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BS Introduction

Log files are an essential basis for proton therapy facility development and
optimization.

* Provide insight of the machine performance

 Allow diagnostic and prevention of technical issue
* Basis for future upgrades

This presentation is about the solution adopted at CPT
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S Introduction — CPT overview
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(H» Introduction — CPT systems example : BTVS
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(== Treatment verification process

Ireatment Steering file Steering Treatment Delivery
plan generation file delivery R
og

A _ |
! 1) Steering 3) Machine
l file validation pElrE s |
i analysis i
Lommm - PPt < — - — - — - — -

4) Dose reconstruction

1. Steering file validation

2. Pre-treatment verification

3. Post-treatment machine performance
analysis

4. Dose reconstruction
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(F==)» Some considerations

The log files need some foreseeing

Log file format
 Easytoread or not (Human readable or binary format?)

Log file structure
e How to structure the information inside a file?

Log file archiving
e How the data is stored and access by users?
* How to protect patient confidentiality?

What is your main objective?
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(F==)» The Therapy Control System

GUI Client }» GUI Server BALL

TCS MCS
TVS TDS
TVS10C TDS 10C
/TAN
PaSS Control of all other actuators
Other Other
Modules Modules -
RS
Dose Monitoring Dose Monitoring“_
BTVS
BPCVS
— P35S signals
m— Digital signals (seriell, parallel, network)
TCS : Therapy Control System BPCVS : Beam Position and Current Verification System
TVS : Therapy Verification System PaSS : Patient Safety System
TDS : Therapy Delivery System GPPS : Gantry Patient Positioning System

BTVS : Beam Tune Verification System MCS : Machine Control System
Ball : Beam Allocation Page 7
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5

—e

Log file sequence
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Load Fraction Open steering files
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— og fraction start :
Apply field Log field start
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Un-load Fraction
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— Log element

— Log field end
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Log fraction end

»
»
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— Close field
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(= Log file format

 Format identical to steering files
* Binary format
* Block structure
 Block header
 Sequence of entries
* CRC checksum

BlockType > EntrylD
el g L o EntryLengthAndType
BlockFormatVersion o = EntryValue
BlockNumber _
Entryl ] Field Size | Description
Entry2 - o [bytes]
Entry3 o i) EntrylD 4 Unique identifier of the entry. 32-bit
% % unsigned integer number.
EntryLengthAnd 4 Entry length and type (see below)
Entry4 —0g Ey[iev | iabl | Entry dat
— = ntryValue varia ntry data.
BlockCRC B g § e
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(= Log file tools

X

[»

-

L]

= D\LogFileData\Gantry2\DC\D4.2.7_STU-Scan.000.F00.20171124-071938.qalog Tvs - O
File Edit Search Queries Options Info used: 52 | 89 MBytes
l/ D4.2.7_STU-Scan.000.F00.20171124-071939.qalogTvs |/ QALoginfo rQALog Plots
[ D4.27_STU-Scan.000.F00.20 | l/ Info r DSE Data |
¢ BEE?_T SPDV (IVS Dose Spot) (#12) - duration: 392.830 msec.

.'\__J BCUV SBLKE (Steering-Block Information)
ik BTCV 450 SBNO: Asscociated Steering BElock Number
-'1._J BCUY 1397769302 SBTY: Associated Steering Block Type
ik BTCV 0 PENO: Treatment Plan Element Number (l..n, O=undefined)
. PACY CTES (Timing Information on Element Application)
ih BTCV r 5235090 CTST: Clock Ticks at Element Start
%::)ﬁt 5274373 CTEN: Clock Ticks at Element End
*F‘Dg\u’ 5234995 CTPS5: Clock Ticks at Previcus Element Start
.-,_.J BCUV 5235047 CTPE: Clock Ticks at Previous Element End
%3 100000..99999] MOCT (Monitor Counts)

“* SPDV 2906 PrimaryMonitor

% sPDV 3958 M1 A+

% sPDV . 4114 M1_UnG

& sPDV 120 M1 Neg UnG

“ SPDV 0 M1 Neg A+

‘& SPDV 2906 A

‘& sPDV 2506 M2 UnG

& sPov 1791 M3 A+

4 sPov 1837 M3 UnG

4| SPOV 0 MS_Pos UnG

% sPDV _Fes

a5 SPDV 191 M3Grd A+

% sPDV 1121 100kHz A

% sPDV 1192 100kHz A+

4 sPoOV 39286 100xHz_UnG

“* SPDV DOSE (Dose Information)

& sPDV 3063 PMNO: Nominal MUs (std) this Attempt

4 sPDV 3092 PMDE: Deliversd MUs(std) this Attempt

“ sPDV 4195 PMPR: Preset in MU(pT); TDS: pT- and EL-corrected; TV3: pI-corrected and delay added (1500 Cts)

& sPDV 3063 ELPL: Flanned MUs({s3td) for this Element

‘& SPDV 3092 ELDE: Delivered MUs(std) for this Element

“ SPDV

4 SPDV MISC (Miscellaneous Information)

2 spov 2097152 EFLG: Element Flags (bit 0: elem was interrupted, bit 1: elem was resumed, bit 2: elem was skipped)

s SPDV | 4024 ECTR: Execution Loop Counter

4] II [ v | 1064 PTCO: pTl-Correction Factor for this Element in Permille
SEDV |~ | 3 SEQN: Field Sequence Number in Fraction
TVS Dose Spot 1 FICT: Number of Fields in Q& log file

Length: 2718 L 20472 FITI: Elapsed Time since Field Start [msec]

Version: 2 TONE (Tune Information)

Murber: 12 - -150000 _TOTD: Beam Tune D

CRC: 1507779196 |~ 4] Il |
11:51:28 Don’t know which material WEQ to take for range calculation, unsupported StripChannel SortType ‘null? | - Wﬁ
@ i | @ms<=>1vs || opensF.. || [~compare.. || fly Puots... H_d] Distribution... || Export Text.. || | PDF/PNG.. | 1/222blocks | () Exit
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(= Log file tools

2 D¥\LogFileData\Gantry2\DC\D4.2.7_STU-5¢can.000.F00.20171124-071939.qalogTvs — O x
File Edit Search Queries Options Info used: 801128 MBytes
[ D4.2.7_STU-Scan.000.F00.20171124-071939.galogTvs | QALoginfo | QALog Plots
("1 D4.2.7_STU-Scan.000.F00.2( 4| DSE Data |

FRST Plots
¢ |FsT =
\ BCUV [ TNB1 [ THB2 | T1B1 | T1B2 |  Mini Pixel Detector (T1B1,T1B2) |
ih BTCY 'SPDV' (#12) - TNB1 (T-Plane Nozzle Strip Chamber)
|, BCUY
W BTCY oagg |l Ranges at 150,000 McV:
QF‘ACV - — maximm peak: ch. 1= 84.00, plate 4.00, counts= 2254.00, range= Hal [mm]
PR - 11 LN £ [ ' == ) |8 1=-83.36, plateas=---4.64,- ta=---1878.53, range=-- Hal--[mmMI - ---ooooomeoo
ih BTCY =
@ racy 2'100
|, BCUY
J o
=p POQV oo
|, BCWV 1'900
¢-[7100000..99999] 1'800
4 sPDV
4 sPDV 1700
4 sPDV — L600
4% sPDV
4 sPDvV 1'500
4 sPDvV 1400
4 sPDvV
4 spDv - 1'300
4 sPDvV £ 1200
4 sPDV 3
4 sPDvV O 1100
4 sPDV 1000
4% sPDV
4 sPDV 200
4 sPDvV 200
4 sPDV
4 sPDV 700
4 sPDV 600
4 sPDvV
4 sPDV S00
4 sPDV 400
42 SPDV
4 sPDV 300
4 sPDvV 500
4 sPDV =

<] il I [» 100
SPDV = 0 — -

TVS Dose Spot 0 5 10 15 20 40 45 S0 55 &0 65 70 75 g0 85

Length: 2716 1 Channel Number

WVersion: 2 ‘l 0 | »

Number: 12 _ . T

= Channel Somng1none |V| [v] calc. Range ["] Show Range Spline-Fit | ﬂ Save Plot as PNG... | | i:7| Export as Text... |

CRC: 1507779196 -

11:51:28 Don't know which material WEQ to take for range ion, pported StripCh 150rtType null’t |v|v_|D
@ | kG | @msevs || opensf.. || [Ficompare.. ||  [jfly Pots. || Aloistribution.. | | [ ExportText.. || A POFIPNG.. | 11222blocks ) Exit
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(=)= What can we learn from log files

The main goals are

e Part of our legal obligations

* Insure health of the therapy system
 Diagnose problems before they affect the clinical operations
* Improve the clinical operations

To insure these goals, the machine performance is analyzed using a standard
sequence daily and for each fraction delivered to patients.
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s

Daily check key elements

« Dose monitor calibration e Software written in Matlab

« 115 energies range measurement * Results stored in a database

* (limited) beam phase space measurement  Allows easy long term analysis
« TVS/TDS interlocks checks

« Dose measurement

Range deviation distribution from 2013 to 2018
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()= Patient analysis overview

* Double and/or missing spots
* Interlocks
* Monitor checks

Log file analysis summary

Table 1: Summary information of log file analysis,

e Positioni ng accuracy Parameter Value Umit Low. lim. Upp. lim. Status
e De | ive ry settin gs Warning messages No OK
Param. out of tol. No OK
* Warnings and exceptional Param. close to tol. No OK
Number of mterlocks 0 OK
events Missing spots 0 OK

M1 total meas. dose 06534568 MU
M2 total meas. dose TOAS3G68 MU

M1 total dose dev. 0.177 i -1.5 1.5 OK
M2 total dose dev, 0.772 b -1.5 1.5 OK
Skipped spots 0 OK
M1 skipped dose 0.000 i -1.5 1.5 OK
M2 skipped dose 0.000 Y -1.5 1.5 OK
. . M1 mean rel. dev. 0.176 %o -1.5 1.5 OK
* Software written in Matlab M2 mean rel. dev. 0766 %  -15 15 OK
; ~ U position dev. 0.040  mm -1 1 OK
°
Report is produced on a ~35 T position dev. 0220 mm -1 1 OK

pages PDF files.
* No database

Example of summary for the log file analysis
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= Over 5 years of operations: what did we learned?

The log file analysis allowed us to get a better prevention routine calibration &
part exchanges

5 05 104 AMA1 variation over time for 230.0 MeV
’ ]
o o —
5.046

5.044 T

AMA1

2015-01-01 2016-01-01 2017-01-01 2018-01-01

Example : deterioration of the AMA1 hall probe over the last year
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(== Over 5 years of operations: what did we learned?

We analyzed 85 delivered fractions in G2 over the first years of treatment (a)

100

-Data
“Linear fit (R*=0.83)

60 02 04 06 0.8
PD [mm]

Position deviation (PD) is defined as :

PD = (AT}, + AU,

TTLEATL TTLEMTL

Pass rate [%]
(@ 0]
=)

1/2
) /

Pass rate is defined as the % of voxels with a dose deviation less than 1%.

D. Scandurra et al 2016 Phys. Med. Biol. 61 1171 page 17
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(== Over 5 years of operations: what did we learned?

To achieve a pass rate > 90%, a PD < 0.35 mm is required.
This correspond of 94% of 1350 fractions delivered in G2 over the first
years of operations

300

949

Counts
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(= Log file pitfall

* Too much logging can severely impact machine performance

Example :
Lowering the log of TCS message level from ERROR only to all INFO level
(all TCS actions are then recorded, not only error)

3x delivery time!

Consrafvlafions, :‘;"
it only took you |,
65299 _second

* Haystack problem
— Provide a clear structured logging
— Database
— Tools
— Document!!

And still, one will need a lot of time...

vy jolyon.co.uk
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BS Conclusions

* Log files are essential for Gantries and treatment operations and optimization
— Trends can be analyzed to enact preventive measures
— Gives essential input of the quality of treatment
— Are essential QA tools

* Log files are can be difficult to organize, but the better they are, the better the
outcome will be.

* There is plenty of options and you need to define your needs carefully
beforehand, but the reward can be worth it!
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[HJ=» Wir schaffen Wissen — heute fiir morgen

R S B

My thanks go to Robert van Der Meer, Alex Koschik, David Meer, Martin Grossmann
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