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Feasibility Study for the Development of an Application for Simulated Virtual Reality
Radiation Therapy Experiences Using Android and 10S Devices

Masatsugu HARIU, Shogo HATANAKA®, Shuichi KONDO, Munefumi SHIMBO, Mio SAITO,
Shun GOTO, Rikana SODA, Takafumi YAMANO, Keiichiro NISHIMURA, Takeo TAKAHASHI

Department of Radiation Oncology, Saitama Medical Center, Saitama Medical University

(Received June 18, 2020; Accepted August 12, 2020)

Using virtual reality (VR) technology such as head-mounted displays, users can be immersed in a virtual world and perceive it as
reality. In radiation therapy departments, pretreatment patients and students rarely observe treatment rooms and treatment de-
vices, making it difficult to understand the overall flow of radiation therapy. In this study, to facilitate the understanding and
teaching of radiation therapy, we suggest the implementation of VR technology and develop software compatible with VR to enable
a pertinent comprehension of radiation therapy. With versatility and accessibility in mind, the software is developed as an applica-
tion for Android and i0S devices.

Omnidirectional movies in treatment rooms were acquired from both the patient view and a third-person view using an omnidi-
rectional camera. The Android/iOS devices used were AQUOS R (SHARP), iPhone 7 Plus (Apple), and iPad air (Apple). The soft-
ware was developed using Unity 2018.4.7f (Unity Technologies). The main components of the software were as follows: (i) a home
window featuring a user interface with which people can access arbitrarily rooms by tapping on floor maps or a list of treatment
rooms, (ii) a snapshot mode providing 2D images of a treatment room as a slide show, and (iii) a movie mode displaying omnidirec-
tional movies from the patient view or a third-person view. The virtual radiation therapy experience was executed by attaching the
Android/iOS devices to 3D VR goggles (SAMONIC).

The main components of the application operated in good conjunction on the Android/iOS devices, and live viewing in the virtual
world ran smoothly with the VR technology. However, there were resolution limitations due to the specs of the camera and the de-
vices. It will therefore be necessary to adjust the resolution and the frame rate according to the performance of the relevant devices.
The application is instructive for both patients and students because the virtual radiation therapy experience is immersive when
using the VR technology. In addition, the developed software can transfer data in a single package and has the ability to substitute
images and omnidirectional movies with those appropriate for diagnostic radiology and nuclear medicine departments. Therefore,
the developed application is highly versatile.

Keywords: virtual reality, radiation therapy, omnidirectional camera, smartphone
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The linac gantry rotates as IMRT

(a) Acquiring an omnidirectional
movie from patient’s view

Omnidirectional Camera
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(b) Acquiring an omnidirectional
movie from third person’s view
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l
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lies down on the conch

Fig. 2 Schematic diagram detailing the filming of omnidirectional movies of the linac gantry rotation, with the perspective of

(a) a patient’s view and (b) a third person view
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(3) Window for the slideshow
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Fig. 3 Conceptual diagram of the software configuration. The arrows point to the floor map or rooms that displayed on the

screen by tap operation
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Fig. 4 Overview of window's layouts for (a) 2D images and (b) omnidirectional movies

(1) The home window

1. ARHECTE
2. AME 1
3. ARE 2

EHREMNERT

L
oI e HMR2  BEE)

DITRBEBRE

( L . h ( )
(2) The omnidirectional window The VR window

Fig. 5 The appearance of the application screen with (1) the home window, (2) the omnidirectional windows, the VR window
and (3) the windows for the slideshow
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Fig. 6 The omnidirectional windows of treatment room 2, displayed from (a) a patient’s view and (b) a third person view.
These perspectives can be dynamically moved through swiping the screen in the intended direction
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Fig. 7 The VR window synchronized with the gyro sensor mounted on the smartphone
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New Facility

Fig. 1 Schematic figure of HIMAC old and new facilities
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Table 1 Events from startup to full operation in the NIRS
new treatment facility

Date Event

2010.10 | Start commissioning (Room E)

2011.5 | Start clinical trial without respiratory gating

2011.11 | Complete clinical trial without respiratory gating

2012.9 | Start routine treatment (Room E and F)
2015.2 | Start clinical trial with respiratory gating
2015.8 | Complete clinical trials with respiratory gating

2015.10 | Start commissioning (Room G)

2017.5 | Start clinical trial (Room G)

2017.10 | Start routine treatment with respiratory gating

(Room E and F)
2018.3 | Complete clinical trial (Room G)
2018.4 | Start routine treatment (Room G)
2019.9 | Start routine treatment with respiratory gating

(Room G)
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DC extension of the flattop®

Table 2 Latest specifications of scanned beam irradiation at
HIMAC?

Dose rate 2 Gy/min/liter (5 Gy(RBE)/min/liter)

430-62 MeV/u (fixed port)
430—48 MeV/u (gantry)

Energy

Energy steps 200 steps

Beam intensity 3% 10"~1x 10° particles/s

220 % 220 mm” (fixed port)
170 X 170 mm? (gantry)

Field size

Maximum range 300 mm

Maximum scan speed  Vx: 100 mm/ms, Vy: 50 mm/ms

Energy (depth) change 300ms

time

Mini-ridge (ripple) filter 1 and 3mm at 1-sigma peak width

Minimum spot staying 25 us
time

Spot spacing Typically 2 or 3mm in 3 dimensions

Beam size at isocenter  Typically 2~4mm at 1-sigma

(in air) (depends on energy)
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Fig. 9 Variable length water-column for heavy-ion beam
QA measurement
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Fig. 10 AP and lateral views of DRRs (left panels) and FPD images (right panels) displayed on positioning console of HIMAC

new treatment room®”’
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Learning stage

i

Fluoroscopic image

(d) Step 4

(e) Step 5

(f) Step 6

Fig. 12 Tracking algorithm procedure. For detail see text. (CNN: convolutional neural network)*’

Fig. 13 DFPD images during irradiation. The inner contour (yellow) on the DFPD image is CTV, and the outer contour
(green) is PTV. The beam is irradiated because the CTV is inside the PTV. The upper right of the figure shows the

beam intensity during irradiation as monitored online?
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