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ChimeraTK Framework Overview

Register Catalogue

* Abstract register path names “Module/RegX”

* e.g. map — file for PCIE register addresses
generated by FWK framework
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L Command Line Tools
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ChimeraTK Framework Overview

o~ N\ Z —
( Device Access Library )

/ o) QtHardMon@mskpcx29268 A - OX

GUI: % Plugins Settings Help
[ Qt Hardware. e S Modules/Registers: Register properties Options

Python Bindings Dj

~AOC_BOARD Register path Read after write

HECHSEE VERSION [/BSP/SCRATCH
PR]_ID

Matlab Bindings ﬂ PRJ:VEF\SION Dimension

PR)_SHASUM [Scalar : Operations

Show plot window

PR)_TIMESTAMP Data Type wait_for_new_data

Read

RESET_N |Unsigned integer no

Command Line Tools l EII:EJSHSLX Numerical Address Fixed Point Interpretation il

CLK_RST Bar Register width
CLK_ERR 10 ! =2
SPI_DIV_SEL Address Fractional bits
SPI_DIV_BUSY =4 : i
ADC_ENA ' :

ADC IDELAY CNT Total size (bytes) Signed Flag enabled
ADC_REVERT CLK 2 - il e - 0

SPI_ADC_SEL '

SPI_ADC_BUSY
DAC_ENA
DAC_IDELAY_INC

DAC_IDELAY_CNT
DDR_CALIB_DONE Value Raw (dec} Raw (hex)

_ BOOT STATUS g2 [& 0x2a Lt nil e
Device status PCIE_ﬁ’\Q_ENA | 2023-07-B3T18:53:29.965
s = PCIE_IRQ_ACK_TIMEQOUT
Device is open. Close Bsp-  ~
FCM
Device properties AREA_SPI_DIV
: AREA_SPI_ADC
Device name + chd_top
ADC_BOARD r FCM
L . + APP
Device identifier - TIRINIS %

Continuous Poll

Values

[(sharedMemoryDummy?map=examp Find Module

Map file e
|ChimeraTK|

Autoselect previous register Col.lapse All

Load Boa rds Sort Modules/Registers Expand- Ali
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ChimeraTK Framework Overview

o~ AN Z —
Device Access Library )

GUI:
Python Bindings Dj Qt Hardware Monitor )

\

r

\

Matlab Bindings E{J

Command Line ToolsdJ

# initscript.py
import deviceaccess as da
import numpy as np

da.setDMapFilePath('devices.dmap')
d = da.Device('ADC BOARD")
d.open()

d.write('TIMING', 'DIVIDER VALUE', 1249999)
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Logical Device

* Select & rename registers

* (Re-)define read/write access
server initialises all writeable automatically!

* Adjust data types
* Define new variables

* Apply simple formulas

Use with same DeviceAccess API as raw device
= Use same tools for testing!

= Enables better abstraction in server logic!

<logicalNameMap>
<module name="Attenuator">

<redirectedRegister name="setpoint">
<targetDevice>ADC BOARD</targetDevice>
<targetRegister>RTM/ATT VAL</targetRegister>
<plugin name="math">

<!-- converts dB to ADC counts -->
<parameter name="formula"> x*2.7 </parameter>
</plugin>
</redirectedRegister>

</module>
<module name="SetupMonitor">
<redirectedRegister name="clockDivider">
<targetDevice>ADC BOARD</targetDevice>
<targetRegister>/TIMING/DIVIDER VALUE</targetRegister>
<plugin name="forceReadOnly"/>
</redirectedRegister>
</module>

</logicalNameMap>
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Configure GenericDeviceServer

# devices.dmap
ADC BOARD (xdma:xdma/slot3?map=example dwc8vml.mapp)

Add raw devices ADC_LOGICAL (logicalNameMap?map=example_dwc8vml.xlmap)

- List devices and access protocols — devices.dmap
- Reqgister set: *.map

Initialization script!
Use DeviceAccess Python bindings on raw devices

Add Logical Device: *.xImap generic_chimeratk_server_configuration.xml

] ] <configuration>
Configure readout trigger

_ o <variable name="devices" type="string">
—  Simple software PeriodicTimer <value i="0" v="ADC LOGICAL"/>

</variable>
- Interrupt

<module name="ADC LOGICAL">
= Another backend <variable name="triggerPath" type="string"

value="/ADC LOGICAL/interrupts/dataReady"/>
<variable name="pathInDevice" type="string" value=""/>

</module>

</configuration>

<variable name="initScript" type="string" value="./initscript.py"/>
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ChimeraTK Framework Overview

( MicroTcA AMC ) ( LDD8 ) (other DOOCS Server)

PCle
Ethernet
Ethernet

PCle Backend )[Modbus backend][ DOOCS .Backend )( Dummy Backend J

NI

Device Access Library

[Application Module S
Application Core ]—[ Application ]

(Application Module Module

Control System Adapter

N~

( EPICS Adapter )( OPC UA Adapter )( DOOCS Adapter ) Tango Adapter

-------------------------
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Control System Adapter for DOOCS

* Fully working device server just by configuration
 GenericDeviceServer in use at FLASH master oscillator!

(] rpc_test.xml FLASH.RF/LLRE.GEN1300/CHL.MO.TMCB/

Facility Filter Device Filter Location Filter Properties Filter filtered

FLASH.RF LLRF.GEN13OO CHl.MO.TMCB CLEAR_PLLIOO.IENA

FLASHUTILIMOSYNTH. _SWR

FLARE.CRATE
FLARE.DAQ
FLARE.DIAG
FLARE.SYSTEM
FLARE.UTIL
FLASH

FLASH. CRATE
FLASH.DAQ
FLASH.DIAG
FLASH.EXP
FLASH.FEEDBACK
FLASH.FEL
FLASH.KRYO
FLASH.LASER
FLASH.LEGACY
FLASH. MAGMNETS
FLASH.RF
FLASH.SDIAG
FLASH.SYNC
FLASH.SYSTEM
FLASH. TANGO
FLASH. UTIL
FLASH.\WAC
FLASH_SIM.CRATE
FLASH_SIM.DAQ
FLASH_SIM.DIAG

KLY, OP CUA

KLY.PLC

LLRF. ALARM
LLRF.ALARM_FCM
LLRF. ALARM_MO1300
LLRF.CONTROLLER
LLRF.CONTROLLER.DAQ
LLRF.DCM
LLRF.DIAGMNOSTICS
LLRF.DISM
LLRF.ENERGYGAIN.ML
LLRF.FARTUNE
LLRF.FCM

LLRF.FRED

LLRF.GEMN1 3200

LLRF. GLINTEMP

LLRF. KLM

LLRF. KLM.DAQ
LLRF.KLM.EVENT. DAQ
LLRF.LOGM
LLRF.PIEZO
LLRF.PIEZ0_AUTOTUNE
LLRF.PSM

CH1.MO.TMCBE
CH2.MO. TMCE

FLASH.RF/LLRF. GEM 1
PLLIOO.IENA

®

Plot All Locations Show All Locations

Refresh Table Show Value

0

LIE

PLL10OQ.IENA.HIST history

"04,

Dec.

2023 12:35:15.153" 1.7016897...

PLLLOO.LockAC

0

PLLL00.LockAC.HIST history

"04.

Dec.

2023 12:35:15.153" 1.7016897...

PLL1OO.LockDC

0

PLLLOO.LockDC.HIST history

"04.

Dec.

2023 12:35:15.153" 1.7016897...

PLL1 00, OutPwrOK

0

PLLI 00, OutPwrOK.HIST histco

"04.

Dec.

2023 12:35:15.153" 1.7016897...

PLL100.PWRGD

0

PLL1DO.PWRGD. HIST history

"04,

Dec.

2023 12:35:15.153" 1.7016897...

PLLLO0.RefPwrOK

0

PLL1OO.RefPwrOK. HIST histo

"04.

Dec.

2023 12:35:15.153" 1.7016897...

PLL1OO. TALL

0

PLL10DO. TALL.HIST history

"04.

Dec.

2023 12:35:15.153" 1.7016897...

PLL100.TALZ

0

PLL10DO. TALZ.HIST history

"04.

Dec.

2023 12:35:15.153" 1.7016897...

PLL1300.LockAC

0

PLL1300.LockAC. HIST history

"04,

Dec.

2023 12:35:15.153" 1.7016897...

PLL1300.LockDC

0

PLL1300.LockDC.HIST history

"04.

Dec.

2023 12:35:15.153" 1.7016897...

PLL1300.N150K

0

PLL1300.N1SOK.HIST history

"04.

Dec.

2023 12:35:15.153" 1.7016897...

PLL1300.0venLock

0

PLL1300.0OvenLock.HIST his

TS int array length = 3

PLL1300.P150K

0

PLL1300.P150K.HIST history

"04. Dec. 2023 12:35:15.153" 1.7016897...

PLLL300. RefPwrOK

0

"04. Dec. 2023 12:35:15.153" 1.7016897...

PLL1300.RefPwrOK.HIST histc

00.00.0 0 None

DEVICE.INFO edit in t th
DEVICE.METADATA d i

- SysMask Filter

DOOCS hosts= flashutil1 lib = 610499993 ( server_mask = 4 auth_mask = 0 options = 0 status = 0)
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Extend server by business logic

( MicroTcA AMC ) ( LDD8 ) (other DOOCS Server)

PCle
Ethernet
Ethernet

( PCle Backend )[Modbus backend][ DOOCS .Backend )( Dummy Backend )

( Device Access Library

[Application Module S
Application Core ]—[ Application ]

(Application Module Module

Control System Adapter

N~

( EPICS Adapter )( OPC UA Adapter )( DOOCS Adapter ) Tango Adapter

-------------------------
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Extend server by business logic
ApplicationModule in C++

* New business logic as ApplicationModule

* Self-contained
—> Y « Runs in its own thread

Register = Process Variable = CS Property

* Modern inter-thread communication with lock-free queues
Application Module * Connection code is automatically generated
“LogicExample” « Variables of same path/name are automatically
connected
loopCounter _ _ _
* Push-inputs are automatically connected to the trigger
v v and the polled register

triggerCnt

status loopCounter

C++ code: only new ApplicationModule. All other functionality comes from the framework!
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New: Control System Adapter for Tango

[ﬁl AtkPanel 5.9 : Fac/GenericDev/Locl A _ O X%
File view Preferences Help
I Fac/GenericDev/Locl n
Fac/GenericDev/Locl
IThe device is in ON state. |i|
bbbk Ad
attenuator.attFactor 2.00 n.fa. 2 .00
FYYY ¥
attenuator.attReadback 20nN./a.
: FY VY
attenuator.attSelectionMask 0on.fa. 0
YYYYY
: YTV
attenuator.attSetpoint 10n./a.
YYYYY
board.scratch | 42 n./fa.
board.version | on.Ja.
ADC_LOGICAL.initScript | Jinitscript.py
ADC_LOGICAL.pathinDevice |
ADC_LOGICAL triggerPath | JADC_LOGICAL/timing/firq0
devices | ADC_LOGICAL
msTimer.period | 1000 unknown
periodicTimers | msTimer
ADC_095LOGICAL status I 0
ADC_095LOGICAL status_message |
ADC_LOGICAL.initScriptOutput |initscript.py for dummy doneADC_LOGICAL initialisation SUCCESS!
loopCounter | 6433
) FY WYY
period 1000 ms 1000
YYYYY
tick | 6504
1] Il | [

&

Scalar Lchannels.signallo Lchannels.signallo db Ltiming.triggerCnt Ltiming.triggerCntquo |

Currently under development by

SOLEIL

File Edit Tools Filter

SYNCHROTRON
EXPERIMENTAL!
$ cmake -DADAPTER="TANGO" -S ../GenericDeviceServer/ . ; make
$ ./tango-generic-chimeratk-server0l
Jive 7.25 [localhost:10000]1 A — O %

‘ ‘ ‘ ‘ . ‘ | — | Server:/generic-chimeratk-server0lj/inst/TestChimeraTK/Fac/GenericDev/Locl

fServer | Device | Class | Alias [ Att. alias | Property |

irDevice Info

o % DataBaseds
o % ds_TestChimeraTk
o % generic-chimeratk-server0l

& % inst

¢ 5] TestChimeraTK
o & [Fac/GenericDev/Locl |

o % Starter
o % TangoAccessControl
o % TangoRestServer
o % TangoTest

:||Ipevice Info

i| Ipevice:

A [type_id:
i|/liiop_version:

i |host:
i||lalternate addr,
A lalternate addr.
i port:

o|||server
:||lserver PID:

3| [Exported:
i|/|last_exported:
i|/[last_unexported:

Polling Status

fac/genericdev/locl
IDL:Tango/Device_5:1.0

1.2

mskpcx29268. desy.de (131.169.132.154)
172.17.0.1

172.18.0.1

33401
generic-chimeratk-servergl/inst
229868

true

28th November 2023 at 13:13:26
28th November 2023 at 13:12:53
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New: Support for embedded SoC

* Linux Userspace Input/Output (UIO) backend for communication to FPGA

* Yocto Linux
ChimeraTK OpenEmbedded layer provides libs, tools and GenericServer

Yocto + OPC UA GenericServer on SoC used at Synchroton SOLEIL !

* ApplicationCore 3: Fully automatic connection of variables
* PClIe user interrupts with xXDMA

* Double buffering & bit range logical name map plugins
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FPGA
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Summary

* Native C++ with Python, Matlab and command line interface
* Extensible backend mechanism

* Graphical user interface QtHardMon

* Logical name mapping with powerful plugins

* Modular, multi-threaded, C++ control applications
* Automatic device error handling and data validity propagation

* Native integration into DOOCS, EPICS, OPC UA or TANGO
* Configuration to adapt applications into a facility
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Thank you

References

Source repositories

 ChimeraTK https://github.com/ChimeraTK

* GenericDeviceServer  https://github.com/ChimeraTK/GenericDeviceServer.git
Ubuntu 20.04 packages  DESY DOOCS repository

ChimeraTK Yocto Layer  https://github.com/ChimeraTK/meta-chimeratk

API| documentation https://chimeratk.github.io/


https://github.com/ChimeraTK
https://github.com/ChimeraTK/GenericDeviceServer.git
https://confluence.desy.de/display/DOOCS/DOOCS+Installation+Manual
https://github.com/%0AChimeraTK/meta-chimeratk
https://chimeratk.github.io/

Backup: Extend server by business logic

struct LogicExample : public ChimeraTK: :ApplicationModule {

using ctk::ApplicationModule: :ApplicationModule;
ChimeraTK: :ArrayPushInput<uint32_t> timingCnt{this, "/ADC_LOGICAL/timing/triggerCnt", "", 4, "hw trigger counters"};

ChimeraTK: :ScalarOutput<std::string> status{this, "status", "(no unit)", "fpga app status"};
ChimeraTK: :ScalarOutput<uint32_ t> loopCounter{this, "loopCounter™, "', ""};

void mainLoop() override {
// device 1s already initialized and current input values loaded

uint32_t lastCnt = 0;

while(true) {
status = (timingCnt[1] !'= lastCnt) ? "fpga app running" : "fpga app not running";
lastCnt = timingCnt[1];
loopCounter++;
writeAll();
readAll();

}i
struct ExtendedGenericApp : public ctk::Application {

LogicExample sc{this, "logicExample", ""};

}i
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GenericDeviceServer with OPC UA Adapter

Select OPC UA Adapter

$ cmake -DADAPTER="OPCUA" -S ../GenericDeviceServer/ . ; make
$ ./opcua-generic-chimeratk-server0l
- Unified Automation UaExpert - The OPC Unified Architecture Client - last* ~n X
File View Server Document Settings Help
IDeBPBRJ+ = xAle xg
Address Space & X | Data Access View | (]
{“INQ Highlight LI # | Server | Node Id | Display Name Value Datatype Source Timestamp | S
I3 Root 1 OPCUAdemo techlab NS1|String|ChimeraTK-GenericServer/ADC_LOGICAL /board/scratch scratch 42 Ulnt32 09:32:12.452 AM 9:32
B Objects 2 OPCUAdemo techlab NS1|String|ChimeraTK-GenericServer/ADC_LOGICAL/board/version version 33751296 Ulnt32 9:32:12.452 AM 9:32
B¢ ChimeraTK-GenericServer 3 OPCUAdemo techlab NS1|String|ChimeraTK-GenericServer/ADC_LOGICAL /attenuator/attFactor  attFactor 2 Float 9:32:08.869 AM 9:32
-5 ADC_LOGICAL 4  OPCUAdemo techlab NS1 String Ch!memTK-Genef!cServer.fADC_LOGICAL.fattenuator.fattReadb_... attReadb_ack 20 Int32 9:32:12.452 AM 9:32
o attenuator 5 OPCUAdemo techlab NS1|String|ChimeraTK-GenericServer/ADC_LOGICAL (attenuator/attSetpoint attSetpoint 10 Int32 9:32:08.869 AM 9:32
: 6 OPCUAdemo techlab NS1|String|ChimeraTK-GenericServer/ADC_LOGICAL ftiming/triggerCnt triggerCnt {2014737201,3829273958,2014737203,2014737... UInt32 10:07:18.953 AM 10:(
& @ attFactor 7 OPCUAdemo techlab NS1[String|ChimeraTK-Gen ericServer/msTimer/tick tick 2109 Ulnt64 10:07:18.055 AM 10
@0 attReadback 8 OPCUAdemo techlab NS1|String|ChimeraTK-Gen ericServer/msTimer/period period 1000 Ulnt32 9:32:08.860 AM 9:32
B-40 attSelectionMask 9 OPCUAdemo techlab NS1|String|ChimeraTK-GenericServer/logicExample/loopCounter loopCounter 39181 Ulnt32 10:07:18.953 AM 10
B4 attSetpoint 10 OPCUAdemo techlab NS1|String|ChimeraTK-GenericServer/logicExample/status status fpga app running String 10:02:43.499 AM 10:(
&) board 11 OPCUAdemo techlab NS1|String|ChimeraTK-GenericServer/ADC_LOGICAL /channels/signall0 signall0 {-23617.-23517,-23417,-23317,-23217,-23117.-2... Int32 10:07:19.203 AM 100
F-@@ scratch 12 OPCUAdemo techlab NS1|String|ChimeraTK-GenericServer/aADC_LOGICAL/channels/signall0_d... signall0_doubleBuff {-20321,-20221,-20121,-20021,-19921,-19821,-1... Int32 10:07:00.953 AM 10:(
@@ version
-3 channels
-4 signalll
= 13110 doubleBuff
E-IED timing
- irg0
@8 triggercnt
B3 Config
B3 Devices
- C3) MewFolder
-4F triggerCounter
=3 logicExample
143 loopCounter
B @@ status
B £ msTimer
B Server
B3 Types
=13 Views
Project  Address Space | 1 | 2
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Control System Adapter for DOOCS

doocs-generic-chimeratk-server01.conf generic_chimeratk _server-DoocsVariableConfig.xml
= general configuration as required by DOOCS = DoocsAdapter specific configuration
* Access control * Select, rename, reorganize registers into DOOCS properties
* Port numbers * History configuration (per property)
* Global history & autosave parameters .
eq _conf: <?xml version="1.0" encoding="UTF-8"7?>
<device server
oper uid: -1 xmlns="https://github.com/ChimeraTK/ControlSystemAdapter-
oper _gid: 422 DoocsAdapter">
xpert uid: 0 <location name="ADC LOGICAL">
xpert_gid: 0 <import>/ADC_LOGICAL</import>
</location>
eq_fct _name: "NODENAME. SVR" <location name="EverythingElse">
eq fct type: 1 <import>/</import>
</location>
SVR.STORE.RATE: 10 </device server>
SVR.STORE.AUTO: 4
SVR.RPC NUMBER: 610498009
SVR.FACILITY: "TEST.DOOCS"
}
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Extend server by business logic

What functionality do we need for a full Control System Application?

Connection Code

ApplicationCore = Automatic

Error handling

Device Init DeviceAccess & Python scripts

Setpoint persistency

Control system adapters = Automatic / config

History

DESY. | ChimeraTK Software Framework | 12" MicroTCA WS | Dietrich Rothe, Martin Killenberg (DESY), 12/2023 Page 18



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

