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TREATMENT PLANNING

COLLISION DETECTION

Al INTERDISCIPLINARY RESEARCH TEAM DEVELOPS A NOVEL 3-D WEB-BASED SIMULATION

AND TRAINING SYSTEM FOR RADIATION ONCOLOGY.
BY FELIX HAMZA-LUP, PHD, IVAN SOPIN AND OMAR ZEIDAN, PHD
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maximum cfficacy hinges on
the abilities of the medical
professonals who use it, The interplay between
different hardware components of external-
beam radiadon therapy (EBRT} linacs 15 rather
complex and hard to visualize during the com-
prterized reatment planning, In additon, the

FIGURE 1. Graphical simulators for
Varian 23iX (left) and Varian 600M [right).
FIGURE 2. Measuring tool (as the user
moves the red/blue dots in the virtual
space, the distance between them is
displayed on the screen).

FIGURE 3. Mo collision (left) and collision
{right) scenarios.

FIGURE 4. A quality assurance phantom
device: physical (left) and modealed (right).
The red orthogonal axes mark the locations
of the surface fiducials (BBs). images/
courfesy Dr. Hamza-Lup
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lack of collision detection (CT) on available trear-
ment planning software burdens the planner with
the challenge of crearing a collision-free plan.,

Solution at work

Ohur research team has proposed 2 3-D graph-
wcal simulbator for linacs thar will save dme and
resources In generating the optimal trearment
plan while simultaneously serving as a leamning
tool. Embedding patient-specific data such as
compured tomography (CT) scans in the inger-
active simulator advances the radiation therapy

planning process by detecting collision cases ear-
lier. The “Wib-hased inrerface helps visualize the
behavior of the linac components and detect
collisions during planning, The simulatar com-
ponents follow the acnial hardware motion and
=111gil: conventions, and are controllable individu-
i‘l]i}’ lLSiI‘ig A4 MmOwsE or a kc}"nnard, which enalsles
the user to enter specific values. The simularor
allows casy identificanion of the beam-able in-
tersections by modeling the radiadon beam as a
prism of lighr projected ar che isocenter and ool-
limared o march the beam geometry:
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FIGURE 5. The grid table surface (top:
virtual: bottom: real).

FIGURE 6. Visual collision validation of a

5 mm surface-to-surface separation: the
real linac (left) using a S mm spacer and the
simulator {right).

Several investigators'™* proposed a variety of
analytical and graphics-based CD twols for sobv-
ing the collision problem in EBRT, However, the
graphical solutions were highly inaccurate as they
were based on manual measurements of linac
components. Furthermare, analytcal tools are
difficult to implement since they involve com-
plicared erigonomerric relations thar require pre-
cise linac dimensions. Also, because these wols
employ only generic parient models, potential
parient-specific collisions cannot be predicted.”

* 31 Meshol, Uking this approach, the simuka-
tor implementation mkes advanoge of X300 a
real-time 3-I) compurer graphics staandard. and
several 30 modeling software tools ar the devel-
opment stage. Figure 1 iz 2 snapshor of the virmal
room (denoted 3-D) radiation therapy treamment,
or 3DETT, which madels the real environment.

* 3.2 GLY Here, the simularor prenices an in-
Ty Hﬂal:.inggra}rhi:.ﬂ uger interface for conrmal-
ling the angles and locations of the machine’s part
|'Fij_-;t11.1: 13. This GUI appears in the form of mul-
Tiplc semirransparent windows COTEAINING, Vari-
ous volumetric controls, Segregating the controls
into semantically logical groups (the serolls for
rotations, slides for transdations and burons for
switching berween different simulaton modes)
improves the human-computer interaction, The
user can easily nearrange the GUI components o
aviidd pecdusions of imporeant objects.

I'he measuring mode {Figure 2) enables the us-
er o estimare the exact distance between any two
poines in the virmal space. These measurements

Consired on pg, 79
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arc uschul for simulation assessment and in
collision scenarios, when spatial misinrerpre-
tation is possible,

The CI mode L-F:it"'l.l.l't 3 activates an au-
romaric collision WATnIng system to gualti
for the user’s porential misinterpretation of
the visual collision scenario. The CI) system
is based on bounding priminves and wses an
algorithm opamized to work in a Web-based
environment. The CI accounts for collisions
berween the gantry and the table; alerting
[hl.:_" EI"II;'F.;I,PI-‘.S[ (1A} .ﬂ.l'l:f' ﬁm:l]i ';.'g'mm['lf_'t' R T]'IJE
measuring ool can be vsed to obtain scourate
measurements following a collision warning,

An addicional menwe allows the user to vi-
sualize 3-10 patent dara on the table. Di.j:;it:d
Imaging and Communication in Medicne
Radiation Therapy (DICOM RT) CT data
scans’ and phanmm devices I:Figure 4] are
used by therapists for westing purposes. The
user can enable the beam projecred by the
collimaror and control the size of the beam
spot with graphical sliders.

s 3.3 Polywonal modelr. To collecr point
clouds from several viewpoinis, we use faser
scanners. 'We merge the cloud poins, filter
the noise and wrap the valid points inw a
polyeonal model, Due o scanner inacourices
tapproximately 3 mm}, we smooth the 3-1D
abjects; and o improve the rendeting process,
we apply 2 decimarion algorithm and remove
vedundanr polypons in flar arcas, The polypo-
nal model is exported ino an X3D object and
ernployed as part of the virnal scene. We op-
mize the scene such thar adequate frame: s
(25 frames per second or higher) are obrined
o machines with low rendering power.,

To Further improve rendering speed and
reduce file size, we use recoures o smulkiee the
geomerry of complex areas. Some cases might
call for special processing. For instance, the
rable containg a special ghss-like component.
Because this material doesn't arenuare the
beam in reality, we mune the wansparency of
the details surface o resemble the g|;3.~.:i aridl
combinge it with a manslucent cellular e
laid underneath {Figure 5,

Resulis

To improve the featurss and functionalicy
of the simulator, we have deployed a pro-
totype on a secure Webr site [htgpalyperion.
m'nummg.frfu:ﬁﬂﬂﬂﬂﬂﬂm u.tui.ppul with

DA
it

an access and feedback mechanism, Users
fiom several medical insticutions have reg-
istered on the site. and are evaluaring the
FI'(]T{JI:}-‘FII‘.‘ and pm'.'idiul.; feedback.

Ta o[‘rj'cn:l:ivct}-' test collision scenarias,
we asked radiation therapy technicians and
therapises to simulate rearmenrt plans thar
contain collisions among the systetn compo-
nents (Figure 6}, The simulator provides an
accurate representation of the linac and can
Pfl&.'fli,{ft D:Jili.liinn :ir_':n:iE'[[:-.li Wlid'l 5-'“[]1 AOC =
racy based on pm]iminm ry assessment resules.

This EBRT trearment simulator could be
used for weatment planning validaton of pa-
:in;n\'—ﬁprx:iﬁr_' collision scenarins and bearm-ta-
ble CIY onee its clinical validation i approved.
Lt is Web-based and, therefore, softwarc-plar-
form-independent. The ability to predicr a
po@sjbh; collision between all linac COTI0-
pents for a given patient climinates the need
for backup plans and saves planning dme, It
also enables the planner to explore differing
-i'].l:ld. uﬂ{,ﬂn‘-"ﬁl’l[iﬂﬂﬂl gﬂnrr}-‘-m]ﬂt—cr:l“mamr
combinations for creatment that may give mise
oo better quality plans, 8
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