N

N

Digital phantoms for the evaluation of a software used
for an automatic analysis of the Winston-Lutz test in
image guided radiation therapy
Tarraf Torfeh, Stéphane Beaumont, David Bonnet, Yves Barbotteau,
Jean-Pierre Guédon, Nicolas Normand, Eloise Denis, Pascal Fenoglietto,
Norbert Ailleres

» To cite this version:

Tarraf Torfeh, Stéphane Beaumont, David Bonnet, Yves Barbotteau, Jean-Pierre Guédon, et al..
Digital phantoms for the evaluation of a software used for an automatic analysis of the Winston-Lutz
test in image guided radiation therapy. Medical Imaging 2008: Physics of Medical Imaging, Feb 2008,
San Diego, CA, USA, United States. pp.69133F-69133F-11, 10.1117/12.768668 . hal-00326648

HAL Id: hal-00326648
https://hal.science/hal-00326648v1
Submitted on 4 Oct 2008

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00326648v1
https://hal.archives-ouvertes.fr

Digital phantomsfor the evaluation of a software used for an automatic
analysis of the Winston-L utz test in image guided radiation therapy

Tarraf Torfef . Stéphane BeaumdnDavid Bonnet, Yves Barbottedi JeanPierre Guéddn
Nicolas Norman® Eloise Deni&®, Pascal Fenoglieti@nd Norbert Ailleres
#]RCCyN/IVC — UMR CNRS 6597, Image & Video Commurtioa, Ecole polytechnique de
I'Université de Nantes, La Chantrerie, BP 506080BINantes Cedex 3 — France

P QualiFormeD SARL, Centre Hospitalier Départemer88h25 La Roche Sur Yon, France
Centre Régional de Lutte Contre le Cancer, Val doa, 34298 Montpellier, France

ABSTRACT

Accurate isocentre positioning of the treatment mmae is essential for the radiation therapy procespecially in
stereotactic radio surgery and in image guidecatam therapy.

We present in this paper a new method to evaluaeftware which is used to perform an automatidyais of the
Winston-LutZ' % test used in order to determine position and efzthe isocentre. The method consists of developing
digital phantoms that simulate mechanical distodiof the treatment machine as well as misalignsneftthe
positioning laser targeting the isocentre. Theggitlli Test Objects (DTOs) offer a detailed and puoid evaluation of
the software and allow determining necessary aaigists which lead to high precision and therefonetridoutes to a
better treatment targeting.

Keywords: PHT, SIM, METR, CT.

1. INTRODUCTION

The main objective of the Winston-LGt@WL) test is to control the position and the siffethe isocentre of a medical
linear accelerator (LINAC) i.e. the intersectionthg gantry, the collimator and the couch axis.sTéontrol allows
accurate alignment of the room laser system wriassential for the success of the radiotherapyasaitls systematic
errors of irradiation localization which have seioconsequences on the treatment process. An exavfiphese
sequences would be the excessive irradiation ofi¢ladthy tissues surrounding the tumor while theduitself is under
irradiated. Furthermore, the emerging image guideliation therapy gives this test a new actualitgre the size of the
isocentre affects directly the image quality of teme beam CT modé, and the position of the isocentre determines the
precision of the patient repositioning. The testpmsed by Winston & Lutz is also able to quantifyithe sensor
movement during the rotation process

The use of digital phantoms in order to controldhbeality of RT medical images treatment platforns baing previously
proposed by Denis et®aland was used in order to test Virtual Simulat®oftwared. This technique has a lot of
advantages, especially the perfect knowledge o$dlfisvare data input. But also the possibility nfautomation of the
quality control procedure by comparison of the pssing of this input data with an output digitahptom designed to
be a reference for this processing can be mentiohieid paper presents a complete application af cent concept
and therefore a method of developing digital phanrstancluded calibrated misalignments of the isoeettiat allows
evaluating the performances of software tools #inatdedicated for an automatic quality controlhef Winston & Lutz
test (WL test).

These evaluations allow, in one hand, studyingnfieence of all adjustment parameters of the safemwhich leads to
the determination of an optimal set of this pararstand in the other hand, using these optimalegalwe can
determine the precision of the software and thehoteproposed by Winston & Lutz.
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2. MATERIALSAND METHODS

2.1 Thereal test

The Winston-Lutz test consists of aligning a 5 mianteter tungsten ball on the room lasers (i.estigposed location
of machine isocentre) and to acquire different timensional (2D) projection images on it for di#fat gantry, table
and collimator rotation angles. The tungsten tmlhhaold by an acrylic (PMMA) tube which is fixed d¢ime treatment
couch. In IGRT technique, the 2D images are produnethe RX treatment source (2D-MV mode) and & flanel
mounted in opposition and by an additional RX talnel a second flat panel (2D-kV mode). In IGRT aggilon, the
Winston-Lutz test controls the position and thee 99f the kV and MV isocenters but also the movenwdrthe 2 flat
panels during the rotation of the gantry. Though,the movement of the flat panel the referencétiposin the images
is the flat panel center. But for the isocenteat@mn and size the reference point in the imageélaamiddle of a 5 x 5
cm? beam. Three units are involved in the controllimator, gantry and couch; therefore the conpralcess consists of
rotating one unit while keeping the two other usitstionary. Two-dimensional images correspondingjfferent angles
of rotation are then acquired. Theoretically anthé collimator and table axis were exactly aligaed the physical test
object is placed correctly, we obtain images wheegixel representing the centre of the tungstdridalways placed in
the centre of the beam image representing theiatiad field. Figure 1 shows the treatment machimethe left,
Winston and Lutz test homemade phantom and orighg an example of 2D image of the phantom.

©

Fig. 1. (a) Treatment machine with an On-Board Im&@8l) consisting of two arms; one holding an X-smurce and one
holding a flat panel sensor. A megavoltage detddfiMD) is also showed. (b) The phantom proposed\igston and
Lutz consisting of a 5mm tungsten ball held in aNAMmounting. (c) A two-dimensional image of thisgstiom,
where the shadow of the tungsten ball and the lmeembe visualized.

2.2 QFD-WL software module

The QFD-WI® ° module is embedded in a platform QFD-IQC comméimeid for an automatic analysis of the image
produced for the image quality control in medicahging and radiation therapy.

The automatic software analysis is organized irQr®-IQC-WL module in 8 steps:

1. Decoding of the DICOM RT images directly transferfeom the treatment machine by the network
Image pre-processing: limiting - scaling with nesargeighbors, bilinear or bi-cubic interpolatiorigifre 2)
Determination of the radiation field center locatia all images: threshold method (Figure 3)
Determination of the tungsten ball location inialhges: convolution method (Figure 4)

Determination of the gantry rotation axis: backjpotion method (Figure 5)

o 0k~ N

Determination of the table rotation axis: minimgithe parameter p (equation 1). Radiation fielditjprs
considered as reference point (Figure 6)

7. Determination of the collimator rotation axis: nimzing the parameter p (equation 1). Tungsten fadition
considered as reference point (Figure 6)

8. Calculation of the isocentre location: minimizatiofall units’ isocentres.



In the four initial steps (steps 2, 3, 4 and 5) tle&r can choose different adjustments of the in@ageessing
(interpolation method, threshold value, size of¢bavolution kernel...). One goal of DTOs describedhis paper is to
study easily the influence of these different pagtars on the software precision.

2.2.1 Image pre-processing

This process includes two steps: creating a newémeth a size that represents a percentage vélihe @riginal image
size and scaling the resulting image with a sadéof chosen by the user.

()

Fig. 2. (a) Original image. (b) Limited image amsl4 times scaling with, (c) nearest neighbor jpéation and (d) bi-cubic
interpolation.
2.2.2 Theradiation field center location

The radiation field center location is calculatgdskegmenting the image using a special threshalsetefrom its pixels
intensity.

(a)

Fig. 3. Determination of the radiation field. (ajignal image. (b) Bi—level image representing tlegreentation of the
radiation field with a threshold equal to -1117.
2.2.3 Thetungsten ball center location
A convolution of a Gaussian kernel with the radiatfield image is used in order to find the cemf¢he tungsten ball
image.

(a) 0.06 | ntensity  (b)

Fig. 4. Determination of the tungsten ball locatita) Original image. (b) The two-dimensional Gaaiskernel used in the
convolution method. (c) Image representing thetfmwsbf the tungsten ball.



2.2.4 Gantry rotation axis

The positions of the tungsten ball with respedhs beam center are calculated; the 3D scene isrétonstructed by
doing a back projection of these positions; a ghiaiine perpendicular to the sensor plane thasgmshrough the
tungsten ball position is constructed (Figure 5).

Points of intersections between these lines amulzdkd and the position of the gantry rotatiorsagithen the gravity
centre of these points.

'Rotation centre

Fig. 5. Three-dimensional scene reconstructiorages used are acquired with the collimator ddtable at 0° position,
while moving the gantry angle. Six angles are ugetthis example (0, 30, 60, 90, 120, 130 and 1584} the gantry
rotation centre is displaced of 6mm with respe¢h®Y axis.

2.2.5 Tablerotation axis
In this process, images are acquired with theroalior and the gantry at 0° position.

The position of the radiation field centre beingtistnary is used as reference point while the ttamgdall centre
positions describe a semicircle around this pdiigure 6).

0.03 meter

0.02

Fig. 6. Table/collimators rotation analysis. Sixgkes are used in this example (90, 120, 150, 180, 240 and 270°), a
displacement of 6 mm of the table/collimators riotataxis with respect to the X axis is introducé&te stationary
point is represented withCI”, while “O” represent points describing a semicircle. Theiltefound is 12 mm. This
value was found on sensor level; knowing that therce sensor distance is 2 meters and the tabsosdistance is
equal to 1 meter, the real deviation value on é&#blel) is equal to 6mm.

In order to find the table rotation axis centreg thean square error parameter p (equation 1) isnizied:

p(x.y)=3(d (x y)-df o)



where (X, y) represents the coordinates of thdec'u:entre,di is the distance from the centre of rotation to shadow

centre imageand d indicates the mean value of a .

2.2.6 Collimator rotation axis

The process here is similar to the table rotatigis analysis, with the difference that the refeeepoint here is the
tungsten ball instead of the radiation field centre

2.2.7 Mechanical isocentre

The calculated isocentre of the gantry, table aolintator are projected on the plane formed by kteral and
longitudinal axis. These projections representidtsan this plane.

The position of the mechanical isocentre is onlthe formed by the gantry rotation axis projectiand parallel to
longitudinal axis. This position is calculated binding the point on this line has a minimum dis@ano the
collimator/table projection points.

2.3 Digital Test Object (DTO)

In order to facilitate the quality control developn process of the software algorithms and tottest limits, DTOs
(Digital Test Objects) were generated. These DTépsasent a simulation of the images issued fronpthesical test
object used for the test proposed by Winston ard.Lu

Many factors are involved in the production andrfation of the images issued from a portal visiostesy: physical,
geometrical...but since this study relay mainly oa gosition and the size of the patterns withingimeulated images,
only geometrical aspect are taken into consideratial substitutes physical aspects within the geeeDTOs.

Several parameters representing the acquisitiomgeg, material and image properties, are usedderato generate
DTOs. These parameters as well as other optiondedirged by the user through a graphical userfauterdeveloped for
this purpose (Figure 7).

Collimators
Acquisition Rotation centre position - UALI-ORME
Rotat ) Source-Collimator dist(Z) (0.5 Ball position
Gantry | v | D‘P f L) o Source-Collimator dist¢0  [0.5 PosX 0 Image dimension in pixels
‘ e L S Source-Coll. board dist PosY 0
Projection direction Diameter 2 Callimator Bicknass .08 PosZ 0 Image width
Projection angle [Q__]  Sensor length(d 0.2 Collimator size 0.4 Diameter 0.005 iiiags e
Step angle a0 || [8ensorlengthto 02| geam field@) 0.0 Lineic coeff. 10 Pixel length 0.00048
Max. angle 0 Gantry rotation axe misalignment Beam field(Q 0.05 Table rotation axe misalignment Val. Max. Pixel 2IJHLI
Lineic coef. 5 1 S
3D scene Eg?\? g Misalignment X 0 Misalignment X 0 Val. Min. Pixel 0
Save images PosZ il Misalignment Z - 0 Misalignment Z 0
| | |_| Coll. superposition

Fig. 7. Graphical user interface for the paramedéthe Winston and Lutz DTOs. Acquisition geomgigrameters: gantry
rotation axis, source — rotation axis distancepeition diameter, source — collimator distancdl pasition (X, y z),
beam size, starting acquisition angle and stepeanilaterials properties: sensor length, collimativickness,
collimator absorption coefficient, ball absorpticoefficient.

2.3.1 Three-dimensional scene construction

Our objective is to create two-dimensional imagasere each image represents the projection oftiteetdimensional
scene into the sensor, with respect to certaireption angle. Each pixel within images have anisity proportional to
the size of intersection between the material$iénthree-dimensional scene (collimators and bafiyl the ray formed
from this pixel and the source point (source ray).

In order to do so, a three-dimensional scene isgoednstructed from all the parameters enteredéyser (Figure 8).



Fig. 8. Three dimensional reconstructed sceneeoirttage acquisition process.

The first step of this process consists of finding positions of the points representing respelgtithee source and the
sensor centre. Knowing the rotation centre positihe projection angle and the rotation diametelina denoted

(projection line) that passes though the rotatioimpand parallel to the angle of projection is stoucted, so the position
of the sensor centre is calculated from the intgi@e between the projection line and a sphereetedton the rotation
centre with a diameter equals to the rotation dtamé&nowing the sensor centre position and thgeptmn angle, the
plane coefficient that passes through the sensdrecand perpendicular to the projection angleliadetermined.

Using the same method, the position of the poiptagenting the source centre is determined by ¢hgribe radius of
the sphere used to calculate the intersection.néesphere radius is equal to the source — rotati@ndistance. Figure
9 shows the positions of the sensor and sourcetaihere, “X” is the rotation axis, the angle objection is 30

degrees, the source-rotation axis distance is équameter and the rotation diameter is equal eeger.

€nsor centre
\

Fig. 9. Positions of the points representing thee® and the sensor centre, the projection link aitangle of 30°.



Four collimator leaves are also created as showsigare 10 (a). A collimator leaf is representedhwhree planes as
shown in Figure 10 (b). These planes will be usedrder to find the size of the segment of therg#etion between the
collimator and the rays.

Rotation axe

Collimators

Collimator

<+—Source

Fig. 10. (a) Two simulated collimator leaves withaperture of 50mm, a thickness of 80mm and a sawoliimator
distance of 500mm. (b) Planes used to find the segjof intersection between the source ray andneaibrs.

Knowing the collimator aperture and thickness, shgment of intersection between the source rayttandollimators
can be calculated.

2.3.2 Two-dimensional image

sensor _length
pixel _length

the flat panel sensor depicted in Figure 11. Fehgmint in the 2D image, its 3D coordinate is akdted according to
the projection angle. Three-dimensional coordinaikgoints within an image representing an anglepiafjection
between 0 and 90° are equal to:

Xop = Xy + (Widt% - XZD)X pixel _length

2
A two-dimensional integer array {.‘ ) size is created. This array represents the imsgeed from

Y3p = Yeonsor +(y2D_ heigt%) xsin(a)x pixel _length

Zip = Zeey +(y2D_ hdgt%)XCOﬂ(a)x pixel _length

Where (X35, Yap s Zsp )+ (Xensor + Ysensor » Zeensor ) 7€ the three-dimensional coordinates respectiviliye point and the

sensor centreneigth and width are the height and width of the two-dimensionahge, anda is the projection
angle.



2D image

Fig. 11. Process of constructing a two-dimensiémalge from a three dimensional scene.

The value of the intensity of each pixel is basedie segment of intersection between the souscand the materials
in the three dimensional scene according to thaditae:

d 2
| =].x 0 | xgHxd
Final 0 (d&:j

where |, is the transmitted intensity (pixel intensity), is the incident intensityd, is the incident distance ,

dSC is the pixel source distancg is the lineic absorption coefficient arhl is the intersection thickness

Three types of DTO are simulated according to tiguisition type (gantry, collimator and table).

(@) (b) (©)

Fig. 12. DTOs generated with a source rotationdis&nce equal to 1 meter, an acquisition diamederl to 1.4 meters,
0.2 meters sensor size, source collimator basartistequal to 0.4 meters, a collimator thickness @8 meters, a field
length of 0.05 meters and a ball diameter of 0.@@%ers. (a) DTO simulating an image with collimaaod table held
in 0° and a gantry angle of 30°, a ball misaligntn&n0.003 meters with respect to the Y axe isoticed. (b) DTO
that simulates an image with gantry and table hel@° and a collimator angle of 45°, a collimatatation axe
misalignment of 0.003 meters with respect to thax¥ is introduces. (c) DTO with gantry and collioraheld in 0°
and table angle of 90°, a table rotation axe ngsatient of 0.003 meters with respect to the X axetisduced.

2.3.3 DICOM conversion

The two-dimensional images are finally convertedt€OM format. A module that creates DICOM filehsing used
for this purposé All DICOM fields that are necessary to accomplibe quality control test using our software are
added. These fields are the center name, installaame and the patient name.



3. RESULTS

A set of DTOs were being generated and controlidguour algorithms. These DTOs are created withuace rotation
axis distance equal to 1 meter, an acquisition diamequal to 1.4 meters, 0.2 meters sensor sigeses collimator base
distance equal to 0.4 meters, a collimator thicknafs0.08 meter, a field length of 0.05 meter arlohl diameter of
0.005 meter. The control algorithms contain a lbtadjustable parameters as the zoom factor, therpotation
algorithm, the beam detection method (global oallpand the size of the Gaussian kernel.

Results of controlling a set of DTOs with certamaunt of rotation axis misalignments are presebtddw.

Taille du champ vertical : 48.35mm ~~ 146 0px
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6:0.0° T:120.0° C:0.0° 0.03

Fig. 13. DTOs generated with a table rotation amisalignment of 3mm and 5mm with respect to thelatefal) and Z
(longitudinal) axis. Gantry and collimator are haid0°, while 6 angles are used for the table itaf90, 120, 150,
180, 210, 240 and 270°). (a) DTO simulating an ienagth table rotation axis of 30°. (b) Results simwthe
calculated rotation axis misalignment which retegthe same input values.

002 | MEtET
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7 mm, 0.086mm)
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Fig. 14. DTOs generated with a collimator rotatéos misalignment of 2 mm and 1 mm with respedh&oX (lateral) and
Z (longitudinal) axis. Gantry and collimator arddhim 0°, while 6 angles are used for the tablation (90, 120, 150,

180, 210, 240 and 270°). (a) DTO simulating an ienagth collimator rotation axis of 120°. (b) Resutsowing the
calculated rotation axis misalignment.
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Fig. 15. DTOs generated with a gantry rotation amisalignment of 6mm and -2mm with respect to thegltudinal and
anterior/posterior axis. Table and collimator aetdhin 0°, while 5 angles are used for the tabtation (0, 30, 60, 90,
120 and 150°). (a) DTO simulating an image withtgamotation axis of 90°. (b) Results showing thécokated
rotation axis misalignment.

Finally, the treatment machine isocentre is catedlausing the positions of the gantry, table anliincator rotation
centres. In this case the calculated positionegttnent machine isocentre is (-0.006, 0.002, -GP03

4. DISCUSSION

DTOs were being generated in order to control ¢gorghms.

A large panel of DTOs with different various calibed amounts of rotation axis misalignment was dgjanerated.
These DTOs are automatically converted to DICOMnfatrand controlled. Results are then comparedetoviil known
amount of rotation axis misalignments initially ergd.

Results issued from the application of the QFD-I®C- algorithms showed high level of precision. Fdret
misalignment of the tungsten ball with respect e mechanical isocentre, the level of precisiorthef calculated
position of the centre is equal to the size ofglxel within the zoomed image.

However, this technique shows that errors may oidc(a) the searching area does not contain thegerof the tungsten
ball due to a large misalignment of the ball wiéspect to the mechanical isocentre or if the s@agdrea is too small.
(b) The local method for detecting the field is diseith images where the gantry and table are hel@°iwhile the
collimator is rotating.
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Fig. 16. (a) DTOs generated with ball misalignmehZmm to the longitudinal axis. The position oktimage of the
tungsten ball is outside the searching area. (pkrwith gantry and Table held in 0°, while thdiowtor is rotated to
30°. Errors with detection of the field can be siethe image.



5. CONCLUSION

A technique of generating DTOs which simulate gartable and collimator rotation axis misalignmeistpresented in
this paper.

These DTOs confirm that the test proposed by Winstad Lutz is an accurate tool for determininggbsition and the
size of the isocentre, as well as the movementiseofensor. Furthermore, this paper shows thaisbef these DTOs is
an important method to help verifying all softwéeatures.

This technique integrated in the QFD-IQC-WL softevadlows the user to perform his own auto-testss Bbftware
proves to be an important and easy tool to perfomrautomated analysis of the test proposed by Wfirestd Lutz.

The author plans to extend this work by introduding simulation of the gantry flex map and flat @amovements of
linear accelerator into the DTOs.
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