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Agenda =51

Status & Zukunft
Migrationsprojekt
- LabVIEW RT basiertes Ausheizen des ESR/SIS
 Python / pykka / PyAcdaq / paho-mqtt
* Mosquitto / MQTT-Explorer / Telegraf / InfluxDB / Grafana
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Empfehlung und Abklindigung == 1II

Brief vom 23. April 2021
~Empfehlungen zur Nutzung der Lizenzen“, H. Brand, EEL

Um mindestens das finanzielle Risiko zu begrenzen, werden in Rucksprache mit unserer

stellvertretenden Forschungsdirektorin

Y. Leifels folgende Empfehlungen zur Nutzung der verfligbaren Lizenzen vorgeschlagen:
Entwickler sollen in ihren Aktivitdten nicht eingeschrankt werden.

Alle verfugbaren Module mégen eingesetzt werden, um Anwendungen moglichst effizient zu
entwickeln.

Entwickler mdgen auf modulare Software-Architekturen achten und mdgliche Migrationsstrategien
berticksichtigen, um einen Vendor-Lock zu vermeiden.

Anwendungen sollen moéglichst in ausfihrbare Programme (Executable) kompiliert werden. Sie

sollen nicht dauerhaft in der Entwicklungsumgebung laufen.
Fur viele Programme ist eine kostenfreie Runtime-Lizenz ausreichend. Das kann helfen, die Anzahl der bendétigen Lizenzen
niedrig zu halten.
Manche NI Software Module bendtigen fur das Ausfuihren eines Executable eine Deployment Lizenz. Wahrend der
Vertragslaufzeit ist das unproblematisch, sie wird vom NI-VLM gewahrt. Dabei wird je eine Entwicklungslizenz fur den
Computer gezéahlt. Nur bei Beendigung des Vertrags wirden dann entsprechende einmalige Kosten anfallen, die aber
deutlich niedriger sind als eine Entwicklungsumgebung und nicht verfallen.

Zusammen mit einem Versionskontrollsystem, z.B. Git (git.gsi.de) kann es auch helfen, eine geordnetes Release-
Management zu organisieren.

Am 15.11.2023: Ankindigung des Endes des NI Enterprise Agreements zum 14.12.2025.

GSI/FAIR/HIM hat meiner Ansicht nach ausreichend viele Linzenzen im Bestand.
Stand: 16.11.2023; Ausnahme: Vision,Deployment.

Noch keinen ernsthaften Widerspruch erhalten.
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Alternativen zu NI === 1l

Wie kann ein Vendor-Lock vermieden werden?
Benutzen offener Netzwerk-Schnittstellen flr den Fernzugriff und offene Datenformate

Erstellen von Executables
Deployment-Lizenzen fallen nur einmalig bei der Beschaffung an.
Damit konnte man NI SW einfrieren und mit den bereits erworbenen Lizenzen eine Weile Uberleben.

Welche Alternativen gibt es?

Bei GSI/FAIR:
EPICS, Python, PyAcdaqg/Pykka, Tkinter/QT, FESA/Java, Siemens TIA, Beckhoff/TwinCat, Pures C/C++
NI LV-DSC -> EPICS (ALH/Archiver); MQTT / InfluxDB / Grafana
NI-Vision -> OpenCV; Other stuff: Open Source Libraries
NI-RT wird als RT praktisch nicht benutzt.
NI-FPGA: Expertise fur FPGA Programmierung gibt es bei GSI.
- https://git.gsi.de/EKS/Python/MUPPET

- https://git.gsi.de/EE-LV/DriversIMUPPET

Community: DOOCS, TANGO, TINE
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https://git.gsi.de/EE-LV/Drivers/MUPPET

Vacuum Heating System (Bakeout)
Anforderungen: Ausheizen der Strahlfihrung von ERS/SIS

3x PXle basiertes LabVIEW 2018 RT System

LV-GUI zur Visualisierung auf Windows.

NI PXI-8861RT Controller
 LabVIEW mit AF/CS++ und Shared Variablen mit DSC

4 Slots NI-6345 mit je 64 Kanélen analoge Eingange
fur die Temperaturmessung

4 Slots NI-6513 mit je 64 Kanéalen digitale Ausgange
fur die PWM-Ansteuerung der Heizungsnetzteile ===

Fuzzy Regelsystem

Zustangsanzeige und Logging

gggggg

uuuuu

Alarme & Historische Daten (DSC)

Laden der Konfiguration fur einen Heizzyklus

* Heizprofil T-Soll(Kanal, Zeit) wird durch CSV-Datei vorgegeben.
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Vacuum Heating System (Bakeout)
Bilder von der Hardware === 1l
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LV Migration Proposal — Open Source =51

Measurement & Automation Explorer

Maybe necessary or useful for NI hardware configuration and test.
LabVIEW - Python

Real Time - Not really necessary

AF/CS++ - Pykka/PyAcdaq

Shared Variables - MQTT / Mosquitto Broker

Distributed System Manager — MQTT Explorer

Data Logging and Supervisory Control
Data Logging — Telegraf / InfluxDB
Alarming

— Telegraf / InfluxDB-Task — MQTT
— Telegraf / Prometheus + Alertmanager — MQTT (to be tested)

GUI - Tkinter / QT / Grafana
Multi-threading — Multi-threading (Pykka)/ Multi-processing (Fuzzy)
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Python: Pykka === 1

Pykka: https://pykka.readthedocs.io/en/stable/

Pykka is a Python implementation of the actor model. The actor
model introduces some simple rules to control the sharing of state
and cooperation between execution units, which makes it easier to
build concurrent applications.

Inspiration
Much of the naming of concepts and methods in Pykka is taken from
the Akka project which implements actors on the JVM. Though, Pykka
does not aim to be a Python port of Akka, and supports far fewer
features.
Notably, Pykka does not support the following features:
Supervision: Linking actors, supervisors, or supervisor groups.
Remoting: Communicating with actors running on other hosts.

Routers: Pykka does not come with a set of predefined message
routers, though you may make your own actors for routing messages.

Very similar to NI Actor Framework
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PyAcdaqg Overview

PyAcdaq is a Python 3.10.x library for

Automation Control & Data Acquisition System.

It is meant as a possible substitute (Plan B) for our LabVIEW based
CS / CS++ frameworks or other LabVIEW Applications.

fa - 0O X
AcdagActor Class Level

Associated Actor Information
Mame: "AcdagSerDevsim”
Born: "Thu Aug 25 21:24:33 2022"
SW: "AcdaqgSerDevSim_0.0.0.0
Penodic Activity Information
v Set
Active: true
Counter: 37

AcdagDevice Class Level

Device Information
NA

ID: "Serial Device Simulator”
SN: "1234"
FW: "FW_0.1"
HW: "HW_0.1"
Device Actions
¥ Reset
Result: "OK"
v Selftest
ST Code: 0
ST Msg: "Selftest message.”
AcdagSerDevSim Class Level

SerDevsim Information
Range: {"low": -10, "high": 10}
SerDevsim Actions
{"low": -1'3, "high": 10} Set
SerDevsim Data
Data: 5

Git; https://qit.gsi.de/EE-LV/ACDAQ/PyAcdag

MQTT Explorer

Example GUI

UML class Diagrams

< <pykka, ThreadingActor ==
AcdagActor

AcdagDevice

AcdagMqgtt
+roxy
0.1
= <Exceplion=>
TimeoutError

SerDevsim

CommunicationTimeout
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<<paho>>
MQTTClient

Q Search

¥ bnt-raspi.fritz.box
> $SYS (46 topics, 1245
¥ Acdaq = disconnecte
¥ Acdag
SoftwareRevision = "AcdagMatt_0.0.0.0|AcdagActol
Name = "Acdaq"
Birthday = "Fri Aug 26 16:04:33 2022"
PeriodicActive = false
PeriodicCounter = 0
Set-PeriodicActive ="
¥ AcdagSerDevSimGui
SoftwareRevision = "AcdagSerDevSimGui_0.0.0.0J¢
Name = "AcdagSerDevSimGui"
Birthday = "Fri Aug 26 16:04:36 2022"
PeriodicActive = false
PeriodicCounter = 0
Set-PeriodicActive =™
¥ AcdagSerDevSim
Data

MeasurementRange = {"low": 10, "high": 10}
Resource = "COM3"
InstrumentlD = "Serial Device Simulator”

SerialNumber
FirmwareRevision = "FW_0.1"
HardwareRevision = "HW_0.1"
ResetResult = "OK"

SelftestCode = 0

SelftestMessage = "Selftest message."
Set-Reset = true.

Set-Selftest = true

Name = "AcdagSerDevSim"

Birthday = "Fri Aug 26 16:04:41 2022"

ion = "AcdagSerDevSim_0.0.0.0/Acd:
PeriodicActive = true
PeriodicCounter = 16
Set-PeriodicActive = true
Set-MeasurementRange = {"low": -10, "high": 10}

[=—=  AcdagActorTkGui

< <pykka. ThreadingActor = > <GUIz>
AcdagActor = AcdagActorGui
AcdagDevice
SerDevSim

AcdagSerDevsim

@ DISCONNECT & 6
Topic & W ~

[rcdaa ] Pcsasseroersim J ot

Value & ~
Qos: 0
<« 26.08.2022
16:07:40
— 10
Py
Comparing with previous message: + 1 line, - 1 line
> sy D ~
Publish ~
Topic
Acdag/AcdagSerDevSim/Data x
raw  xml json

O O @

["Low": o, "high": 16}

< <thinter.Frame:=>

AcdagDeviceTkGui ‘

AcdagSerDevSimTkGui
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https://git.gsi.de/EE-LV/ACDAQ/PyAcdaq

AcdaqgSerDevSim: Code Examples === I

https:/igit.gsi.de/[EKS/Python/ACDAQ/PyAcdaq/-Itree/master/examples/scpi_device

~ i@ acdaq_serdevsim.py
~ [ AcdagSerDevSim
. ) @ _init_
# Protected override method # Protected overide method o d
g c _del_
def _initalize(self, def _periodic(self): :
@ _transaction
resource, i o
. _on_connect
id_query_flag, Implementation of periodic actions. B on mes

reset_flag,
reset_options,

selftest_flag): Read data from instrument.

Open serial connection and initialize instrument. Returns
Returns None. @ _id query
_______ e @ _initalize
int
try:
Error code. @ n query
i self._data = int(self.__transaction('READ?')) o - -
selftest
. 1 ing.deb 1f. + " Data= -
logging.debug(self._name + ogging.debug(self._name atass @ _sn_query
' SerDevSim _initialize() Initializing connection.") + str(self._data)) o
try: . . . if self._mqtt is not None: [ measurement_range
self.__ser = serial.Serial(resource, timeout=1) self._mgtt.publish_topic(self._name + @ qetDat
S = = = getData
if 1d_quefy_ﬂag- '/Data', self._data, — [ getMeasurementRange
self.id_query() E
C qos=0, retain=False, expand=False) AcdagSerDevSimGui
self.revision_query() . . . ) i
if reset_flag: except acdaq_exceptions.CommunicationTimeout as e: @ _init_
self.reset(reset_options) logging.error(self._name + ' SerDevSim _periodic() @ _del_
if selftest_flag: Communication timed out for\ @ _on_connect
self.selftest() command:{}'.format(e.command)) @ _on_failure
self.measurement_range(self._range) raise e
except acdaq_exceptions.CommunicationTimeout as e: pass @ _on_receive
raise e m _on_start

pass

[@ on_set measurement_ra nge
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AcdaqSerDevSim: Code Examples

https:/igit.gsi.de/EKS/Python/ACDAQI/PyAcdaql-Itree/master/examples/scpi_device E 5 ][

def _on_connect(self):
logging. info(self._name + ' Received MQTT connected message.')
try:
if self._mqtt is not None:
self._mgtt.publish_topic(self._name + '/MeasurementRange',
self._range, qos=0, retain=True,
expand=False)
self._mgtt.publish_topic(self._name + '/Set-MeasurementRange',
self._range,
qos=0,
retain=True,
expand=False)
prefixed_topics = ()
for topic in self._serdevsim_subscriptions:
prefixed_topic = self._name + '/' + topic
prefixed_topics = prefixed_topics + (prefixed_topic,)
self._mgtt.publish_topic(prefixed_topic, ',
gos=0, retain=True,
expand=False)
rcs_mids = self._mqtt.subscribe_topics(self._in_future,
prefixed_topics,
qos=0).get()
except Exception as e:
pass
super()._on_connect()
pass

def _on_message(self, topic, msg):
sub_topics = re.split('/', topic)
match sub_topics[2]:
case 'Set-MeasurementRange':
try:
self.measurement_range(json.loads(msg))
except Exception as e:
pass
case _: # (Call super
super( )._on_message(topic, msg)
pass
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Migrationsprojekt: LabVIEW RT basiertes Ausheizen des ESR/SIS
https://git.gsi.de/EE-LV/CSPP/GSI_VAC/VacuumHeating =%

|UHVHC-d§pc456 : UHVHC Main |PWM : BNT_DAQmxMCSV DOPWMI |FC: UHVHC FuzvaontroIIer| |AI : BNT_DAQmx MCSVI

1 : Launch Nested Actor() |

1

2 : Launch Nested Actor() >

Actor

#Launch Nested Actor() 3 : Launch Nested Actor()

#Stop Core()
#Handle Error Core()
#Handle Last Ack Core()

#Actor Core() || e i
Z% : - 5 : Polling Start()

CSPP_BaseActor A loop PWM Output
+Polling Start()

CSPP_DeviceActor
<l
+Polling Core()

+Polling Stop() : Set Output Lines()

=

4 : Set PWRatios() =5

CSPP_GUIActor

6 : Poling Core()

UHVHC_FuzzyController

+Fuzzy Control(deltaT, Enabled) loop Control Loop )
0.% 8 Poling Core()
9 : Readout()
UHVHC_Main BNT_DAQmx_MCSV ’V
+Analog In b 10 : Update DAQMX Data
UHVHC_GUI +Update DAQmx Data() o* | Digitl Out 1: ke ATQ pste Dram:peta0 L
e -Scale AI()
-Check Limits() +Readout()
+FC Control CB(PWMRatios) +Set Output Lines(Status) 12 ChEKLERED)

e T

+DO_PWM BNT_DAQmxMCSV_DOPWM alt[OutofRange?] J

-PWMRatios 13 : Set PWRatios() -
-PWMDelays 'I_J
+Set PWRatios(PWMRatios)

14 : Fuzzy ContfolQ)

.

15 : FC ControfCB()
16 : Set PWRatios()

i T

17 Sfop core0)

18 : Stop Core()

e

19 : Stop Cord()

20 : Stop Core() P U

e 5 v e ——— R AR L

21 : Poling Stop()

22.: Set Output Lines()
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Vacuum Heating System (Bakeout)

PyAcdag/pykka based project for the GSI Vacuum Heating System (VHS) to be

. https://git.gsi.de/EKS/Python/ACDAQ/VacuumHeatingSystem

Itis utilizing PXle HW from NI. It measures temperatures from analog inputs and applies a fuzzy system

to calculate the digital output pulse width ratio for the heating power supplies.

It demonstrate a migration path from LabVIEW RT and DSC to

. Python / pykka / PyAcdaq / nidagmx

. python-statemachine / simpful / paho-maqtt

. numpy / pandas / matplotlib

. Mosquitto / MQTT-Explorer / Telegraf / InfluxDB / Grafana.

Temperature Profile execution with no HW connected is working.

Comissioning with connected power supplies was planned for May 2023. Done!

Temperature Profile 81

VHS 2023-04-12 11:29:27 o [Gom

MQTT Explorer Q

» PXI1Slots (20 (0

y  »Enabled 2

used at ESR and SIS.

MQTT Explorer

ue, false, rue, rue, true, true, true, false, true, true, true, true, true, true, true, true, true, true, true, true, true, ¢

176.046877712264, 7.4631:
156, 1

116

4
17.632018465864492, -15.361661

0
="(20.0,20.0, 200,
00,

00, o 1
20,0,20.0,20.0, 20.0, 20.0, 20.0, 20.0, 20.0, 20.0, 20.0, 20.0, 20.0, 20.0, 20.0, 20.0,
1 00,0,

0,0,0.0,00, 0.0, 5.28792976761774,

profles/Beispiel_config_ESR_S\i00fcd_GS_50Grad_test.csv"

ProfileStartTime = "Tue Apr 11 10:04:19 2023

annelPWMRatio =
st_State_Change = start_piofile

ns'
Tue Apr 11 10:01:51 2023

PeriodicActive = true

PerlodicCounter = 509

Set-PerlodicActive =

PerlodicTime = 13.245780250549316

Periodicinterval = 13 248780250549316
CSPP_SystemMonitor_SV = request_control
Test = Test123

VHSIVhs/Temperatures/s

0% Xx

VHSIVIsISPTemperatures(s

0% X

VHSIVhs/ProfileDuration

o2 X

Explorer | GsbeeLel X | +
€ >0 O & beeldcsor

Temperature Gains

Data Explorer

d e, |.'l .

N TGain

Temperature PWM Ratios

100 200
Channel

BN Ratio

100
©
a0
Lm Temperatures "
£ 2
F e 9 100 \ ‘ | “ T = ]
]
® 3 oAbl dd 11 set =
= ~ -100 5 -0
» [L I
000 025 030 o7 100 125 180 175 200 T T T = T
Time /h 0 100 200 o
Historical data for Vhs channel: 8 Channel
100 — e )
. /—‘ o Temperature Differences
— Glem
| N E 100
1 | o % | j e
, 51 4 —de S 0 ey ——
Al i p— 5 c r : w
] g
25 = 300 - TDelta 4
. . . . 0
= o 100 200 o
Channel

16 12:456 13:006 13136 13:306 13:436 14:006 14:196 14:306 14:45
date time
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VHSIVhsIDTemperatures/a O & x \VHSVhsGTemperauresss
VHSIVhsIPWMRatios/s O ©x x  \VHwsisauss
VHSIVhs/ProfiePause O & x  \VHSsperodcinenal

Data Explorer | GSHEELEKS | InfuxDB — Mozl Firfox

© cusTomize

[ DTenperatures

| GTenpexatures
PiRatios

| SPTemperatures

~  Temperatures

4,4,4,4,4,4,4,8,8,8,8,8,8,8,4,8,4,4,

0.
alse, faise, faise, false, faise, false, false, false, false, false, false, false, false, faise, false, faise, faise, false, fals
“[uue, faise, true, true, true, true, faise, false, true, true, true, false, false, true, true, false, true, true, true, true, tru
16.7.8,8,8.8,8,8,4,4,4,4,4,4,4,7,8,8,8,8,8,8,8,8,

4.4,

0 % X

sesv o

Topic B &

value &

o =

= request_contral
+ start_profile
‘Comparing with previous message:

2}

» History.

Publish

VHS/Vhs/Request_State_Change

aw xmljson
O O @® =
B puselprofile

Qs 0 ~

v History

VHS/Vhs/Request._State_Change.

continue profile

VHS/Vhs/Request State_Change.

pause_profile

VHS/Vhs/Request State_Change.

start_profile

Stats

Messages: #21
Subtopics: 1

© Pastizn SCRIPT EDITOR

Fiter

DISCONNECT &

Qos: 0
04/11/2023

10:03:54 AM

x

O retin

© SAVEAS

susMIT



https://git.gsi.de/EKS/Python/ACDAQ/VacuumHeatingSystem

InfluxDB: Temperaturen
07.11.-17.11.2023

& sadpcoo9

i Data Explorer

admin
GSI-VAC

4l Graph & CUSTOMIZE

Load Data
Data Explorer
Notebooks

Dashboards

Data Explorer | GSI-VAC | InfluxDB - Mozilla Firefox

Tasks

Alerts

Settings

[ SAVE AS

20231108 01:00:00

Query 1

VHS

_monitoring

|
_tasks L

+ Create Bucket

(3 Help & Support

o

GSI Helmholtzzentrum

ur Schwerionenforschung GmbH

20231112 01:00:00

Filter

Attribute

DTemperatures
Descriptions
Enabled

Forced
GTemperatures
Heating
PWHRatios
PeriodicInterval
PeriodicTime
Profiles
SPTemperatures
State

Status

~ Temperatures

20231112 010000 20231144 0LO000 20231143 0100:00

2] © Past30d

Filter

Channel

20234198 0100:00

SCRIPT EDITOR

CUSTOM

auto (1)

Fill missing values

CUSTOM

mean
LELED

last

20231197

SUBMIT




InfluxDB: Temperaturen, Flux-Query-Builder
https://docs.influxdata.com/flux/v0/ =

1 frmm{bucket: "VHS")

> range(start: v.timeRangeStart, stop: v.timeRangeStop)

filter(fn: (r) => r["Process"] == "vacpc021l")

filter(fn: (r) => r["Actor"] == "Vhs")

filter(fn: (r) => r["Attribute"] == "Temperatures")
teWindow(every: v.windowPeriod, fn: mean, createEmpty:

d(name: "mean")
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InfluxDB: PWMRatios
07.11.-17.11.2023

Data Explorer | GSIVAC | InfluxDB - Mozilla Firefox

influxd
i Data Explorer

iac 4 Graph & CUSTOMIZE [2 SAVE AS
Load Data
Data Explorer
Notebooks
Dashboards
Tasks
Alerts

Settings

2023-11-09 010000 20231110 01:00:00 2023111 010000 112 0100 20231113 01:00:00 20231114 01:00:00 20231150

=] © Past30d - SCRIPT EDITOR SUBMIT

Filter

Attribute Channel i

VHS auto (1h)
_monitoring Fill missing values

~ wacpcB2il DTemperatures
_tasks B E

Descriptions
+ Create Bucket L

Enabled
e CUSTOM
GTemperatures mean
Heating median
PWMRatios last
PeriodicInterval
PeriodicTime
Profiles
SPTemperatures
State
(@ Help & Support L

Temperatures
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Grafana
Bar View of Temperature and Status with Channel names

BO ESR-Target - VHS - Dashboards - Grafana — Mozilla Firefox
@ Data Explorer | GSIVAC I3 BO ESR-Target - VHS - D¢ > +

sadpc009:3

BO ESR-Target Status Code
N[ []]]
i
i
o []]]]
o []]]]
o []]]]
EN [ []]]
L]}

]
] ]
]
i
] ]

(1]

L]

mI]]]]

o []]]]

il
i
i
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Grafana

Bar View of Temperature Query

|> range(start: -3w)
|= filter(fn: (r) ==
|= filter(fn: (r) ==
|= filter(fn: (r) ==
|= filter(fn: (r) ==

mgtt_string = from(bucket: "VHS")

r["_measurement”] == "mgtt_string_n")
r["Process"] == "${Node}")

r["Actor"] == "Vhs")

r["Attribute"] == "Descriptions")

|> aggregateWindow{every: v.windowPeriod, fn: last, createEmpty: false)

join(tables: {n: mgtt_fleoat, s:

mgtt_string}, on: ["Channel"])

|= filter{fn: (r) == r["Channel"] == "0" or r["Channel"] == "1" or r["Channel"] == "2" or r["Channel"] == "3"
or r["Channel"] == "4" or r["Channel"] == "5" or r["Channel"] == "8" or r["Channel"] == "7" or r["Channel"] ==
"8" or r["Channel"] == "9" or r["Channel"] == "11" or r["Channel"] == "12" or r["Channel"] == "13" or
r["Channel"] == "14" or r["Channel”] == "15" or r["Channel”] == "16" or r["Channel"] == "17" or r["Channel"] ==
"18" or r["Channel"] == "19" or r["Channel"] == "20" or r["Channel"] == "21" or r["Channel"] == "22" or
r["Channel"] == "24" or r["Channel”] == "25" or r["Channel”] == "26" or r["Channel"] == "27" or r["Channel"] ==
"28" or r["Channel"] == "29" or r["Channel"] == "30" or r["Channel"] == "31" or r["Channel"] == "32" or
r["Channel"] == "33" or r["Channel”] == "34" or r["Channel”] == "35" or r["Channel"] == "36" or r["Channel"] ==
"37" or r["Channel"] == "38" or r["Channel"] == "39" or r["Channel"] == "48" or r["Channel"] == "41" or
r["Channel"] == "42" or r["Channel"] == "45" or r["Channel”] == "46" or r["Channel"] == "47" or r["Channel"] ==
"48" or r["Channel"] == "49" or r["Channel"] == "51" or r["Channel"] == "52" or r["Channel"] == "53" or
r["Channel"] == "54" or r["Channel"] == "55" or r["Channel”] == "56" or r["Channel"] == "57" or r["Channel"] ==
"59" )
|> last({column: "_value")

matt_float = from{bucket: "VHS")
|> range(start: v.timeRangeStart, stop: v.timeRangeStop)
| filter(fn: (r) == r["_measurement"] == "mgtt_fleat_n" or r["_measurement"] == "mgtt_integer_n")
|> filter(fn: (r) == r["Process"] == "${Node}")
|> filter(fn: (r) == r["Actor"] == "Vhs")
|> filter(fn: (r) == r["Attribute"] == "Temperatures")
|> filter(fn: (r) == r["Channel"] == "0" or r["Channel”] == "1" or r["Channel"] == "2" or r["Channel"] == "3"
or r["Channel"] == "4" or r["Channel"] == "5" or r["Channel"] == "6" or r["Channel"] == "7" or r["Channel"] ==
"8" or r["Channel”] == "9" or r["Channel"] == "11" or r["Channel"] == "12" or r["Channel"] == "13" or
r{"Channel"] == "14" or r["Channel”] == "15" or r["Channel™] == "16" or r["Channel"] == "17" or r["Channel"] ==
"18" or r["Channel"] == "198" or r["Channel"] == "20" or r["Channel”] == "21" or r["Channel"] == "22" or
r("Channel"] == "24" or r["Channel®] == "25" or r["Channel"] == "26" or r["Channel"] == "27" or r["Channel"] ==
"28" or r["Channel"] == "29" or r["Channel"] == "30" or r["Channel”] == "31" or r["Channel"] == "32" or
r("Channel"] == "33" or r["Channel®] == "34" or r["Channel"] == "35" or r["Channel"] == "36" or r["Channel"] ==
"37" or r["Channel"] == "38" or r["Channel"] == "39" or r["Channel”] == "4@8" or r["Channel"] == "41" or
r["Channel"] == "42" or r["Channel"] == "45" or r["Channel”] == "46" or r["Channel"] == "47" or r["Channel"] ==
"48" or r["Channel"] == "49" or r["Channel"] == "51" or r["Channel"] == "52" or r["Channel"] == "53" or
r["Channel"] == "54" or r["Channel"] == "55" or r["Channel"] == "56" or r["Channel"] == "57" or r["Channel"] ==
"59" )

|> map(fn: (r) == ({_time: r._time_n, _value: r._value_n, _field: "value", description: r._value_s, Channel:
r.Channel, Process: r.Process_n, host: r.host_n, topic: r.topic_n, Actor: r.Actor_n, Attribute: r.Attribute_n}))
|> group(columns:["description","Channel","Process","host","topic","Actor","Attribute","_start","_stop"])

|= yield()
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Fields returned by query




Grafana
Trend View
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Grafana
Trend View Configuration

Edit panel - VHS Trends - VHS - Dashboards - Grafana - Mozilla Firefox

Data Explorer | GSI-VAC

Home > Dashboards > VHS » VHS Trends save  [APBIY
sadpc008 ~ @ LastSminutes ¥ @ # Time series

Temperature

Standard options

Unit

Decimals

Display name

Color scheme

c palef

No value

B«

Data links

Data source InfluxDB @ Query options t £ Query inspector + Add link

Value mappings

(bucket: "VHS") Add value mappings
ze(start: v.timeRangeStart, stop: v.timeRangeStop)
(fn: (r) => r[ ment"] ‘mgtt_float_n")
(fn: r["Pr ${Node}")
(fn: L ] "Vhs")
(fn: r["s "] "Temperatures") + Add threshold
(fn: ")
aggregateindow(every: v.windowPeriod,
yield(name: "last")

Thresholds

, createEmpty
@ Flux language syntax  Sample Query
Thresholds mode
+ Query + Expression
Absolute

Show thresholds
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G rafa.n a. VHS Channel Overview - VHS - Das!
Channel View | S 5 115 Chanmel Overview . x &

< C O & sadpcoo9
L

W

11:52:30
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Grafana
Channel View Configuration

Edit panel - VHS Channel Overview - VHS - Dashboards - Grafana - Mozilla Firefox

Data Explorer | GSI-VAC

@ LastSminutes » &

Standard options

Unit

Display name

Color scheme
From thresholds
No value
B a
Data source InfluxDB ptions t Query inspector
Data links
+ Add link
bucket: "VHS")
(start: v.timeRangeStart, stop: v.timeRangeStop) , .
(fn: (r) r["_measurement" "mqtt_float n") Value mappings
(fn: (r) r["Process” {Node}")
(fn: (r) r ] "Vhs") YRR ——
(fn: (r) r tri 4t "Temperatures")
(fn: (r) r r " {Channel}")
aggregateWindon(every . fn: createEmpty

. Thresholds
yield(name: "last")

+ Add threshold

& Flux language syntax  Sampls Query

+ Query + Expression

Thresholds mode

Absolute

+ Add field override

GSI Helmholtzzentrum fir Schwerionenforschung GmbH




Grafana
Actions === I

HTTP Request handled by

- vhs_http_server.py
e from http.server import BaseHTTPRequestHandler, HTTPServer
e import json

e import paho.mqtt.publish as publish

VHS Actions - VHS - Dashboards - Grafana - Mozilla Firefox

1) Parse JSO n parameter Stl’l ng . Data Explorer | GSI-VAC | X I VHS Actions - VHS - Dashb: X
. . | <« C U & sadpc009:3000/d/bag72f01-f931-4744-ba76-67341f0c 67% 17 ® 5 =
2) Publish to MQTT Topic
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Grafana

Actions

Home > Dashboards » VHS » VHS Actions » ables Close  Saveas | Save dashboard ~

8 Settings Variables
Variable Definition
Node vacpc021,5adpc008,sadpc015 P C WO
I VEUELES
Channel 01,2,3,4,56,7,8,910,1112,1314,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,4... P O @
BooleanValue false, true P O @
PWMRatio 0.0,10.,20.,30.,40.,50.,60.,70.,80.,90.,100. P O @
SPTemperature  20.0,50.0,100.0,150.0,200.0,250.0 P C WO
Profile Enter absolute path on remote system PG o
; SMTransition request_control release_control start_profile, stop_profile, pause_profile,continue_profile controlled_cooling,... P O @
l + New variable
= Home > Dashboards > VHS » VHS Actions Links Close  Saveas | Save dashboard PN
88 Settings Links
Type Info
e & link RequestStateChange http://${Node}.gsi.de:8080/Request_State_Change?request=3{SMTransition} v O x
& link Enable http://${Node}.gsi.de:8080/Set-ChannelEnabled?channel=${Channel}&enabled=${BooleanValue} + + O x
Links & link Force http://${Node}.gsi.de:8080/Set-ChannelForced?channel=${Channel}&forced=${BooleanValue} i v+ B x
7 link PWMRatio http://${Node}.gsi.de:8080/Set-ChannelPWMRatio?channel=${Channel}&ratio=${PWMRatio} * v O x
Vet & link SPTemperature http://${Node}:8080/Set-ChannelSPTemperature?channel=3{Channel}&sptemperature=${SPTemperature} + + B X
#} link Temperature Profile http://${Node}.gsi.de:8080/Set-Profiles?filename=${Profile} * o *

+ New link
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Mosquitto MQTT Broker
https://mosquitto.org/ == 1

Eclipse Mosquitto is an open source (EPL/EDL licensed) message
broker that implements the MQTT protocol versions 5.0, 3.1.1 and 3.1.
Mosquitto is lightweight and is suitable for use on all devices from low
power single board computers to full servers.

The MQTT protocol provides a lightweight method of carrying out
messaging using a publish/subscribe model. This makes it suitable for
Internet of Things messaging such as with low power sensors or mobile
devices such as phones, embedded computers or microcontrollers.

The Mosquitto project also provides a C library for implementing MQTT
clients, and the very popular mosquitto _pub and mosquitto_sub
command line MQTT clients.

Python: https://pypi.org/project/paho-mqtt/

Support for Linux, Raspian, Windows
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Mosquitto MQTT Broker
Installation auf Linux == 1

apt/zypper search mosquitto
sudo apt/zypper install mosquitto

Edit /etc/mosquitto/mosquitto.conf
- listener 1883 0.0.0.0

- allow_anonymous true ==Needs to be configured for user/password instead.==
systemctl (re)start mosquitto.service

Start at reboot

- systemctl enable mosquitto.service

MQTT-Explorer

- Download at: http://mqtt-explorer.com/
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InfluxDB
Installation on openSuse Tumbleweed

OpenSuse: zypper ar

- https://download.opensuse.org/repositories/server:/database/openSUSE_Tumbleweed/ influxdb2
sudo apt/zypper install influxdb?2
systemctl (re)start influxdb.service Load Data

systemctl enable influxdb.service
- Browser URL: ‘localhost:8086

- Set password on first call

ee-raspi1l001-VHS

Set Organisation
- Add more users by using the admin-token

- influx user create -n username -p password -0 organization

Telegraf plugin
- Follow Setup Instructions

— You need to set a valid token for authentication, explict or as environment variable.
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Telegraf
https://www.influxdata.com/time-series-platform/telegraf/ =%

* Telegraf is the open source server agent to help you collect metrics from your
stacks, sensors, and systems.

e Installation
- apt/zypper search telegraf
- sudo apt/zypper install telegraf
- Start Telegraf with:
* 1. Pflege in InfluxDB.: telegraf --config http://localhost:8086/api/v2/telegrafs/xxx
* 2. Pflege in einem User-Verzeichnis: telegraf --config /home/brand/Downloads/telegraf.conf

» 3. Pflege als admin: telegraf --config /etc/telegraf/telegraf.conf

* 4. Start as service:
- 1. sudo cp telegraf.conf /etc/telegraf

— 2. sudo cp /usr/lib/systemd/system/telegraf.service
/usr/lib/systemd/system/telegraf.service.org

- 3. Edit telegraf.service and replace config file to be used.

* ExecStart=/usr/bin/telegraf -config /etc/telegraf/telegraf.conf -config-directory
letc/telegraf/telegraf.d STELEGRAF_OPTS

- 4. systemctl restart telegraf.service
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Telegraf
Configuration =%

* telegraf.conf

# Configuration for sending metrics to InfluxDB
[[outputs.influxdb_v2]]

urls = ["http://localhost:8086" ]

## Token for authentication.

token = "xxx"

## Organization is the name of the organization you wish to write to; must exist.
organization = "organization name"

## Destination bucket to write into.

bucket = "bucke name"

## Timeout for HTTP messages.

# timeout = "5s"

# Read metrics from MQTT topic(s)
[[inputs.mgtt_consumer]]

hame_override = "mqtt_float_n"
servers = ["tcp://broker-node.gsi.de:1883"]
topics = [

"+/Vhs/Temperatures/+",
"+/Vhs/DTemperatures/+",
"+/Vhs/GTemperatures/+",
"+/Vhs/SPTemperatures/+",
"+/Vhs/PWMRatios/+",

]

data format = "value"

data_type = "float"

[[inputs.mgtt_consumer.topic_parsing]]
topic = "+/+/+/+"
measurement = "_/_/_/measurement"
tags = "Process/Actor/Attribute/Channel"
grields. = "/, /."
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Grafana
https://grafana.com/

. Installation
- apt/zypper search grafana
- sudo zypper install grafana

- systemctl (re)start grafana.service
- Start at reboot

* systemctl enable grafana.service

- Browser URL: http://localhost:3000
* Set password on first call.

e Add more Users

- Add data source: InfluxDB
*  Query Language: Flux
HTTP URL: http://localhost:8086

e Auth: Basic auth
- User/Password

InfluxDB Details
- Organization: organization

- Token: InfluxDB generated API token

e« Default: Bucket: bucket name
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PyAcdaq
Class DAOmMXxAi(Device). periodic(self. reason

_periodic(self, reason):

win

Implementation of periodic actions.
Read data from instrument.

Parameters
reason : PeriodicCallReason
Reason for calling this metheod.

Returns

None.

i
match reason:
case PeriodicCallReason.Start:

l ._task = nidaqu.Task(: : slot[l 1)
f._task.ai_channels.add_ai_voltage_chan(self._slot + '/a7i@:' + str(self._nof_channels - 1),
max_val=self._ai_rng_high,
min_val=self._ai|_rng_low,
terminal_config=self._terminal_config)
f._task.timing.cfg_samp_clk_timing(rate=self._sampling_freq,
sample_mode= constants AcquisitionType.FINITE,
samps_| per chan=s=1f._samples_per_channel)
._stream_ai = AnalogMultiChannelReader(self._task.in_stream)
._buffer_ai = np.zeros(( —"._nof_channels, elf._samples_per_channel))

case PeriodicCallReason.Do:
while self._ai_exceptions < 3:
elf._stream_ai.read_many_sample(self._buffer_ai, self._samples_per_channel, timeout=constants.WAIT_INFINITELY)
avg = np.average(self._buffer_ai, axis=1)
std = np.std(self._buffer_ai, axis=1)
elf._avgs[:] = avg[:]
_stds[:] std[:]

t Exception as e:
elf._ai_exceptions += 1
print(f'{self._name} Exeption cought in _periodic.Do, retry={self._ai_exceptions}] \r\n{str(e)}')
f._mqtt is not None:
Iogger debug(self._name + ' Publish AI avg and std.')
self._mgtt.publish_topic(self._name + '/AI', avg, qos=6, retain=True, expand=self._expand)
._mqtt.publ15h_top1c(.—"._name + "/AI-5td', std, qos=0, retain=True, expand=self._expand)

case PerijodicCallReason.Stop:
if self._task:
Lf._task.cleose()
f._task = None

except Exception as e:
logger.exception(self._name + ' Exeption cought in _periedic.', str|(e))
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PyAcdaq

) DAOMXDoPwm(De

_periodic(self, reason):
mwnn

Implementation of periodic actions.
Set DO accourding tot PWM request.
Parameters

reason : PeriodicCallReason
Reason for calling this method.

Returns

i
match reason:
case PeriodicCallReason.Start:
do = self._zeros
f._task.write(do, aute_start=True)
-_mgtt is not None:
elf._mgtt.publish_topic(self._name + /D0, do, qos=8@, retain=True, expand=self._expand)

fo_tl = time.time()

case PerijodicCallReason.Do:
fo_t_diff = (time.time() - self._t@)
ratio = self._t_diff - int(self._t_diff)
do_ratio = self._ratios > ratio
except TypeError as e:

doe = np.logical_or(do_ratio, self._forced)
enabled_do = np.logical_and(do, self._enabled)
f._task.write(enabled_do, auto_start=True)
[f._mqtt is not None:
elf._mgtt.publish_topic(self._name + '/D0', enabled_do, gos=0, retain=True, expand=self._expand)

time.sleep(self._sleep_time)

case PeriodicCallReason.Stop:
do = self._zeros
f._task.write(do, auto_start=True)
[f._mqtt is not None:
elf._mgtt.publish_topic(self._name + '/D0', do, qos=0, retain=True, expand=self._expand)

except Exception as e:
logger.exception(self._name + ' DAQmxDoPwm Exeption cought in _peripdic.', str(e))




Fuzzy System with Simpful
https://pypi.org/project/simpful/

Linguistic input variables and ranges:

Hef create_vhs_fs_input(Fs):

"""Define fuzzy sets and linguistic variables.
sf.TrapezoidFuzzySet{a=-25., b=-25., c¢=-20., d=-0, term="negative')
sf.TrapezoidFuzzySet(a=-20., b=0., c=0., d=20., term='constant')
sf.TrapezoidFuzzySet{a=0., b=20., c=25., d=25., term='positive')

T_1=
T2
T3 =

# sf.LinguisticVariable([T_1, T_2, T_3], universe_of_discourse=[-25, 25]).plot(}
FS.add_linguistic_wvariable( 'TDiff"',
sf.LinguisticVariable([T_1, T_2, T_3],
concept="Temperature-Difference’,
universe_of_discourse=[-25, 25]))

1
_2
_3

s

G
G
G
#
F

return FS

Set of Rules

RO = 'IF (TDiff
R1 = 'IF (TDiff
R2 = 'IF (TDiff
R3 = 'IF (TDiff
R4 = 'IF (TDiff
R5 = 'IF (TDiff
R6 = 'IF (TDiff
R7 = 'IF (TDiff
R8 = 'IF (TDiff
R = [RO,

The resulting power is scaled

case 'mamdani':

IS
IS
IS
IS
IS
IS
IS
IS
IS

constant)
constant)
constant)
positive)
positive)
positive)
negative)
negative)
negative)

R1, R2, R3, R4, R5,

sf.LinguisticVariable([G_1, G_2, G_3],
concept="Temperature-Gain"',
universe_of_discourse=[-25, 25]))

AND
AND
AND
AND
AND
AND
AND
AND
AND

(TGain
(TGain
(TGain
(TGain
(TGain
(TGain
(TGain
(TGain
(TGain
R7, R8]

IS
IS
IS

IS
IS

IS
IS

negative)
constant)
positive)
negative)
constant)
positive)
negative)
constant)
positive)

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

p = self._fs.Mamdani_inference(["Power"])["Power"]

if p < 0.:
p = 0.
else:
p *=
pass

1.3

(Power
(Power
(Power
(Power
(Power
(Power
(Power
(Power
(Power
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IS
IS
IS

IS
IS

IS
IS

= sf.TrapezoidFuzzySetl{a=-25., b=-25., c¢=-20., d=-10., term='negative')
sf.TrapezoidFuzzySet(a=-20., b=-10., c=0., d=28., term='constant')
sf.TrapezoidFuzzySet(a=0., b=20, c=25, d=25, term='positive')
f.LinguisticVariable([G_1, G_2, G_3], universe_of_discourse=[-25, 25]).plot()
S.add_linguistic_variable( 'TGain',

on) WEIGHT 1.0
off WEIGHT 1.0'
off) WEIGHT 1.0
on) WEIGHT 1.0
off) WEIGHT 1.0
off) WEIGHT 1.0
on) WEIGHT 1.0
on) WEIGHT 1.0
on) WEIGHT 1.0

Membership degree

— regative
constant
positive

Membership degree

— regative

constant
postive

Membership degree

-20 -10 0 U] 0

Tmperature Difference

UHVHC Fuzzy System (Mamdani)

20 1

10 1

TGain fdegCfs
L=l

=10

-20

-10 0 1
“Emperature-Gain

il

=20

-10

o
TDiff /degC

34

45

15
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VHS StateMachine
https://pypi.org/project/python-statemachine/ _

n(StateMachine): ~ @ Vhssm
atemachine for the Vhsclass.""" _init__

State(ini
manual = State()
controlled = State()
profile
paused
cooling State()
stopped State(final=True)

on_ente ual
on_exit_manual
on_enter_controll
on_exi

on_ente

# Er i on_

to_manual = initializing.to(manual)
request_control = manual.to(controlled)
release_control = controlled.to(manual)
start_profile = controlled.to(profile)
stop_profile = profile.to(controlled)
pause_profile = profile.to(paused)
continue_profile = paused.to(profile)
cooling_controlled = cooling.to(controlled)
cooling_manual = ceoling.to(manual)
controlled_cooling = controlled.to(cooling)
manual_cooling = manual.te(cooling)
profile_cooling = profile.to(cooling)
pause_cooling = paused.to(cooling)
request_stop = manual.to(stopped)

on_en
on_
on_en

def __1init__(self, vhs_in_future=None, nof_channels=6, history=Fa
[f._history = history
.calls = []
_nof_channels = nof_channels
_vhs_in_future = vhs_in_future
r{).__init__()

If.calls.append(“on_enter_initializing")
_vhs_in_future:
; in_future.setDO(np.zeros(self._nof_channels, dtype=bool))

profile_cooling
profile_caoling

Profile
entry / on_enter_profile!
exit f on_exit_profile

pause._profile

start_profile. Paused
entry / on_enter_paused
exit / on_exit_paused

cantinue_profile

Stap_profile

Controlled
entry / on_enter_controlled

request_control
exit { on_exit_controlled

Felease_contro

Manual
entry / on_enter_manual
exit/ on_exit_manual

Caaling
e entry / on_enter_cooling
exit / on_exit_cooling
manual_cooling
request_stop /
\‘-

coaling manusl

Initializiry
entry / on_enter_

vhssm
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def

def

Class FuzzyController using Multi-Processing

Start FuzzyProcess

_on_start(self):

logger.debug(self._name + ' FuzzyController _on_start()')
self._in_future.start_fuzzy_ process()

pass

start _fuzzy process(self):
logger.debug(self._name + ' FuzzyController start_fuzzy process()')

trv:
LI'Y =

ey 7

self._fsp = FuzzyProcess(self._name, mpq_in=self._mpq_in, mpq_ret=self._mpq_ret)
self._fsp.start()
ol f._mpq_in.put('First put.')
except Exception as e:

pPass

_on_stop(self):
logger.debug(self._name + ' FuzzyController _on_stop()"')
Ery:
= f._mpqg_in.put(None)

self._fsp.join()

# print(f'{self._name} _on_stop() Process joined.', flush=True)
except Exception as e:

pass
super()._on_stop()

pass
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Class FuzzyProcess(mp.Process)

def run(self):
item = self._mpq_in.get(True, 10.)
self._mpq_ret.put(f'{self._name} run() started.')

while True:

try:
item = self._mpg_in.get() # (True, 1.

except mp.queues.Empty:
logger.exception(f'{self._name} run() exception queue empty caught."')
time.sleep(.1)
continue

if dtem is None:

break

P = self.mp_calc_powers(item['D'], item['G'])
return_item = {'’'subset’': item[ 'subset'], 'Power': P}
self._mpq_ret.put(return_item)
except Exception as e:
logger.exception(f'{self._namel run() exception queue empty caught. ' + str(e))
finally:
self._mpg_in.close()
self._mpq_ret.close()

prﬁnf{f*{self._name} run() done.', flush=True)

)ass

# End of class FuzzyProcess
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if not self._sm.manual.is_active:
if =self._fuzzy_mp:

Class FuzzyController try:
periodic(reason='D0’)

# Read PWMRatios from fuzzy controllers wvia gqueue.
foer i1 in range(len(self._AI}):
a, e = self.__a_e(ii)
1f._fsq_in[ii] .put({ 'subset': 1i,
'D': self._dtemperatures[a: e],
'G': self._ptemperatures[a: €],
'mode’: self._fuzzy_-interference_mode},
True, 16.)
# print(f'{ :'.:':_.!.'__“_‘.:!:&. eriodic: Wait for responses from fuzz: Rt (e
for ii in range(len(self._AI)):
a, € = self.__a_e(ii)
item = self._fsq_ret[ii].get(True, 18.)
[f._ratios[a: e] = ditem[ 'Power"]
except mp.queues.Empty:

except Exception as e:

# Request PWMRatios from fuzzy controllers via fut
for ii in range(len(self._AI)):

a, e = self.__a_e(ii)
If._f_FC[ii] = self._FC[ii].calc_powers(self. dtemperatures[a: e],
=1f._gtemperatures[a: e])

# Read WMRatios fr fuz7= ~antro ers trom Tuture B

for ii in range(len(self._AI)):
a, e = self.__a_e(ii)
If._ratios[a: e] = self._f_FC[ii].get()
elf._check_alarm_conditions()

set PWMRati

- 41 in range(len(self._AI)):
a, € = self.__a_e(ii)

f._DOPWM[ii].setPWMRatios(self._ratios[a: e] f 1@88.)

elf.__publish_topics()

f _r = . S _ _ :..'; or _'|II
f self._sm.profile.is_active and self._t_start_profile and self._profile_left <= 8.:
elf.request_state_change( 'stop_profile’)
f self._sm.cooling.is_active and self._t_start_cooldown and self._cooldown_left <= 8.:

elf.request_state_change( 'cooling_controlled')
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Documentation https://docs.python.org/3/

Tutorials https://docs.python.org/3/tutorial/index.html

Simpful

. Spolaor S., Fuchs C., Cazzaniga P., Kaymak U., Besozzi D., Nobile M.S.: Simpful: a user-friendly Python library for fuzzy logic,
International Journal of Computational Intelligence Systems, 13(1):1687-1698, 2020 DOI:10.2991/ijcis.d.201012.002

Asynchronous / Prarallel Prgamming

. Multi-threading: https://docs.python.org/3/library/threading.html

. Multi-processing: https://docs.python.org/3/library/multiprocessing.html

. Asyncio: https://docs.python.org/3/library/asyncio.html

. Advertising: https://superfastpython.com/

- Develop Faster Python Programs with Threading, Multiprocessing, and AsynclO
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Diskussion
I=5= Il

 Dank an alle Kollegen, die mich unterstttzen.
- Python, MQTT, Telegraf, InfluxDB, Grafana, Linux

- https://mattermost.gsi.de — EPICS - Python (GSI Web-Lgin required.)

— Alle Notizen sind in meinem Joplin-Notizbuch zu finden.

* Ich gebe es auf Anfrage gern frei, auch zum Mitmachen.

e Dank flr Eure Aufmerksamkeit

* Fragerunde und Diskussion ist er6ffnet.
- Programmdetails
- Konfigurationen
- Architekturen

- Frameworks
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