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DCS Architecture :

Back-End Server

e Hardware interface || SCADA: WinCC OA -~

Operator
Stations
components for detector } ! ‘

front-end or back-end 4 Middleware Middleware _, Web Services

electronics with diferent - —-—+7o v - —7—7"—77T—7———7—7 | T
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............................

| External Control:
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e Distributed hierarchy of - ‘
SCADA applications on u —1
back-end servers \—L FE Interface \—L FE Interface FE Interface

e High level layer for
operation, storage and link
to other systems
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Currently Used

Radiation tolerant on-detector I/O concentrators
e Commercial, e.g. CAEN
e Custom-built: Embedded Local Monitoring Board (ELMB), previously
workhorse for LHC experiments, not fully suited for HL-LHC though

ELMB reminder

e Specs: -
o MCU, 16-bit ADC, 64 analog inputs (differential, 25mV-5V), GPIOs, SPI z
o Magnetic field tolerance ——fifs
o Radiation qualified up to: NIEL - 102 n/cm?, TID - 14 krad, SEU - 1x10"3 cm2/bit  .Canzeenrones foee ..
e Connection with back-end: O o
o Isolated CAN interface, bus with up to 64 nodes, CANopen compliant
o CAN power supply (2x 12V A/D and CAN), custom

Rack Server

= Address component obsolescence and HL-LHC radiation CANopen

Middleware




Drop-In replacement for ELMB

VDP, VDG
3.5V - 16V, 10mA

VAP, VAG VCP, VCG
7.5V —20V, 15mA 8V - 12V, 20mA

¢ SERs

Switches

Mainly intended for legacy replacements
Replaced components (rad sensitive and

obsolete ones) oeee

Improved ADC conversion rate (~doubled) For details, see D. Blasco et al. (Poster)
Prototype radiation tests: ELMB2 aMuxand ADC supply currents T, CCB0

o NIEL - 2x10"3 n/cm? e

o TID - 32 krad, limited by ADC N 335

Status: .

w
S

o Pre-series done

o Production being prepared for 3k boards
(requests collected by electronics coordinators)

o Planning to redo radiation and magnetic field
tests with production boards

~
i}

Power Supply Current, mA
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-
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https://indico.cern.ch/event/863071/contributions/3856113/

Embedded Monitoring and

Control Interface (EMCI)

Move the DCS I/O concentrator concept to v
the HL-LHC era: S

Based on IpGBT ASIC

Independent communication interface for FE
electronics devices (via eLinks)

Additional analog and digital monitoring/control - : &
(IpGBT-SCA: ADC/DAC, 12C, GPIO) N g,«*
Connection with counting rooms via optical link N/
(star topology)

Radiation-hard components (IpGBT, VTRx+, FEASTMP)

Use as mezzanine or stand-alone

D. Blasco,
V. Ryjov
EDMS

For details, see D. Blasco et al. (Poster)

Status: Layout of prototype ongoing


https://edms.cern.ch/document/2332346/2
https://indico.cern.ch/event/863071/contributions/3856113/

Embedded Monitoring Processor (EMP)

Off-detector receiver for EMCls
e Several optical links to EMCls, Ethernet towards back-end

e Processing and /O interfacing done by Xilinx ZYNQ MPSoC o
e COTS components: Network

o ZYNQ SoM on custom carrier

o FireFly or SFP+ 4 =
USB

e Additional digital i

and analog I/O (PL/PS) — Zyng SoM

e Embedding of DCS dovices) | iatalio ercuys X0t
middleware possible Zynq ZU4CG Ethemet |_|
(OPC UA) —_— e

e Status: SoM candidate % W e Ruas [
selected, proof-of-concept o B ooy
with fw/sw ongoing To EMCIs | 2 Pover mter

EMP =
See also D. Blasco et al. (Poster) J



https://www.enclustra.com/en/products/system-on-chip-modules/mercury-xu8/
https://www.enclustra.com/en/products/system-on-chip-modules/mercury-xu8/
https://indico.cern.ch/event/863071/contributions/3856113/

Integration Software Toolbox



Joint COntrols Project AUCE  ATLAS

BE-ICS  jCcOP CMS

What is JCOP?
e Collaboration of LHC Experiments, CERN EP/DT and BE/ICS
for providing common detector control solutions
e Hosts also common control system projects from EP/DT:
o Detector Safety Systems
o Gas and Magnet Control Systems
e Tool set for detector controls:
o Front-end interface support (e.g. CAN interfaces)
o Middleware applications for common hardware such as
power supplies or I/O concentrators
o SCADA application WinCC Open Architecture (Siemens)
o Layer of software applications and tools for WinCC OA:
JCOP Framework

EP-DT LHCb


https://jcop.web.cern.ch/

JCOP Stack, Recent Developments

Finite State Machine Hierarchy

Access , Configuration | Rack
S G

Core

User Interfaces Scripting
Event and Data Handling
Drivers / APl Managers

T

| CAN Interfaces
PLCs CAEN |WIENER| ISEG | ELMB

Hardware | Middleware

(Selected) Developments

e NextGenArchiver (CERN BE/ICS), adds
InfluxDB and Custom back-ends in
addition to Oracle

e New Alarm Screen (CERN BE/ICS),
complete re-write: performance, new
functionality and usability

e Migration of legacy OPC middleware
to OPC UA

HL-LHC activities require lots of new

device integrations such as:
e ATCA shelves and blades

e New power supplies
e FE via VL+
e Custom hardware

and thus middleware applications



Building Middleware Made Easier
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OPC Unified Architecture

Industrial machine-to-machine communication protocol for interoperability

Unified Architecture

e Originally developed by OPC Foundation for loT applications (keyword Industry 4.0)

OO Information modeling capabilities

Enhanced security, performance and scalability

Supports buffering, session mgmt, pub-sub, per-connection heartbeats/timeouts, discovery
Multi-platform implementation, lightweight 2 embedding possible

Commercial SDKs available with stack from OPC foundation or open source stack
implementations (C, C++, Java, Python, ...) for servers and clients

Vendor Specific Model - e Excellent experience since 2012
Fully supported by JCOP
Created a development environment for

o
- - - - ] middleware applications which generates OPC

UA related code...

Specifications of Information Models
of other Organizations

S|SPON
uonewJolu|

Information Access
Data Model and Services

Security

Transport OPC UA Data Model
Protocol Mappings Modeling Rules

ssausnqoy
oseqg
VYN 2dO
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quasar — Quick opcUA Server generAtion fRamework

A tool for rapid C++ OPC UA server development and more

CERN-made (currently ATLAS DCS, BE-ICS, alumni) framework for model-driven

creation of OPC UA software components
o generates servers, clients, SCADA integration layer, etc...

Made with effort efficiency in mind (design, development, testing, deployment)
quasar-based software used in JCOP as well as beyond CERN }
quasar can build 100% free and open source OPC UA servers and clients @@
Validated on different platforms, operating systems, software deployment strategies \9@/.
etc... 5
_ | OPC UAclient || OPC UAclient || OPC UAclient | .
Choice of OPC UA stack used: . | ] T )
o UA SDK (paid license) o) OPC-UA server toolkit == iCommercialOSitoolkit
o open62541 (free & open-source) CIE) Security ng;zsf‘;zge Sorver ...} Provided otr generated
R 5 XML (X509 . . Embedded : - components .
Dependencies: R coriureion cenfcate %90l mew - pyhon S
C++ compiler (gcc ...), boost, cmake, ) handling) utilities .| Device specific logic,
xsd, python, xerces-c, libxml2, openssl 8 Device logic o - E.‘).e.‘r.t'f".y. o .e.r?.t?(.j ..... 5
O .. 100% application

- 1 S developer/vendor

I 1 : :
XML config file | Hardware || Hardware ||Remote process| 1 3




quasar — Modus Operandi

Developer benefits: e

y

e Design file can be created using Generate UA address space + configuration module
provided XML schema

e Roughly 50-90% of code can be
generated

e User sections of Device LOQiC stubs are Choose platform, build server + test binaries

well separated, merging tool simpifes | (I

re-generation after design changes or
quasar upgrades
e CMake based build system with Device mode
pre-built toolchains for several platforms .
e Can generate RPMs or perform .1

INSTALL (Yocto+Petalinux)
® Conﬁguration file can be created from a Generate SCADA types, instances, UA addressing

generated XML schema (XSD) é ”

Implement/merge user sections of




python support

Embed python scripts inside server
device logic

Archiving XML configuration

Embed server project in an existing

Generated schema 2 simple python application (no C++ coding)

SQL and NoSQL archivers -
: . Python clients (UaoForPython)
Validation tool 2 verify design

constraints . ;
Client Generation

Generate client code from quasar-based
Platform toolchains: Linux x86_64, server project (UaoForQuasar), enables
i686, ARM (Raspbian, YOCTO, Provides API server chains, no OPC-UA specific code

PetaLinux, CentOS), Windows 32/64 and for users!
exchangeable
Easy RPM generator back-end,

component CalculatedVariables
based

Design visualization: UML generator ) Generated loader for object
Logging instantiation and runtime access to
configuration

Generated program to test full

address space attaching synthetic variables to

WinCC OA Integration existing hardware-gathered data

Documentation: in-design doc to (without writing any code)
generate auto-documentation in config

schema and address space

fwQuasar - Generates
WinCCOA data types,

instances and addresses . .
Server meta-information

Software management: consistency
checker helps using versioning system More to come... # Items, build info, thread pool size, run time ...

15


https://github.com/quasar-team/UaoForQuasar

quasar — Hardware Integration Modules

Device-related business logic
e Remains under the full responsibility of the server developer
e Some JCOP-supported hardware integration modules are provided along with quasar

CanModule (M. Ludwig CERN BE/ICS, V. Filimonov SnmpModule (P. Moschovakos CERN EP/ADO)

PNPI, P. Nikiel CERN EP/ADO) e SNMP device integration
e Abstracts CAN bus device access for a set of e Generates code from SNMP MIBs
commercial CAN interface devices e Based on the development in AtcaOpcUa
e Multi-platform (Windows, Linux), dynamic server
loading of device-specific code e Uses internally Net-SNMP AP
e Supports: e Work-In-Progress, in collaboration with

o Systec CANmodul (USB)

Peak PCAN (USB)

KVaser (USB, PCI)

Anagate (Ethernet)

Linux: any other SocketCAN device

BE-ICS to ensure long term maintenance

O O O O

16


https://github.com/quasar-team/mule
https://readthedocs.web.cern.ch/display/ICKB/Can+Module

quasar — WIinCC OA Integration P. Nikiel, GERN EPIADO

server design xm| server configuration xml
fwQuasar component
Generates WinCC OA types and ~ OV st TUln32 <CanBus manes'CANLS!S
iri ' : ) : Float rate name="Crate
their instances from server design rotalRy i cnannel name="Channel0"
y y s id="0"/>
and COﬂfIguratlon input. § ’ ,‘ ) ::0‘1: <Channel name="Channell"
. e e id="1n/
e Generates OPC UA  Ulnt32 .
0 *V portError : Int32
addresses for a” datapOInt cv :;Ortl:'rmrDcscriplion : U;lISlring
elements i i
L CE port 3 ring
i o E ty : UaString
° Uses Interna”y quasar 8 ) li\sl::n(')nly : Boolean
module CaCOphony S E controlEnabled : Boolean
2
= Facilitates creation of WinCC OA Types WinCC OA Datapoints
dedicated JCOP framework v [ AtlasWienerCanBus v =% AtlasWienerChannel
statisticsTotalTx : % gﬁ:igjgrateggnanne:cl)
5. isti rate anne
SIBANES 1ol & . il > B Eisraeticnamet
OUtPUt statisticsRxRate &) _common

quasar-modeled devices

El _lock
numberConnectedDevices currentLimitSetPoint
rte currentValue

B o Error it minCurrentCompSetPoint 17
poriErrorbescription overCurrentCompSetPoint

statisticsBusLoad



https://gitlab.cern.ch/atlas-dcs-common-software/fwQuasar

quasar — Pointers

Project page: https://github.com/quasar-team/quasar, distributed under LGPL
ecosystem (optional modules), WinCC OA integration, C++ OPC-UA client generation facility

e Current developers, quasar-developers@cern.ch:

o CERN EP/ADO: P. Nikiel (development lead), P. Moschovakos, S. Schlenker
o CERN BE/ICS: B. Farnham, M. Ludwig

e Documentation, video tutorials, papers etc.: https://github.com/quasar-team/quasar/wiki
Support: community effort, JCOP support for DCS systems

quasar Top languages
Quick opcUA Server generAtion fRamework
®C++ CMake @ Python
m2m industrial-automation

® Dockerfile
@c++ W13 ¥s5 Updated 4 days ago

open62541-compat

Adapts open62541 API to Unified Automation C++ OPC-UA Toolkit API for

usage in various OPC-UA projects, including Quasar-based projects

18



https://github.com/quasar-team/
https://github.com/quasar-team/quasar
https://github.com/quasar-team/
https://gitlab.cern.ch/atlas-dcs-fwcomponents/fwQuasar
https://github.com/quasar-team/UaoForQuasar
https://github.com/quasar-team/quasar/wiki

Example: quasar-based Integration of
the GBT-SCAASIC

19



quasar — Server Example (GBT Slow Control Adapter)

Generated class diagram of an advanced quasar design for GBT-SCA
Authors: SCA-SW team (P. Nikiel + P.Moschovakos CERN, H. Boterenbrood NIKHEF)

DigitallO

value : Boolean
isinput : Boolean
id : Byte

DigitallOSystem

Meta

ScaSupervisor

diagnostics : UaString

versionString : UaString

numberOffline : UInt16

0..32

SpiSystem

V

SpiSlave

numberOffline

online

id

numberRequests
numberReplies
lastReplySecondsAgo
idConstraint
supervised

: UIntl6
: Boolean
: UInt32
: UInt64
: UInt64
: UInt64
: UaString
: Boolean

I2cMaster

diagnostics

busSpeed

: UaString
masterld : Byte

: Uintl6e
sclPadCmosOutput : Boolean

Tl..1024

12cSlave

value

masterld
numberOfBytes : Byte
addressingMode : Byte

: UaByteString
: Ulntl6

DacSystem

recoveryActionScaStayedPowered :

UaString

0..32

» & StandardMetaData
v &% scaFelixl
» @ address
> &% ai
» & dacSystem
¥ & gpio
» & button
» @ diagnostics
> & led2
» & led5
» @ id
- & jtag
» & fpga
@ lastReplySecondsAgo
lostRepliesRate
numberLostReplies
numberReplies

recoveryActionScaWasRepowered : UaString
managementFromAddressSpace : UaString

write : UaByteString
busSpeed : UInt32
transmissionSize : Byte reset() SvGid DacOutput

slaveld : Byte i 5 i
ping() : Boolean . in
sclkldleHigh : Boolean voltage : Double ping
1 ;

sampleAtFallingRxEdge : Boolean N “ sasteng € requestRate
sampleAtFallingTxEdge : Boolean
' reset
AnaloginputSystem JtagSystem > & spi

IsbToMsb : Boolean
autoSsMode : Boolean
igggt?i'ﬁg g » &% theGlobalStatistician
Running quasar
example server

seen by OPC UA
client Ul

numberRequests
online

generalRefreshRate
diagnostics

y’

XilinxFpga

: UInt32
: UaString
: Uintl6e

idcodeNumeric
idcodeString
jtagClockMhz

Analoglnput

value : Float
id : Byte

program( UaByteString ) : void

getConsecutiveSamples : Float []




quasar — Server Example (GBT Slow Control Adapter)

GBT-SCA communication via software requires complex interface with hardware/firmware
though (ATLAS specific in this case), server business logic is only part of the job
OPC UA client can used by DCS (monitoring) and DAQ (configuration) applications

Hardware Interface Middleware Solution Clients

optical
_— |— links } Configuration
-links (0) Clients

UaoClient
ForScaOpcUa

Peripheral Servers

Evaluation PCB | Diagnostic Clients

UaExpert, etc.

| ( )
\ | SCADA Clients
SCA Simulator | (WinCC OA, etc.)
function

calls

>
1S
©
b
=
-
v
—
o
3
&
<)
n
<
O
A

SCA Software Demonstrators

Figure by P. Moschovakos 21






quasar on SoC

Embedding of quasar OPC UA into your FE interface

e No custom device-specific protocols, provides directly industry-standard communication interface
Allows for sophisticated abstraction layer on device if desired

e Integration into DCS back-end facilitated

Experience so far:

See also CERN SoC Workshop 2019 for overview and tutorial
Builds for Yocto / PetaLinux (G. Stark UCSC, P. Nikiel CERN)

o Tested on a variety of platforms/devices (ZYNQ 7020, ZYNQ Ultrascale+ ZU19, RaspberryPi, gemu with
Yocto)

o However, Yocto learning curve is steep! Recommending to go another way...

e ... Native builds on CentOS for ARM

o Software handling much easier, need to take care of device tree though
o Tests with CentOS 7 on ZCU102 in ATLAS MuCTPi project

(R. Spiwoks, P. Papageorgiou, P. Nikiel CERN)
m  Built demo quasar server for 12C sensor monitoring

m  Reached publishing frequency of 1.8 kHz, limit imposed by I12C readout rate
m  Marginal CPU usage and ~few 10 MB of memory footprint

e Cross-compiling tested for multiple platforms

See also
next presentation

from R. Spiwoks

23


https://indico.cern.ch/event/799275/
https://indi.to/m7PnG
https://indi.to/m7PnG

JCOP-Supported
OPC UA Servers

24



OPC UA Servers for FE-Interface Hardware

CanOpen Server (V. Filimonov, PNPI)

First OPC UA server within JCOP, in production since 2013
Implements CanOpen standard communication

Primarily used for interfacing ELMB / ELMB2 boards

Uses quasar CanModule for CAN interface hardware access
Corresponding JCOP framework component: fwEImb

Server example for EMCI/EMP (P. Nikiel, CERN EP/ADO) K -

Very early stage of development (proof of concept)
e Target: Embedded on ZYNQ Ultrascale+ of EMP
e Aiming for providing an interface to common IpGBT
functionality
e Communication to EMP firmware via AXI interface

o ELLr L
e M ANE N e O ANEE

25


https://gitlab.cern.ch/atlas-dcs-opcua-servers/OpcUaElmb
https://gitlab.cern.ch/atlas-dcs-fwcomponents/fwElmb

JCOP quasar-based OPC UA Servers

Middleware for supported hardware vendors (B. Farnham, CERN BE/ICS)
e Collaboration with CAEN, Wiener, Iseg (power systems and VME crates)
e quasar-based OPC UA servers

o HAL libraries provided (mostly) by vendors (incl. sources), rest of server device logic by CERN
o HAL implementations for CAN equipment use quasar CanModule

o Hardware discovery mode = server creates its own config file

o Supported platforms Windows and Linux

e Status:

o Deployment ongoing in production systems of experiments, to be finished during LS2
o Integration of new module types of known vendors ongoing

WinCC OA integration with well-established components (fwCaen, fwWiener, fwilseg)
e For HL-LHC upgrades: when planning procurement of new equipment types need to
require always support in respective HAL libraries by vendors
e ATCA power supplies: JCOP will provide corresponding OPC UA server

26



ATCA: Shelf, Board and
Power Supply Integration

Based on material from P. Moschovakos, 15th xTCA |G meeting

27


https://indico.cern.ch/event/897461/contributions/3796955/attachments/2037931/3412581/pmoschov_AtcaOpcUa_server_and_WinCC_OA_integration.pdf

ATCA Monitoring/Control Options

ATCA Integration Example

Several Communication | seuriees : DCS Back-End

SNMP WinCC OA
Paths |

=
>
9)
o
o
>

ATCA shelf

e Via shelf manager (ShM), : PMI via [2C : UA client
e Direct communication with
: o —
: FPGA Serve T M Configuration
o SoCs : +processor : OPC UA client

overall shelf control and : OPCUA § WinCC OAOPC I}
blades via IPMC g
Custom ASICs, IPbus | | : 8  WinCCOA
FPGAs, etc. | core | : ll OPC UAclient
blade components
o FPGA cores
o ? ATCA blade S Diagnostic
T OPC UA client
= Concentrating on ShM path Ce

xS



for Shelf Management

e quasar-based OPC UA server for managing ATCA shelves UPEgel!xAHgy]C-)SA
via ShM, monitor/control shelf and blade IPMCs

e Designed for PICMG ATCA platforms that use Pigeon Point
ShMs

e Uses SNMP-based external interface of ShM via Net-SNMP DEVICE LOGIC + ATCA SW

e Validated on CERN supported nVent Schroff shelves with
o ShMM 500
o ShMM 700R

e Provides automatic hardware discovery (shelf, blades,
IPMCs, sensors etc.), only existing entries are populated

ATCA AGENT - ATCA AGENT  ATCA AGENT

Atca ShAMM . Atca ShMM  Atca ShMM

= Interest egroup (releases, feedback ...): opc-ua-atca

Aren®

Potential to become fully supported JCOP solution
29


https://gitlab.cern.ch/atlas-dcs-opcua-servers/AtcaOpcUa

AtcaOpcUa Design

e Template-based and generated from the
Pigeon Point ATCA MIB using Jinja2

Fully covers basic group variables (blades, fan
trays, power supplies, shelf managers, chassis

@)

o Selected advanced variables covered

Support for TELCO alarms
e Hardware discovery walking SNMP tree
e Synchronous SNMP communication with
ShM (poll)
o For reliability and ShM resource protection (~1k
parameters polling 10s™" max per ShM

o Distinguish between dynamic and static
parameters to control poll interval (e.g.
temperature vs. serial no.)

@)
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https://gitlab.cern.ch/atlas-dcs-opcua-servers/AtcaOpcUa/-/blob/master/Design/diagram.pdf

IPMC and Blade-Specific Hardware

€ CV index
€ CV sdrVersion
€ CV picmgVersion
€ CV slaveAddress
¢ cv channelNumber
« cv powerStateNotification :
« CV globallnitialization
€ CV capabilities
€ CV idString
¢ ¢V maximumFru
« cv ownFruld

CE ipmbAddress

Sensorpr-1

¢ CV number
« CV type

« CV reading
« CV idString

: UInt32
: UInt32
: UInt32
: UInt32
: Ulnt32

UlInt32

: UInt32
: UInt32
: UaString
: UInt32
: UInt32
: UInt32

: Ulnt32

: UInt32

: Float

: UaString

« cv upperNonRecoverableThreshold : Float

« cv upperCritical Threshold
« cv upperNonCritical Threshold

: Float
: Float

¢ ¢V JowerNonRecoverableThreshold : Float

« ¢V JowerCritical Threshold
« cv lowerNonCritical Threshold
CE sequenceNumber

: Float
: Float
: Ulnt32

Any IPMC that conforms to the standard can be monitored
IPMC and sensors are automatically discovered and populated
into the server
Representation of IPMC and sensors in design follows IPMB
hardware representation
Automatic distinction between types of sensors developed

o Supported: temperatures, voltages, fans speed etc.

o Mechanism to facilitate addition of non-supported types

was introduced

Connected sensors are addressable using their IPMC address
and sequence number in configuration
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AtcaOpcUa in Action

2020-93-02 ©9:34.40.373938 [QuasarServer.cpp:101, INF] Logging initialized.

2020-03-02 99:34.40.387774 [BaseQuasarServer.cpp:346, INF] Configuration Initializer Handler

2020-93-02 99:34.40.387848 [QuasarServer.cpp:125, INF] Server running in regular mode, address space will be built from contents of 4%
meta configuration found in the configuration file, configuring StandardMed
StandardMetaData.Log configuration found in the configuration file, config
general non-component log level will be [INF]

setting log level to [INF]

no StandardMetaData.Llog.ComponentlLoglevels configuration found in the confi
handle [@] name [CalcVars] using valug

2020-03-02 09:34.40.416489 [MetaAmalgamate.
2020-03-02 99:34.40.416591 [MetaAmalgamate.
2020-93-02 99:34.40.416661 [MetaAmalgamate.
2020-93-02 09:34.40.416743 [Metasmalgamate.
2020-03-02 ©99:34.40.416813 [Metalmalgamate.
2020-03-02 09:34.40.416900 [MetaAmalgamate.
2020-03-02 09:34.40.417015 [MetaAmalgamate.
2020-93-02 09:34.40.417101 [Metalmalgamate.
2020-93-02 09:34.40.417763 [MetaAmalgamate.
2020-93-02 99:34.40.417852 [MetaAmalgamate.

cpp:3281,
cpp:3200,
cpp:3133,
cpp:2578,
cpp:3118,
cpp: 3069,
cpp:2516,
cpp:3219,
cpp:3236,
cpp:3250,

2020-93-02 99:34.40.418049 [SnmpBackend.cpp:64, INF]

2020-03-02 09:34.40.438717 [CalculatedVariablesEngine.cpp:262, INF, Calc¥ars]
2020-03-02 09:34.40.439041 [CalculatedVariablesEngine.cpp:297, INF, Calc¥ars] Optimized(suppresed) 1181 Parser¥ariables not used in (
2020-03-02 09:34.40.439104 [CalculatedVariablesEngine.cpp:262, INF, CalcW¥ars]
2020-03-02 09:34.40.439149 [QuasarServer.cpp:78, INF] Initializing Quasar server.

INF]
INF]
INF]
INF]
INF]
INF]
INF]
INF]
INF]
INF]

configuration for logging component

setting component [name:CalcVars id:@] to level [INF]

no StandardMetaData.SourceVariableThreadPool configuration found in the co
no StandardMetaData.Quasar configuration found in the configuration file,
no StandardMetaData.Server configuration found in the configuration file,

[asmllc-stf@.cern.ch] Using SNMP version 2c

#ParserVariables:

1181 #CalculatedVariables: @ #Synch

#ParserVariables: @ #CalculatedVariables: @ #Synchron

2020-03-02 09:34.40.441714 [opcserver.cpp:157, INF] Opened endpoint: opc.tcp://pcaticstestd8.dyndns.cern.ch:48050
2020-93-02 09:34.40.441777 [QuasarServer.cpp:48, INF] Server main loop started!

NS2|String|myAtca01.IPMC92.idString

NS2|String|myAtca01.IPMC92.Sensor10.idString
NS2|String|myAtca01.IPMC92.Sensorl0.reading
NS2|String]myAtca01.IPMC92.Sensorl11.idString

NS2|String|myAtca01.IPMC92.Sensorl1.reading
NS2|String|myAtca01.IPMC92.Sensor9.idString
NS2|String|myAtca01.IPMC92.Sensor9.reading
NS2|String|myAtca01.IPMC92.Sensor8.idString
NS2|String|myAtca01.IPMC92.Sensor8.reading
NS2|String|myAtca01.IPMC92.Sensor7.idString
NS2|String|myAtca01.IPMC92.Sensor7.reading

Display Name

idString
idString
reading
idString
reading
idString
reading
idString
reading
idString
reading

Value

Upper Fan Tray
Fan Tach 2
5400

Fan Tach 3
5460

Fan Tach 1
5460

Temp Out Right
19

Temp Out Center
22

Datatype

String
String
Float
String
Float
String
Float
String
Float
String
Float

Source Timestamp

9:38:28.522 AM
9:38:38.244 AM
9:41:16.578 AM
9:38:38.738 AM
9:40:17.874 AM
9:38:37.442 AM
9:41:16.504 AM
9:38:36.907 AM
9:40:17.303 AM
9:38:35: AM
9:41:16.301 AM

Server Timestamp

9:38:53.592 AM
9:39:25.453 AM
9:41:16.578 AM
9:39:46.154 AM
9:40:17.874 AM
9:40:10.623 AM
9:41:16.504 AM
9:40:18.490 AM
9:40:22.683 AM
9:40:26.703 AM
9:41:16.301 AM

oe Server

StandardMetaData
, myAtca0l
% Boardl
& Boardl0
& Boardll
& Boardl2
&% Boardl3
& Boardl4
&% Board2
&% Board3
&% Board4
& Board5
& Board6
s Board7
s Boards
o Board9
& Chassis
o FanTrayl
¢ FanTray2
o IPMC130
v— e Sensor0
>~ @@ idString
lowerCriticalThreshold
lowerNonCriticalThreshold
lowerNonRecoverableThreshold
number
reading
type
@ upperCriticalThreshold
@ upperNonCriticalThreshold
@ upperNonRecoverableThreshold
oo Sensorl
>- ¢ Sensorl0

<vvvvvvvvvVV\,~,V\,~,V§(¥ﬁ
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ATCA WInCC OA Integration

Component

Integration of discovered hardware based on
(discovered) config file of AtcaOpcUa server
Automatic creation of datapoints, addresses,
descriptions, archiving parametrization possible
Provides library with commonly used functionality
Possibility to apply alarm thresholds defined in
IPMC or ShM on corresponding alerts for created

datapoints

ATLTSTATCA

=% fwAtcaBoard

=% fwAtcaCarrierSpecific
=% fwAtcaChassis

» [ myAtca0l/Chassis
=% fwAtcaEvent

=% fwAtcaFanTray

fwAtca v8.4.0 (11-FEB-2020)

Select configuration xml
flocaldisk/winccoa/ATLTSTATCA/config_discovered ATCA.xml

v ATLTSTATCA
=% fwAtcaBoard
» =% fwAtcaCarrierSpecific
» =% fwAtcaChassis
» =% fwAtcaEvent
» =% fwAtcaFanTray
v =% fwAtcalpmc
» O3 myAtca01/IPMC130
» [ myAtca01/IPMC16
» [ myAtca01/IPMC32
» [ myAtca01/IPMC90
» [ myAtca01/IPMC92
==¢ fwAtcaManager
=% fwAtcaPowerSupply
=% fwAtcaSel
=% fwAtcaSensor
[ myAtca01/IPMC130/Sensor0
[ myAtca01/IPMC130/Sensorl
[ myAtca01/IPMC130/Sensorl0
3 myAtca01/IPMC130/Sensorll
[ myAtca01/IPMC130/Sensorl2
[J myAtca01/IPMC130/Sensorl3

Create Datapoint Types Create datapoints

Delete Datapoint Types Delete Datapoints

UdLdpuUIliLs UEIEtEU SULCeEsiuny.

Aren® €&

-

—When creating datapoints -

Activate addresses

Create default descriptions
Create default alarms
Activate alarms

Create default archives
Activate archiving

[INFO] Chosen path: /fhome/pmoschov/myGitRepos/fwAtca/scripts/libs/fwAtca/fwAtcaConfigParser.ctl =

[INFO] Datapoints created succesfully!
[INFO] Initialized descriptions succesfully!

Local Temp

Datapoint/Comment Value i Time
myAtca0l IPMC16 Sensor2 idString Local Temp 2020.03.02 11:38:04.

=% fwAtcalpmc

»

SIEMENS '

[ myAtca01/IPMC130
[J myAtca01/IPMC16
[ myAtca01/IPMC32
[ myAtca01/IPMC90
[ myAtca01/1PMC92

myAtca01 IPMC16 Sensor2 lowerCriticz 0
myAtca0l IPMC16 Sensor2 lowerNonCi 0
myAtca0l IPMC16 Sensor2 lowerNonRi 0
myAtca0l IPMC16 Sensor2 number 2
myAtca0l IPMC16 Sensor2 reading 19
myAtca0l IPMC16 Sensor2 type 1

2020.03.02 11:38:04.« ...

2020.03.02 11:38:04.< ...

2020.03.02 11:38:04.
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https://gitlab.cern.ch/atlas-dcs-fwcomponents/fwAtca

s ID:PM Chassis 2 L ATCR250 PR remp ()

LMSZB internal ! ©)
..... . LM82B FPGA temp (C)

Generation of ATCA Finite —A,_
State Machine Hierarchy
O BORELS B | | i

turer: Schroff ATCR250 SE temp (C)
compone nt i TG
""" il ATCR250 48V Volt (V)
: Orower © Power ATCR?S0 4R Curr (1
© Hot Swap O Present C)OFD) 6 (e

e Automatic creation of tree of FSM objects using the ' Fan tray info
JCOP FSM tool, including generic Ul panels e IERRELS o

e Based on discovered hardware

e Foresees extension of structure with user-defined
objects, e.g. for integration of direct blade monitoring
path

e Currently, full plug-and-play for ATLAS FSM only

fwAtcanm v8.4.0 (11-FEB-2020)

Create ATCA FSM

Slot 1

Slot 11

Fan Tach 4 (rpm)
Fan Tach 5 (rpm)

Slot 12

O Power
O Hot swap Q Present © Hot Swap

Slot 13

O Power N ; O Power
Hot Swap O Present O Hot Swap

ATCA SHELF 1

Slot 14

O Power
O Hot Swap O Present ‘]

BOARD 1
BOARD 10
BOARD 11
""" BOARD 12
eaaitle L
BOARD 14
BOARD 2
BOARD 3
BOARD 4
BOARD 5
BOARD 6
BOARD 7
BOARD 8
BOARD 9
POWER SUPPLY 1
POWER SUPPLY 2
SHELF MANAGER 1
SHELF MANAGER 2

O Power L B
O Hot Swap O i

Slot 3 Slot 2

Slot 4

<Jolalallclala e

[INFO] STATUS TDQ ATCA SHELF1 SHM1 for SHELF1 node created.
[INFO] TDQ_ATCA SHELF1 SHM2 for SHELF1 node created.
[INFO] STATUS_TDQ_ATCA SHELF1 SHM2 for SHELF1 node created.

[INFO] Generating ATCA FSM tree...

[INFO] Done!

[INFO] Starting ATCA FSM...

[INFO] Done!

[INFO] To view the newly created FSM, click on View button! v
»

ll 1ea®


https://gitlab.cern.ch/atlas-dcs-fwcomponents/fwAtcaFsm

Conclusions

HL-LHC stimulates activity in development of integration tools for detector control
e New or upgraded front-end hardware components for DCS

e New technologies in front-end devices and interfaces (SoCs, FE ASICs, VL+
receivers) open up possibilities for detector control but also require novel
middleware approaches

e (uasar provides device integrators with a powerful toolset to create middleware
and link with the JCOP-based DCS back-end

e JCOP readily provides DCS tools for the key hardware components for detector
upgrades - power supplies - and may include ATCA equipment

Thank you!
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Some quasar-based projects
(Name —— Jesoripon st JNots

LArPurity ATLAS Liquid Argon calorimeter purity analyzer Production since 2015

IpBus Generic IpBus Production since 2018 will become deprecated
ATLAS Wiener Wiener VME crates interfaced with CAN Production since 2015

TileHvMicro HV Micro, ATLAS Tile calorimeter Production since 2015

CAEN CAEN power supplies, JCOP Production since 2018

ISEG ISEG power supplies, JCOP Production since 2017

JCOP Wiener SNMP and CAN Wiener devices Development

FtkSbc SBC monitoring, ATLAS FTK Production since 2017

SCA GBT-SCA for ATLAS NSW, LAr and BIS In test

HVSys monitoring and controls over RS232, ATLAS

TRT Production since 2017

HvSys

Generic SNMP Generic SNMP Development

LAr LTDB LTDB+LATOME monitoring and controls Development + Uao, + peripheral
gFEX ATLAS L1 TDQ gFEX Development + embedded (ZYNQ)
eFEX ATLAS L1 TDQ eFEX Development + used from Python

ATCA Shelf Manager nVent Schroff (aka Pigeon Point) PPS MIB Deployed in test systems

EMP Embedded Monitoring Processor (EMCI Receiver) Early Development + embedded (ZYNQ)




quasar system-wide example
based on existing project

high-throughput link

DAQ’s group
calibration+configuration
software in C++

WinCC OA

OPC-UA server
type “37’

with calibration data
\ UaO
client
OPC-UA for 1"
hardware 1 HAL1 ) “s?rver
type “1
UaO
client
OPC-UA server for “1”
hardware 2 HAL2 type “2” Uao
client
for “2”
hardware connectivity T
OPC-UA “peripheral server”

in cascaded server concept

Figure by P. Nikiel



STF L1Calo ATCA integrated in ATLAS FSM

DEV ATCA

ATCA SHELF 1

B @

UNHEALTHY

OFF

16-03-2020
16:20:30

S Object

DEV ATCA SHELF1

Time

Example in L1Calo, left tree generated with
fwAtcaFsm, right custom path for

OFF
OFF
OFF
OFF
OFF
OFF

POWER SUPPLY 1
POWER SUPPLY 2
SHELF MANAGER 1
SHELF MANAGER 2

No connection:

BOARD 5

~ (Back )

— FEX Shelves —

B
B

Slot7 Slot6 Slot5 Slotd Slot3 Slot2 Slot1

Slot 14 Slot 13 Slot 12 Slot 11 Slot10 Slot9 Slot 8

ShM

FanTray PS

14U 14-Siot ATCA Shelf, ACB Shelf IConn. @)
Chassis PM Chassis 2

Manu. Schroff

Corp)

@ Power
) Hot Swap

@ Present

N —C
Ararcedl CA Sensor Name Value Type £
ATCR250 SE temp 21.37 Temperature
ATCR250 PR temp 23.86
LM82A internal 29.00
LM82A FPGA temp 45.00
LM82B internal 24.00
LM82B FPGA temp 30.00
LM82 internal 29.00
LM82 FPGA temp 34.00
Internal temp. 21.00
ATCR250 48V Volt 53.34
ATCR250 48V Curr 1.41
ATCR250 FA Volta 54.07
ATCR250 3.3V Vol 3.36
ATCR250 12V Volt 1234
ATCR250 12V Curr 2.94
Local Temp 19.00
IMX VDD 1V35 1.37
RTM DDR2 1V8 INPUT 173

& Power 3V3 local 3.39

) Hot Swap 12C PWR A 3.68
12C PWR B 3.68
5V0 local 5.05
PEM A Temp 23.00
+3.3V 333
+3.6V External 357
Temp Controller 20.00
Temp In Left 21.00
Temp In Center 20.00
Temp In Right 20.00
+3.3V 3.39
+3.6V External 3.61
Temp Controller 24.00
Temp Out Left 21.00 e
Temn Out Center 22.00 ]

|
— Fan tray info

Sensor Name Value

Fan Tach 1

Fan Tach 2

Shelf Manager A( N/A Fan Tach 3

@ Active D Present B Healthy O Active O Present ) Healthy Fan Tach 4

PS:1 PS:2 Fan Tach 5

@ Present | O Present Fan Tach 6

© Healthy | O Healthy Fan Tach 2

FT:1 Lv:8 [FT:2 w8 Fan Tach 3

@ Present | @ Present Fan Tach 4
@ Healthy | @ Healthy

Fan Tach 5

Fan Tach 6

Fan Tach 1

LBl |

5460.0
5460.0

additional board information

L1Calo Modul
Node Information

- &

») Poneron () AtcaServer \.) i
CratelD: 0 Node ID:
Bcara Type:  FTM Othor nfo:
Reading Display
Name: CR25012C SET
G = ATcraso12c [NGH]
Fault Information

Fault

Faull Type:

Channel

Value:
Channel  Name Value  Low Fatal
135 552T3P0 0. 0.00
136 ass2T13P1 083 000
137 ds52T3P10 082 0.00
138 dss2T3P11 081 0.00
139 ss2T3P2 091 0.00
140 dss2T3p3 087 0.00
141 dss2TaP4 0.98 0.00
142 s32T3PS 082 0.00
143 4ss2T3p6 095 0.00
144 dss2Tap7 0.92 0.00
145 dss2T3P8 093 0.00
146 0.89 000
147 dss2TaT 37.00 000
148 dss2v 0.99 095

Module Schematic

5

Low Enror
-11.30

-11.30
11.30
-11.30
30
-11.20
11.30
-11.30
1130
11.20
-11.30
-11.30
0.00
057

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 65.00
0.00 0.00

Lo Warning High Warning High Exror
0.00 0.00 240

240
240
240
240
240
240
240
240
240

240
75.00
103

High Fatal
3.00

3.00
2.00
3.00
3.00
3.00
2.00
3.00
2.00
.00

Units |~
W

w
w
w
w
w
w
w
w
w

P. Thompson, R. Turner



