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Learning Objectives 

• What information could be accessed via 

log files 

• Scenarios where Log files could be used. 

• How log files could be used for error 

catching in patient safety 

• Limitations of log files 
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What log files can give… 

Could be directly compared with plan 

parameters fraction by fraction  

 
•By passing the R&V system to detect any transfer errors 

•Control point based machine delivery accuracy 

•Integrity check of plan in R&V system 

•Site specific imaging shift accuracy 

•Verify  patient name, ID, and plan name 

•Calculate delivered 4D dose and DVH 

•Error catching or beam off flag 
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TrueBeam Trajectory log files 

The units are: cm for linear axes, degrees for rotational axes, MU for dose 

TruBeam records info every 20 ms in binary format 

Gantry angle, collimator angle, couch angle, couch translations, jaw 

settings, MU, MLC leaf positions 
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C series dynalog files 

Varian C series clinac records info every 50 ms in Ascii format 
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1. What information is currently unavailable via 

TrueBeam Trjectory logfiles 

3%

7%

86%

1%

3% 1.1MLC positions, and gantry angles 

2.Collimator angles, and x/y jaw positions 

3.Output, flatness, and symmetry of the machine 

4.4Couch angle , and couch translations 

5.Delivered MU, and dose rate 
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• Answer: 3 – output/flatness/symmetry 

• References:   
• Varian medical system, “TrueBeam trajectory log file specifications”, pages 

9-10  

• Jianguo Qian, Lei Xing, Wu Liu, Gary Luxton “Dose verification for 

respiratory-gated volumetric modulated arc therapy.” Phys. Med. Biol. 

56:4827-4838 (2011) 
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Dynalog based Monte Carlo for 

patient specific QA  

Teke et al. Med. Phys. 37 (1) 116-123 
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MLC leaf position difference map between 

 plan and delivery 





 Reconstructed MLC leaf position difference map between plan and delivery, using 
dynalog files, for a given control point of an IMRT plan. MLC number 27 was 
intentionally shifted by 4.5 mm from plan to delivery. This signal could be used to 
flag the clinac beam off, and to warn the therapists.  
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3D dose difference map for a Pelvic patient    

 

 

Color map shows the magnitude of the % 

dose difference  

Trilogy 
TrueBeam 

One MLC moved by 0.5cm, 1.0cm , and 0.5 

cm in three consecutive control points in a 

RapidArc plan. Dose difference of 0.5% 

could be detetcted 

“A technique to detect dosimetric errors as low as 0.5% arising from MLC leaf shifts in RapidArc” K. Wijesooriya, J. 

Nawrocki, P.W.Read, J.M. Larner – Oral presentation at 2013 Annual AAPM meeting in Inidanapolis, IN,  Medical Physics 

40; 2013. 
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Millenium MLCs 
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2. What is the Millenuim MLC leaf position 

accuracy relative to the collimator axis? 

 

1%

40%

56%

2%

1% 1. 5 mm 

2. 2 mm 

3. 1 mm 

4. 0.5 mm 

5. 0.6 mm 
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• Answer: 3 – 1mm 

• References: 

• Varian Medical system, “TrueBeam system 

specifications”, page 7 
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MLC leaf position error as a function of leaf velocity for a given  for all active leaves are shown here (lower graph with the standard 

deviation as error bars). Top plot is merely to show the statistical error for each of the points below. As expected since every leaf has to 

start and end with zero velocity the statistical accuracy is highest for those points. 

MLC Leaf Error as a Function of Leaf Velocity 

K. Wijesooriya, et al., “RapidArc patient specific mechanical delivery accuracy under extreme mechanical limits 

using log files”,  Med. Phys.(2012) 39 (4) 1846-1853 
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4D delivered dose per fraction 

• Use trajectory-log/dynalog files to obtain the delivered treatment times 

for each control point 

• For each control point, log files provide: 

– Time elapsed since the treatment initiation  

– Delivered mechanical parameters including MLC leaf positions for the active leaves 

– Delivered MU 

• Tumor motion, as a function of time 

–  Patient’s RPM signal obtained during the treatment delivery 

–  Normalized to the maximum internal tumor motion amplitude from the patient specific 

4DCT or daily flouroscopic motion study. 

• Coincidence between RPM and beam origination 

 

Original plan Motion affected plan 
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Original plan Motion affected plan 

Motion amplitude of 2.5 cm 

Comparison: Simulation 

 to Measurement 

gafchromic film 

“A novel technique to evaluate 4D dose delivery to a moving tumor” K. Wijesooriya, E. Aliotta, 

P.W.Read, S. Benedict, J.M.Larner, - Oral presentation at 2013 Annual AAPM meeting in 

Indianapolis, IN,  Medical Physics 40; 2013  
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Log files to catch errors at the linac 

• D. Rangaraj et al, “Catching errors with patient-specific pretreatment 

machine log file analysis” Practical Radiation Oncology 2013 

(volume 3 issue 2 Pages 80-90 

• Krishni Wijesooriya et al. “ Catching errors with trajectory log files” 

2015 Annual AAPM meeting, Anaheim, Ca  

• Krishni Wijesooriya et al. “ Site specific image guided radiotherapy  

(IGRT) tolerances for patient safety” 2015 Annual AAPM meeting, 

Anaheim, Ca  
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Using log files to monitor Tx  

• One year period patient  all types of Tx fractions treatd at TrueBeam 

• 131 parameters checked at every 20 ms  

• 1287 VMAT fields, and 18282 other fields 

• 282645 control points (177x1287 +18282 x 3) 

• 37 Million parameters (282645 x 131) checked at every 20 ms  

• Depending on the time one control point takes to deliver, this can lead to more 

than 100 Million parameters! 

Krishni Wijesooriya et al. “ Catching errors with trajectory log files” 2015 Annual AAPM 

meeting, Anaheim, Ca 
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Using log files to catch erros: MLCs not according to plan 

Krishni Wijesooriya et al. “ Catching errors with trajectory log files” 2015 Annual AAPM 

meeting, Anaheim, Ca 
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Imaging iso center not followed throughout Tx day 

 

 

Pinnacle showing the PTV 

Beam 05 is at gantry = 183 post.  PTV coverage reduced from 

98.8% to 74% -total dose 

Our code show the couch was laterally 

shifted from imaging iso center just for the 

field 05 by 3.7cm laterally for one day out of 

10 fractions. This was confirmed by Mosaiq 

values.  

Krishni Wijesooriya et al. “ Site specific image guided radiotherapy  (IGRT) tolerances for patient safety” 2015 

Annual AAPM meeting, Anaheim, Ca  
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QUASAR ADQ software 

Courtsey of Modus Medical Devices Inc. 

 

⌖ Automated comparison of machine log files to planned 

treatments 

⌖ Administrative reports document patient specific QA every 

day... automatically 

⌖ Compatible with Varian Dynalog and TrueBeam Trajectory log 

files 
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The PerFRACTION™
 
Solution from Sun Nuclear 

– Automatic DICOM file capture & 

analysis 

– Automatic Email notification of 

failures 

– Automatic EPID response 

calibration and modeling 

– 3D reconstruction dose using 

hybrid data from EPID and log file 

– For both pretreatment and each 

fraction 

 
 

 

Courtesy of Jie Shi, Sun Nuclear Corporation 
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Independent verification of Log file based QA 

 

. 
• By inserting deliberate errors and assessing the ability of 

the method to detect them 

 

• Portal dosimetry (Stell A M, Li J G, Zeidan O A and Dempsey J F 2004 An 

extensive log-file analysis of step-and-shoot intensity modulated Med. Phys. 31 

1593–602) 

• Diode arrays (Li J G, Dempsey J F, Ding L, Liu C and Palta J R 2002 Validation of 

dynamic MLC-controller log files using a two-dimensional diode array Med. Phys. 30 

799–805) 
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Limitations of Log files 

A. Agnew, et al., “Monitoring daily MLC positional errors using trajectory log files and EPID measurements for IMRT and VMAT 

deliveries”,  Phys. Med. Biol. (2014) 59 N49-N63 

 

2. Ignores the patient – cannot detect patient changes/ setup  by a log file solution alone 

 

 

tungsten alloy 

round-ended 

leaf 

T-nut 

Spring 

Motor 

Coupler 

Drive screw 

1. Trajectory log files may not detect MLC errors: 

 1. Degradation of the motor performance coupled with a loss of counts by the encoder 

 2. A faulty or loose t-nut 

A. Mans, et al., “Catching erros with in vivo EPID dosimetry”,  Med. Phys.(2010) 37 (6) 2638-2644 
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Summary 

• Log files provide us rich information on 

delivery 

• It does not require any additional detectors 

• Useful to get real time access 

• Need to make log file parameters more 

reliable 



D e p a r t m e n t  o f  R a d i a t i o n  O n c o l o g y  

Thank You! 
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Instantaneous dose rate of TrueBeam - VMAT  
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Comparison of Trilogy and TrueBeam via log files 
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RapidArc Enabled Clinac extreme 

mechanical limits 

• Reference gantry speed – 3600/65s  

– (2 - 5.50/s)  

• Leaf speed – maximum 2.4 cm/s 

• Dose rate max - 600 MU/min 

• Dose per gantry angle  

–  1.8 MU/deg at max dose rate 

– 0.1 MU/deg minimum 
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RapidArc Enabled Clinac creates 

two sets of STT files 

 

• One STT ---  clinac control system gantry angle and 
Mu per control point  
– Linac log files record planned and delivered Gantry angle as a 

function of cumulative MU 

•  Second STT --- MLC controller which has MLC 
positions as a function of gantry angle  
– Machine Dynalog files record planned and delivered gantry 

angle, beam on flag, MLC leaf positions for all 120 leaves per 
every 50 ms time window 
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Planned and delivered average MLC leaf 

positions per each control point per each arc 
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Reconstructed delivered gantry speed for the 

two arcs 
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Reconstructed maximum leaf velocities  

   per each leaf 
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Post Tx evaluation of motion affected dose delivery 

• Challenging to deliver radiation to a 

moving tumor 

• SBRT treatments with a few high dose 

fractions does not average motion effects 

• A single IMRT delivery can have 

dosimetric variations up to 18% due to 

interplay effects [Jiang SB, Pope C, Jarrah KMA et al. “An experimental 

investigation on intra-fractional organ motion effects in lung IMRT treatments”,  Phys. Med. Biol. 

48: 1773-1784 (2003)] 

• Patients daily breathing variations from 

planning scan can also impact dose to ITV   
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Current Methods 

 

•  4D planning relies exclusively on initial 

4DCT images, and initial breathing pattern 

– does not reflect the actual delivery 

• No information on the interplay effects 

• Need to contour the ITV in all phases 

• No information to adapt the future plan  

 



D e p a r t m e n t  o f  R a d i a t i o n  O n c o l o g y  

Internal Tumor Motion Amplitude  

At a Given Control Point 
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Method - Reconstruction 

• Create the effects of tumor motion  move  the active 

MLC’s for  a control point  by its internal tumor motion 

amplitude at the time of delivery in the opposite direction to 

tumor motion 

– in the 2D plane of the MLC’s;  

– I/S motion and a component of L/R, or A/P motion given the location 

of the gantry angle 

• This delivered motion affected DICOM RT plan is then 

imported back to TPS 

•  Actual motion affected 4D dose map and dose volume 

histogram (DVH) for the tumor volume is recomputed. 
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Range of machine parameters evaluated and 

observed accuracy under RapidArc delivery 
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Reconstructed dose difference /3D gamma maps 





Reconstructed dose difference map in x z plane for a single control referred above for case (b) on left 
hand image and (c) on right hand image. In both cases z axis length corresponds to the thickness of MLC 
leaf (5mm), and x axis corresponds to the distance the leaf was intentionally moved (5mm). In the right 
hand plot three high dose areas correspond to where the three MLC s were pulled back from original 
positions, and two negative dose points correspond to where MLCs were pulled in by 5mm. Even a dose 
differnec of 1 – 2 cGy could be detected by this technique.  

 

Reconstructed dose difference map in x z plane for a single control referred above for case (b) on left 
hand image and (c) on right hand image. In both cases z axis length corresponds to the thickness of MLC 
leaf (5mm), and x axis corresponds to the distance the leaf was intentionally moved (5mm). In the right 
hand plot three high dose areas correspond to where the three MLC s were pulled back from original 
positions, and two negative dose points correspond to where MLCs were pulled in by 5mm. Even a dose 
differnec of 1 – 2 cGy could be detected by this technique.  
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Motion Affected MLC Pattern for a Given 

Control Point (RapidArc) 

Original plan Motion affected plan 
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Dose volume histogram (4DVH) for a static tumor(squares), and 1D motion affected 

tumor (triangles) by a maximum motion amplitude of 2.5cm from a RapidArc plan. Red- 

ITV, yellow – cord, and blue - lungs 

  



D e p a r t m e n t  o f  R a d i a t i o n  O n c o l o g y  

Comparison: Simulation to Measurement 

Original plan Motion affected plan 

Gafchromic film analysis 


