Hard Real-time in medical applications
Immense increase of programming efficiency with
the GAMMA development tools
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History

The experience of the company has its origin in the year
1987. This was the year where we started to develop
object oriented real-time tools. 1989 we have presented
one of the first window based process visualization.

-With this staff a new base was formed in 1993. The head
0]1i[ef=

-Is located in Ottobrunn near Munich, the "heart of
Bavaria". 1994 we started to develop the new real-time
software product gamma. Since now we have developed
nearly 200 different Systems from embedded Solutions to
complete control Systems. At the moment 15 highly
specialized people develop now solutions for our

customers. |||
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What 1Is Gamma?

Gamma is a Cross development Tool for:
Distributed applications

Preferred in Real-time

Platform independent

- Tool to develop control und testing systems In
different structures

- Interfaces to PLC, IT and products like
Mathlab Simulink, SPEC und LabView...




Our Advantages

- The hardware Is much better than classic PLC*s and standard PC’s
- There are innumerous platforms available

- Customers can change between different Hardware Developer

- No dependencies

- Embedded Hardware is mostly cheaper

- Real-time Operating Systems are more flexible

- Software can be transferred easily to new platforms | | | |

- Programming with Gamma can be much more effiecﬂ/l I | ‘




We optimize the customers work

Operating System

Gamma Middleware

Customer
Core
Competence

High Level

Networking | anauaqe

File System Networking
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Gamma combines the
advantages of PLC and IT

Gamma could be the missing part to become a complete solution
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- Easy, transparent and fast programmed like a PLC
- Flexible and powerful like IT Products | | | |
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Gamma platform concept

M MICROWARE
0S9 /0359000

- Developing operatingsystem and Hardware independent
- Common maintenance

- Simple porting |||




Process development
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Function Header & File Name & Documentation
CHKCPYTASK [@oids, @iids, @ent]
[CHKCPYTASK. gat

VS
InTid

b T irnot
ACTCPYTIMER ActCpyTimer
LaSTCPY WAL LaztCpuTimey alue
CPYALNVEDE, CpeT azkizRunning

kS

kS
[ATHEY ]
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(CEPYALTIVE !'=LASTCPFYVAL) then
ACTCPYTIMER=MAXTO
CPYALIVEOE=1
LASTCPYVAL=CPYALTVE

else

if [(ACTCPYTIMER<=0) then
CPYALTVEORE=0

elze
ACTCPYTIMER=ACTCPYTIMER-1

endif

endif

Structured Text for simple control sequences . 1 | I I I | ‘ | | | |




.. Or C* /[, C++"

a|ex +i| o = m||&]
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W5 /05 Code l Libraries] Desc ]

Function Header & File Hame & Documentation

|.."~.."~.."~3EI.NEI DTASKA . OBJMStaticLink. o

=@

patignt|D
SPOTSDOME MurmberofSpotz_dor
MaGHMETPSID PowerSupplytd agne
SPOTDATA TherapyR esultS potl—
LOC_ROOMID Room
LOC_PATIEMTID  patientlD
LOC_SPOTSDOME FMumbernfSpots dor
LOC_MaGMETPSIC FowerSupplykd aone
LOC_SPOTDATA | TherapyR ezl potl

error code ilinkStaticlayer (stromet grShiftData *rS5TLayer, int i

fAdddddddtddddtddtdddtddddddtdddddtdddddtdtddtdtdddtdtddddtdddtdttdtddtdtdittt

okttt d A A AL A A A A A AL A A A A AL EF

int iError=NHCERRCE;
gtroot pifrm rPi:
stroct pvirm rPv;

switch (iLink)

case MEMSTAT:
r5TLayer->uiRoomID=(u_int32 ¥} CGetlAddr (ROOMID, T
__get _pi(&rPi, PATIENTID):
f* rETLaver-»strPatientID={intf# *) CGE=tidd

r3TLayer->ssNumbercofSpots=(u_intlé *) CGetAddr (SB
rSTLayer->ucHagID[MAGK]=(u_int8& *) CGetlAddr (MAGHE'.,
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Component development
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7# Com ponents Editor

2] ] 0] =1 o] o]

Components

LW ;% Components Editor

ANKA I -
== BB R
CONVERY
 Fus Components Coas : w iji— g F — -
; A . —— i
GRAPHIH Lot ;) Fditor = |°CI[5?|
MCTSupplem = g : : F——
" mecerl E File Edit View Search View Syntax
RPTC . High'/altage.c: | File2 | Fie3 | Filed | FileS | File6 | File7 | Fie8 | File3 | File10 | Options |
VErage
Ry * Methodes and procedurses
d ] Vs |ovs | . -
ACCMEE General Trigger: [l iesss sttt et A R R AR R R R R R R R
G copyfile Fowersupply_|D
E ' expected id =
u L2 aeneral_error int S3HQ Put Errors To Gamma( int input table, int error number)
AHKA general_ermor_sting
A Common channel_trigger_1
E = CONVERT channel_trigger_2
- _FuS
FillE rrarStruic GRAPHIK
L MCTSupplement}
H REGLER
RFTC
High'/oltage SAG [
E 7z SPS_KOPPLUNG struct pifrm pi;
SYSTEM stroct pvfrm pv: = E
Highivalage_ UT;'E‘; int error =0;:
___SAG WST ,
SPS. KOFPL = * give to device to write ramp *
S = o 17 ) IMemol
SYSTEI.‘II R L) i Sl * get valne
Test | __get pi(&pi,input table):
UTILS | pi.ind2? = pi.ind? + ERROR NUMBER OFSET:
WST - -
¥ 1V ¥ P ¥ Mo

+ ge=t the valus *

pv.lock = CLE NL; * et no locking
pv.dtype = SINT: * set the d ¥
pv.pval.sint = error number;
error = CPut (&pi, &pv); + pont the v
b
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/O Assignment — Device configuration

2 RST Project Creator 2006

| %]|x( 0] #¥

Project

Available Cards

—lwf 10-Aszignment
- {# VMEBus

o & WYME3100

{m VMES8

- Jm A201
{m M27
m M27
M3
M3

WME Slot 3
WME Slat 4
WME Slat B
WME Slat B
WME Slat 7
WME Slot 8
WME Slot 9
WIE Slat 10
WME Slat 11
WME Slot 12
WME Slot 13
WME Slot 14
WME Slot 15
WME Slot 16
WME Slot 17
WME Slot 18
WME Slot 19
WIE Slot 20

ElrmaT rerem
Janz
MEM

b otorola

MiMEZ100

MiMEET00

MWMEE110

] b
Otz
WinT est

banufacturer; |Matorola I

TID:  |MYMEZ100

Connection Type: |VMEBUS

b anufacturer

M aruals: |

Accepted
TOS / CPUs:

Drescription:

fiew Manuz aw Online H|

059 /63000
053000 / PPC

WhAEbusz-CPU mit 320 MB /s 2e55T Businterface und MPCE540
PowerPC CPU fir kostenzensitive Arwendungen

Die MWE 3100 bezight ihre Rechenleistung aus einem MPCE540
System-on-Chip [SoC) Prozeszor von Freescale. Dagz System-on-Chip
K.onzept verleiht dem Board einen arolfen Yaorzprung bei der
Zuverlazsigkeit, Produktlebensdauer und dem ' ame-Design
gedgeniiber Industiie-PCs. Der Prozesszar intedriert CPU-Kern,
Speicher-Controller, PCl-x Buscontroller und Gigabit Ethernet
Schrittztellen in nur einem Chip. Dabei liegt die Leistungzaufnahme
des Baugteing unter 7 W,




/O Integration Management

_
[ RST Card Integrator 2006
0|

l 10 Settings] Mudules] Source I:cu:le] Yariable M anagement

ElmaT renew
Janz TiD |

MEM

Orline Help |htt|:u:a’a"www.men.deﬁpmducts#
A12

Connection Type |MMDduIe
Az

b aral ||:I4ml:|2?-.pdf
M27 Add b anual |Delete Manua' ShananuaI|

M1 63000
053000 PPC
0% /CPU |LINUX 85
WINDOWS %86
LYNXDS %86

Description |16 outputs 5. 36

A00mE, autput current per channel
Thermal and shart-circuit protection
Load an zupply vaoltage

Optical izolation

The M27 iz bazed on the M-Modulel AMS| mezzanine standard. [t can be uzed az an /0
extenzion in any twpe of buz zpstem, iL.e. CPCI, P, WME or on any type of stand-alone SBC.
Appropriate M-Modulel camier cards in 30, BU and other formats are available from MEM or ather

manufachurers.
The M27 with itz apen-collector outputs can be used in process [0 applications [of. M28 with

Motoral open-emitter outputz]. If there are currents of above B00md an intelligent power switch guarantees
CiEmE that the respective transistor iz zwitched off. The M-Modulel iz equipped with supprezsor diodes
OmM5 for protection againzt overvoltage cauzed by induchive loads. The output registers can be read

Otz back.

WinT est




Borland® Delphi’® 2006
The Ultimate I

Messwerterfassung

LU | Borland® C++Builder® 2006 BERIR i ] [

IENEE] | i ol Reihe2
The Ultimate C++ IDE for Microsoft® Windows* Application Delivery I e E —— Reihed

Microsoft ‘555. 0 0 . _ _ _
Visual C++2005 T ]

il
saromens . OO AR »-L-A-=SFE0a .

Express Edition e

Test Interfaces | | |




Project compilation

Upload Settings

nhingCEL
vaaltungzCPU

SicherheitzCPU . .
e[l ra FormCompPriSettings

TCBOSCSY Wer
TCEOSCSY _Sed Gantry03
TCBOSCSY _Sed Gantry04
TCBOSCSY_Sca Test

TCBOSCEY Wer
TCBOSCSY _Seq
TCBOSCSY_Seq
TCBOSCSY _Sia
TCBOSCSY Wer
TCEOSCSY _Sed
TCBOSCSY _Sed
TCBOSCSY_Sca
TCBOSCEY Wer
TCBOSCSY _Seq

antny02

TCBOSCSY_Seg

|ScanningEF‘L|

I ame |Gantr_I,IEI'I

|

TC_BO_SC_MSIC_1
TC_BO_SC_MSIC_EXT_1
TC_BO_SC_MEM_1
TC_BO_SC_WIN_1
REMOTEID
TC_BO_SC_CFG_1
TC_BO_SC_PB_1
SCTEST
TC_BO_SC_TH_1
TC_BO_SC_ADMIN_1
TC_BO_SC_SC1
TC_BO_SC_LS_1
TC_BO_SC_Hv_1
AT_DB_MS
AT_DB_MS_TC_BO_SC_1
CFG_TC_BO_SC_1
UT_TC_BO_SC1

e O O O O O O O O = O Y

Fully automatic project compilation
Long time stable and effective

Enmpile| M ame

G %[00 %[ ¢ R Q% %% (%%(% %

TCEBOSCSY _Sec_lok_h... =
TCBOSCSY_ScanCPU_...
TCEBOSCSY MenwCPU_...
FSIC_1_lok_full
MSICEXT_SEC_lok_1
MSICEXT_SCM_lok_1
MSICEXT_SCM_lak_1
MSICEXT_MSIC_lok_1
TCEO_MEM_MSIC_Lot...
TCEBO_MEM_SEC_lok_1
TCEO_MEM_SCM_lok_1
TCEO_MEM_SCM_lok_1
Locawintode_T1
TCBO_CFG_zem_lok_1
TCEBO_CFG_zecn_lak_1
TCBO_CFG_sec_lak_1
TCEBO_pb_lok_1
TCBO_TH_lok_zcm_1
TCEBO_TH_lok_scn 1
TCBO_TH_lok_zec_1




3 RPTC: ScanData.c File Reference - Microsolt Intes et Explorer

O Bevek -

“Documentation

Definition at line 37 of file Scan|

Function Documentation

vold wSetNextSpotScanLimits| u_inta2 uivextSpot )
Tk ScanData.c
VER. X_UPPER. Y_LOWER. and Y_UPPER

woid vSetNextSootSecLimitsl u IntdZ wiNexrtSoot |
& Fertig iy Arteitzplatz

Transfer demon

Limitp,
Limi
Limitlp_pit

T Cioss Frocess Yiewe:
Fie Ve Gt tie
Al Hx?

| Targel = alleycal |




The System

Proton therapy center for Rinnecker private clinic in Munich
Our job is beside others the beam control directly by the patient

System with 4

Gantry rooms. The

Room in the middle of
The building is now under
Development from us

Gantry Control System




Scan principle

* A scan consists of a layer

* a treatment consists of several layers

 every layer has a different depth in the tissue

e using this method the tumor will be completely
scanned.

e the surrounded tissue will be not irradiated and
therefore not damaged




Reqguirements to the system

*Real-time cycle time up to 50us
sGuaranteed beam switch off within 250us
 redundant control of the beam and the beam control
* parallel working VME Systems
» High speed Networking
e Therapy control
« Communication to a Therapy control system
* Redundant data acquisition and analysis.

- beam profile control

- Magnet control and monitoring

- Dose measuring and monitoring

- additional I/O measuring and control




Design / Risk analysis

/'RE-/ System design designed according to a
[ Industrie Automation | Correspondlng System reqU|rement

Kapitel
1. Globale Strukturen

Thema RPTC Scanning Kontroll System
Teil von DV Grobkonzept
Projekt PN0210107-02

Datum [29.10.2003] Dokumentennummer [RST-107-02-DG-09 [ Version [1.33

Gepriift Freigegeben
Verfasser Technisch Qualitit Projektleitung

Risk analysis within a risk
management

Historie: Auftretens- Schadensausmaf

| IStorie: wahrscheinlichkeit | FKatasfrophal hochst kritizch kritizch geringtigig unw esentlic]
Datum | Verfasser Kapitel 5 n 2 1
201003 SIG 9.0 [Erster Entw T T

291003 | SIG 1.0 Umstellung | g oo e A I L L

I

Das Aufreten der Fenler
urzache istwahrzcheinlich

4

ie Fehlerursache Irit gele-
gentlich auf

o o

1
1
sache ist unvorstellbar
1 e e
Anzahl der Risikobewertungen vor Beriicksichtigung zusatzlicher Malknahmen: ° I I I I

Anzahl der Risikobewertungen nach Berlicksichtigung zusatzlicher Maltnahmen: °

o
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Project setup

7 Project Environment (C:\GPROJEKTE\Rs\Projects\RPTC)

Pt Bl ST T -
Demoproject | _ _ E! : _Ll% v_ _uaz i _—J J—J J0 B
LK Mode Name iNode TID l\u"ersion

5 B

TC_BO_SC_SY_1
TC_BO_SC_MSIC_1
TC_BO_SC_MSIC_EXT_1
TC_BO_SC_MEM_1
TC_BO_SC_WIN_1
REMOTEIO
TC_BO_SC_CFG_1
TC_BO_SC_PB_1
SCTEST
TC_BO_SC_TH_1
TC_BO_SC_ADMIN_1
TC_BO_SC SC_1
TC_BO_SC LS 1
TC_BO_SC_HV_1
AT_DB_MS
AT_DB_MS_TC_BO_SC_1
CFG_TC_BO_SC_1
UT_TC_BO_SC_1

Test

Testprojekt

Fus

WSsT

GAMMA

MCT

Schott

Blackboxtest

Datenmodeltest

Eltromat

ANKAZ

Schulung

AWNET

test

Datenbanktest

EveNozzleKontrolzystem

Setup of the project data and the system areas
Documentation of the system areas

" |rc_eo_sc_sv1

TC_BO_SC_MS3IC_1

| |TC_BO_SC_MSIC_EXT_1
| |TC_BO_3C_MEM_1

|| Tc_BO_SC_win_1
| |RemoTED
| |c_B0_sc_cra_1

| |TC_BO_SC_PB_1

| |screst

e Bo_sc_TH 1

TC_BO_SC_ADMIN_1
TC_BO_SC_SC_1
TC_BO_SC_L5_1

| SicherheitsCPL: Hy'S.1
MSIC: HwS.4

|Extemal MSIC Access

| StaticMemony

|Schrittstelle zu TCBO ST

Hardwarstestriode

| Configurationt ode
Profibus Mode

|PBinT estiode

Therapy and Commizsion
.VerwaltungsEF'U: Hiw'S.3
ScanningCPL: HwS. 2

| LocalSpotData

IOTEST il = ]




Data model

## Project Environment (C:\GPROJEKTE\Rs\Projects\RPTC\TC_BO_SC_CFG_1\ARRAY\TC_BO_SC_DOSIS) M=

EEEER B

RPEC 50 5C 5y 1 LN TID I T i G
TC_BO. S0 NSK 1 1 |TC_BO_SC_DOSERATE_OFF_TICT 100 effet 55 7
TC_BO_SC_HSIC_EXT 1 2 TC_BO_SC_DOSERATE_OFFLIMIT_TICY 100 |offfmit US
TC BO SC MEM 1 3 TC_BO_SC_DOSERATE_GRAD_TICT 1.0 |notsupparte FL
TC_B0_SC_WIN_1 4 TC_BO_SC_DOSERATE_GRADLIMIT_TICT D5 nat supparts FL
REMOTEIO 5 TC_BO_SC_DOSERATE_OFF_TIC2 100 offset 55

5
7
8

r

e Setup a node

* Generation of data areas and
variables

TC_BO_SC_CFG_1 TC_BO_SC DOSERATE OFFLMIT TICZ 100 it us
ARRAY TC_BO_SC_DOSERATE_GRAD_TICZ 1.0 |nat supporte FL
& 1c B0 sC D TC_BO_SC DOSERATE GRADLIMIT TICZ |05 | not supporte FL

(& TC_BO_SC_SCAN 3 END_OF_PARA 0 end 5
2 DBINFO

88 sN_c_o1_Ps_M 10
B sn_ic_oz_Ps_m n
8 TC_BO_SC_MSIC_GRAD_X 12
8 TC_BO_SC_MSIC_LIM_GRAD_X 13
8 TC_BO_SC_MSIC_OFFSET_X 14
8 TC_BO_SC_MSIC_LIM_OFFSET_X 15
£ TC_BO_SC_MSIC_GRAD_Y 1
BH TC_BO_SC_MSIC_LIM_GRAD_Y o+
BH TC_BO_SC_MSIC_OFFSET_Y

8 TC_BO_SC_MSIC_LIM_OFFSET_Y 18
+ TC_BO_SC_DOSIS 13
20
A
22

23
TASK 24

MAIN %

Shared Memory
» Static Memory
scTEsT Reflective Memory

TC_BO_SC_TH_1

 Independent of the Operating
system

* No specific computer assignment

A A A A A A A A A A A A A A A A 4 4

* Defining the kind of
communication
Networks

A A A A A A A A A A A A A A A A A A A A A A A 4 4 4

‘A““‘.




System structure

i E Therapy planning
N

Beam profile
control

TCP/IP

Reflective
Memory

Management CPU Scanning CPU Safety CPU

VME-Bus




System structure over Gamma objects [a=x;

1

Therapy planing

Management CPU

Scanning CPU

Safety CPU

Beam profile
control




Redundant acquisition

DI

DO

Al
AQO control

Scanning CPU

P8 Monitoring
Safety CPU 0




Testing

Il WinCctrl

Blackbox Test using the Data model

Whitebox Test
Test Drivers
Code Review




Commissioning / Acceptance

- Commisioning according to protocols
- Testing lists

- Timing Tests on the whole facility

- Formalized Acceptance protocoll

- TUv Acceptance




Market Segments and Applications

In more than 150 different projects have we shown our
competence:

Here some examples....




Satelite programming aerospace

3

Surface control

CD Packing machine | | | |
o1 I I I | ‘




Beamline Control System

Hard- und Software based on VME and PC base.

Forschungszentrum Karlsruhe
Anka




National University of Singapore

Singapore Synchotron Light éource SSLS




Medicine technology

RINECKER PROTON THERAPY CENTERS

Minchen & Koln

Gantry Control System




Other Projects:

Laser control system to watch the platforms in
underground stations

(General Electric)

Bicycle rent system with SMS, developed with
Gamma Railway Netherland ‘ |




Textile industry

Complete Solution spinning machine firm Suessen AG
130 embedded CPU*s per machine connected via CANBus




- bl Bel

Assisting the development of a x-ray satellite I | ‘ |
o1 I I

Surface check system for varnish by cars (Daimler Chrysler) | |




Industrial bar-code control systems (Saarstahl AG)

S

o
e

--I. _l,_ 1
S A

Realisation of a Converter Control system for the
steel factory Saarstahl AG | ‘ |
o1 I I I




Printing Industry

Industrial Drive Control firm Wiedeg
Portation from PSOS+ VME to OS9000

PowerPC Improvement in using Gamma

Components

Printing machine for firm Aurentum

Complete gamma solution.




Industrie-Automation

In working together, RST with its
extensive experience and its national
and international contacts could be a

very interesting partner




