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«(J» Proton Therapy at Paul Scherrer Institute
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(15 Proton Therapy —Extensive Quality Assurance

Proton Therapy
Complexity of involved Systems used for medical patient treatment requires extensive
Quality Assurance (QA)

Involved Actuators & Detectors
* Mechanical: Gantry, Nozzle, Patient Couch...

* Electromagnetic: Beam Delivery, Magnets
* Detectors: lonization & Strip Chambers

Daily QA
Daily verification of most important proton beam, dose and position parameters
has to be performed in a standardized and efficient way.
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(=J=» QAClient - Motivation

QAClient Development Started for Gantry2
* Development started in 2011

* Main Goals of QAClient:
* Full automation of QA test procedures like daily QA
* Integration of different control systems and measurement devices
 Comprehensible reports and long-term QA data storage
* Fully configurable for different projects (no programming necessary)
* Easy to use, user interaction and visualization of data and results
* Reduce errors and execution times of repetitive tasks
* Less highly-specialized personnel necessary for QA

* QAClient Is now used for many other purposes:
* Monthly QA

Patient Table Calibrations

Beam Tune Calibration

System Integration Tests (as test engine)

2019-10-07 Alexandre Mayor :: Center for Proton Therapy :: PSI  “Software Framework QAClient” Page 4



2019-10-07 Alexandre Mayor :: Center for Proton Therapy :: PSI

PAUL SCHERRER INSTITUT

S

Ppe

QAClient - Overview

Reports
(HTML, PDF)

3

QAClient

S = Step: DQAl SetTune
. Preperties:

GcodeBeamer o aw
QA Management -

P

QA Database

MATLAB

NATIONAL INSTRUMENTS
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(=J» QAClIlient - Technologies

QAClient Technologies

* Programming Language Java

* requires OpenlJDK 8, runs on Windows XP, 7, 10, Linux etc.
* Swing / AWT User Interface (uniform look on all platforms)

« JMS (Java Message Service) using Apache ActiveMQ

* RMI (Remote Method Invocation) to Gateways

* EPICS (Experimental Physics and Industrial Control System) O DE ﬂl DK
to Patient Safety and Accelerator Control Systems

* HTTP Service

* HTML and PDF Reports

* SMTP (Simple Mail Transfer Protocol) using JavaMail

« different proprietary TPC-IP / UDP protocols EPICS

* OJDBC database access
* XML configuration

¥ APACHE

2 |
3 ACTIVEMQ
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(== QAClient - Features

QAClient Features

 Graphical user interface (“expert”/”simple” mode, textures for color-blind operators)
* XML based application configuration using standard tasks

* Generic mechanism of data transfer between different tasks

* Dynamic flow control (conditions based on data or user decision)

* Programming loops and input file driven measurement loops

* Data checks and validations

* Sending Commands to different Control Systems, LabVIEW, MatLab
* Processing Notifications from Control Systems, LabVIEW, MatLab

* Logging framework with adjustable severity level

* LDAP user identification and authorization

* Persistent states to continue aborted tasks

 Generic dialogs to show/visualize data and ask for user decisions

* Archiving of QA data and measurement results in external database
* Generating and printing of summary reports (HTML, PDF)

* Visualization of archived QA data
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[=J=» QAClient — Standard Tasks

QAClient Provides 228 Standard Tasks

 System Tasks like OpenFile, ExecuteSSHCommand etc.

* Control System Tasks like StartupBeamline, MoveToPosition etc.

* QAClient Tasks like ForEachFile, CreateData, ReceiveUDP etc.
* LabVIEW Tasks like DataRequest, StartVITask etc.

* MatLab Tasks like StatusRequest, ML_Command etc.

* Database Tasks like SendData, ShowDBData etc.

QAClient Tasks Configuration

* Tasks are defined in XML

* Tasks can be specialized with different parameters to be reused

* Tasks can be aggregated to TaskLists to reduce complexity in project configurations

«Task id="TCS PamnseField" type="TCS" command="execute (Tc=0pPan=seField)"
aSyneclotification="RpoNoteTo=S5tate (sData=fieldPansed) "
] dezc="Panse Field currently being applied.">
tDefaulthrg kev="doNotWaitForRpcHoteRpcServer" value="true" desc="not waiting for RPC notification."/>
-</Task>
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(1 QAClient — Application Configuration

Generic Architecture to Configure Applications

* Scope: QAClient application (automated measurement, daily QA etc.)
* Steplist: Full measurement procedure
* Step: Smallest execution entity with all its parameters and input data
* Task: Standard Tasks with defined parameters, input and output data
Scope TransferParam
StepList K
| | .
- B ——
N Step \
L
\
User
Input
QAClient
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Generic XML / Graphical Configuration
* XML configuration in external editor

E QAClient - Configuration

* Syntax and semantic check against XSD schema and standard tasks XML

Graphical configuration tool

+
+
+
# M3 Monitor Gain Measurement
+
+

NO Mastership, NO Beam, NO Phantom: color green

——>
<5teplist id="D4.2.2 M3" color="Ox00FFOO" desc="D4.2.2 M3 Gain Measurement" tip="Mastership: NO, Beam: WO,

<!-- Step id="D4.2.2_M3_TC5 ClosePossibleField" task="TC5_TL CloseTcsField" ignoreErrors="true"/-->
<Step id="D4.2.2 M3 TCS ClosePossibleField" task="TCS Close" ignorefrrors="true"/>

<!-— TCS initialization: Mastership & Experiment -->

<Step id="D4.2.2 M3 TCS Prepare" task="TCS5 TL SetOperationMode" desc="Request GUI Mastership and sets
<Param key="OperationMode" wvalue="3"/>

</5tep>

<!-— Gain Measurement M3 -->
<5tep id="D4.2.2 M3 TCS MeasureGain" task="TCS5 MeasureDseGain" tcsSystem="TVS" desc="Measures the gair

<Param desc="lower limit of current range [ni]"/>
<Param desc="upper limit of current range [nA]"/>
<Param desc="number of data points in current range"/>
<Param desc="measurement duration per data point [msec]"/>
<Param desc="DSE channel number"/>
<Param 32-M3"  desc="DSE name"/>
<Param {3 UnG" dezc="Monitor name"/>
«/5tep>
<!-— 1. Gain Measurement -->

'D4.2.2 M3 ML AnalyseCGainMeasurement" task="ML AnalyseGainMeasurement'
«TransferNotification dstE 'GainData" srcStep="D4.2.2 M3 TCS MeasureGain'
</Step>

<3tep 1d="D4.2.2 M3 TCS ResetInterlocks" task="TCS5_ResetInterlocks" ignoreErrors="true"/>

<3tep 1d="D4.2.2 M3 QA UserDecision" task="QA UserDecision">
y="DESCRIPTION" desc="text that will be displayed at the top of the dialog"><

»</CDhatax»

“Software Framework QAClient”

(¢}

Description
Repeatable

Start Confirmation
User Decision
Ignore Errors

Skip Step

Show Data Dialog

TUliuserDe(\s|u|1175t59705| |

‘StepList for this option or jump to the configured Step for this optmnl

IEIDDDH

awars 7]

Task Type, Task/TaskList ‘QACIient |V| |v|
TCS System
Task Parameters f Userinput
Wariable Name Userinput FileSelectar (Default)Value
DESCRIPTION O O <html= <hl=T0l TDS-GPP...| 4|
OPTION: OF [m] [m] jumpTolTOL_TCS_RequestG... |=|
OPTION: Ahol (] 1 stop() Bl
=
Data Transfer Parameters
Source Step Source Key Destination Key ‘ Description
==
Step Pre-Conditions
Depending Step Result States Operator

F=

Step Skip-ifs

Variable Name

Variable Value

B ]

Step Skip-if-Mots

Variable Mame

Variable Value

]

Cancel

Save
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== QAClient — Graphical User Interface

GUI Expert / Simple Mode
* Simple Mode: Reduced to what it is needed for daily usage

* Expert Mode: Offering full control and detailed information
Expert Mode

File GaPaDaBa LabView Matlab QAClient System TcS Info  120MeV, @=0°, PreAbs=0UT, CouchType=daily-check-phantom-2 | cPu: 07% | mMEm: 0.9% |© ExpertView

QAFlow | Report | Connections | TCS | LabView | Matlab

Scopes Steps/Tasks, Deseription:
[ Scope Name skip| Step Name [Rep|#Ex. [ Lastrun|  state Steplist: D4.2.1 - D4.2.1 Laser Adjustment, QAT-9118 [«
. G2 pailyaa - D4.2.1 OA UserDecis... [ 1  08:27:04  Success | run
m G2 MonthiyQA [ D4.2.1 OAReceivel.. || 1 08:27:33 lgnor.Failure | run Step: D4.2.1 04 UserDecision 2
I e O e G2 Nuclearinteractions [] D4.2.1 QA Convertva.. V] 0O Skipped run Gives the user a selection of options and will execute the conf;
GZ’Re\easaEFﬂclancy r D4 2.1 QA UserDecis. v 1 08:27:37 Executing | stop Properties:
G2 TDS-GPPS Test D4.2.1_ConvertGpps v [} NotExecuted | run Start Confirmation false
@~ G2 TableCalibrationLaserTracker L] D4.2.1 FormatGppsP.. v 0 NotExecuted [ run Tgnore Errors false =
P4P-Simulations [ D4.2.1 FormatGppsP.. | 0 NotExecuted |_run Tgnore TCS Erroriisg false
File GaPaDaBa LabView Matlab QAClient System TcS Info  120MeV, @=0°, PreAbs=0UT, CouchType=daily-ch}| | caranaea = D421 QA SetReport.. ] 0O LU iz | T Expect Errors false
) e D4.2.1 OA LogGaPaD... v 0 NotExecuted | i Vst EEefcsen Gl
Step Lists: Steps/Tasks Repeatable true
List Name. [ state Skip| Step Name Step Lists: Skip Execution false Ll
SETuR Success | run [] D4.2.1 0A UserDecision 1 List Name State Continue if Not Exe false
SETUP: Energy and Angle of the Day R s = 3 o A
D4.2.1 [[] D4.2.1_QA ReceiveUDP_Table (SEEE] L) show Data Dialogs always
D4.2.1 Laser Adjustment, QAT-9118 Executing|L2tan .21 Executing B (akop) Replace Scope Params false
Da.2.5 [[] D4.2.1_QA Convertvalues D425 NotExecuted | run TCS Systen TS
0D4.2.5 pT Correction i o] |l 5 oA ens D4.2.2 ML NotExecuted [un_| Paraneters:
Dz . NotExecuted | run 0] 04 2.1_convertappspasis o3°2 2312 (M5 i) [T DESCRIPTION <htnl> <h1>04.2,1 - Laser Alignme|
Do R ~Converttppstostion 22 . UL ] [ SETTING: ShowComnentField  true
2.2 [m— . ] D4.2.1 FormatGppsPosition D4.2.3_Monitor_noise NotExecuted |_run e A s
D4.2.2 M2 Gain Measurement a iy
d D4.2.SafeMaveTo_MeasFos NotExecuted |_run
Da.2.2 M3 OFTION: 0K, comtinue jumpTo (D4, 2, 1_ConvertGppsPosition
= NotExecuted | run [[] D4.2.1 FormatGppsPosition_Nom D4 2.4 NotExecuted |_run —
D4.2.2_M3 Gain Measurement T e ] [ OPTION:Retry Measurement jumpTo(D4,2,1_QA ReceiveUDP Table)
D4.2.3_Moniter_noise [[] D4.2.1 QA SetReportData OPTION: Abort stop()
v T NotExecuted | run e D4.2.7 NotExecuted | _run : P
D4.2.3 Monitor Offset and Noise ALPHA deg] 8
D4.2.5afeMoveTo_MeasPos [] D4.2.1 QA LogGaPaDaBa D4.2.5 NotExecuted | run 9
OPTIONAL Move to measursment position without BALL i 201 | Mgl D4.2.9 NotExecuted | run | | PHL [deg] =
Da.2.4 = AV CMEGE [denl =
D4.2.4 AMAKI Efficiency, QAT-7421 o 4 e s S £l T [
Da.2.6 Operator: GUI-Master = i ; .
543 5 Beam Centering NotExecuted | run ] eyt i N . - © GaPaDaBa \cwmmed @ TCs: [ractiontoaded @ Labview: [initial ® MatLab: |Cvrme:\:mg
Da.2.7
D4.2.7 S-Scan test. QAT-7381 R — " History. Results:
TaH U5 27737, 3747 TTansTerParaneTer pnI_aeq TTOn STep U4, Z [_GA_CONVETTVaTies ™ 15 MoT avalx
D42 5 TU-Scan test, QGAT-7358,7313,7381 NotExecuted | run 08:27:37.375: TransferParameter 'omega deg’ from step 'D4.2.1 GA ConvertValues' is not avf—|
Daz.o 2 TransferParaneter ‘vert_cn' from step 'D4.2.1 QA_ConvertValues' is not avail
D4.2.9 Range Measurement, QAT-7384 i 201 | Mgl 12 i TransferParameter *long_cn' fron step 'D4.2.1 QA Convertvalues' is not avai
Da.2.10 :27:37.375: Executing Step 'D4.2,1_QA_UserDecision_2'.
D4.2.10 Change to Therapy Mode weite et | A 127137.375; Executing QAClient Command '0A UserDecision’.
Da.2.12_TDS " 27:37.375: Preparing QACLIENT command ‘QA_UserDecision’
D4.2.12 TDS-TVS Interlock Test, QAT-7445,7312 ]| ™" 127:37.375: Base Adaptation of input data for command 'QA UserDecision'.
Da.2.12_WD_Dose . 27:37.376: Adapting Input data for QACLIENT command Q4 UserDecision’
D4.2.12 WD Dose Interlock Test, QAT-7722 127:37.376: Trying to execute QACLIENT command 'QA_UserDecision'.
Da.2.12_WD_Time P—— 28:22.621: QAClient: executing ColorCheckBoxMenuItem: <Expert Views
D4.2.12 WD Time Interlock Test, QAT-7722 CiExecuied| run
Da.2.12 BTVS il 0 I D
D4.2.12 BTVS Interlock Test. QAT-8976 R — "

D4.2.13 REQ LabView State REQ MatLab State | seue Confiquration Chang= Abort Task
D4.2.13 Dose Verification. QAT-7385 Notexecuted | run

Da.2.11 Reset ILK Stop.
D4.2.11 Mastership Superv Check Notexecuted | run ‘ g

D4.2.Report M, I |

r—— % [62_pailyQA > D4.2.1 > D4.2.1_QA_UserDecision_2 > QA UserDec Logout |[ Reset. ][ Exx |
Create and Send Daily Check Report - 0 - -
p4.2.SafeMoveTaDocking NotExecuted | run 08:27:37 TransferParameter long_cm from step ‘DA.:2.1OA_ConvertValues iz not available, passing empty valus. [~
OPTIONAL Move back to docking position
D4.2.]
Show GaPaDaBa Data History and Trends " ‘ “
] r“ﬂ’:z’f' SubMazer 5 © GaPaDaBa: [Connected © TCs: fractionloaded O Labview: finiial © MatLab: [Cannecting
[ Resct ILK
2 % | [62_pailyqa > D221 > Da2.1_QA_UserbDecision_2 = QA_Userbecision ‘ T H Reset. H
08:27:37 TransferParameter ‘long_cm’ from step 'D4.2.1 OA_ConvertValues' is not available, passing empty value.
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GUI Generic Dialogs
* showing measured/calculated data
» offering access to data files

* showing plots and messages of previous tasks

QAClient — Graphical User Interface

* asking for user decisions (like “continue”, “retry” or “abort”) and comments or input

&

MatLab Data Viewer

|A X
Type: ML_Data
Task: ML_ReadPTCorrection
Status: idle
Data Entries w10t BTVS Channels vs Block-Na
key value unit | description ] T T T T T T T T
time 2011-05-0612:39:34,124 = : : : :
p-Room1 [1022 hPa g b USRS i
p-ML 1 [1024 hPa — : : §
T-Room 1 |24 Celsius Lo — : : :
T 1 3 Calsius 48E -, ...................................... RN SERE i
p-Room 2 [1022 hPa o — :
p-ML 2 [1024 hFP3 AT L onnas 2R TR S E RRRRE i
T-Room 2 |24 Celsius : :
T-M1 2 23 Celsius 45_ ........ .
I : :
2 _—
F||e Entries 45 P .......... ........ .
path description : :
pTCOrreCtiOn.t}ft pT correction fOr treatment open 44 o . ........ .
demo-data/DemoChart.png |p and T versus time plot open :
43 e S ” ..... ........ .
D —
Messages F e S S S R ST SO UPTPP i
Level | Time | Message | :
SEVERE [2011-05-00 12:34:34.123 |Could not read QA File 'QALog.qalogTus' | e i ; : ; ; i ; ;
0 2000 4000 ©000 8000 10000 12000 14000 16000 180
Block #
User Decision Required
User has to decide if this
task .
+ Success was a 'Success' or a gﬁallure
'Failure’. < M | D

“Software Framework QAClient”

Page 12




PAUL SCHERRER INSTITUT

(1= QAClient — Reporting & Data Archiving

Reports & Data Archiving
* Reports are saved in QA Management Tool, sent by email and printed
* Data is archived in QA Database and can be analyzed offline

G2 Daily QA Report

Area &2 Date Signature
Scope 62_Dailydh

Operator | heller {Martin Heller, HAL7, mortin.hcllergpss.ch, +41 56 310 53 23, Wo88/013) | | ppycicier

Start 2019-09-13 06:40:53

End 2019-09-13 87:15:86

Duration: |34 min, 12 sec Medical Physicist

ExecTime: |21 min, 21 sec

SETUP Pre-Abhsorber ouT
AcceptIncompleteScopes | true
SETUP Encrgy (Med) 120
SETUP Alpha (deg) 98
Step List ID Status Data Operator Comments
g THiler | (betirs sa, a8 81, yis o8 s=-a.%8 )
D4.2.1 Laser Adjustnent, QAT-3118 & succens | Thtemonion Gerairn. o0, ro 42, 125 b0 290 3
Temp A{AmpTenp=22.7, PhanTemp=24.1} iC)
D4.2.5 pT Correction @ Success | b Pressure se5.5 ihea)
BT correction 1 8426
. Slope {Measured=4 08, Nominal=4_El, residualMac—d. 36}
04.2.2 M1 Gain Measurement () g | BT o Devistions 61011 1%)
04.2.2. M2 Gain Heasurenent D success | oo tistormier o bovieetors i (22 [V ok Ll (ST erd] L3 (T
. Slope AMeasured=-4.57, Mominal=-8.57, residualMac=s.034}
D4.2.2 M3 Gain Measurement @ Success | e Goteroment-s, Deviseioncs.cotd ) oo
2003 A A I\
2008
i [\ [ 1 \ \
D4.2.3 Monitor Offset and Noise [ J— 5 o /Y \ \ \
. JA A \ 1 | /o A
B / | / Al ) I\ [I/AN [\ AN AN
D4.2.4 WKL Efficiency, QAT-7421 [ J [ - r—— Ham | [ /) \ \ | N 1
H o / | AR [ \ \ ./ / \
04.2.6 Bean Centering [ T S 1, 1, 0 () 3 sonn // j/ jl \\ // \\ [/ \ | \\ \”/ N // \\
04.2.7 5-Scan test, OAT-730L [ e e et I 2l | [ \ [ y | / \
e " Success | Bean Size {residuwal=-3.76. telerance=18.88} (%) o 4802 / l/ I / \ I \ \ /
{residual-b.14, tole .28} (cm) N 4802
04.2.8 TU-Sean test, QAT-7358,7313,7381 O siccess | B i e 1 2 oo / / V/ v ‘ \\ / \
Range {residwal=-1.20. tolerance=2.88} {m) 9 4801
(3 [ e =iy AT @D success Eoery {rexidedio-8 58, toleracecs o8 (net) P // / |
D4.2.10 Change to Therapy Mode [ sao1 -
001
04.2.12 TO5-TVS Interlock Tast, OAT-7445.7312 | @ gucces T mTm T S D fEhe T G TEm TEhD TEhm T oD oD D TEOT TR0 mhes oEhd oD TEhT ooT
2
04.2.12 WD Dose Interlock Test, OAT-7722 @ success me
04.2.12 WD Time Interlock Test, 0AT-7722 [ J—
04.2.12 TS Interlock Test, QAT-8976 [ J—
T o Voo, W [©) e | B B iy S 7

04.2.11 Mastership Superv Check [ J—

B .
@ without issue  © minor issue(s) < major issue(s) B didn't pass ‘% not executed or aborted
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(1= QAClient — Example: G2 Daily Check

Example Application: Gantry 2 Daily Quality Assurance
G2 Daily Check is used every morning before patient treatment to check:
* Dose delivery accuracy using ionization chambers
* Proton beam position accuracy
* Proton beam parallelism and position
* Proton beam energy / range in water
* Beam kicker magnet closing efficiency
* Base check on patient safety system
(beam on/off, beam interruptions, beam tune)

\
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[H» QAClient — Example: G2 Daily Check

Gantry 2 Daily Quality Assurance Equipment

* Mini-strip detector
* Multi-layer ionization chamber
* lonization chambers at different depths

Integrated Systems

 Control Systems (TDS, TVS, GPPS)
* Patient Safety System (LPaSS)

* LabVIEW: measurements

* MatLab: data analysis

* QA database (GaPaDaBa)

Output Produced

* Measurement/Analysis reports
* Paperwork: QA document
* Long-term storage of QA data

* Archives & mails report
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BS QAClient — Summary

QAClient - Summary

* Flexible Software Framework
e Fully Configurable
* Reliable and standardized procedures
* Reduced operator errors
* Reduced QA execution times
(Daily Check time reduction by 70%)
» Used for different applications / tasks
e Used in daily operation
* No programmer or software engineer
needed to build an application
* Easyto use
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Thank you for your attention

Paul Scherrer Institut

Alexandre Mayor
Forschungsstrasse 111
CH-5232 Villigen PSI
Switzerland
alexandre.mayor@psi.ch

https://www.psi.ch/en
https://www.psi.ch/en/protontherapy/center-for-proton-therapy-cpt
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