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Introduction Introduction 
––

 
Beam trackingBeam tracking

––
 

GSI beam tracking systemGSI beam tracking system
Beam tracking QABeam tracking QA
––

 
Function QAFunction QA

––
 

DosimetricDosimetric
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Lung cancer
4DCT data 
(10 motion phases) 
courtesy E. Rietzel

Introduction Introduction --  beam trackingbeam tracking
Irradiation technique for Irradiation technique for moving target moving target ::
Ion beamIon beam

 
tracking tracking continuous beam adaptation in 3Dcontinuous beam adaptation in 3D

Dynamic beam delivery QADynamic beam delivery QA
need careful QA of need careful QA of motionmotion--dependent dependent beam controlling beam controlling 

target target 
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Lung cancer
4DCT data 
(10 motion phases) 
courtesy E. Rietzel

Introduction Introduction --  beam trackingbeam tracking

range range zz+dz(t+dz(t))

lateral beamlateral beam
positionposition

xx++dx(tdx(t))
yy+dy(t+dy(t))

target target 
r(tr(t))

Irradiation technique for Irradiation technique for moving target moving target ::
Ion beamIon beam

 
trackingtracking continuous beam adaptation in 3Dcontinuous beam adaptation in 3D

Dynamic beam delivery QADynamic beam delivery QA
need careful QA of need careful QA of motionmotion--dependent dependent beam controlling beam controlling 
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Introduction Introduction ––  GSI beam trackingGSI beam tracking
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Saito et al, Phys. Med. Biol. 54 (2009) 4849Saito et al, Phys. Med. Biol. 54 (2009) 4849

data base

response : lat.~1 ms, long.~16 (+11)ms/5mm
accuracy : lat. ~0.16mm, long~1mm

Scanning :
~10ms/spot

4DCT
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Beam tracking specific QABeam tracking specific QA
Consideration of dynamicsConsideration of dynamics
––

 
Function QA Function QA (status, response in(status, response in

 
motionmotion, interlock, etc.), interlock, etc.)

––
 

DosimeryDosimery
 

QA QA (beam tracking with (beam tracking with motionmotion
 

signal)signal)

QA frequencyQA frequency
––

 
Daily/Monthly/Quarterly/YearlyDaily/Monthly/Quarterly/Yearly

––
 

Installation/CommissioningInstallation/Commissioning

GSI beam tracking is at experimental stage, GSI beam tracking is at experimental stage, 
BT QA is still under investigation ...  BT QA is still under investigation ...  
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Function QAFunction QA
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Function QAFunction QA

Device check listDevice check list
StaticStatic

sensorsensor
powerpower
communicationcommunication
....

MotionMotion
motion detectormotion detector
scanner currentscanner current
range shifterrange shifter
....

QA Interface : QA Interface : 
•• indicators/data plot/histogram indicators/data plot/histogram OK/warning/errorOK/warning/error
•• time resolved datatime resolved data find synchronization error/slow responsefind synchronization error/slow response
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DosimetricDosimetric  QAQA
Similar to plan verification methodSimilar to plan verification method

 
at GSI therapyat GSI therapy

––
 

3D dose measurement in water phantom3D dose measurement in water phantom

For beam trackingFor beam tracking
––

 
4D treatment planning* (reference plan+adaptation)4D treatment planning* (reference plan+adaptation)

––
 

motion signalmotion signal * Bert and Rietzel, Radiat. Oncol. 2 (24) 2007 

C. Karger et al. Med. phys. 26 (10) 1999
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DosimetricDosimetric  QAQA
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DosimetricDosimetric  QAQA

reference 
target volume
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moving 
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DosimetricDosimetric  QAQA
Calculation : Dose pattern in water (a lung patient plan)Calculation : Dose pattern in water (a lung patient plan)

BeamBeam’’s eye views eye view Top viewTop view Side viewSide view

No trackingNo tracking

TTrackingracking
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* Bert and * Bert and RietzelRietzel, , 
RadiatRadiat. . OncolOncol. 2 24 (2007). 2 24 (2007)

DosimetricDosimetric  QA QA --  processprocess

Beam tracking
(record motion signal)
Dose measu. in water

Dose calc. in water 
( with recorded
motion signal)
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Dose 
comparison
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phase 5
reference CTphase 0

Depth correction dz [mm] of a slice for 10 CT phases
phase 0

phase 5 phase 6
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4D-CT data
• lung tumor (6.5cm3)
• 10 motion phases

4D treatment plan*
• 48 slices
• 7389 scan spots
• target vol. as rigid
• 1 Gy
• dx,dy,dz in LUT

dx: 0~ 5 mm
dy: -10~0 mm
dz: -8~19 mm

DosimetricDosimetric  QA exampleQA example

* Bert and * Bert and RietzelRietzel, , 
RadiatRadiat. . OncolOncol. 2 24 (2007). 2 24 (2007)

Treatment planTreatment plan
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3D beam tracking

M  :M  : 3D TR measured3D TR measured
Nw: 3D TR calc.

Dose dif.  1.2 ±2.8 %

Failure case

M  : no beam trackingM  : no beam tracking
Nw: 3D TR calc.

Dose dif.  7.8 ±17.5 %
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DosimetricDosimetric  QA exampleQA example
Dose comparison (norm. by prescribed dose 1 Dose comparison (norm. by prescribed dose 1 GyGy))
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Beam TR: dose dif./1Gy

3D TR1 : 1.2 ±
 

2.8 %
No TR :   7.8 ±17.5 %
2D TR :   2.4 ±

 
4.7 %

3D TR2:  0.6 ±
 

3.7 %

DosimetricDosimetric  QA exampleQA example
Dose difference : Measured Dose difference : Measured ––

 
Calc.Calc.

Measured - Calculated
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DosimetricDosimetric  QA QA --  cross check cross check 

Beam tracking
(record motion signal)
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DosimetricDosimetric  QA QA --  cross check cross check 

Beam tracking x’ y’ z’
(record motion signal)
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Dose calc. in water 
( with recorded
motion signal)

4D Treatment
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Dose 
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Dose calc. in CT 
( with recorded
motion signal

& beam tracking)

DVH
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DosimetricDosimetric  QA QA --  cross check cross check 

Beam tracking x’ y’ z’
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DosimetricDosimetric  QA QA --  cross check cross check 
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SummarySummary
From experience of beam tracking validation, From experience of beam tracking validation, 
possible beam tracking QA was presentedpossible beam tracking QA was presented
Importance of time resolved data check system was Importance of time resolved data check system was 
pointed out for dynamic beam delivery QApointed out for dynamic beam delivery QA
DosimetricalDosimetrical QA method :QA method :
–– dose measurement with beam trackingdose measurement with beam tracking
–– dose calculation for the recorded motiondose calculation for the recorded motion
––

 
dose comparisondose comparison

Further cross check method Further cross check method to see actual beam to see actual beam 
tracking effect on CT was presentedtracking effect on CT was presented
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Thank you 
for your attention
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