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Recommendations for Plan Verification 

� First,  a  calculation  program and/or methodology that is separate from 
that of the primary calculation should be used.

� Second, the beam data and treatment parameter files should be 
separate and independent of those used by the primary TPS

� First,  a  calculation  program and/or methodology that is separate from 
that of the primary calculation should be used.

� Second, the beam data and treatment parameter files should be 
separate and independent of those used by the primary TPS

AAPM TG114   Verification of MU calculations for non IMRT clinical RT

� Wird eine dosimetrische Prüfung des Bestrahlungsplans nicht 
durchgeführt, so ist in jedem Fall eine vom 
Bestrahlungsplanungssystem unabhängige rechnerische Prüfung der 
DOSISMONITORWERTE jedes FLUENZMODULIERTEN 
STRAHLENFELDES durchzuführen.

� Wird eine dosimetrische Prüfung des Bestrahlungsplans nicht 
durchgeführt, so ist in jedem Fall eine vom 
Bestrahlungsplanungssystem unabhängige rechnerische Prüfung der 
DOSISMONITORWERTE jedes FLUENZMODULIERTEN 
STRAHLENFELDES durchzuführen.

DIN 6875-3 Spezielle Bestrahlungseinrichtungen,
Teil 3:  Fluenzmodulierte Strahlentherapie

� Nearly 60% of the reported errors involved a lack of an appropriate 
independent secondary check of the treatment plan or dose calculation.

� Nearly 60% of the reported errors involved a lack of an appropriate 
independent secondary check of the treatment plan or dose calculation.

IAEA TRS 430
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…or Secondary calculation

OCTAVIUS Systems

PTW tools for verification

Verification by measurement…

OCTAVIUS I – 4D DIAMOND MU Calculation



Software Overview DIAMOND

II IIII

OCTAVIUS Systems
Basic components Optional components

DIAMOND™
MU calculation

LINAC QA
Plan verification 

by secondary MU calculation

VeriSoft®

OCTAVIUS
Detector729

OCTAVIUS
Phantom

DAVID®

4D
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DIAMOND Software …

� does an independent calculation of dose / MU settings

� uses a set of independent measurements

� helps finding errors before a plan is approved for treatment

� is an easy-to-use tool in the daily QA process

� saves measurement time at the treatment unit
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What is DIAMOND? 

a point dose calculation software

an independent secondary check of treatment plans without linac time 

a point dose calculation software

an independent secondary check of treatment plans without linac time 

DIAMOND is …

TPS Plan

Plan creation 

Dose points included

Compares 
single points

DICOM Transfer

DIAMOND 

Plan verification by 

independent calculation
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What does DIAMOND do? 

MU calculation for single points

Dose or MU comparison for single points

MU calculation for single points

Dose or MU comparison for single points

DIAMOND does …

DIAMOND calculation based onDIAMOND calculation based onDIAMOND calculation based onDIAMOND calculation based on
- independent base data
- geometrical plan parameters

Planed valuesPlaned valuesPlaned valuesPlaned values

DIAMOND calculation based onDIAMOND calculation based onDIAMOND calculation based onDIAMOND calculation based on
proprietary algorithms



Software Overview DIAMOND

Clarkson’s method for dose calculation separates the primary component

and integrates the scatter component of the radiation dose to a point. 

Clarkson’s method for dose calculation separates the primary component

and integrates the scatter component of the radiation dose to a point. 

The Clarkson Integration 

DIAMOND does the calculation automatically for each segment in IMRT fields
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The “points-eye-view” integration takes into account the point’s view of 

the source and the flattening filter modified by the  windowing effect  of  

the  MLC position  using  measured collimator scatter.

The “points-eye-view” integration takes into account the point’s view of 

the source and the flattening filter modified by the  windowing effect  of  

the  MLC position  using  measured collimator scatter.

Points-Eye-View  Head Scatter Integration
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Proprietary MLC profile model that allows precise tracking
of the measured MLC profile
Proprietary MLC profile model that allows precise tracking
of the measured MLC profile

MLC Acu-Trac Model
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DIAMOND Workflow3
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I.) Add calculation points in plan 

and transfer it to DIAMOND

II.) Calculate the results

III.) Document the evaluation

Plan Import  ->  Calculation -> Documentation
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Patient 
listing

Plan listing Field listing

Patient View: Patient DB information, demographics, date, plan and fields

Plan Import
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Beams Eye View

Display for each 

segment in BEV

Dose
Prescription

imported Dose

and MU

Fields
With geometric 

information and 

calculation results

Segments
With calculation 
results for each

control point

Plan Import  ->  Calculation

Plan View: information on fields, segments, geometry, dosimetry, calculation results
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Results
Comparison 

for each beam

Deviations
%  and abs. difference 

for each beam

Total Difference
Total dose difference 

for the complete plan

Documentation remarks
Comments for analysis criteria

Plan Import  ->  Calculation -> Documentation

Summary View: Overview of results, remark area, documentation
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Two steps for full multiple arc calculation:

� Import the plan as  DICOM RT Plan

� Import a DICOM RT Structure Set

VMAT Plan Import  ->  Calculation
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VMAT Step I:    DICOM RT Plan Import

Plan Import

Beams Eye View

Multiple Arc 

Arc beams with geometric 
and MU information
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VMAT Step II:    DICOM Structure Set Import

Contour

Body Contour

SSD calculation

For each control point SSD is calculated Transversal Slice

Automatic detection of 

transversal slice

Patient Coordinate System

Preconfigured for each TPS
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Additional Features4
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Analysis Tools
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Fluence Map

User defined resolution, Possible at block tray level, Different view possibilities

Profiles

Single values 

visible

Export

As file

Interface to VeriSoft for map comparision

Fluence- and Dose Map Calculation
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TPS Plan

VeriSoft

DIAMOND

Patient 

db

Calculation Compare 

single points

Create fluence

and dose map

DICOM RT Plan

DICOMRT Structure

DICOM RT Dose

Fluence- and Dose Map Comparison



Software Overview DIAMOND

Electrons5
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Electron calculation levels:

� Standard – OF for each applicator

� Extended – OF versus equivalent square values

� MDA Electron Calculation  (Option) –
Includes electron depth dose data
and electron air gap data for each energy

Electrons
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Electrons – Standard / extended calculation
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� Stand alone on notebook or desktop

� Networked with the patient and machine 
data on a server

� User management integrated (user / supervisor)

� Provided with DICOM SCP server

DIAMOND Installation

LAN

Unlimited number of WSServer 
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� Several Institutions can be integrated in a network setup

� Each institution with preferences, machines and patients

� Inactive patients can be archived

DIAMOND Configuration

Patients / Archive
Machines

Users
Preferences

DICOM Import

DIAMOND Network

Institution 1 Institution 2 Institution n

…
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Support for Start with DIAMOND includes:

- we offer a 90-days SW test – full version
- we provide a (similar) machine data-set for local Linear-accelerator
- we offer support for the measurements
- we support the commissioning of the first local machine data-set

Machine data requirements: 

- Machine / MLC type / Geometrical parameters

- Most important data for each photon energy:

- PDDs for squared field sizes

- Head and phantom scatter

- Off-axis profiles for largest field size

- Wedge factors

- Wedge profiles for largest field size

A template can be used (Mephysto), data can be imported by copy and paste

Support for Start with DIAMOND includes:

- we offer a 90-days SW test – full version
- we provide a (similar) machine data-set for local Linear-accelerator
- we offer support for the measurements
- we support the commissioning of the first local machine data-set

Machine data requirements: 

- Machine / MLC type / Geometrical parameters

- Most important data for each photon energy:

- PDDs for squared field sizes

- Head and phantom scatter

- Off-axis profiles for largest field size

- Wedge factors

- Wedge profiles for largest field size

A template can be used (Mephysto), data can be imported by copy and paste

Support and Machine data requirements 
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Setup of machine data

DIAMOND needs tissue maximum 
ratio (TMR) or tissue phantom ratio 
(TPR) charts

Recommendation:

Import PDD-measurements

Add scatter factors for 
subsequent conversion to TPR

DIAMOND needs tissue maximum 
ratio (TMR) or tissue phantom ratio 
(TPR) charts

Recommendation:

Import PDD-measurements

Add scatter factors for 
subsequent conversion to TPR

Photon Beam Data: PDD

Photon Beam Data: PDD
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Setup of machine data

�Measurements in water and in air

�Measuring depth at 10 cm is more precise 
because of unproblematic secondary electron 
contamination

�Source-Phantom-Distance at 90 cm 

�Measurements in water and in air

�Measuring depth at 10 cm is more precise 
because of unproblematic secondary electron 
contamination

�Source-Phantom-Distance at 90 cm 

Photon Beam Data: Scatter Factors

�Effective measuring volume as
small as possible

�Axial detector orientation

�Effective measuring volume as
small as possible

�Axial detector orientation
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Setup of machine data

�3D-PinPoint chamber together with
AAPM TG74 Brass mini phantom of type
T31016.1.300 

�Dosimetry Diode T60012 with a sensitive
volume of 1 mm2 x 2.5 µm

�3D-PinPoint chamber together with
AAPM TG74 Brass mini phantom of type
T31016.1.300 

�Dosimetry Diode T60012 with a sensitive
volume of 1 mm2 x 2.5 µm

Recommended detectors for FS up to 4x4 cm2

�Semiflex ion chamber T31010 with a sensitive 
volume of 0.125 mm3

�ESTRO mini phantom of type T40036.1.020

�Semiflex ion chamber T31010 with a sensitive 
volume of 0.125 mm3

�ESTRO mini phantom of type T40036.1.020

Recommended detectors for FS larger 4x4 cm2

Correlate measurements with cross calibration
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Setup of
machine data
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Setup of machine data
TPR data
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Setup of machine data
Off Axis and Tray Factors
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HNO Treatment

Zusammenfassung

DIAMOND prüft Patientenpläne rechnerisch …

für statische, dynamische und VMAT Techniken

mit Berücksichtigung der Inhomogenitäten über eff. Tiefen 

über einfache aber transparente und sehr schnelle Berechnungsmethode

ohne Linac-Zeit und damit besonders interessant für Kliniken hoher Auslastung 

als validiertes Medizinprodukt mit Integration des klinischen Arbeitsablaufes

Vielen Dank!


