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HIT – Overview

I First European dedicated accelerator facility for cancer
therapy using carbon ions and protons, located at University
Hospital of Heidelberg.

I Setup:
I two sources (upgrade to three in progress), LINAC, synchroton,
I two treatment rooms with fixed exit (operational since

2009/2010),
I first heavy ion gantry, rotatable by 360◦ (under

commissioning),
I station for QA, research and development.

I Using raster scanning technology for therapy.

I Aim: 1300 patients per year!
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Accelerator Control System

I Proprietary Control System supplied by automation company.

I Servers and clients Windows based,
I Oracle database for storing:

I cycle data,
I measured values,
I configuration, device parameters,
I error logs.

I Supports multiplexed operation:
I arbitrary source/destination (virtual accelerator),
I beam properties from MEFI space: 255 Energie values,

6 Focus sizes, 15 Intensity values (plus 36 Gantry angles).
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Database Tables

Cycle Data

cycle_id INT

start time TIMESTAMP

end time TIMESTAMP

mefi_id INT

mode_id INT

status_id INT

Indexes

MEFI List

id INT

energy INT

focus INT

intensity INT

gantry idx INT

source INT

destination INT

ion INT

Indexes

System Modes

id INT

name VARCHAR(10)

Indexes

Ion Types

id INT

name VARCHAR(10)

Indexes

Device List

id INT

name VARCHAR(45)

type_id INT

Indexes

Standard Measure Archiv

cycle_id INT

device_id INT

measurement_1_2 INT

Tech MVal A DECIMAL(8)

Tech MVal B DECIMAL(8)

Indexes

Device Types

id INT

name VARCHAR(8)

Indexes

Cycle Status

id INT

name VARCHAR(20)

Indexes
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Application Environment

I Python 2.6 with builtin/3rd party modules:
I cx Oracle, DB-API 2.0 compliant,
I csv, reading/writing comma separated values,
I struct, binary I/O,
I datetime, date/time functions

I Gnuplot 4.4

I Applications run as GUI on Windows (wxWindows) or by cron
demon on Linux.
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Status Analysis

I Automatic report, generated from DB per day and week
(cron).

I Beam statistics:
I performance,
I number of particles,
I beam request modes (therapy or accelerator physics),
I used sources, destinations, ion types,
I distribution of MEFI parameters.

I Error analysis:
I number of beam request failures, dependent on system mode,
I identify usual error sources, problems of devices.

I Backends: HTML, LATEX.
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Analysis Example

Cycles: Beam Modes

All Carbon Protons

Cycles Cycles Particles Cycles Particles

Total 3744 3094 1.36× 1011 650 1.53× 1012

TCS 2369 1778 3.43× 1010 591 1.47× 1012

ACS/Exp 1257 1257 1.01× 1011 0 0.00× 1000

ACS/QS 118 59 1.47× 1009 59 5.87× 1010

Cycles: Destinations

H1 1881 1744 3.35× 1010 137 3.85× 1011

H2 568 74 1.98× 1009 494 1.13× 1012

Gantry 1257 1257 1.01× 1011 0 0.00× 1000

QS 0 0 0.00× 1000 0 0.00× 1000

Dump 38 19 2.68× 1008 19 1.07× 1010
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Analysis Example

Plot: Virtual accelerators used during 24 hrs:
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Analysis Example

Plot: Distribution of used energy values during a 24 hrs period:
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Commissioning Tools

I Raster scanning technology in treatment rooms requires stable
beam position and focus size.

I Gantry commissioning in progress: Optimizing beam for a set
of MEFI parameters as sampling points, interpolation of
device settings in between.

I Check quality of interpolation in E × G × F space by running
sequences, measuring beam spot on flourescent target at
patient’s position.

I Previously manual analysis of CSV export within OpenOffice
spreadsheet, now reading measured and reference values
directly from database, result displayed in GUI within seconds.

I Possibility to plot data slices, i. e. quality as function of E for
fixed G and vice versa.
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Screenshots
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Conclusions

Python proved as powerful tool for flexible and fast development of
tools:

I Beam statistics,

I error analysis,

I data analysis,

I fast generation of sequences,

I help in beam intensity optimization: Read particle numbers
per second as function of quadrupol field, compare to
reference value, propose adjustment value for quadrupol field.
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