RMSE7} vt &2 Zloz 1=tk Al F: 0.012g/cm’, Al 92 0.054g/cm’

E 3-4-2. A4 WEsk XA Rt Al 12 ARRAFE o83 W CT o)A ) i3 2w v
1 2 3 4 5 6
A A<= 0.37 0.40 0.40 0.42
XA CT 0.36 0.38 0.39 0.41
B 2] 0.4 0.40 0.41 0.43 0.44 0.45
XA CT 0.38 0.40 0.41 0.41 0.41 0.43
C 2] <= 0.42 0.40 0.41 0.42 0.43 0.45
XA CT 0.37 0.41 0.41 0.43 0.42 0.37
D A 0.41 0.42 0.41 - - 0.46
XA CT 0.39 0.41 0.40 - - 0.38
B A= 0.42 0.43 0.41 0.41 - 0.46
XA CT 0.37 0.42 0.41 0.40 - 0.44
F 2] =1 0.45 0.48 0.46 0.46
XA CT 0.37 0.42 0.36 0.38
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APPENDIX 1. &4t CT O|O|X| xl4t/d Y112|F (MATLAB)

ﬁﬁhﬁf«::::::::::::::::::::::::::::::::::::::::::::::::::::\nq
fprintf(’ CT oln#] #+A45 93t 93 data 32 w=7\n’)

ﬁﬁhﬁf(::::::::::::::::::::::::::::::::::::::::::::::::::::\nq
fprintf(" 1. ¥ s Z\n")
m=input(’ - dem I A|FHST ),

n=input(’ - dem $¥ E WHI )

fprintf(' -~ \n’)

fprintf(" 2. AFE-3 PHE A \n')
rn=input(’ - Z=2ZAAMA 7]¥ 3 :’); % rnrow number of projection
fprintf('-—————------"--"-"-"""""""""" \n’)

fprintf(’ 3. ®3tE 7}=2 pixeld ZA7\n’)

cw=input(’ - 7}% pixel © "), % cw, Coverted Width
ﬁﬁhﬁf(::::::::::::::::::::::::::::::::::::::::::::::::::::\n»
fprintf(’ g4 a5, AL F..\n")

fprintf( ====================================================\n)
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np=n-m+1; % np,Number of Projection
ow=2540; % ow,Width of Original projection

rw=(ow-1)/(cw-1); % rw, Ratio of origial to converted Width

% WA

nsc=zeros(cw,1); % nsc,Number of Selected Column
avrg_cs=zeros(np,1); % avrg_cs,Average of Calibration Section
rt_avrg=zeros(np,1); % rt_avrg_cs,Ratio of Average

opt=zeros(np,cw); % opt,OutPuT (&£ ZA3})

% W3t dH s = (nsc) ALk
for 1=1:cw
nsc(i)=round(rwx*(i-1))+1;

end

% db 4 % A
for 1=1:np
% data %3
k=m+i-1;
odb=dicomread(sprintf('%d.dem’,k)); % 3I}d s =
ipt=odb(rn,:); % iptIntPuT (FH3 =)

% format® & 2 gk ©A
for j=1l:cw

opt(i,j)=ipt(nsc(j)); % resizing
end

end

opt=round(opt)’; % Wzt A5 WHE 2 AxPd W
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% 34 Wz

[c d]=size(opt);
inv_{(1:c,1:d)=2048; % inv_{,invesion factor
mnv_opt=inv_f-opt; % inv_opt,inverted output

clear ¢ d inv_f

% gray 2~AIYZE 19 HA|
figure();

colormap(gray);
imagesc(inv_opt);

clear inv_opt

% WA

clear m n np ow cw rw rn
clear nsc avrg_cs rt_avrg
clear 1 j k

clear odb ipt

% T2 T8 <9

fprintf(’ ~ -———- >> 49 data A &=!'N\n")

2. Agd W& CT #8 44

clear

cle

=127, % detector WA &
d=575; % X-ray tube®} detector Alole] A&
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px=250; % digitalized pixel <+=2] ut
n=180; %

dpx=d*rpx/r;
op(2*rpx*n,4)=zeros,

theta=2+#pi()/n;

for 1=1:rpx
grd=-dpx/(rpx-(i-1));

a=1+grd™?;
b=(dpx-rpx)*grd;
c=(dpx—1px)"2-1px"2;

op(i,1)=(-b-sqrt(b*2-ax*c))/a; % x1 FH3i%
op(i,2)=grd*op(i,1)+dpx-1px; % yl &
op(i,3)=(-b+sqrt(b*2-a*c))/a; % x2 #3%
op(i,4)=grd*op(i,3)+dpx-1px; % y2 Z3E

op(2xrpx—(i-1),1)=-op(i,1);
op(2#rpx—(i-1),2)=0p(i,2);
op(2xrpx—(i-1),3)=-0p(i,3);
op(2xrpx—(i-1),4)=0p(i,4);

for j=1:(n-1)
op(j*2*rpx+1,1)=cos(theta*j)*op(i,1)-sin(theta*j)*op(i,2);
op(j*2+rpx+i,2)=sin(thetaxj)*op(i,1)+cos(theta*j)*op(i,2);
op(j*2*rpx+1,3)=cos(theta*j)*op(i,3)-sin(theta*j)*op(i,4);
op(j*2*rpx+1,4)=sin(thetaxj)*op(i,3) +cos(theta*j)*op(i,4);

op(j*2#rpx+2*rpx—(i-1),1)=cos(theta*j)*op(2*rpx—(i-1),1)-sin(theta*j)*op(2*rpx—(i-1),2);

op(j*2#rpx+2*rpx—(i-1),2)=sin(theta*j)*op(2*rpx—(i-1),1)+cos(theta*j)*op(2*rpx—(i-1),2);
op(j*2#rpx+2*rpx—(i-1),3)=cos(theta*j)*op(2*rpx—(i-1),3)-sin(theta*j)*op(2*rpx—(i-1),4);
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op(j*2*rpx+2*rpx—(i-1) 4)=sin(theta*j)*op(2*rpx—(i-1),3)+cos(theta*j)*op(2*rpx—(1-1),4);

end

end

3. CT oJv# 74

clear, clf
ccl=0; cc2=512;
nopr=180; % number of projection

nopx=500; % number of pixel

load coordinate.txt

load result.txt

fn=input('Filter? 1) RAM-LAK, 2) Shepp-Logan, 3) Lowpass cosine :’);

if fn==1, % RAM-LAK filter
afr(nopx,nopr)=0; % after filter result
ift2(nopx)=0;
for 1=1:nopx
ift(i)=1;, % adjust the filtering result

end

for 1=1:nopx
for j=1mopx
if i==j, ift2(1)=ift2(i)+1/4*ift(j);
elseif rem(i-j,2)7=0, ift2(1)=ift2()-ift(j)/((G—j)*pi)"2;
end
end

end

for h=1:nopr
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for 1=1:nopx
for j=1:nopx
if i==j, afr(ih)=afr(i,h)+1/4*result(j,h);
elseif rem(i-j,2)7=0, afr(ih)=afr(ih)-result(j,h)/((i-j)*pi)"2;
end
end
end

end

for 1=1:nopr
afr2(:,)=afr(:i)./ift2’;

end

result=afr?;

clear afr afr? ift ift2

elseif fn==2, % Shepp-Lagan filter
afr(nopx,nopr)=0; % after filter result
ift2(nopx)=0;
for 1=1:nopx
ift(i)=1;, % adjust the filtering result

end

for 1=1:nopx
for j=1:nopx
ift2(1)=1ft2(1)+(2/(pi"2#(1-4*(1-j)"2)))*ift(j);
end

end

for h=1:nopr
for 1=1:nopx
for j=1'mopx
afr(i,h)=afr(i,h)+(2/(pi"2*(1-4*(i-j)"2)))*result(j,h);

end
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end

end

for 1=1:nopr
afr2(:j)=afr(:i)./ift2’;

end

result=afr2;

clear afr afr? ift ift2

elseif fn==3, % Lowpass Cosine
afr(nopx,nopr)=0; % after filter result
ift2(nopx)=0;
for 1=1:nopx
ift(i)=1;, % adjust the filtering result

end

for 1=1:nopx

for j=1:nopx
if i==j, ift2(1)=ift2(1)+((pi"2-4)/(4*pi"2))=ift(j);
elseif abs(i-j)==1, ift2(1)=ift2(i)+((pi"2-8)/(8*pi"2))*ift(j);
elseif rem(i-j,2)==0, ift2(1)=ift2(1)-(((i-j)"2+1)/(((i-j)"2-1)"2pi"2))*ift(j);
else ift2(1)=ift2(i)-(1/((-j)*pi)"2)=ift(j);
end

end

end

for h=1:nopr
for 1=1:nopx
for j=1'mopx
if i==j, afr(ih)=afr(i,h)+((pi*2-4)/(4*pi"2))*result(j,h);
elseif abs(i-j)==1, afr(ih)=afr(ih)+((pi"2-8)/(&*pi*2))*result(j,h);
elseif rem(i-j,2)==0,

afr(i,h)=afr(ih)-(((i-j)"2+1)/(((i-j)"2-1)"2+pi"2))*result(j,h);
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else afr(ih)=afr(ih)-(1/((i-j)*pi)"2)*result(jh);
end
end
end

end

for 1=1:nopr
afr2(:p)=afr(:,i)./ift2";

end

result=afr;

clear afr afr2 ift ift2

end

sxp=coordinate(:,1); % source X position
syp=coordinate(:,2); % source Y position
rxp=coordinate(:,3); % receiver X position
ryp=coordinate(:,4); % receiver Y position
for 1=1:nopr
sgr(nopx*(i—1)+1:nopx*i)=result(:i); % results of specific gravity

end

sgr=sgr’;

clear coordinate result

gd=input(’grid distance:’);

ttn=length(sgr); % total test number
xen=ceil((max(rxp)-min(rxp))/gd); % cell number in x-axis
yen=ceil((max(ryp)-min(ryp))/gd); % cell number in y-axis

tcn=xcn*ycn; % total cell number

gtl2(ten)=0; mf(tecn)=0; % calculation of total grid transit length
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for i=1:ttn

clear gtl

gtl(tcn)=0; % calculation of grid transit length

if sxp(i)==rxp(), % case of two points are on the same y-axis
if syp(i)>ryp(i), by=syp(i); sy=ryp(i);
else by=ryp(i); sy=syp(i);
end
cn=(ceil(by/gd)-1)*xcn+ceil(sxp(i)/gd); % cell number
gtl(cn)=by—(ceil(by/gd)-1)*gd;
for j=1:(ceil(by/gd)-fix(sy/gd)-2)

cn=cn-xcn; gtl(cn)=gd;

end
cn=cn-xXcn,

gtl(cn)=(fix(sy/gd)+1)*gd-sy;

elseif syp()==ryp(@), % case of two points are on the same x-axis
if sxp()>rxp(), bx=sxp(); sx=rxp(i);
else bx=rxp(i); sx=sxp(i);
end
cn=(ceil(syp(i)/gd)-1)*xcn+ceil(bx/gd); % cell number
gtl(cn)=bx—(ceil(bx/gd)-1)*gd;
for j=1:(ceil(bx/gd)-fix(sx/gd)-2)
cn=cn-1; gtl(cn)=gd;
end
cn=cn—1;

gtl(cn)=(fix(sx/gd)+1)*gd-sx;
else
9% case of general

slope=(syp()-ryp(i))/(sxp(i)-rxp(i)); % slope between two point

if slope>0,
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if sxp(i)>rxp(),
bx=sxp(i); sx=rxp(i); by=syp(i); sy=ryp(i);
else bx=rxp(i); sx=sxp(i); by=ryp(i); sy=syp(i);
end
xx=0; yy=0;
while 1
xx=fix(sx/gd)*gd+gd;
yy=slope*(xx—bx)+by;
if yy>(fix(sy/gd)*gd+gd),
yy=fix(sy/gd)*gd+gd; xx=(yy-by)/slope+bx;
end
if xx >= bx, break end
cn=fix(sy/gd)*xcn+fix(sx/gd)+1;
gtl(cn)=sqrt((xx-sx)"2+(yy-sy)"2);
SY=Vy; SX=XX;

end

cn=fix(sy/gd)*xcn+fix(sx/gd)+1;
gtl(cn)=sqrt((bx-sx)"2+(by-sy)"2);

end

if slope<0,
if sxp(i)>rxp(),
bx=sxp(i); sx=rxp(i); by=ryp(i); sy=syp(Q);
else bx=rxp(i); sx=sxp(i); by=syp@); sy=ryp(i);
end
xx=0; yy=0;
while 1
xx=fix(sx/gd)*gd+gd;
yy=slope*(xx-bx)+sy;
if yy<((ceil(by/gd)-1)*gd),
yy=(ceil(by/gd)-1)*gd; xx=(yy-sy)/slope+bx;

end
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if xx >= bx, break end
cn=(ceil(by/gd)-1)*xcn+fix(sx/gd)+1;
gtl(cn)=sqrt((xx-sx)"2+(yy-by)"2);

by=yy, SX=XX;

end

cn=(ceil(by/gd)-1)*xcn+fix(sx/gd)+1;
gtl(cn)=sqrt((bx-sx)"2+(by-sy)"2);

end
end
gtl2=gtl2+gtl;
mf=mf+sgr(i)*gtl;

end

9% 1mage reconstruction
for i=1:tcn

if gtl2(1)7=0, mf(1)=mf(i)/gtl2(i); end
end

clear gtl gtl2

% move image the correct position
for 1=1:ycn
sgim(i,:)=mf((i-1)*xcn+1:1*xcn);

end

% i1mage reconstruction 2
lox=length(sgim(1,:));
loy=length(sgim(:,1));
for 1=1:lox+3
for j=1:loy+3
x(D)=ixgd; y(j)=j*gd;
end

end
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for 1=1:loy
midgr(i,:)=[0,sgim(i,:),0,0];

end

for 1=1:1lox+3
sgimage(:,1)=[0;midgr(:,1);0;01;

end

4. Nztsh 52

%pcolor(x,y,sgimage)
%shading flat
%caxis([ccl,cc2])

%colorbar

% post treatment of image (smooth)
for h=1:3

clf, clear midgr

for i=1:lox

for j=1:loy

midgr(j+1,i+1)=(sgimage(j,i+1)+sgimage(j+1,i+1)+sgimage(j+2,i+1)+sgimage(j+1,i)+sgimage(j+1,i
+2))/5;
end

end

sgimage=midgr;

sgimage(loy+3,lox+3)=0;

for i=1:lox+3

for j=1:loy+3
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x(D)=1*gd; y(j)=j*gd;
end
end

end

peolor(x,y,sgimage)
shading flat

caxis([ccl,cc2])
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APPENDIX 2. ZHMEl CT O|0|X| x{7+d E2|F (C++)

// fdk.cl

//#define _ OPENCL_C__
//#include "clt.h”
//#include "cl_types.h”

_ kernel void minus_log(
_ global real* img,

const real intensityQ

)

{
int i = get_global_id(0);
int j = get_global_id(1);
int idx =1 + j * get_global_size(0);
img += idx;
real p = *Img;
real r = intensity0 / max(p, REAL_MIN);
ximg = log(max(r, (real)l));
)

1. Preprocessing: gray sclae density scale® v}H#7] 93 28

_ _kernel void minus_log_airmap(
_ global real* img,

__global const real* airmap

)

get_global_id(0);
int j = get_global_id(1);

int 1
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int idx =1 + j * get_global_size(0);
img += idx;

alrmap += 1dx;

real p = *Img;

real r = *airmap / max(p, REAL_MIN);

ximg = log(max(r, (real)l));

2. CT °o|v|x] AFA4 &5

__kernel void scale_proj(
__global real* img,
Int2 proj_size,
real? proj_pitch,
real?2 proj_offset,
real sdd
)

int i = get_global_id(0);
int j = get_global_id(1);
int idx =1 + j * get_global_size(0);

img += idx;

// proj point in global frame

real2 q =
(((real2)(, j) + (real).5) - (real).5 * convert_real2(proj_size)) * proj_pitch +
proj_offset;

real3 p = (real3)(q.x, sdd, -q.y);

// weighting

real w = sdd / length(p);

*Img *= W,
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void image_to_signal_without_extrapolation(
__global real2* a,
__global const real* img,
const int img_size_X,

const int img_size_y

)
{
int i = get_global_id(0);
int j = get_global_id(1);
int idx =1 + j * get_global_size(0);
alidx] = (i < img_size_x && j < img_size_y) ?
(real2)(imgli + j * img_size_xJ, 0) :
(real2)0;
}

void image_to_signal_with_extrapolation(
__global real2* a,
_ global const real* img,
const int img_size_X,
const int img_size_y,

const int extrapolation_depth

)

int i = get_global_id(0);

int j = get_global_id(1);

int N = get_global_size(0);

Int idx =1 +7j * N;

real2 val = 0; // padding value
if j < img_size_y)

{

if 4 < img_size_x)

{
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val = (real2)(imgli + j * img_size_xJ, 0);

else

Int X = 1 - img_size_X;
real v;
real w;

if (x < (N - img_size_x) / 2)

v = imglimg_size_x — 1 + j * img_size_xJ;

v = imglj * img_size_xJ;

val = v,

}

alidx] = val,

_ kernel void image_to_signal(
__global real2* a,
__global const real* img,
const int img_size_X,
const int img_size_y,

const int extrapolation_depth

)

if (extrapolation_depth > 0)
image_to_signal_with_extrapolation(
a, img, img_size_x, img_size_y, extrapolation_depth);

else
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image_to_signal_without_extrapolation(

a, img, img_size_ X, img_size_y);

_ kernel void signal_to_image_flt(
__global float* img,
__global const real2* a,

const int a_stride

)

{
int i = get_global_id(0);
int j = get_global_id(1);
int idx =1 + j * get_global_size(0);
imglidx] = (float)ali + j * a_stridel].x;
}

__kernel void apply_filter(
__global real2* a,
__constant real* filt

)

{
int 1 = get_global_id(0);
int j = get_global_id(1);
int idx = 1 + j * get_global_size(0);
alidx] == filt[il;
)

_ kernel void half_fan_weighting(
__global float* img,
real proj_pitch_x,
real proj_offset_x

)
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int i = get_global_id(0);

int j = get_global_id(1);

int proj_size_x = get_global_size(0);
int idx =1 + j * proj_size_X;

img += idx;

real d2 = proj_size_x — 2 * fabs(proj_offset_x) / proj_pitch_x;
real w;
if (proj_offset_x > 0)
{
real x =1 + .5

w = (x <d2) ? (1 - cospilx / d2)) : 2;

}
else
{
real x =1 + .5 - proj_size_x + d2;
w = (x> 0)? (1 + cospi(x / d2)) @ 2;
}

ximg = (float)(w * (real)*img);

__kernel void fill(
__global real* a,

const real f

)

int x = get_global_id(0);

int y = get_global_id(1);

int z = get_global_id(2);

int idx = x + (y + z * get_global_size(1)) * get_global_size(0);
a += 1dx;

xg = f;
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__kernel void scale_volume(
__global real* a,
const int proj_count,

const real w

)

int x = get_global_id(0);

int y = get_global_id(1);

int z = get_global_id(2);

int idx = x + (y + z * get_global_size(1)) * get_global_size(0);
a += idx;

const real k = REAL_PI * 2 / proj_count * w;

const real v = *a;

*a = isnormal(v) ? (k * v) : (real)0;

3. N3 g

__constant sampler_t proj_sampler =
CLK_NORMALIZED_COORDS_TRUE |
CLK_ADDRESS_CLAMP |
CLK_FILTER_LINEAR;

_ kernel void sum_backprojection(
__global real* vol,
_ read_only image2d_t proj,
int3 vol_size,
real3 vol_pitch,
real3 vol_offset,
int2 proj_size,
real?2 proj_pitch,

real?2 proj_offset,
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real sdd,
real sod,
const real sin_theta,

const real cos_theta

)

int x = get_global_id(0);
int y = get_global_id(1);

int z = get_global_id(2);
int idx = x + (v + z * get_global_size(1)) * get_global_size(0);

vol += idx;

// volume point in global frame
real3 p =
(((real3)(x, vy, volsizez - 2z - 1) + (rea)5) - (real)5 =
convert_real3(vol_size)) * vol_pitch +

vol_offset;

// projection frame
real3 n = (real3)(-sin_theta, cos_theta, 0);
real3 1 = (real3)(cos_theta, sin_theta, 0);

real3 j = (real3)(0, 0, -1);

// projected point in projection frame
real I_inv = 1. / (sod + dot(p, n));
real t = sdd * Linv;

real2 q = t * (real2)(dot(p, 1), dot(p, j));

// projected point in texture coordinate
real? tex_coord =

(g - proj_offset) / (proj_pitch * convert_real2(proj_size)) + (real).5;

// sample texture and accumulate to volume
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real f = (real)read_imagef(proj, proj_sampler, convert_float2(tex_coord)).x;

real w = sod * l_inv;

xvol += ((w * w) * f);
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