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Backprojection Filtering Reconstruction Algorithm for Circle-Plus-Line

Trajectory in Cone Beam CT
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Abstract The backprojection filtering reconstruction algorithm is proposed based on M-line for the circle-plus-line
trajectory. The concise and appropriate M-line selection method is proposed, combined with the geometrical
characteristics of the trajectory. The backprojection integral interval is obtained through solving the R-line
coordinates which pass through the reconstructed point on the M-line, and the proposed reconstruction formula is
derived. It is proved that the R-line within the reconstruction region for the circle-plus-line trajectory is unique, and
the shortest length of the needed line trajectory is solved. Experimental results show that the proposed method can
improve reconstruction image quality in large cone-angle scanning.
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Fig. 1 Sketch map of cone beam CT system
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Fig. 5 Reconstructed images of the disk model. (a) Disk model; (b) BPF algorithm; (c) proposed algorithm

K5 B RIR R oy Il vz Il Al ox SFHEY) A EELESIR, FTLUE I 78 R EH g, 7
B3k BPF 505 h T R S K AN 58 o o HC i At PR AR 52 S R R0 52 e ™ L EL AR SR B Dy B A Tl e P A 4 R
O 52 ROk B ™ i, B A A B R R R T RN R P R U R B EE TR o L e L RR R oY
2 5 A7 2500 R R ), D25 SR ] D i A 0 i R D R A b o e A B B S O RS AT M A
A,

g ST M B AT oA 4 I A SRR 2 Oy R R EAALT 2 =128,y =128 &,
FILLVE ), B E BPF 5530k Bl 5 il ) BE 25 A9 34 im0 55 0 {1 15 22 OR8N SCR L I 2 5 BLE B A W)
B o T I A SO 12 R A5 A 200 4110 1) 7 25800 i v A A IR Y R B

disk model
1.2} BPF algorithm
proposed algorithm
1.0 OmmANRNR
0.8} | LN
2 [ | ’m 1
Zoor || |1 |

>0.4‘ \ T\ [ {
0.2;/! \‘\V/!‘ t

O,JDJAA& &uuﬁ A

-0.2

I ¥ S
Fig. 6 Profiles of the reconstruction results

3.2 EREEXR

SRy G 56 Ak B ST % Al R 0% SR L R S = B HE R CT 2R 40 6 i Tl a8 48 38 3 PR a0 A7 45 41 S 560 560 0F
S SR Y TR Hawkeye 130KV, T IS FARIRE 54 Varian 4030E, HARSIEE S 80k - 5 2k U5 21 jig
e BE B A 365 mm ., BN 2% A BEES A 920 mum ., 54 A9 HE A K/ 19.6°, 7R B LI 360°H $ 75 A
BI5) R AE 720 SRS B R BB By 13.20 mm, 75 B HE AR AE 1320 SR B, H
HYERAEL R 880 mm X 880 mm X 1860 mm , 435l i A R #13 BPF H i Al B N B & H08 M-line 5% #E 47

0911008-6



ot % % i1

F A=A B R UL R ANE 7 R

B 7 TR E @SR, (BPF Bk () AR L
Fig. 7 Reconstruction results of industrial connector. (a) BPF algorithm; (b) proposed algorithm

N7 BT LA 6T HE Ff A 0 S BRSO 5 A, BPF 303k B T 32 20 HE 8500 04 5 ) , HL Al e ) Y
FOEAOREA WSRO INZL IR /i o o A P A T g AT S 8 A5 i 7 2 L A BE AT A% e B S 1 41
PUIZAR oy X BAE B S T SE PR A I ROCR . ik 32 B A B BPE Bk A il 1] BRSO e % 110 R A0 B
20 5 JRLI 5 0 [ LR B M-line H 5904 10 1R I B0, mT DA S0 o G A 45 R L P S 52 A AR
AR5 ) o BE 8 X U AT A W AR AT A ORI . SE 70 e WY T T 41 50 0 R A AR e b B T S PR A 4 A AR v R
1IN ) R R PR AR B AR B 30 T A SR CT 4514 1 Vi PRl R A i B A S R

4 4k ©

o e B 5 B3 ke 41 A 47 50 ) B [0 8 4 10 SR I T A 4 0 Tk B L
LA 05 0 JE R B T A 0 L BT S BB KR L R B X BN 2R B3 L 3 T — B T Mline 19 3%
e TR T R I S0 R A R R A S A BT TR S, I HATE T R
line (7 36 )0 GE W T 555 T A PRI R-Tine ELATIE— bk %8 T 5 S 4055 MO BT IX ) BB 28 L, It
Sb 7 e 55 ) BT Sk 0 B K SR AR o T SR B RIS S X, B S
VE T BT 1A K

2 % X #

1 Hsieh J, Nett B, Yu Z, et al. Recent advances in CT image reconstruction[J]. Current Radiology Reports, 2013, 1(1):
39-51.

2 Han Yu, Li Lei, Yan Bin, ez al/. A half-covered helical cone beam reconstruction algorithm based on the Radon inversion
transformation[J]. Acta Physica Sinica, 2015, 64(5): 58704.
#woOE, % &, 8 8, % —Fh T Radon AR YN SR EME R CT S ASX N [J]. W BE¥AR, 2015, 64(5):
58704.

3 Xiao Tiqgiao, Xie Honglan, Deng Biao, et al. Progresses of X-ray imaging methodology and its applications at Shanghai

0911008-7



ot % % i1

10

11

12

13

14

16

17

18

19

20

synchrotron radiation facility[J]. Acta Optica Sinica, 2014, 34(1): 0100001.

T, e, X %, . RIEOGIR X SR SR N RS #E R (D] . O 2Bk, 2014, 34(1): 0100001.

Du Yang, Liu Xin, Lei Yaohu, et al. Low cost and high efficiency method for X-ray phase contrast imaging[J]. Acta
Optica Sinica, 2016, 36(3): 0334001.

Moot X &, BWE, F. AR RSCR X SFEARR AR BORIEFE 1. St #2244k, 2016, 36(3): 0334001.

Ma Jiming, Zhang Jianqgi, Song Guzhou, et al. Total variation constrained iterative filtered backprojection CT
reconstruction method[J]. Acta Optica Sinica, 2015, 35(2): 0234002.

Uk, sk AR, RBUE, . AR AR ACIE R R B CT EA (). JeseA4i, 2015, 35(2): 0234002.

Tuy H K. An inversion formula for cone-beam reconstruction[J]. SIAM Journal on Applied Mathematics, 1983, 43(3):
546-552.

Tang Jie, Zhang Li, Xing Yuxiang, et al. Data incompleteness in Radon space for circular cone beam reconstruction[J].
Journal of Tsinghua University (Science & Technology), 2006, 46(6): 809-812.

FEOOAS, W, T, . BIBLE R E b Radon 2 AR [T] . WAL 244k AARFHEIR, 2006, 46(6):
809-812.

Li L, Xing Y, Chen Z, et al. A curve-filtered FDK (C-FDK) reconstruction algorithm for circular cone-beam CT[]J].
Journal of X-Ray Science and Technology, 2011, 19(3): 355-371.

Wang X, Hu G, Yan B, et al. Fast low-dose reconstruction from truncated data in dental CT[J]. IEEE Transactions on
Nuclear Science, 2013, 60(1): 174-181.

Grass M, Kohler T, Proksa R. 3D cone-beam CT reconstruction for circular trajectories [J]. Physics in Medicine and
Biology, 2000, 45(2): 329-347.

Tang X, Hsieh J, Hagiwara A, et al. A three-dimensional weighted cone beam filtered backprojection (CB-FBP)
algorithm for image reconstruction in volumetric CT under a circular source trajectory [J]. Physics in Medicine and
Biology, 2005, 50(16): 3889-3905.

Yang Hongcheng, Gao Xin, Zhang Tao. DSA cone beam reconstruction algorithm based on backprojection weight FDK
[J]. Journal of Jiangsu University (Natural Science Edition), 2013, 34(2): 190-195.

Mgz, o K, ok . 3T FDK R AUE I HE R DSA HAF I [J]. VL KR53 ARFBIENR, 2013, 34(2):
190-195.

Zeng G L, Gullberg G T. A cone-beam tomography algorithm for orthogonal circle-and-line orbit[J]. Physics in Medicine
and Biology, 1992, 37(3): 563-577.

Zamyatin A A, Katsevich A, Chiang B S. Exact image reconstruction for a circle and line trajectory with a gantry tilt[J].
Physics in Medicine and Biology, 2008, 53(23): 423-435.

Katsevich A. Image reconstruction for the circle and line trajectory[J]. Physics in Medicine and Biology, 2004, 49(22):
5059-5072.

Yu Z, Wunderlich A, Dennerlein F, et al. Line plus arc source trajectories and their R-line coverage for long-object cone-
beam imaging with a C-arm system[]]. Physics in Medicine and Biology, 2011, 56(12): 3447-3471.

LuY, Yang J, Emerson ] W, et al. Cone-beam reconstruction for the two-circles-plus-one-line trajectory[J]. Physics in
Medicine and Biology, 2012, 57(9): 2689-2707.

Hoppe S, Hornegger J, Dennerlein F, et al. Accurate image reconstruction using real C-arm data from a circle-plus-arc
trajectory[J]. International Journal of Computer Assisted Radiology and Surgery, 2012, 7(1): 73-86.

Katsevieh A. Theoretically exact filtered backprojection-type inversion algorithm for spiral CT [J]. SIAM Journal on
Applied Mathematies, 2002, 62(6): 2012-2026.

Pack J] D, Noo F, Clackdoyle R. Cone-beam reconstruction using the backprojection of locally filtered projections[J].
IEEE Transactions on Medical Imaging, 2005, 24(1): 70-85.

0911008-8



