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Learning Objectives

A What information could be accessed via
log files

A Scenarios where Log files could be used.

A How log files could be used for error
catching in patient safety

A Limitations of log files
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Could be directly compared with plan
parameters fraction by fraction

My passing the R&V system to detect any transfer errors
AControl point based machine delivery accuracy
Antegrity check of plan in R&V system

ASite specific imaging shift accuracy

Aserify patient name, 1D, and plan name

ACalculate delivered 4D dose and DVH

AError catching or beam off flag

A
Department of Radiation Oncology BB 1R AT TH SYSTEM



2 Format

isss BACBIT

Tha haader has a fasd basgih o
) Uraried lyhes o £

rajesciory g iz

Filegers ard foals afe shoredis

r record cats o @ 10-m

1 Haodar

s (2100 Imawvest st oy rotion g} s e 5
asmpla, ard asck vake i 4 byles. Sampiing ot 100
12 M per mrane. The rajeciory kg e @

8 Aot Seiiless U Bapsilony ey i Beireal The Fapsiiary b o o Sreded o

24 bytms. Kot all of tha

byt i B

ihe eradin ||

B Femaey’ maiy e wned I Aulure Exgsaanan

ry 10 mn | gasarsies n-cr:
®

TrueBeam Trajectory log files

Sampies par axiu

rwal]. Frha plan

Wy wioge recorEng

fin fagio i

P R migr aTar
Thes i (v Ao et et e Dl WILIC i
of leawes. and camiages
P e Tl e A
1- Machurs Scale
Wk piar T Mo
Hurmbe: of tuttaams inger
mr—
o ;.m-a-- mcord B000 rapahot (10 Ieruncaes

D=not uncaied

= -
urnbee of axm. * 8,

bt

bt

0 yies
B0 byimn

" reamiar of Fioa arey
Lamplsn

P FEr— Fod sy
sarmpien

Asin data Snapanct N - Fioas amay

3 Sraparan N Fiowm ooy

The folicwing tabls describes e beader format
Dats Descrigticn Size

S V 18 i

Tarnaa e 1
Fader T (o for o 8 1024 =

T s v Aty Trarr

b g i o W

e o vt A o Vo aned g T —

incicwiny. Fra berg of e et ekl Ay

[rep—— Tmiew it 4| g ey

et b bmares e e by

v

14

Cousch Lng — 7
Trapectory Log Fike

9af12

The units are:

22

Subbeam Structure
Av
P

D™ B G
vioushy Independest Seid is How har

Each s

pesarn is 30 byt &

7

BRI 15 a1 rEr SysTEM

ted when @ senes of Peatment felss
d 83 8 subbear

IVERSITY
IRGINIA

e made automabs Each

g and has the fliowng sruchre

Data Descrption

Sze Type

Comteol Form. intemaly-cetned marker f1at Setme whers
a

oncuting
=y =
n s of MU
S hyie Szar
Trevoe 3

23

. sctteam

Axis Data Structure

The asis
waries of srapshots. £

abu

Axis1]. Volues{Aia2]

Each sy contains the number of vak
vakue has two Seids, exp

MLC are sasgied Note hat the

N2 & slcred immedialely aer De scbbeam data
=apEtot I & BeqUence of aays In the folowng crder

abses{axied]

ntry Rotation and the
anpie excuses v

by

The data « stored as &

neaced for ot ans. SamplesPerAcs{Ace]
ed and actual

laa! stondard definiton
riormancn for the ofher axes

concentrang on the ML, Gantry rotation, and the ML
W W oy ey L " W L W W
Carh . 8 s A s
wpoct | s | onpocma | scam | C* CarB § | Cema 8 | Cars
o) woen | s et | mont -
. opact ot

Trajectory Log File Stnacture

toey Log File Stracture

cm for linear axes, degrees for rotational axes, MU for dose




When this feature is enabled, as soon as a dynamic MLC treatment finishes, the
controller writes those treatment DynalLog files to the DynaLogs folder subdirectory
within the default FTP root directory on the MLC workstation. For example:

\oncolo

C\Controllsri\exsc\DynaLogs)

Unlike manually-generated DynaLog files, the controller assigns unique file names to
the automatically generated DynaLog files. The Revision B MLC controller names the
files using the following convention:

CYYYYMMDDHHNNSS_< Patient ID>

where the values are as follows:

s A or B for the MLC carriage (leaf bank)
YYYY 4-digit year

MM 2-digit month

DD 2-digit day of the month

HH 24-hour clock time stamp

NN minutes time stamp

38 seconds time stamp

<Patisnt ID> The Patient ID

[UNIVERSITY
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4 <long> Beam on state
1=Clinac beam is on

0 =beam is off

1 B Letter indicating version
2 <Lastname> <Firstname>,<ID> Patient information, up to 25 characters
3 <PlanUID>,<Beam Number> Treat 6.5 or greater
or or
<Plan filename> Standalone®
4 <long> Tolerance
5 <long> Number of leaves in MLC
6 <long> Clinac Scale

0=Varian scale
1=1IEC scale (IEC 60601-2-1 only)

Note: The [EC 61217 scale is not
awvmlable for Dymalog files.

a. The logic for determining the third line is as follows: If the Field Serial number is zero and
the PlanUID is non-zero, it is assumed to be Treat 6.5 or greater. If both the Field Serial
number and the PlanUID are zero, the filename is used. If the filename is an empty string, a
blank line is written.

5 <long> Previous segment dose index or previous segment gantry
angle

6 <long> Next segment dose index or next segment gantry angle

7 <long> Gantry rotation in 10th of a degree

8 <long> Collimator rotation in 10th of a degree

9 <long> Upper Y1 jaw position in mm in the isoplane

] <long> Upper Y2 jaw position in mm in the isoplane

1 <long> Lower X1 jaw position in mum in the isoplane

12 <long> Lower X2 jaw position in mm in the isoplane

13 <long> Carriage expected position in 100th of amm

14 <long> Carriage actual position in 100th of amm

The remaining columns contain the following values for each leaf in the carriage. (nLeaf=0,
1, 2, and so on)

File Content

Each line of the DynaLog file contains the following:

4'nleaf +15 <long> Expected position
4*nleaf + 16 <long> Actual position
4'nleaf + 17 <long> Previous field position
4'nleaf + 18 <long> Next field position

1 <long> Current dose fraction or current gantry rotation

;; Note: For RapidArc and conformal arc plans, dose fraction information is displayed only if

you remove the 7 character preceding the diagliseRapid ArcDymalogFormat command in
the MLC controller startup script. In all other cases, gantry rotation in tenths of n degree is
displayed if you retatn the % character preceding the diagUseRapid ArcDymalogFormat com-
mand.

2 <long> Previous segment number (starting with zero)

W

<long> Beam hold-off state
2=LFIMRT carriage group transitions
1 =MLC beam hold-off signal asserted
0=MLC beam hold-off signal not asserted

Note:
= All dose fractions range from 0 to 25000.

»®  All gantry and collimator angles ave recorded in tenths of degrees, Viarian scale.
»  All jaws are recorded in millimeters in the isoplane.
"

All carriage and leaf positions are recorded i Inmdredths of millimeters, i the leaf
(physical) plane. Zero is at the centerline. Positive means retracted. Negative memns
extended across the centerline.
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What information Is currently unavailable via
TrueBeam Trjectory logfiles

1.1MLC positions, and gantry angles

2. Collimator angles, and x/y jaw positions

3. Output, flathess, and symmetry of the machine
4.4Couch angle , and couch translations

5. Delivered MU, and dose rate
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A Answer: 31 output/flatness/symmetry

A References:
A Varian medical Ssystem, ATrueBeam tr aj
9-10

A Jianguo Qian, Lei Xing, Wu Liu, Gary Luxtonfi Do s e

veri ficati

respiratory-g at ed vol umetric modul ated arc

56:4827-4838 (2011)
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E II. RapidArc MLC D

Dynalog based Monte Carlo for
patient specific QA

1.0-1.5 1.5-2.5 .
mm mm mm

3
3

For each plan three Monte Carlo dose calculations w

performed; one using continuous gantry rotation with
LINAC log o as S10 Dyna), one usir
f > generated MLC
to as S10 DV ) > using 176 fixe
h TPS e

241150

Teke et al. Med. Phys. 37 (1) 116-123

FiG. 5. Dose distribution comparison between RapidArc TPS (top left), S10
Dyna (top right), S10 DVA (bottom left), and 176 GA (bottom right) on a
water-equivalent cylinder for plan 4.



MLC leaf position difference map betwee SR
plan and delivery il

Reconstructed MLC leaf position difference map between plan and delivery, u
dynalodfiles, 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
flag theclinacbeam 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 %

L08E i 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

AA t echni dgasieetricasrorslas love as 0.5% arising from MLC leaf shiftRepidArad K. Wijesooriya, J.
Nawrocki P.W.ReadJ.M.Larneri Oral presentation at 2013 Annual AAPM meetingnidanapolis IN, Medical Physics
40; 2013.
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Millenium MLCs

7.0 120 Multileaf Collimator (MLC) Specifications

All scale references below are per IEC 61217

U IVERSITY
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Performance Specifications

Specification

MLC leaf end position accuracy at all leaf positions relative to the
collimator axis?

+1 mm

MLC leaf end position reproducibility at all leaf positions relative
to the collimator axis*

+0.5 mm

Descriptive Specifications

MLC leaf side position accuracy at all leaf positions relative to the
collimator axis’

MLC leaf side position reproducibility at all leaf positions relative to the
collimator axis*

Number of leaves

Central high resolution leaf width (central 20 cm, leaf width projected
at isocenter)

Outboard leaf width (outer 20 cm, leaf width projected at isocenter)




40%

2.
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What is the Millenuim MLC leaf position
accuracy relative to the collimator axis?

1. 5mm
2. 2mm

5. 0.6 mMm
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A Answer: 37 1mm
A References:

AVari an Medical syster
speci ficati onso, page
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velocity(mm/s)
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.

K. Wijesooriya, et al., fRapidArc patient specific mechanical delivery accuracy under extreme mechanical limits
usi ng | dMgd. Rhysl(2812)89 (4) 1846-1853
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4D delivered dose per fraction

A Use trajectory-log/dynalog files to obtain the delivered treatment times
for each control point

A For each control point, log files provide:

A Tumor motion, as a function of time
g

A Coincidence between RPM and beam origination

Original plan Motion affected plan
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0 ) 60
Relative dose [%]

Motion amplitude of 2.5 cm

Plate

Comparison: Simulation
to Measurement
gafchromic film

6.0 8.0 10.0 120 140 160 18.0 20.0

Original plan Motion affected plan

AA novel technique to eval uak @iedobriygdEcAloda, del i very t c
P.W.ReadS. Benedict]).M.Larner - Oral presentation at 2013 Annual AAPM meeting in
Indianapolis IN, Medical Physic<l0; 2013
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Log files to catch errors at the linac

A D.Rangarajet al , &rOra With patientepecific pretreatment
machinelogfileanal y si s dRadiatioa Oncdlogys2013
(volume 3 issue 2 Pages 80-90

A Krishni Wijesooriyaeta | . n Catching errors W
2015 Annual AAPM meeting, Anaheim, Ca

A Krishni Wijesooriyae t  &ite spedific image guided radiotherapy
(1 GRT) t ol er anc e 2015 Annual pAPMimeeting, s a f
Anaheim, Ca

T
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Using log files to monitor Tx

oo J>o T To Do I

than 100 Million parameters!

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

Couch
angle (deg)

Gantry
angie (degq)

Colfimator
anglefdedq)

Jaw
position
)

A C feaf
posiioninm)

Cunmiative
dose(laLn

Q.00 £0.02
-0 d0-040

Q.00 x0.02
-0.08- 040

Q.00+ .00
-0.02-0.06

Q.00+ Q.00
Q00— 0.00

Q.00 002
-0.26-0.50

Q.00+ Q.09
-009 - 042

a0

1.0 +002
-0 =0

Q.00 £0.04
-0.07 =009

Q.00+ .00
-0.04 -0.00

Q.00+ 0.00
Q.00 — Q.00

Q.02+ 0.0
-0.03 - 004

Q.00+ 04932
-0.99 - 099

AT

1.0 +007
-0.87—0.47

Q.09 £0.15
-0.25-0.32

Q.00+ .00
GO0 — 000

Qo0+ 055
-0.99-0.99

-0.04 + 063
-0.92- 0771

002+ 028
-0.51 - 081

Electron

Qo002
-0.05-0.07

Q.00 £0.02
-0.07 - 0035

Q.00 £0.00
0.000.00

Qo0+ 0.00
Q.00 -0.00

A

009+ Q027
-0.02 - 099

Tahle I Systematic (mean) and random (standard dewiation) errors of delvery, drvded mn to treatment modality and
treatment site. The mean errors quoted here are the mean walues of magimum  differences between plan and delivery

Krishni Wijesooriya e t
meeting, Anaheim, Ca
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Using log files to catch erros: MLCs not according to plan

Krishni Wijesooriyaet al . A Catching errors with tra]

meeting, Anaheim, Ca
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