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Role of monitoring tools in DAQ

Slow Control and monitoring system is a vital part of any HEP experiment
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Monitor the status of DAQ and DAQ hardware
Monitor physical and environmental conditions
Control the quality of data taken

Control and operate hardware equipments

Guarantee safety and correct functioning of whole system




CMD-3 Experiment

The system discussed in the talk was developed for CMD-3 detector
Typical small-to-medium scale HEP experiment

,u'!-:f;Wi .
= 1“‘\4 =3
* e+ e- collider VEPP-2000 at BINP (Novosibirsk)
* 7 detector’s subsystems + cryo, gases, HV, LV . g0 authors
« Y 0O(1000) environmental sensors .

* “O(100) monitoring histos, data quality plots 1kHz ELT rate 4
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Basic considerations

Key requirements for the monitoring system:

* Independent of particular experiment
(as much as possible)

 Modular structure
* web-based approach

Thanks to the modular approach,
parts of the system are used at two other experiments:

# Fermilab . BINP
» BINP MRT

e Muon G-2 (250 authors) (X-ray tomography)

)
A - Larger than CMD-3, . Smaller.

but same scale 5
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Basic sources of monitoring data

During the operations DAQ and related systems produce
a lot of information for experts and people on shift
that need to be monitored and taken into account

Slow control Offline Reconstruction Online DAQ
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Key goals of high level monitoring system

We need a unified and user-friendly access to diverse pool of
monitoring/control data:

* Access to real-time and archived data

* Different focus for shifters and experts

* Possibility to control detector subsystems

* Various helpers (data highlighting)

* Physicist should be able to extend the interface

(min knowledge in programming)

Web-based approach meets well our goals
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System architecture:
Why a web-based approach?

Modern Web technologies offer a big set of advantages and ready to use
components out of the box.

Client-server architecture

— * scalability and reliability
I: » extensibility (easy integration of experiment specific tools)
* hide direct dependency with front-end electronics and
HRE

data sources
X

Web application

* cross platform compatibility (no dependency to client OS)

e accessible anywhere (can be even used remotely outside
control room)

* cost effective and rapid development (thanks to Python,
Django, and plenty of open-source web packages)

e easy customizable (CMS-like approach to edit pages) s
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Sidenote: MIDAS as core platform

for DAQ & SC at CMD-3

MIDAS is a rich data acquisition software developed at PSI and at TRIUMF

* |ncludes native Web Interface
(mhttpd)

* Provides Online database (ODB)
with tree-based structure

* Uses shared-memory Buffer for
event collection and distribution

* Supports ROOT analyzers for
online data monitoring
(produces histograms)

* Frontend acquisition code written
in C/C++

S experiment "online™ ? Sun Jul 1 01:42:22 2018 Refr:60
Messages Alarms | | Programs | | Config

Reset Alarms Check Sound MCHS LoadAll

LHE meas period LXE Sensors | | High Voltage DC | | Temperature Sensors [(pcandzc | Magnet [ vepP Info |
DC Thermo DC Wire Rates SnowCity Run Info Computers LXE Noise

Run 269500  |IEESEEEENN| Alarms: Off [REstaitiYesill| Data dir: /dagdata/online/data
| Start: Mon Jun 25 17:46:45 2018 [ Stop: Mon Jun 25 17:51:37 2018
Equipment | Status Events | Events[/s] Data[MB/s]
EB  [NEVenBUilderedazcmannpinskis U 417 0.0 0.000
[SlowControl  [ININSIOWCONtOl@dq5emainpSKISUNIN | 478274 1% 0.000
DagLink2 [ DagLink02@dg8cmd.inp.nsk.su [ 1171 0.0 0.000
DagLink1 [ DagLink0i@dq7cmd.inp.nsk.su [ 1132 0.0 0.000
Channel Events | MB written Compression GB total
[#0: un69500.mid 867 [ 32.727 N/A 82421.872
Lazy Destination Progress [ File Name | Speed [MB/s] Total
cmd 100% | run69499.mid | 0.0 24406.2 %

04:36:08[ PingDTRUdg8,INFO] Program PingDTRUdg8 on host dq8cmd started

SlowControl [dq7cmd.inp.nsk.su]

[ slow_gas [dg2cmd.inp.nsk.su] |

slowrun [dq5cmd.inp.nsk.su]

slowenv [dg5cmd.inp.nsk.su]

slow_dq5 [dg5cmd.inp.nsk.su] |

slow_dg8 [dg8cmd.inp.nsk.su]

slow_dq7 [dg7cmd.inp.nsk.su]

slowrates [dg5cmd.inp.nsk.su]

CheckAll [dg5cmd.inp.nsk.su]

slow_dq11 [dglicmd.inp.nsk.su]

Lazy_Ftp [dg7cmd.inp.nsk.su]

CheckProc [dg5cmd.inp.nsk.su]

Speaker [dg10cmd.inp.nsk.su]

mhttpd [dg7cmd.inp.nsk.su]

Logger [dg7cmd.inp.nsk.su]

Analyzer [dpScmd]

slowmagnet [dg12cmd.inp.nsk.su]

DaqLink02 [dp8cmd]

DagLink01 [dg7cmd.inp.nsk.su]

slowhv [dg5cmd.inp.nsk.su]

EventDisplay [dq10cmd.inp.nsk.su]

Event Builder
[dg7cmd.inp.nsk.su]

PingDTRUdq7 [dg7cmd.inp.nsk.su]

PingDTRUdg8 [dg8cmd.inp.nsk.su]

At CMD-3 we extended MIDAS API by implementing python library (pymidas)
to access ODB and Buffer modules. PyMidas has allowed to apply easy
integration with our DAQ services and in particular with web applications. o
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Architecture overview

Data sources

DAQ services

DAQ

Equipment MIDAS OoDB
& quip >
= [ DB } (mhttpd) (MIDAS)
f Slow SC
Py Shift pymidas = frontends
E”: [ Schedule R— \Control DB MIDAS
o
/7§ I Run DB ]4
— I'l — N Online
- | 1 V(5] | Online < Analysis
+ REfST r,]AP Trend dita = \Hlstograms ) (analyzer)
Browser O TeiC Aoach \ / N
monitoring |\pache N (5 | Offline Offline
data I =]l | Histograms | Analysis
] Access to
ﬁ"’a—' Web applications (Django, python, Bootstrap) — required
= DB/sources

G\-Z:

auth syslog task scripts runinfo
Core: -
runlog plots datatables templatesadmin Remotg script
execution,
CMD-3 | slowsensors | | scriptplots slowplots trendplots direct read out data
: : >
g2calo g2utca nearlinelog runfieldlog /
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Custom
Monitoring
services

Frontend
scripts




Implementation details: Web2.0

e Apache/WSGI + Python + Django
framework as server backend

APACHE * Independent database backends
S (PostgreSQL, MySQL, etc)

 Web Services technologies
= pgthon (REST API, WebUI, widgets)

B a Bootstrap framework as
django HTML/CSS/JS client frontend

BOOtStl‘ap (responsive, interactive, mobile-friendly)

A’[jAX

Asynchronous Javascript And XML

* Client AJAX, JQuery plugins, own

widgets, HTMLS5 vector graphics
(datatables, treeview, calendar..)

* Plugin based approach
(shareable applications in “core”

@jauer{ re-used by many components)

write less, do more.
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C:ollaboration site

=] For Operators
e Last 20 runs
12 * Run log
e Nearline log
» History plots
* SiPM calorimeters
il * Trend plots

Uptime hours per day TBytes per day

Run Overview per day (all runs)

Muon G-2 data taking (as of 7/01/2018 4:19AM)

F9.0 7B
" (6/30/2018)
155

£ % M©

3
i

(3 |

1
1
1
1
1
1
1
1
:
; « SiPM BK Voltage Control
1
1
1
1
1
1
1
1
1
1
1

kEvents

" Start Run number per day o CTAG per day
€ a
& run 17546 § 16043.927 kEv
% 15£(6/30/2018) @ 100}-(6/30/2018)
- mm o omm ol omm on = PR I

! List of implemented
! components

Lot ot oo o oo o omworomwm s omm or o omm
Muon G-2 @ Experiment Web Portal

Alexey Anisenkov, CHEP-2018

= Collected TBytes

kEvents

Welcome to Muon G-2 Experiment Web Portal. Here you can access information about collected data. To get general inform

For Experts

e Weekly Report
* Run log

» History plots
e Trend plots

» High Voltage Control
* MIDAS
e UTCA crates plots

0 e
N
\on about G-2 please go the main

: Navigation panels

|
L

Run Overview per shift (last week)

Muon G-2 data taking (as of 7/01/2018 4:19AM)

Uptime hours per shift

TBytes per shift kEvents per shift

aoee e 18

Date

kEvents

18)

Date
> CTAG per shift

300418

Date
Total uptime hours

=%hs

Ly’ Start Run number per shift a0 Collected KCTAG
g 17§ a8 2
€ frun 17594 & 650 KEv § . 3456023 KEv
517.041.(6/30/2018) w 018) @ 3
.

00418 ns £
Date Date
Collected TBytes “n® Collected kEvents 1 2

(& please login to editthis page [EeEl[=Rell/-Tap AR VR



Graphical component to draw plots

HTML

Q72
SVG

)3

Data-Driven

Documents
° ° L] L] L]
Own implementation of low-level plot.js widget based on D3.js
° Fu | |y Inte ra Ctlve &  Operations - Run Overview - Online plots ~  Wiki ElLog @ Help E
H
dyn amic d ata 2 Run_Overview/Overview16htmi~ | Qyonline = Databas 06/07/2018 5:33 AM &  06/08/2018 5:34 AM ] 0
ViS ua | izati on ents in Run VEPP Currents, mA Vacuum Magnetic Field, Gs
2 Click to select slow plot [ mC Curre ntin EEC 123 m Hall_Flange1_left_113
. . 4 A E 13,029 : : : ;
[ 1e-4 o
Data loading via
13,028
REST JSON API ‘ o ' ‘
m o ! time s ; ! time 13,027 ! time
21:00 22:00 23:00 Fri08 21:00 22:00 23:00 Fri08 21:00 22:00 23:00 Fri08 21:00 22:00 23:00 Fri08
® I m p | eme ﬂted as Q Trigger rate, Hz VEPP mode LHe Level + Consumption GAS Flow
TRIGGER ‘ 1501 m 50 mingites ! ! o 1660 Bit DC'!
standalone JQuery Ee et (N N PR
1009 i i A
plugln \4 1,620
ol L time sl NAme 1, "% : time
21:00 22:00 23:00 Fri08 21:00 22:00 23:00 Fri08 21:00 22:00 23:00 Fri08 21:00 22:00 23:00 Fri08
* Draw several grap hs on Live Time Ratio VEPP Energy, MeV LHe pipe pressure, atm + PT17 LXe Pressure
. . 101 m p.eT; "?%P.:at\ e E "lr" : : ‘—E:‘ : : a ; eFre;@awe
same pad within canvas AL A . E_NUR g O N
400 . 250
¢ 3B0:1ves T sgsiss St 2 B ;
« Common X-axis slider time . trie e
21:00 22:00 23:00 Fri08 21:00 22:00 23:00 Fri08 21:00 22:00 23:00 Fri08 21:00 22:00 23:00 Fri08
for all plots on a pa ge Sl Tl Luminosity, 1030 PT1-PT3 DC and ZC rate, kHz
454 W CMD-3 3 : : mPT1 : : :
m 5ND 20 A 14 —t’f:TL
* Predefined time “1 %
51 : > 12 1 ‘
windows o _ time °l i tine P time ol time
21:00 22:00 23:00 Fri08 21:00 22:00 23:00 Fri08 21:00 22:00 23:00 Fri08 21:00 22:00 23:00 Fri08
® And more-- 0600 08: 00 I 15‘00 18‘00 21 OQ FHIOS OBIOO
> o | — T
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Interactive plots: some features

Predefined The same interface for futomlat.lc re;resh —> [[Jr=resh in: 00:10
plot presets real-time and historical data or real time data .

¢ / \ Ability to zoom in/out for x,y axis
Gone = oo P to get more detailed picture

June 2018 -
MR TR 3 e 3 ¢ 20:00 _ 24:00 _ 22:00 _ 23:00 Tue2d 0
i i1 i : Su Mo Tu We Th Fr Sa ~ - Zoom to: 28 May 2018 19:57 - 29 May 2018 01:01
244 2 : i

—
27 28 29 30 31 1 2 ‘»l I

3 4 5 6 s 9 W 5 2100 Tue 29
i N / Log scale, 2 y-axis on same pad,

1 Vacuum custom data transformation (deriv)
3T mVAC1 VMB | :
im —EZZ:.;HE
. . o R Automatic zoom and switch
Slow plots (time as x-axis) o o | e level
|22 BGO /temperatureshtmi~ | Qyoniine = Database 05/27/2018 11:10 AM # 05302018210 PM =} 21;00 22;00 23;00 I-iri :s rom In?s to pOIntS eve
T LHe Level + Consumption depending on requested
‘ | pGe Ty ; 101 gBdoHa i :;:_;:]Illilt-:s . X_time WindOW;
- —— |4 Point details pop-up window
m%ﬂw 21:00 22:00 23:00 Fri08

MW Wy Wy vy A sy A o
B time o time time
ton 28 Tue 29 Wed 30 Hon 28 Tue 29 Wed30  Monze Tue 29 Wied 30
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Graphical component: shared implementation

Given application is used as a base engine for following components:

* Central Slow control data visualization (slowplots)

* Online and Nearline analysis data visualisation - run by run trending
(trendplots)

e Custom data monitoring
- Real-time read-out from frontend electronic
(e.g. temperatures of SiPM calorimeters at G-2 - g2calo)
- Draw monitoring data from custom db/source (e.g. monitoring of
microTCA crate temperatures/params at G-2 - g2utca application)

G2calo plots G2utca plots

= Run Summary

B Run Log

M Nearline Log

# RunField Log

88§ &8¢ ¢

|22 History

run number o0 run number

EX Y 5.
a average momentum resolution(s-3 &

650
a0
s

5 oo /-"J
a0 &
"
50

.

|8 Trend plots

8

Lt uTCA plots

BB G2calo

# BK Control

Q SysLog
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Data quality plots (trend plots)

Different data flow to generate data quality metrics (online, nearline, offline)

Online
data
monitor

Near real
time reco

= Slow MIDAS
== | Control DB ODB

Monitoring ROOT
Histograms

Automatic
Analysis

Slow control plots: amplitudes, track rec
DQ plots: efficiency, etc..)

Trigger rate, Hz

Key parameters are
saved in RDMS
(resolution, avg

hit efficiency(r<0.65,good z), Bhabha

200 * Pl a4 a?’y AN
el BT e ﬁ‘"‘% i {d; “wlf ;‘f rMW\
200 5 ﬁN‘\ } ¥ % e f :
0 1 5 5 tinéw»:- ww M \ w
21:00 22:00 23:00 Fri08 | M{}f "‘ 1 ?“‘P W’\"M
Values vs time Values vs run # ' 16
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Implementation feature: Django template tag as widget

Special template tag encapsulates all complicated logic and allows easy
configuration of plots by users within WebUI

. o We use Django tags to create “widgets”
Edit Template: slowplots/presets/Run_Overview/Environment.ht

* Pages can be edited directly

{$ extends "slowplots/_base_preset.html" $%}

{% load slowplot %} H
e (thanks to templatesadmin app
{$ block title %}Environment{% endblock %} imp|emented)
{$ block main content $}{{block.super}} ° S|0Wp|0t template tag SpeCifieS
{$ slowplot name='env' nx=2 ny=2 source="{{source}}"3} p|Ot COnfiguration (SenSOI’S pads
9 9
source_url = {{declare.sources|get:source}} CO|OI‘S ranges aXiS Settlngs
refresh cid = {{declare.refresh cid}} ? . ’ ?
_ A transformations, auto zoom, etc..)
pad.0.title = Temperature, Celsius -
pad.0.sensor.0.name = ENV.0 - ~
-~/ \ page owner: anisyonk DAQ ALL
pad.l.title = Pressure, mm \ 7
pad.l.sensor.0.name = ENV.1 N - ’ﬁ e e e e on B =

[ efreshin

00:13

pad.2.title = Humidity, $

m

pad.2.sensor.0.name = ENV.2 v cos _
{$ endslowplot %} u 5 V—\_f_/

{$ load owner %}

{# keep the owner tag below to control who will be able to modify\ R - - - 3 -
Humidity, %

this template #}

{$ owner user='anisyonk' group='DAQ,ALL"' %} [f/\/\\_/—

{$ endblock %}

R

E

Jo:: |

2 ;I‘s ul.; 1415 15';: 14'45 is‘:; -3‘15 1530 I 15‘4 -s‘c\: ‘;I‘s 1§30 '
SAVE =1 o~ =] ] -] [ =

CMD-3 © Experiment Web Portal [TSHETBN  page owner: anisyonk DAQ ALL

Backup file before saving? ||

e e e e



Remote script execution

H Celery

The system is able to execute custom scripts from the web page, run them
real-time at required DAQ machines, and report exit code/stderr/stdout back

Base scripts component:

* Use distributed task queue Celery +
MySQL/RabbitMQ as message broker

* Register within the system corresponding
Task and track its status in WebUI

 Use template tags approach to customize
how data should be reported back to web

* Support for locking (multiple launch
protection) + appropriate authorization
checks

Typical use-cases and applications:

WE Browser

Authorization

Get results

Check task
status

Apache user

checks

Results

exec

(e

(files, histos, logs, ..) DAQ PC1, PC2,.

Online user (HW access)

* Interactive hardware control (e.g. prepare boards for data taking, runscripts at CMD-3)

* To generate histograms/plots server-side with complicated analysis or involved several

data sources using ROOT/JSROOT

(e.g. scriptplots, offlineplots at CMD-3, trendplot at G-2) /\/‘

Alexey Anisenkov, CHEP-2018

N4

ROOT

Data Analysis Framework




Runlog table view/operator helper (classic application)

Provides list of collected runs during shift with primary information exposed

* Interactive view to browse Run log table Live filtering, customize
operated by MIDAS columns, resolve runs by

« Ability to update Run details if need given shift/date

10/5/2018 9:00

- ereaee—— S - Provide shift overview in

/ numbers
CMD-3 RunLo
2 Complement Run details

@

R

From: To: Collected:  Collected: Coll: Coll: Uptime:
2018-05-10 12:16:52  2018-05-10 21:02:37 18192148 ev 156.84 GB 368.066 346.054 8.47 hours ( 96.64% ) . h d d
oo i min/ with parameters produce

Start time Stop time Events Size Shift Copy MeV  Gs 1/nb Lum un nt O . .
2018-05-10 20:57:13  2018-05-10 21:02:37 214203 188 GB  Fedotovich HDD 3905 13000 3.178 2926 andard trigger. HV 2110 V/ by ffl I n e An a |yS I S

Bachtovoy DC. 8 Csl chan. excluded

from trigger summ
74 L 65468 Y 2018-05-10 20:51:00 2018-05-10 20:57:05 214919 188 GB  Fedotovich HDD 3905 13000 4.168  3.867 Standard trigger. HV 2110 V . .
Bachtovoy DC. 8 Csl chan. excluded H Ig h | Ig ht ba d R u n S

from trigger summ

= i 65467 Y 2018-05-10 20:45:23 2018-05-10 20:50:52 227781 188GB  Fedotovich ~HDD 3905 13000 3.362 3.138  Standard trigger. HV 2110 V ( th at re q u i re a tte ntio n

Bachtovoy DC. 8 Csl chan. excluded
from trigger summ b t
Y 2018-05-10 20:39:43 2018-05-10 20:45:15 216364 189GB  Fedotovich HDD 3905 13000 4.784 4516 Standard trigger. HV 2110 V y o p e ra O r
Bachtovoy DC. 8 Csl chan. excluded

from trigger summ

Y 201R-0A-10 20-34-47  201R-NA-10 2N-3Q-37 214773 18R GR Fadntavich HNN 200 A 13000 4 ARQ 4341 Standard trinaer HV 2110 V/

Filtered:

50 runs From: To: Run Field Log at G_2 Uptime:

i i (5267 - 5317) 2018.06.26 07:16:44 2018.06-30 10:47:15 90.08 hours ( 90.53% )
INKs to online

PSFB

h IStOg rams an d Field Curr. Trolley Trolley PS |PS
R n a SS O rt Run I Start time Stop time Quality  (kHz) (mA)  pos mode  Flux PP  FB  Active SCC Trolley Galil FP  Run comment
u p p & 5317 2018-06-30 09:03:32 2018-06-30 10:47:15 Y 4848 0 175 Idle v X v X v X X ®  Magnet ramping down
pa g e [& 5316 2018-06-30 08:26:27 2018-06-30 09:01:43 Y 4852 0 175 Idle v X v X v X b 4 «/  Field run after magnet
recovery
[@ 5315 2018-06-30 06:24:13 2018-06-30 08:26:14 Y 5203 135 175 Idle v X v v X b 4 v/ Field run after magnet
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Other components

Not covered in this talk

* Real-time monitoring using table representation
(slowsensors)

* Overall information about Runs (runinfo)
* Update forms to change various information in databases

* Changes log and history of user actions made within the
system (syslog)

 Custom applications for particular subsytems:

- hardware control modules
- interactive forms to configure boards (e.g. triggersettings)
- remote execution of chain of scripts (loadelectronics)

20
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Conclusion

Modern Web 2.0 technologies and open source tools can be
effectively used to build functional, handy and attractive
applications for Slow Control and monitoring system

 The CMD-3 web-based monitoring system provides full
access to whole set of monitoring and control data as
well as possibility to configure hardware equipment

 Thanks to modular approach and
experiment-independent architecture, parts of the
system are also used for other experiments
(Muon G-2, BINP MRT)

21
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Script plots example

ROOT

Data Analysis Framework

4

Run custom analyzer (python ROOT script) server-side to build plots/histograms

Template tag to visualize script result .
{% trendplot name="runoverview _shift" g
query="week" redirect="reload"
thumburl="trendplot-info" width='500'
cache_time='4h' force="1" %}

RunOverview Trend Histogram (per shift) 0 @ SUCCESS (AT o B
The content of this page is being generated. Please check related job details below:. /
e

Lf

refresh in: 00:04

Cache results (pictures, root, logs, eps)
User can implement own ROOT script
Once a script is uploaded to the server

the integration into any web page is just
one line using special template tag

Additionally use JSROOT to
interactively browse ROOT files content

Result (Run Overview per shift)

Last 100 runs

Muon G-2 data taking (as of 7/01/2018 12:39PM)
Uptime hours per shift
@

(per shift) @ @ SUCCESS
TBytes per shift KEvents per shift
E 62f KE)

600k

g

00}
400}
00f

270618 £
Date
100 Collected kCTAG

task RunOverview Trend Histogram (per shift) 0
task_id:  trendplot2_week
state «.: RUNNING
logs logs
queued:  2018-07-01T12:52:12
last
GO 2018-07-01T12:52:16
Exception:
/work/dag/gm2web-gm2/lib/daqweb/apps/gm2dag/trendplot/makeplot "/w
Command /cache/root/trendplots/runoverview_shift_week.root" "/work/daqg/daqwwwic:

/runoverview_shift_week.eps" "/work/daq/dagqwww/cache/root/trendplots
/runoverview_shift_week png" "runoverview_shift" "week"
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