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* Introduction

 TINE @ EMBL

» Control Concept for Petra Il
« Control Electronic

« Beckhoff TWinCAT/EterCAT
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» The European Molecular Biology
) Laboratory EMBL-Hamburg will build and
operate an integrated infrastructure for life
science applications at PETRA Ill / DESY.

» Beside others the centre comprises two
Beamlines for Macromolecular X-ray
crystallography (MX1, MX2) and one for
Small Angle X-ray Scattering (BioSAXS).

 The EMBL operates currently 6
Beamlines at the DORISIII/DESY

synchrotron
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TINE @ EMBL

i *TINE was first installed at the DESY/DORIS Ill Beamline BW7B in
2006. Since than the Beamline control module BCM, the experiment

control and a robotic sample changer are controlled by TINE.
Presented at the PCAPAC 2006.

*‘Now TINE is integrated at the Doris Beamline for small angle
scattering X33 and at the MX Beamlines BW7A and BW7B.

Since the beginning of 2008 BW7A and BW7B became test Beamlines
for the new Petra lll project of the EMBL. At the moment the first
applications with the Petra Ill control concept are implemented at this
Beamlines.

5 10.150.1.123 - tinesrv1 - SSH Secure Shell 101 x|

File Edit Wiew Window Help |

FIEE Y I TS

&1 Quick Connect ] Prafiles |

ens 11.07.08 18:46 0N on 0.0 3 0 "tine Equipment Nawme Serwer™ LI
TINE blwmarch 11.07.08 15:46 ON on 0.0 3 0 "march wl
blhistory 11.07.058 18:45 ON oN 0.0 3 0 "march history serwver”
timeserv 11.07.08 15:46 ON on 0.0 3 0 "tine tim ver”
Stand alone dorisgate 11.07.058 15:45 ON oN 0.0 1 0 "doris beam gateway™
\ blglobals 11.07.05 15:46 ON on 0.0 5 0 "embl globals server™
. blstats 11.07.08 15:46 ON on 0.0 3 0 "buw7b statistics serwer™
Insta”atlon gens 11.07.08 18:46 0N on 0.0 3 0 "tine Group Edquipment Name Se
rver™
cas 11.07.08 15:46 ON on 0.0 3 0 "Central Alarm server™
clog 11.07.08 15:46 ON on 0.0 3 0 "Central Logging server™
bhlpmarch 11.07.08 15:46 0N oN 0.0 3 0 "post-mortem archiwve serwver™
fecadmin@tinesrvl:~/autoproc-1. 0> I j
Connected to 10.150.1.123 [s5H2 - aesi2g-cbe - tmac-mds -none [84x13 [ [ | s
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Why TINE

* Very good support of MCS

j « TINE unique features:
| — Different transport protocols: UDP,TCP/IP....

— Multicast Video server in UDP
— Labview server API

— WInCE support

— Data types like <str,dbl,dbl>
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= tdevlist (queries a server for its devices) e = 0 23
m tproplist (queries a server for its properties) f EELE a B 00
m tinfo (queries a server for property information) S Stoaring Knobe ot Soroen SHL_T14 e
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With ‘tget’ in tcl scripts P e s ]
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TINE Web Applications

Common device interface

TINE Workshop September 2007
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Platforms for Petralll
= « WIN

e Linux
« MAC

 WInCE Talk by Andres Pazos

Server Programming tools

« C++ for server integration
« LabView device server

e CDI Tine Common device interface for hardware
access

- Java hardware independent servers
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Client Programming tools

TINE COMA-> client P —— ;%\
generation in runtime! : /
Labview TINE API for .

Win/Linux/MAC

TINE ACOP Java

Win/Linux/MAC

Web2C /Web service/Ajax

»»»»» owin, |

Robotserer

35591
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LabView and standard devices

» Device control software for many standard
devices like oscilloscopes (Tektronics, HP,
LeCryo, etc..) ,function generators, multimeter
(Fluke, Agilent, Keithley,...) *

Spectrum analyzer are available for LabView as

download at www.ni.com. -
I |

i ltis quick to create a TINE device server device
SR driver is available e
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Interconnectivity S

3 Server nfermation
&3 sewvice Cortl
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A Health

] ServerLoss
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C:\Program Files\tango“binXstart—dh.bat
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DataBaseClas DataBaseClass(>: create database
main{>: export DataBase as named servant <{name=d|
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1 MD2MicroDIContolPhiTableYAsPosition
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o Sroreing — B [MicroDit = |[conval =l =l
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it —I= { i R entiingT.
+ £ oD 18 24 JDORIS/DaliatenayTurnel/#0 Eneray @ Sep 14 15:3232000
el S et I S CheckPosiionSarey =
¢ O Attibutes IMD—SaMD\el ChiPostion Diaw Mode S e rve r
MD2MicroDICantrolp hiposition = fi 150 200 Toxtldinl
MD2ZMicroDIiCantrolSeanStaangle ‘Samplelmageniame o i 6 |
MD2iMicroDifiControlScanRange < DS-ample1 ' chiPy
MD2MicroDiiC onirol/SeanExposureTime -y —a00
MDIMicroDifiConirolScans peed [== f - Autoscale
MDZIMicroDifiConirol/Scan? assDuration g £ .
MD2MicroDifiControliScanNumberOfPasses L ] = Log Scalsl tra n S I atl O n
PhiPostion maE I 0

150 700
{250

MD2MicroDiiC onirol/SamplelsLoaded 100,

MD2MicroDifiCantrolSamplelsCentred st Ll

MD2ZIMicroDiMControl/Sam plelsAligned 50— PhiPosition

MD2MicroDifiCantrolBeamisLacate b < 0 S e rve r
MDZimticroDiControliF requen cyinput Y 360

MD2IMicreDifiControlF astShutierlsopen
MD2MitroDIfiCortrol/Sarm pleUiD
MDZMicroDifiCont oliSampleimagehiame
MD2MicroDifiControl/SarmpleLaopType
MD2ZMicroDifiConiroliSampleLoopSize
MDZIMicroDifiGontroliSampleHolderLength Le D
MD2MicroDifiControl/BearmsizeHorizontal
MDZMicroDifiControliEeamsizevertical
MOZIMicraDifiControliappaPasition

MD2MicroDiffContral/Ome gaPosition L]
MDZiMicroDiffControliKappaEnahled
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EMBL Control Software Concept

Presentation Layer/ Communication Layer

TINE Services:
Sequencing,
Alarming,

Archiving Web2C

. Beamline Server Layer
— 31 Layer

Generic Component Server
ond

Layer

High Levd Device Server

1% Layer

Low Level Device Server

1 Layer
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Example Server Hierarchy

Translators
Tango, Epics,Doocs

¢ Network
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Beamline Software

.+ Beamline Server

-~ _ Feedback  Generic Detector server
— Alignment B ';)"ig?uf:%
— User Database _ MAR 555

— Data processing _ MAR 165

Generic Motor server

Component Server

— Monochromator — Beckhoff

— Mirror — Delta Tau

— Collimator

— Sample Changer DAQI_ CAT EterCAT

— Diffr meter — Iwin er
actomete — NI PXI/FPGA

— Tektronix Scope

Device Server
— Beckhoff
— Goniometer

— Centering POSTER
— Video
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Software Modules for the
¢ PETRA3 Beamline control

« Generic motor server « General Beamline tools
— Beckhoff/TwinCAT motor — Scope
control and DAQ — Function generator
— Delta Tau PMAC - ..
— Aerotech « Oracle data base connectivity
— Attocube — User/Experiment info
— PXINI »  Data processing
* Generic Detector server — eDNA connectivity
— Pilatus

— MARS33, MARS55
— MAR 345, MAR165

Experiment Web access
— ISPY_B connectivity

« Endstation software «  GUI Framwork
— SC3 Tine device server — Bliss Framwork/ MX-Cube
— MD2 Tine device server _ BLUEICE
— Goniometer server — EMBL-HH LabView Frax\ework
To be created In evaluation
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— « Ethernet based real time software PLC
with cycle times down to 50 us

« Clock synchronization of connected
I/O hardware by 1 us precision.

. Conneclted via CAT5 Ethernet cable Ethernet based real
and ordinary network switches time software PLC -> TwinCAT

+ Industrial standard, high reliability, Computer www.Beckhoff.com
without rotating parts (fans, hard disks, etc)

« Cheap, fast delivery, long live products supported for many years

- Easy interfacing to other Fieldbus systems (CAN, S5, SerCos,
Profibus Gateways available)

 Counter, DIO, AIO, Stepper motor controller, DC-motor control all in
one system available K-Bus only

« NC numeric motor control of TInCAT noperates servo motors,
stepper motors, dc motors,....

\ , * DIO XFC (extreme fast controls) modules of Beckhoff timing to
QT > 100ns. Incremental timing with 10ns steps possible,

_ * Analog input up to 200kHz (15 bit,0.5%precission)
Tve . 24 bit Al available- Prototyp Beckhoff — in test at the EMBL
« EterCAT open protocol EMBL-Hamburg member www.EterCAT.org
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— EterCAT: Open Protocol

4 y
EtherCAT Technology Group Members EtherCAT Performance Example

JE. @F rESTO OBt ©M  HITAGHL 91800 mmm B @i Fomstescismermmoun
B 05 " e owm D dmmm commme sy, 840 AXis (each 20 Byte Input- and Output-Data)

QD -~y ams P P e — R T 50 /O Station with a total of 560 EtherCAT Bus Terminals
g 0 T s N g 0 m—ons EESIE. Delem _ 2 2000 Digital + 200 Analog I/O, Bus Length 500 m
HEDHEIAG My W0 Wt [ o T AR G B S wwn mm mPerformance EtherCAT: Cycle Time 276ps

Panasonic IKAT,  TERAS

@ T 1 WIS () W MM L Guesen mrssenomesisnn ot 44% Bus Load, Telegram Length 122ps

) L ETS =maF soft WL B ) iy AESRE .
comverran . O GO - . ‘#’ "';c"; g == WFor comparison:
i RAME i i - el . - BECK. = v
s A= N s MOXA g Profinet IRT 763 ps, Powerlink V2 2347us*, Profinet RT 6355 pus
NET ~ == omes DS o oo OUELAB !
e e"fﬂ C: & ABB ~wim Ciommes BesiT) [GEAT  wevar 5"( Z“ ';ﬁ_ ¥
; .ﬂl Q € nens 'll 'S s‘,‘- .... A = -__‘\ SAMSOET paws Gty KinoticaRT MERONOR o = | | | |
- Qe o et e S " 276 pis . . . :
Protuce H <> gm T G e D '™ B Does aston —ag L R E in spite of this cycle time still 56%
== korenix [ = - RN P Y S C S— = 470 1 bandwidth remaining, e.g. for TCP/IP
- R & o t“ -\——.\. 3 WA Ahrees G schason i Sercos | Hs -
e ELghaontik — 0 pinane it :"‘;5” W m HENGITLEN s = ERAT  BECKHOFF g-"_.ulum
E - * allll e et g wienen ‘_“ “. P e :TH. pesox  Profinet IRT
5 - " = ’ o
o sy @ ) ! KoEno oy B e . S— Q
WO s @ g L TP S . :.;m “":ms R e = Powerlink
B | s Seherndhaunes = i * 4
ke ) REAP{,\::M i ¢_ﬂf‘-‘: N [ sceuenT A m ”"L(_ED : i w=n  Profinet I/O
B TeCompuy  ED .A .:,:‘ osc w8 acsi #m O L = o
e pare et GAS e o : A B = dlecirenics ERRRR O ; ) ) ; y ; 4 :
el B = - = 2 0 1000 2000 3000 4000 5000 8000 7000
= Emd g i B TRUST uuiien s A B Guver 2
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i Precise Synchronization (<< 1 us!) by exact
adjustment of distributed clocks DIO — valve

M s control, Trigger,
— shutter, Counter
IPC
]

L HHH B HE {HHH HHFHHA

w|ew
T
wel|eales|es]|eses]|eafen|ie|ds td b dbrd bl b L
wulealeslonlesfos|esfonin|as daw ow]|ee|es
wwlealsnlov|eslos|edlon|ielas dwlen aw]en|ss
o |wales|oe|nafor|eaen]in|an ik aw n|nn|se

I OS 5
-] s s S 5
-  DC-Motors
Intensity diode Input

LVDT input

EterCAT is redundant POTI
If a ring topology is applied

Renishaw encoder

PCaPAC08: EMBL Beamline control at Petralll



‘Manages the
hardware connected

L inks hardware

- 0BO606.1sm - TwinCAT System Manager - "CX_0164E6"
File Edt Actions Wew Options Help

LS - N N

% [2]Qlelarole” @ 0 ®

inputs and outputs
with the PLC
variables

*Updates cyclic the
variables offered by
the hardware
connected to
TwinCAT

Hardware connected -~

K-Bus’]
Features:
*Disable hardware for
test option

InfoData
Term 2 (EL3102) <

| Variable | Flags | Oniine |

Walue: |0xpaz3 59275

Foice:

=
nHEeF 505

T Channel 1

- § InfoData
"8 Term 3(EL3102)
"8 Term 4 (EL3102)

B Term S (EL3162)
Term & (EL3162)
Term 7 (EL5101)
Term 8 (EL5101)
Term 9 (ELS101)
Term 10 (EL5101)
ME. Term 11 {EK1110)
=T Box 12 (BK1120)

& Input:
! output:

/ § wostate
§ InfoData
B Term 2 (kL2541)
B Term 3 (kL2541)
i Term 4 (KL2541)
Term 5 (KL2541)
Term & (KL2541)
Term 7 (KL2541)
Term & (KL2541)
Term 9 (KL2541)
Term 10 {KL2541)
BE Term 11 (KL2S41)
B Term 12 (KL254L)
Term 13 {KL2S41)
B Term 14 {kL2541)

EterCAT

S A

Online display
Of hardware inputs
and outputs

B Term 15 (KL1408)
B Term 16 (kL2521)
" End Term (KL9010)
=81 [1Ev\(5 3 [CR1100) @
Server (Part) Timestamo Message
Ready

«Simulate hardware
option
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The TwinCAT PLC runs cyclic. During a PLC cycle by EterCAT or K-bus
Connected variables are read or set. Additional the PLC user program or function
blocks are executed. The shortest cycle times are 50us for EterCAT and 10ms

for the K-bus.

Advantage of PLC
programming:
STRUCTURED TEXT.

Up to 4 tasks per PLC
Up to 3 PLC’s per
TwinCAT installation

Monitoring of cycle
times etc.

Communication with
CDlI via the ADS
protocol

~= TwinCAT PLC Control - Motor. pro® - [Global_Variables]

!Elle Edit Project Insert Extras Online  Window Help

e[ sl el e R e el e

1 10004 E--AnalogOutvalReg (308102)
0005 E-KL5101ReadPeg (*IB200)

[000E| B-KLE1 01'WriteReq (%QB200)
; s | 0007 E--Status
~ @ - | 0008 E-totStepPaos
i . “ariable_Configuration (0009 &=- 'EnCDdBrPUS
(2] library PleSystem lib 19.7.0) ggﬁ ""”?mdA”f :
-3 lexary STENDARD.LIB 58| [y iglmggz K
- [ Alam configuration [E salEncader] = 2
[ Library Manager 10014  selEncoder2 =1
B Log (0015  seltnalogl =3
({8l PLC Configuration | 0071 6| selAnalog? =1
@ Sampling Trace 1007 7| E-KLST01 Counterdny
Task configuration % :SEEDSQW;
. 10019 B-IstPosiny,
% x::i:p:;: Rzcpe Mana |ao20| Analogvaluein
|0021| E-analogyalusdn?
|0022| Encvaluesnl
|0023| E-Encyaluadnz
|0024) hator
0025 B-Systeminfo (*MB32768)

|0026 i unTimeMNo =1

0027 project™ame = Maotor!
|0o2g b numberOfTasks =1
|00zg o .onlineChangeCount = 52
0030 e bootDataFlags = 16
oo3| e systemStateFlags = 200

0032) B--Systern T askintoAr (2MB32832)

Direct monitoring of
variables which are
linked in the System
Manager to
hardware inputs and
outputs

033 = S stermTas k\nfDArrH]

0034 o adtive =
0035 o tﬁskNﬁmE Stﬁndard

e firstCycle - (I
Ey cleTimeExci = |
- oycleTime = 1UUUUU

= =}
= =]
T o
=[S o]

o oycleCount = 7204780
th-System Taskinfodn[2]
H--SystemTaskinfodn[3]
H--System Taskinfoder[4]

=}
=]
e
[}
=

=
=
=g
[
i

T
=

=
=
ey
o

— Pty ‘\ Cycle time X100ns.

ERR =R L
\

v
[Target: £ 0164E6 [5.1.100.230.1.1), Fun Time: 1MORIRNNERM FUH NERN EREEEN N
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EMBL/DESY CDI/TwinCAT PLC
library features

« Synchronous move of n-motors
« Continuous motor scans
* Motor step scan

.+ [|nitialization of the connected hardware
(server)

£S89y The start of a ‘On The Fly’

scan is proceeded by
selection of the axis to scan
and performing a move.
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) POSTER BY A.PAZOS Vessel, motor, encoder (Renishaw, LVDT),
substrates etc.

Motors
Counter
AlO,DIO
VIDEO

Beckhoff
CX-1020

———— e o - —

backside




ELECTRONIC DISTRIBUTION

- Commissioning: all in one !
N Collimator

Monochromator / Mirror
I ,4,%._

/
[

Master-Master PLC communication TwinCAT master
- Via Beckhoff network variables /
. PLC COMPUTERS ARE THE Beckhoff CX-1020,CX-1030 or
BC9010
*Operating system is WinCE or WinXP embedded
*TINE

*CDI common device interface
-Component server
Client
*Video server and other servers can run here
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TINE UDP Multicast @ EMBL

DORISIII Parameter (current,
status of Beamline etc) all
EMBL user can start this client.

Robotic sample changer 3
click centering min 2 Video
Clients

=2 Client
L, ==t 5MB/sec

Client

SWITCH 5MB/sec

“a

ESRF Detector data streams max. 200MB/s

=

/&

=1 \—5MB/sec
| Sy

Serve

£ Pilatus 6 M pixel detector 60MB/sec
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Experimental data transported by the
control system

*SLS&GKSS: display and redundant storage of experiment data

60MB/s

60MB/s

60MB/s

acquired by the Pilatus pixel detector

-> 10 GBE network and TINE UDP Multicast??

Storage intermediate

A

Storage permanent

4

Monitor

Web access

60MB/s

60MB/s

Online Processing softwarel

Online Processing software2

DNA

Detector data

BCM,SC
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« Mario Di Castro Electronic Engineer
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* Daniel Franke X33
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« THANKYOU
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