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Analysis on the Positional Accuracy
of the Non-orthogonal Two-pair kV Imaging Systems
for Real-time Tumor Tracking Using XCAT
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In this study, we aim to design the architecture of the kV imaging system for tumor tracking in the dual—head
gantry system and analyze its accuracy by simulations. We established mathematical formulas and algorithms
to track the tumor position with the two—pair kV imaging systems when they are in the non—orthogonal positions.
The algorithms have been designed in the homogeneous coordinate framework and the position of the source
and the detector coordinates are used to estimate the tumor position. 4D XCAT (4D extended cardiac—torso)
software was used in the simulation to identify the influence of the angle between the two—pair kV imaging systems
and the resolution of the detectors to the accuracy in the position estimation. A metal marker fiducial has been
inserted in a numerical human phantom of XCAT and the kV projections were acquired at various angles and
resolutions using CT projection software of the XCAT. As a result, a positional accuracy of less than about Tmm
was achieved when the resolution of the detector is higher than 1.5 mm/pixel and the angle between the kV
imaging systems is approximately between 90° and 50°. When the resolution is lower than 1.5 mm/pixel, the
positional errors were higher than 1mm and the error fluctuation by the angles was greater. The resolution of
the detector was critical in the positional accuracy for the tumor tracking and determines the range for the
acceptable angle range between the kV imaging systems. Also, we found that the positional accuracy analysis
method using XCAT developed in this study is highly useful and will be a invaluable tool for further refined design

of the kV imaging systems for tumor tracking systems.

Key Words: Tumor tracking, Resolution, kV imaging, XCAT, Radiation therapy

This work was partly supported by the ICT R&D program of MSIP/ITP
[RO101-15-0126 (10043897)), Development of 500 cGy level radiation
therapy system based on automatic detection and tracing technology
with dual-head gantry for 30% reducing treatment time for cancel
tumors], by the project titled “The Development of Security and Safety
Systems based on Ubiquitous Technology for Shipping and Logistics”
funded by the Ministry of Oceans and Fisheries, by the Basic Science
Research Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education (NRF-2014R1A1A2056795),
by the Nuclear Research and Development Program of the National
Research Foundation of Korea (NRF) grant funded by the Korean
Ministry of Science, ICT and Future Planning (NRF-2015M2A2A6021184),
and by Pusan National University Research Grant, 2012.
Received 6 August 2015, Revised 21 August 2015, Accepted 28
August 2015
Correspondence: Seung Wook Lee (seunglee@pusan.ac.kr)
Tel: 82-51-510-3107, Fax: 82-51-514-0685

This is an Open-Access article distributed under the terms of the Creative Commons

Attribution  Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which

permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

A B

AXNTE FF YA 4 Ve GAFE AAX e Q)
oA Aeg WX g5 A4 ml¢ Fosch AL F
ko] X5 FA e S =A QA 9] Fe gl %4
S Z8sle] HHHoZ FoFo X E FAs= W
AR ZE A FA] Ak 55 o] F3llA WS A A B
sl Wol] Qluh AAZE A4 FA] FghE o] &3l W
WS W g x]o]] e x4 dizu]7 =& F45 59 71" vl
AS Ardste] ko X F-st= W 713 vA Y
4kglo] glo] elAle] el TAAS sl whio] gk

AXZE FoF X FHE 938 71-H npAE o] &3 oA
A FAZGH S o x Hr of g AxElS ZhE A xElI)
L He oA AAeaS g3 A|AEL 18|32 Vero SBRT
UNLEASHED Soll4 #A#E|o] A AgE 9t o714 &
B 5 09 kv 24 o dAAHle] A HeE wlx]F]

- 143 -



Hanseong Jeong, et al : Analysis on the Positional Accuracy of the Non—orthogonal Two—pair kV Imaging Systems for Real-time Tumor Tracking Using XCAT

ol Wlel 9105 FAshe wAS Asalt wD, F
Ml kv G4 A28 glAl g e & HE kV GAA AE]
7} 3k 7o) MV ZAAFEH of A 2 Hl (Electronic Portal Imaging
Device; EPID)S o] £3lo] 7|4 nfA & =3 ele A1 R
SEEDIED

T FHllAE F A X8 7145715 o] Eetolx
A BAIE ©hsslH A AAIe g Fok X A5 ke

=

©<90°

MV accelerator

kV X-ray source

kV imager

MV imager

Fig. 1. A schematic of the dual-head gantry radiation therapy
system. In this system, the dual meta-voltage (MV) accelerators
are mounted on the gantry for therapeutic purpose and the
kilo-voltage (kV) imaging systems are used for tumor tracking.
The motion range of the kV imaging system is limited in the
dual-head gantry design.
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kV imaging system for tumor
tracking.
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Fig. 3. Simulation procedure for the tumor tracking in this study.

Table 1. The phantom and projection condition in the X-CAT simulation.

Phantom Voxel Marker positions Fiducial maker  X-ray Beam Resolution: Pixel SOD  SDD
size width b diameter (mm)  kV, pitch (mm/pixel) (mm) (mm)
256x256x100 3.125 mm  Iso-Center: (0,0,0) 8 120 kVp Cone 1.64 1,5104 1,800

Along X-axis: (12, 0, 0),

(24, 0, 0), (36, 0, 0), (48, 0, 0)
Along Y-axis: (0, 12, 0),

(0, 24, 0), (0, 36, 0) (0, 48, 0)
Along Z-axis: (0, 2),

(0, 0, 24), (0, O, 36), (0, 0, 48)
In the lung:

(—31.25, —62.5, 93.75)

Table 2b
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Table 2. The parameters used in the simulation.

(a) Each projections are taken every 5°.

Angle of two pair system (°) 10 20 30 40 50 60 70 80 90
Anglel ) 5 10 15 20 25 30 35 40 45
Angle2 ©) —5 —10 —15 —20 —25 —30 —35 —40 —45

(b) Detector resolutions used in the simulation.

Pixel pitch (mm/pixel) 0.5 1.0 15 1.64 2.0 25
Pixel number 840 420 280 256 210 168
Detector size (mm) 420 420 420 420 420 420
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—62.5, 93.75) in the lung with respect to the angular intervals
between the two kV imaging systems.

Table 3. The dependence of the detector resolution on the three dimensional distance error in mm between the original metal
marker position and the estimated position for the given angular intervals of the kV imaging systems.

Angle of two pair system(’) 10° 20° 30° 40° 50° 60° 70° 80° 90°
0,0) 5° 10° 15° 20° 25° 30° 35° 40° 45°
0,(°) —5° -10° -15° —20° —25° —30° —35° —40° —45°

0.5 mm/pixel 0.6642 2.1815 1.0769 0.7880 0.5120 0.4769 0.1491 0.3643 0.2444
1.0 mm/pixel 0.6642 3.3958 1.1545 0.4423 0.3027 0.6376 0.5205 0.8134 0.3323
1.5 mm/pixel 3.2236 0.9703 1.2769 2.5050 0.6859 0.8473 1.0510 1.0680 0.9048
2.0 mm/pixel 5.8079 1.7290 1.4901 2.1009 1.3133 1.5327 1.1749 0.8192 1.2976
2.5 mm/pixel 3.5302 3.2580 1.6402 1.6661 1.5388 1.9943 1.1755 2.2155 0.8812
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estimation of the fiducial at (—31.25, —62.5, 93.75) in the lung
for different angular intervals between the two kV imaging
systems.
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