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Abstract To improve the accuracy of radiotherapy, it is necessary to monitor the displacement of the patient’s focus area
in real time during radiotherapy. Considering that the surface of the patient’s body is blocked by the thermoplastic film used
during radiotherapy, the material and shape of the marker were designed to minimize the impact of this thermoplastic film
on the positioning accuracy of the marker. First, the markers covered by the thermoplastic film were segmented according
to their color characteristics; thereafter, the convex hull algorithm was employed to calculate the outer contour of the
markers. Next, the improved least squares ellipse fitting algorithm was adopted to fit the points on the outer contour of the
markers and locate the markers. Lastly, based on the location of the markers, features were matched to the markers, and
the patient’s displacement value was thus calculated. Based on a simulation experiment platform and multiple
experiments, this method for measuring patient displacement achieves an accuracy of 0.2 mm, with frame rates of up to
30 Hz. Thus, this approach can meet the requirements of real-time and accurate displacement monitoring in radiotherapy.

Key words medical optics and biotechnology; image processing; displacement monitoring; in vitro markers; least squares

ellipse fitting; precise radiotherapy
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Fig. 1 Comparison of different types of markers under cover of thermoplastic film. (a) X corner marker under cover of thermoplastic
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film; (b) rectangular marker under cover of thermoplastic film; (¢) round marker under cover of thermoplastic film
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Fig.2 Schematic diagram of marker design
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Fig. 3

Comparison of reflected light from different material markers. (a) Schematic diagram of retro-reflected light by microprism

reflective film; (b) schematic diagram of light reflected by diffuse reflection material
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Table 1 Hardware equipment and main parameters of experimental platform

Name Equipment main parameters and materials

Industrial camera

Resolution: 1200X1600; pixel number of channels: 3; lens focal length: 25 mm; pixel size: 6. 45 umXx6. 45 pm

Operating system: Windows8 64-bit operating system; CPU: INTEL Core 15-5200U quad-core;

Image workstation

Coaxial light
Markers

Two-dimensional

electric slide

graphics card: HD5500
Power: 9 W; working voltage: 24 V; divergence angle: 60°

Microprism reflective structure; blue; ring shape

Accuracy: micron level
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Fig. 8 Experimental results of marker fitting and positioning. (a) Original image; (b) B channel image minus R channel image result;

(c) contour extraction of markers; (d) find convex hull of contour

; (e) traditional least squares ellipse fitting; (f) proposed

improved least squares ellipse fitting
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Table 2 Displacement measurement accuracy verification experiment results

Move towards foot Move towards right hand

Test item
Test1l Test2 Test3 Test4d Test5 Test6 Testl Test2 Test3 Test4d Test5 Test6
Real displacement in z-axis /mm 0 0 0 0 0 0 10 10 10 5 5 5
Real displacement in y-axis /mm 10 10 10 5 5 5 0 0 0 0 0 0

0.07 —0.05 —0.07 0.04 0.02 9.89 9.98 10.01 5.01 4.92  4.99
Measured displacement in y-axis /mm  9.84 9.96 9.97 4.97 4.96 4.97 0.09 —0.12 0.14 0.05 0.12 0.03
0.07 —0.05 —0.07 0.04 0.02 —0.11 —0.02 0.01 0.01 —0.08 —0.01
—0.16 —0.04 —0.03 —0.03 —0.04 —0.03 0.09 —0.12 0.14 0.05 0.12 0.03

Measured displacement in z-axis /mm 0. 19

Error in x-axis /mm 0.19

Error in y-axis /mm
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Table 3 Comparison before and after algorithm improvement

. . Maximum
Algorithm Average time /ms
error /mm
Original algorithm 5.82 1.34
Improved algorithm 3.64 0.12
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