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Summary

For radiological technologists, it is very important to understand the principle of computed tomography
(CT) and CT artifacts derived from mechanical and electrical failure. In this study, a CT system for educat-
ing radiological technologists was developed. The system consisted of a cone-beam CT scanner and educa-
tional software. The cone-beam CT scanner has a simple structure, using a micro-focus X-ray tube and an
indirect-conversion flat panel detector. For the educational software, we developed various educational func-
tions of image reconstruction and reconstruction parameters as well as CT artifacts. In the experiments, the
capabilities of the system were evaluated using an acrylic phantom. We verified that the system produced the
expected results.

Key words: computed tomography, cone-beam CT, image reconstruction, artifact, educational software

ST HH 5 - £ 1-98
T H PR A R BB R R SRR 40

RIRIERIEERSE - T 470-1192

Fo1H H9E



MEHERERSMB BRI — > E—L CT > X7 LADRARGEEA - i) J 1201

T2, CTEBIMOLPOREENELLZ EICK
NEET BT —F 777 NI, FEEIRERIC X -
TEFESERWEEH AT Y. 7—F 7727 M
BB R DO A 2 R R TH Y, SR
T —F 7727 MIBT DRV ERRERDRO S
5. L2L, EEEDR ELZSHO CT 2iEI2BW»
TlE, 7—F 777 FOFEE T EBITRERT %51
Bl o Tnh, FDz, HEEBIZCH{RIZAT
S22DNT T IWHHE LB, TRIEZ KR L st 72 AL
=R i R D G2y (& E5 311 e ARG R R Y: 0
. T—F 777 b OWMGFHE L HERZ RO 512
X, T—F 7 77 N O E BRI ARER T X D HA
OFHPERNTH 5.

ZFZTARMIETIE, ERLZODMETH B,
CT OJE PR WG BL O T —F 7727 hOJERN %
FEITDLIENTEL, HEHCT VAT 20M%E%
175, K AF LIS Ra— ¥ — 4 CT EEE
BERY 7 V700750, SRS i p
TOEBFTNINZ, TREEENH O Rl 2 of R
ELTEBREE LR E~OFHZEEL TV 5.

KL TIE, IZUDICEARY AT LADOBTEIZDOWT
R, FENTa— U — A CT EEORRE, HEHY
T b T 7 NI FERE S MR R R AR E B £
7 —F 77 7 MEBREBIC DO W TR %, HMEETIE
K AFHZTREL 2T 70 2O T — 5 %%
FIH LT, #EREBEOEIEL SR L 7245 a7~ T

1. 5 &

AR AT LI, BHNEEERT 23— E—24
CTHEEEIHKEH Y 7 N7 6% 5b 22T,
WEROMEBIOHEEFTHY 7 by 27 OFEEEICD W
TIENB.

1-1 SR I->EFE—-LCTEE

fi§ ST o — > ¥ — 4 CT 2518 1325 O i & BRI
TH72O0HMELTHIHT 2130, HEHY 7MY
I7 AT A%ET - 2 INETLEBICFIHT 5.

F9, BF LR EOREENE X O ELE Fig. 1
WORT. BB EENICRET 2 AT v FE LR
FEEANEBICRE 3 A B 2S5 7 5.

AF ¥ FEUSN B O Bk E L 35720, /)
B AR 7 & O I & RT3 % 72012
HEN/~A 270 CT LFEUMEEZRRAL:. XHo
FEAIIEE ST S um, OKAEEIE 100 kV, R
I 100 pA D<A 7 07 5 — H A X A (L7901,
ERR =7 28D 2 FIH L, BEMEFICIZERERE v
F- 50 um, R CsI & Vv, CMOS 7t AT
3% 272 2366x2368 W F D 2L HRTL 7 Z v kX

2011 49 H

X-ray protected room

X-ray tube

Theta stage

Flat panel
detector

Motor
controller

Image
grabber

(a) Block diagram of proposed system

X-ray
controller

Computer

(b) Cone-beam CT scanner

Fig. 1 Educational cone-beam CT system.
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Fig. 2 Coordinate system of cone-beam CT.
The x-y-z space represents the volume, and the u-v
plane represents a projection plane at the FPD.
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Fig. 3 An example screen from the educational software.
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Table 1 Scan parameters for experiments

Parameter name (unit)

Value

X-ray tube voltage (kV)
X-ray tube current (LA)

80
125

X-ray source to image-receptor distance (mm) 500

X-ray source to object distance (mm) 250
Spatial resolution (um) 25
Number of projections 360
Image integration time per projection (s) 1

oo

(a) 0-30°

(d) 0-120°

(c) 0-90°

e) 0-150° (f) 0-180°

Fig. 4 Slice images of the progressive image reconstruction
for various ranges of projection angles.
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(a) 0-30°

(b) 0-60° (c) 0-90°

(d) 0-120°

(e) 0-150° (f) 0-180°

Fig. 5 Volume-rendered images of the progressive image
reconstruction for various ranges of projection angles.

(d) 16

(f) 360

Fig. 6 Slice images corresponding to the number of projections.
The numbers denote the number of projections.
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(a) Filtering: OFF

(b) Filtering: ON

Fig. 7 Filtered and non-filtered back projection images.
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() 0-270° (d) 0-360°

Fig. 8 Slice images of the progressive image recon-
struction with ring artifacts for various ranges of
projection angles. The white ring is the artifact.

(a) 0-90° (b) 0-180°

(c) 0-270° (d) 0-360°

Fig. 9 Volume-rendered images of the progressive
image reconstruction with ring artifacts for vari-
ous ranges of projection angles. The arrows
point to the artifacts.
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Fig. 10 CT images with streak artifacts.

(a) Slice image

(b) Volume rendered image
(Arrow points the artifacts)

Fig. 11 CT images with shower artifacts.
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a) 0 deg

b) 3 deg

c) 6 deg

d) 9 deg

Fig. 12 Projection images for various directions of X-ray incidence.

a) 0 deg

b) 3 deg

c) 6 deg

d) 9 deg

Fig. 13 Sagittal MPR images reformed from reconstructed volume data for
various directions of X-ray incidence.

-2V — A CT¥EBEIZLDT—FIUERIL, —i%
DAY 21— L THEHY 7 N7 7 OEAREELS
TRETH Y, HEFRER T & &3 TOHEE HkRE
RFEATTAHIENTEL, ZDo, #FhLiEEr
FHiAD R WEREICBWTHIBIES E L CFHT S
SR, AN ADOPCEAHL CEEEITH A2
E BEHRG COMHAPHATFCE %,

HEMY 7 Fym7i2E, FEEGET O RS A A
%% TR HEEBEICINZ, BHREREFRORY) 2 — L4
T—5 %77 ANV T AEREETFERK L2, i
YoT3aDTV— 2 AF—Tarz % MALA VR #E
IRDIW R & 2 o7z, BRIRFEO I TR s O A
FTAAMBRRRREINDELDEH LD, K 2— 24

— ¥ RO TIIMRE TE LR WD, R AT 4
ko> Ta— ¥ —24 CT OGB4 <
B2 EHIRFE NS, BlITE, VR RISy 7 b
(Osirix) 2 X > TFro TV 5725, 5141E VR EREERE
EHE VT NI TICHERL, BERETORT T
VR KR TED IR T 2 TFETH 5.

T/, TANVIHHIEOFE LT Keltiee
TAHEERRICOWTIE, 22— E—ACTIZESS CT
R E RO Lo EETH L. TN S HERRE
1, 74»&@E®z%@ TNV SND

2011 49 H

R ORR, FeigT — & B L WE OB 4% 0 FRF & A2
S 2y — e L CORHEPREESNS. K AT 4

TIE, MR ORI L 2 I OWTOH
BHEEREE L7285, SRIIERETHRENT
WD — LN — F = 2 ZHlIE R §EL AR I 2 & ol
IEHERER EET L TFETH L. T2, TNSOHIE
FEREDRYRAHER L R T VT 7 > b Az Mat LS
T LUEDD 5.

7 —F 7 7 7 MEEEFRFEIC DWW TUE, SBlcak 7
R RGE R OB M R REREL T 22 & T —F
T7 7 MR ENLEEFHNELRE TS, FEL LI
TR BEDO AT A ZAWEDRENT VLD, TOH
MPBIETEL I CHEPRTEL VRSN
5. Fi, RIAFATIEa—2E—ALCTHAED
T—F 777 FOWE SRR ENTE, RFETOH
FE721F T2 RN O 2R 2 BOE R 2 (R R,
TEERICBIT L CT DB EM 72 I IEHTE %
b NG. BITEORKRECIE, RESCTHRDY FiF
Fo LRIy 2 SR T  c X A7 —F 7 7 7 MI2hIZ,
Fy) T L —Ta UARBRREGHIEARRROREANR
RETT—F T 77 MDPELBIELDSL. FD7:
O, SHREFY) T LT a ARG EDT—F T 7
7 FEARBRC X D RER FEET L TFETH 5.



1208 B ARSI SRS

a. & 5B

RIFFE CIXZ M S E CiEHT 22 %
HiyE L7z, CTEEDOEMRS Y —F 7727 D584
JFA & B AR OB B T 57200 ER CT
VATFAERELL. KRV ATF LGS - Y —
LA CTHEEEEH VT NI TN %5. BIHEIZDN
T, ¥ A 27075 —H A X ML ML 75y
NIV T 4 T2 5 EFH LNl S i E A
THIAI—E—ACTEELME L. BHEMY 7
7 T A R PR LB N A, R R R L oo B

ZE 30

AT 72 ODFEEFEE, 7T—F 7727 b2 32
L—3a URER I L2 MEETIX, BRI
R LA WEZEIL, ZFLCT—F 7727
DR EINTWEERETE L, TN ok
REIC CHIRE L 72BN T B T L 2 fERE L 72,
LfalE, AIET Cal N7-ARBEILIR A 1T L & b I,
Ry AT 2w ARk DOFEE TR E L2 8FICHH
L, 79viaT7y L7k Milize~RI 572
Thb.

1) Shepp LA, Kruskal JB. Computed tomography: the new
medical X-ray technology. Am Math Mon 1978; 85: 420-
439.

2) WFRIT IS, /NECHT. BT O MR i — RS R I
Bedras—. EEEEHEMAR, RE 2010.

3) Feldkamp LA, Davis LC, Kress JW. Practical cone-beam
algorithm. J Opt Soc Am A 1984; 1(6): 612-619.

4) FHEAT, HNDKE, BHIAE. ERB{EANY FTy 7.

F— 2otk HEL 2010: 679-686.

5)ERIESE. CT HHIEAE. HEl: ATV E 2 —1t, 2002.

6) M RRHE, THEEAL Bk BHREAT N N Ty 70 )
HUREEHIR S, 5L, 2004: 968-972

7) Rosset A, Spadola L, Ratib O. OsiriX: an open-source soft-
ware for navigating in multidimensional DICOM images.
J Digit Imaging 2004; 17(3): 205-216.

EZR DA

Fig.1 #EMa—>EY—4CT Y AT
(a) YAF2D7TTay 74
(b) ¥ A7 L4VBIX

Fig.2  O— > Y — 2 CT OAa2AAY A

x-y-z (TP SN2 ZER O =R ITCERE R Z 7R L, w-v *FIE FPD (257 2 B2 O IR TTHES R 2R T

Fig.3 #HMv7rox7
Fig. 4  FEEGETO AT A ZAW§

(@) ~ () DFUAEIE TR L 723587 — & O EHH 2 7R 3

Fig. 5 WEFEMEOETOR) 2—2L > 5 v 7%

(@) ~ () OBABIZFFRERU AT L 728852 7 — 4 ORI 2R 5.

Fig. 6  #&eHaZ L3¢ CHBK L6 D AT 4 A%
(a)~(F) DFE I E FT.

Fig. 7 7AW 2 AL 726 S I L2 a6 0 A T A A4

(a) 74 VFHHIE M%)
(b) 74 )VHHHIE © A%h

Fig.8 VY7 7—F77 7 NS 56OFMBGRT O AT A A5

(@) ~(d) DEAEIIFFRE UL L7242 7 — ¥ OABEFPHZ R L, W) 2 7Ry — 2037 —F 7 7 7 MRS %2R
Fig.9 V7 7—F 777 baeMEE256 0 BMMGETORY) 2 —4L > 5) & 7§

(@) ~(d) DEAEIZFFRE UL L7238 7 — 7 O MEEHFH, MR TRLAERET —F7 727 MG 2R

Fig. 10 ANU—27—F 777 MIIN#i{4
(a) AT A AWR. FREOMEIIILKM F2 K5

(b) RV 2= L&) 7l KENXT7T—F 7727 MG ZERT.

Fig. 11 ¥ U—7—F 7727 Mg
(a) AT A AW

(b) R a—2L &) v ZHifg. RKENIXT—F 7727 MG ERT.

Fig. 12 X MAGTAEZL 37L& ZOBEHS
()~ (d) DELA I X FEAS A% RS

Fig. 13 XA MELLSE/2LEDH V& ILE
()~ (d) DEA I X AEAS A% RS

Table 1 FRFEICFIH L 72 A F v > 5

Fe1k Hom



