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QUALITY CONTROL PERFORMANCE ANALYSIS WITH THE MACHINE PERFORMANCE
CHECK SOFTWARE TO CHECK THE VITALBEAM LINEAR ACCELERATOR

Abstract: The development of irradiation techniqgues based on medical accelerators
requires the development of new and more effective quality control programs that would take into
account changes in the designs of accelerators and their output devices. Since quality control is an
indispensable process for evaluating the functional characteristics of the accelerator, this work is
devoted to the study of the effectiveness of procedures using Machine Performance Check. Test
checks are shown along with standard procedures. This analysis revealed the need to use MPC for
guality control of linear accelerators. MPC application is used to verify the geometry and beam
characteristics of linear accelerators using automated checks based on their kV-MV imaging
systems. Radiation therapy using linear accelerators requires extensive knowledge of the
positioning accuracy of the multi-petal collimator flaps. In this study, preliminary tests with MPC
were analyzed using all the energies of the VitalBeam photon beam.

Key words: linear accelerator, software, quality control, VitalBeam, IsoCal phantom.

An urgent issue is the verification of the technical parameters of the effectiveness of the
guality control procedures of the VitalBeam linear accelerator with the MPC program. In this study,
preliminary tests with the Machine Performance Check were analyzed using the 6 MeV photon
beam energy of the VitalBeam linear apparatus, compared, if possible, with external independent
checks. A quality control study with the MPC program showed that this program is a fast and
reliable way to check the technical parameters of the accelerator.

The purpose of quality control (QA) with MPC for linear accelerators is to ensure that
machine performance does not deviate from their baseline values obtained during commissioning
[1]. Many publications describe testing procedures and conditions, such as the International
Publication of the Electrotechnical Commission (IEC) [2, 3].

The main sections of the quality control program can be divided into the following
categories: dosimetric, mechanical, imaging, special devices and procedures, safety.

As early as 1976, the International Commission on Radiological Units (ICRU)
recommended that the uncertainty of delivering an absorbed dose to a target on any therapeutic
device should not exceed 5% [4, 5]. For this, the error in the execution of each step in the
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technological chain of planning and irradiation of patients should be much less than 5%. From
here, the maximum permissible errors of installation and changes in the parameters of radiation
beams are determined, which should not exceed 1-1.5%.

Machine Performance Check (MPC) is an application for checking VitalBeam's beam
geometry and performance with automated checks based on their kV-MV imaging systems. In this
study, preliminary tests with MPC were analyzed using 6 MeV VitalBeam photon beam energies,
comparing where possible with external independent tests.

Acquisition methods include a series of 39 images acquired at predetermined positions
without and with an IsoCal beam phantom and with defined MLC beamform settings. MPC
performs geometric and dosimetric checks. MPC data were collected over 10 repetitions on
different consecutive days. To make the measurement, the IsoCal phantom is placed on the
therapy table as shown in Figure 1.

a — IsoCal phantom front b — side IsoCal phantom

Figure 1 — IsoCal phantom installed to test VitalBeam linac quality control parameters
with MPC software

On the MPC control panel, select the Prepare function and set the preset parameters of the
machine as shown in Figure 2. Using the MPC software, we can get automatic tests by a given
system.

Figure 2 — MPC interface

A session of application tests opens in the working window to evaluate the results. If the
green check mark is on, the results of the errors are within the acceptable range. An orange result
is an acceptable error, a red mark indicates an unsatisfactory test result that goes beyond the
acceptable deviation (Figure 3).
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Figure 3 — Test results with MPC on VitalBeam linear accelerator

Beam Delivery and Processing test data show effective data acquisition and processing.
For the stability of the radiation beam and the geometric characteristics of the beam, isocenter
collimator, gantry and table. The final data of the test are described thoroughly. The data is stored
on the hard drive to check subsequent results.

The total duration of using the method with MPC is 10 days. To collect data, MPC tests
were performed on a VitalBeam medical linear accelerator. The results were analyzed for an
energy of 6 MeV.

It follows that the quality control performance analysis of parameters with the MPC program
has proven to be a reliable, fast and easy-to-use method for checking the performance of the
VitalBeam linear accelerator in both geometric and dosimetric aspects. This method can
significantly reduce the cost of working time.
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VITALBEAM CbI3bIKTbIK YAETKILUIH TEKCEPY YLUIH MACHINE PERFORMANCE CHECK
BAFOAPJIAMAIbIK )KACAKTAMACBIMEH CAMNAHbI BAKbIJTAY
THIMAINIriH TANAQAY

AHOamna: MeduyuHarnbik yoemkiuumepee HezizoerieeH cayrenieHy mexHuUKachbiH 0ambimy
yoemkiwumep MeH o5apObiH WhIFbIC KYPbIIFblIapblHbIH KOHCMpPYKyuUsinapbiHOarbl e32epicmepdi
eckepemiH canaHbl 6akblnayObiH XaHa XoHe muimOipek 6ardapnamanapbiH o3ipneydi manan
emedi. CanaHbl bakblnay ydemkiwmiH yHKUUOHanobIK cunammamanapbiH baranayobiH
manmsipmac ripoueci 6onraHObikmaH 6y xymbeic Machine Performance Check (MPC) kemeaimeH
npouedypanapObiH muimdinieiH 3epmmeyee apHasnraH. CmaHOapmmabl npoyedypasapMeH Kamap
mecminik mekcepyrnep kepceminaeH. byn manday cbi3bikmbiK yoemkiwumepOiH canacbiH 6akbinay
ywiH MPC KondaHy kaxemminieiH aHbikmadsl. MPC Kocbimwachkl KB-MB KeckiH Kanbinmacmsipy
XXyuenepiHe Hezaiz0enzeH asmomMammaHObipbiiFaH mekcepynepdi naltdanaHa ombipbir, yoemkiw
CoyrneciHiH e2eomempusicbl MeH  eHiMOinieiH mekcepy  ywiH  KondaHblnaobl. Cbi3bIKMbIK
yoemkiuumepmMmeH caynesnik mepanus Ken xarbipakmbi KornumamopdsiH (MPC) KaknakmapbiHbIH
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opHanacy Qendiei mypansi keH 6inimoi Kaxem emedi. byn sepmmeyde MPC 6ap andbiH ana
cbiHakmap VitalBeam ¢bomoH cayneciHiH 6apribiK 3HepausicbiH natidanaHa ombipbin masidaHobl.

TyliH ce30ep: cbI3bIKMbIK yoemkiw, Kayinciddik bardapnamacskl, carnaHbl 6akbinay,
VitalBeam, phantom IsoCal.
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AHAJIN3 3PPEKTUBHOCTU KOHTPOJIA KAYECTBA C NPOrPAMMHbIM
OBECINEYEHUEM MACHINE PERFORMANCE CHECK AndA NPOBEPKU IMHEUHOIO
YCKOPUTENA VITALBEAM

AHHOmMauyus: Passumue mexHuku obrlydeHuUsi Ha 0CHO8e MeOUUUHCKUX yckopumernel
mpebyem pa3pabomku Hoebix U 6onee aghhbekmueHbIX pospamMmM KOHMPOss Kadecmea,
Komopble ©6bl y4yumbiganu U3MEHEHUS 8 KOHCMPYKUUsIX yckopumersnel U UX 8bIXOOHbIX
ycmpoticme. [1oCcKonbKy  KOHMPO/b —KadYecmea 3mo  He3aMeHUMbIU  MPOUecc  OUEeHKU
QYHKUUOHasIbHbIX Xapakmepucmuk yckopumerss, mo daHHas paboma rocesueHa uccriedosaHuto
agpgpekmusHocmu rnpouedyp ¢ npumeHeHuem Machine Performance Check (MPC). lNoka3saHbi
mecmosbie Mnpogepku Hapsdy €O cmaHdapmHbiMu rnpouedypamu. [aHHbIU aHanu3 ebIseusl
Heobxodumocmb ucrionb3osaHuss MPC 0rnis koHmporssi Kadecmea fuHelHbIX yckopumerned. MPC
— npurioxeHue npumeHsiemcsi Ofisl NPOBEPKU 2e0Mempuu U XapakmepucmuK rydyka JUHeUHbIX
yckopumersneld C [OMOWbIO as8moMamu3upo8aHHbIX [POBEPOK Ha OCHO8e UX cucmem
opmuposaHus uzobpaxkeHuli 8 KB-MB. Jlyyegas meparusi ¢ MOMOWbH JIUHEUHbIX yckopumesel
mpebyem 06WUPHbIX 3HaHUl O MOYHOCMU MO3UUUOHUPOBAHUSI CMBOPOK MHO20/1eMeCcmKo8020
Konnumamopa). B amom uccrnedosaHuu npedsapumernbHble mecmbl ¢ MPC  6biiu
rpoaHanu3upos8aHbl ¢ UCMOb308aHUEM 8cex 3Hepauli pomoHHO20 ny4dka VitalBeam.

Knrouyeeblie cnoea:. nuHeliHbIU yckopumernb, rpozpamma obecriedeHusi, KOHMPOJb
kayecmea, VitalBeam, gpaHmom IsoCal.
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K BOMNMPOCY BblIBOPA TEMTIOU3ONALMOHHOIO MATEPUAJIA

AHHOmMauyusi: B cmambe 3ampoHyma akmyarnbHasi Ha OaHHbIli MOMeHm rpobrema
8blbopa Menou3onsAyUOHHO20 Mamepuana, mak Kak Om 3mo20 3asucsim 603MOXHbIE
menonomepu npu 3Kcrinyamayuu 30aHus. PaccmompeHsl Xapakmepucmuku
mensou3osaAyUOHHbBIX Mamepuasios, Komopble 60siee 4Yacmo Uucrosb3ytom 8 Kadecmee
ymennumersnel 8 cmpoumenscmee. [lpogodumcs cpasHUMernbHbIU aHanu3 Orsl 8bISICHEHUS UX
npeumywecms u crnabocmu no omHoweHuro Opya Kk Opyay. B mabnuyax npusedeHbl OCHO8HbIE
napamempsl, a makxe docmouHcmea U Hedocmamku 8bl6paHHbIX MernIou30SUUOHHbIX
Mamepuasios. Takxe 8 cmambe ommedyaemcs, 4mo 8bibop ymennumesns OormkeH bbimb He
MOJIbKO Ha OCHOBE CPAaBHEHUS UX (hU3UYECKUX C80UCM8, HO U Ha CPaBHEeHUU 3KClyamayuoHHbIX
Xapakmepucmuk, a makxe Ha ebibop enusem, 071 4e20 UMEHHO MPUMEHSEMCS Mernaou30sayus,
U rpu KaKkux ycriosusix oHa 6ydem ucrnonb308amaCsi.

Knroyeeble cnoea: mennou3onsyuoOHHbIU — Mamepuas,  MuHeparnbHass  eama,
MeHOoNonuCMuUpPOsI, NEHONOIUIMUIIEH, MeHONoUypeman.

Bbibop npaBunbHOrO  TENMOU3ONAUMOHHONO  Matepuana SBNASeTCH  akTyanbHOW
npobnemown Ha cerogHsWwHUA AeHb. OT aToro BbIGOpa 3aBUCUT: Kakme CTpouTerbHble MaTepuansl
Heobxogumo 6yaeT npuobpecTn, BO3MOXHblE TOKCUYHbIE Mapbl, TemnepaTtypa B 34aHuM U
BO3MOXHbIE MOCTMKM Xxonoga. B pgaHHOM cTaTbe pacCMOTPUM Ha  daHHbIi  MOMEHT
NCNoNb3yLMecs TEnnmon3onAunoHHbIe MaTepuansl. Llenbio ctatbn SBNAETCH CpaBHUTENbHbLIV
aHanu3 BblbpaHHbIX yTennutenen mexay cobon ans Toro, 4Tobbl BbibpaTb M3 HUX MaTepwuan,
KOTOPbIN NCXOAS U3 LieHa — Ka4eCTBO MOXHO MCMNONb30BaTb.

Ha cerogHAWHWA OeHb pacnpocTpaHeHbl B KavecTBe Tennousonatopa maTtepuanbl U3
HEeOpraHM4yeckMX W OpraHMYecKUX KOMMOHEHTOB, TaKkKe CyLWeCTBYT KOMOWHMPOBAaHHbIE
maTepuansl. B gaHHon paboTte pacCcMOTpMM MUHeEparibHYHO BaTy, KAMEHHYIO BaTy, CTEKIOBOSIOKHO,
MEeHONONUCTUPON, 3KCTPYAUPOBAHHbLIA MEHOMONMUCTUPOS, MNEHONonuypeTaH, MNeHononuaTuNneH
(BcneHeHHbIN). B paboTax [1-6] npoBegeHbl uccnegoBaHUsA, KOTOpbIE OOKA3bIBAKOT, YTO AaHHbIE
MaTepuanbl BbINOMHAT CBOK POSib B Ka4ecTBe TennousonaTopos. B Tabnvue 1 AaHbl OCHOBHbIE
napameTpbl BbIGpaHHbIX MaTepuanos.
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