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Shadow Zone Padding Method for Grangeat Reconstruction of Circular Cone-Beam CT
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Abstract: Based on the analysis of the shadow zone and the padding methods of the Radon domain generated by
circular cone-beam CT scanning, this paper proposes a shadow zone padding method by distance-weighted
interpolation. The method uses the known boundary data to interpolate the missed data inside the shadow zone with
a distance weighting function. Simulation results show that the proposed padding method shows some advantages
over the constant padding technique in terms of data-padding accuracy, artifacts reduction and image reconstruction
for large cone-angle cone-beam scanning. The data padding method is particularly useful in Grangeat reconstruction
algorithm. It enlarges the applicable scope of circular cone-beam tomography.

Key words: Grangeat reconstruction algorithm; cone-beam tomography; circular scan; Radon domain; shadow

zone padding
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#RES F:—7F Grangeat B #LiZ 4 R CT TEM Y XA A G % 1167
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DX 3 1) Tl 2 L, 2 A 3R T VP2 FDK 263cE 573, P-FDK B, HT-FDK™, Hu-FDK™ L) J2 NHW-FDK! 2%
T L B9 P R JELAELE s T ok — G 4 SRl 2> v 48 R DX 35k P SR 8 TS TR ) B 5 AL A R T 2
[i] 5 11 9 552 X5 HF 76 9, T DA 3 R SR A R .2003 4, Chen #Z42 HE T 5% = 4 Radon #8576 {8 DA A 3H 78 P e idk —
Yt Radon 54047 (7 100 3045 T AR I A TE f A0 8 3X O Radon FH T 46 18 X B B4R EL 3R 40L T 2% 05 st
A = Yk Radon B S IX 148 78 42 6t 7 BHE KAl 1990 4F, Grangeat 15 H! T =4k Radon 3 (S50 5 #5251
P55 A, MM HE - Grangeat T 5775 Grangeat 50 595 JUAT 46 HE A 1R /N R B ] LAFE VE —FhoRS A (10 T
=R E I O T A B K (RSN O - R N S O S G S SN YA - QL E R T <0 B Sl i | D % 4= 7 R B AN S R P
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CT FEE 3 T H B 5 X I 78 10 5 00, 4 L3 B0 B - F A o O F U OTD K2 0 g s 2 414
M ep R4S T AR I 1 OR HE 5T 6 W, Grangeat 288 85 4 LI R 040 T, T g B b R] PR = 4 Radon [X 35§
B0 R [ B0 B 52 X 3, 1X A = 4E Radon £ s it T R HE 45

1 Grangeatff REZE %

1.1 Grangeat® %X #9312t &l

Grangeat T 1991 SE4E H T — Rl B 1) T8 6t BB A R I, — 4E Radon =5 M 5 805 B Bl S U7 E—
SE IR, I 2 i HE S A EHE T LUE I =4k Radon #tis B2 liA2 9 14 . Grangeat L &L 0BG IE
AT VR T RO B — M S B 214> 5 Radon 03l ALK LT 22 R A% LT R AN 1 i,

Detector

Scan trajectory

S

Fig.1 Geometrical relationship of the 3D Radon data and projection data

K1 =4k Radon 3 5 EFH 1 LA E R
w1 RS AT TR 05,0 JE = 4EAS ] R SL,C A = 4E Radon 25 [A] AT 55— 55, T 1HT SAB &
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SR U5 HE R 20 C O T BT I R AP I, 5 R SRR DI 2% 1 T AR A T FL 2k AB.Grangeat £ER/F 58 H R BE,C
s Radon Hffs 195 -5 SR80 8 AR N 2R K e B0 A7 A IR AR AR it 2 U, 3 el T S50 R SOLR 0 i1 T 805 di AB K]
L5 W] LA B =4k Radon X[ £ — £ C E’ME J?Lﬁﬁiﬁf%ﬂl]é}fi(l)%m.

aRf( pm=— j fiu [(oM),tdt M

,B s
o, 1, [s(oM),t] RN H 4% AB ML 2 AE, SRR T 2k 5 0 S 2R I e £ T %Rf (M) F7n =4k Radon ¥ 10—
fr 5 5.1 Grangeat 592 9 A0 JE AR K A TSR H 4k AB AU AR/ KAVEE 11 SAB HITHIAR 43+, 1 2 s (1) AT 41,

WL TR 2k AB b BERE S (K B oy I AT 3k 45 — 4k Radon 2% i) (1 40 n S — 4% 7] v [¥) Radon 25040 56 4>
PRSI, TS Radon 198728 ek 23 8% f =g A St 4, 0 A s LR IR

f(x)——j J';H—Rf((x M) |sin@ | dpdd @)

o, 02278 — 2 Radon 2 WAL & — w9 z B, om0 7N — 4 Radon 4 1 — B

FA B =430 Radon 7R 1AM BILE SCRT A, = 4 A ) A AT R — AU, 2 DU SR U BAR I = 4
Radon (4l — B 5 £k 52 2 AL LA, Grangeat 895K A X (2) % =4t Radon i) — B FHE =i Y
IR A — . 0] LUR LA @ A S 5 AR =4 Radon 7R H#e PR, 3 HLT 7 DB I3 X % Hl
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1.2 Grangeat&EZH)i+ BEHI LI
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Rawdata weighting:

For (iRowLoop=0;iRowLoop<iRow;iRowLoop-++)
For (iChannelLoop=0;iChannelLoop<iChannel;iChannelLoop++)

{
Setup the weighting function;
For (iViewLoop=0;iViewLoop<iView;iViewLoop++)
{
Weighting Rawdata;
Calculate horizontal and vertical derivatives;
h
}

Radon data calculating:
For (ProjectionAngle=0;ProjectionAngle<View;ProjectionAngle++)
For (RadonSita=0;RadonSita<numsita;RadonSita++)

{

For (Radonro=0;Radonro<numro;Radonro++)
{
Calculate the characteristic point C' of C;
Setup the line integration;
Do line integration;

Do padding;
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Do first derivative alone p;

}
Back projection;
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B 2 7= A e, I FLAE AR 8K B0 B A 0 ™ o L LR Bl B 3 TR

Z Characteristic point of scan space  Radon characteristic point

X-Ray detector

‘ Virtual detector

> X
0O a :
Y S Circular trajectory Shadow zone
Fig.2 Structure of circular cone-beam CT scan Fig.3 Shadow zone of circular scan
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o 0 I3 7 A % R E PR S 1 E L SR B T Grangeat B #4005 PR o5 70 A 2 0 R o o T i o R B
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LI B3 I ) B 2 R il T = 4k Radon B8 SR T AR A b e o, A 543 3 hy #5428 p RO AR £ 6,005 B3R T8 5 VR 4y
Ty M B TE T VAR AR R B TS iR R B T A SO e R 4 .

" Padding point | The border of the

shadow zone

Fig.4 Polar angle constant padding
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Border of the
shadow zone

Padding point

Fig.5 Polar radius constant padding
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Fig.6  Profile of the first derivative of 3D Radon data
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shadow zone

Fig.7 Distance-Weighted interpolation padding method
7 BETBE BB A B S U7 T
4 FKEHR

T B UE AR SR A A T VR RO A SR VLN 3 R B X S A A VAT T U AL A S 0 sk
%] 3D Shepp-Logan Sk H4ls, B /E 245 h Windows XP SP2, K VC++6.0 #EATACI SZ B, vH 501 CPU
Intel Geuine 2160,1.8GHz, W17} 2GB, S E LK 1.

Table 1 Reconstruction parameters table

x1 EHESHR

Field of view/mm 400 Interval of rows/mm 3.0
Source trajectory radius/mm 570 Projections per turn 360
Distance source to detector/mm 1 040 Reconstruction grid 256%x256x256
Detector channels 672 Sample number of polar radius 400
Detector rows 512 Sample number of polar radius angle 360
Interval of channels/mm 1.513 918 | Number of meridian planes 360

K] Grangeat H gt 5000 AR HHm #E 47 T, 3 SR 3 A7 SNBSS Radon B 52 X153 B /) 45 SR ) 8 o
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Fig.8 Reconstruction images using different padding methods
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Fig.9 Profile of middle of the images
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