$39% oM o ] B o B Vol. 39 No.9
- 1094 - 20224 9H Chinese Journal of Medical Physics September 2022

DOI:10.3969/j.issn.1005-202X.2022.09.007 E :gé;;i%'j—#é]fﬂ

BT WEE X &R ERINCR X Sy S Rp R LT ERER AT 1T 1%

oK R R, A
LR IS R BoR A B, 18 20 4300005 2. v [ B2 272 g v (] A0 BE R Mg B= B i 7 /', At 100021

[FEE]B MR R AR I X LR 0 SRR 18) 35 5 2 5 — AR TR 69 SUR X A3 4R 09 AR I8 s AR 55 iR B2 Sk, SR 3L
S0t CBCT B3] 9577 . Fik AN AR LI ARIR B T EAHA Synergy Jnik 804 57 R 69 k@ b, ) R iZmik B A E 4
CBCT KB AFL e kKV-X S A R ERF B, EFR—MRA, FAERERT Lo E A4 FTHASES 2~12 mm 6545
EIARALE 5 AFE) 2 ATIT G B R KV-X R R BERH AR RGN &b 247853 B AR T 32 BUB R P AN B 4L 69 24
TR 2D AL E AR A 2D AR AL B R S Y AR W eie EALE A B A LA A AT R FE
B AARIT AR 09 3D AT, F IS X A ARl B a3z, SR AR TR @ LA BB A2 2~12 mm #9 xFARAE B B, 4
T ¥ ia] 3B A 2~12 mm 69 A Fe X L IR 69 BUR-FAT XA . B ARE B ABSE 7 mm B VA T BE, F kR 2 A B e B AR o A
M A AFIT ) 2D Y A AR, ik F R AARITH 3DAEF A L AERAE T 8 mm A A L e AR B A, 2ARIT 2D 3% A AR A
TR B Ml A (£0.176.£0.140) mm, so i 2 8 3D A4 A7 9 AR AF BT 38 7T A ik 3] (£0.242,£0.392 ,£1.036) mm,
L5« % ety Yo 9 FE K T 5 T 8 mm B, AR 38 AT T3 B AR A 7 b B 28 h 2479889 3D & 47,

[ S48 | e, & X B AT s AT F 2 2ARIT ; IR IR

[HESZS]RS12 [ STHkFRERD ] A [ 2% 11005-202X(2022)09-1094-07

Feasibility of real-time gold markers tracking by a double-anode-target X-ray tube CBCT

HU Mi', HU Yimin?, QUAN Hong'
1. School of Physics and Technology, Wuhan University, Wuhan 430000, China; 2. Department of Radiotherapy, Cancer Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100021, China

Abstract: Objective To explore the optimal target spacing of a novel double-anode-target X-ray tube, and to realize real-time CBCT
image-guided radiotherapy by proposing an algorithm for real-time gold markers tracking based on this innovated tube. Methods
The phantom with pre-implanted gold markers was put on the treatment couch of Elekta Synergy linear accelerator, and the kV-
X-ray zero-degree projection images of the gold markers were obtained by the CBCT configured by the accelerator. At the same
gantry angle, the phantom on the treatment couch was translated, so that it is in an equidistant symmetrical position with a spacing
of 2 to 12 mm, and two kV-X-ray zero-degree projection images of the gold marks were obtained. Then the 2D projected coordinates
of the gold markers were extracted from the overlayed projection images, and the corresponding 2D projected coordinates of the
markers were backprojected to the simulated double-anode-target positions. Finally, the geometric principle of the intersection
of two projection lines was used to reconstruct the 3D coordinates of the gold markers in the phantom for realizing the tracking
of the gold markers in the target area. Results When the phantom was located at a symmetrical position with a spacing of 2 to
12 mm on the couch, it corresponded to two parallel X-rays of a double-anode-target X-ray tube with a target spacing of 2 to
12 mm. When the symmetrical distance of the phantom was no more than 7 mm, the 2D projected coordinates of the gold markers
could not be successfully read out from the overlayed projection images, and there was no way to reconstruct their 3D coordinates.
Only when the phantom was in a symmetrical position with a spacing of 8 mm or larger than 8§ mm, the 2D projected coordinates
of the gold markers were detectable, with a detection precision of (+0.176, £0.140) mm, and the precision of reconstructed 3D
coordinates reached (£0.242, £0.392, +1.036) mm. Conclusion The 3D coordinates of the gold markers can be accurately
reconstructed according to the double-anode-target X ray tube images, when the double-anode-target spacing was equal to or larger
than 8 mm.
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Figure 1 Schematic diagrams of obtainingthe projections of the gold

markers using the current CBCT (a) or double—anode—target X-ray (b)
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Figure 2 Structure diagrams of double—anode—target X-ray tube (a, b) and the
produced parallel double cone—beam X-ray (c)
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Figure 3 Arrangement of the experiment
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Figure 6 Flowchart of coordinates reconstruction
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Figure 10 Error bars after triple translations of golden markers
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