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What is Slow Control System?

« Monitoring of the experimental hardware;
 Centralized control of the Slow Control equipment (LV, HV, gas flow etc.);
» Archiving Slow Control data;
« Alarm system.

Not a Slow Control:
« Main data stream (data taking);

 Event builder (reconstruction)/event display;

« Data quality;
« Run control. IS MONITORING YOUR DATA,
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How we can build SC?
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Tango Controls

Tango Controls is an object oriented, distributed control system. It is a framework for building custom

SCADA systems. Tango defines communication protocol and API. It provides libraries, set of GUI tools
and drivers (so called Device Servers) for variety of standard and specific control equipment. For more
information see: http://www.tango-controls.org/what-tango-controls/

e Multiplatform

* Archiving service

* Access control service
* Logging service

e Alarm service

e Configuration tool

e Administration tool
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https://tango-controls.readthedocs.io/en/latest/reference/glossary.html#term-device-server
http://www.tango-controls.org/what-tango-controls/
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What is Tango Controls

P { é
é 6‘> TANGO is based on the 21 century technologies : by
DEPLOY \’ TEST ° H 1
CORBA and ZMQ to communicate between device

server and clients

* C++, Python and Java as reference programming
languages

* Linux and Windows as operating systems

» Modern object oriented design patterns
 Naturally implements a microservices architecture
 Unit tested, continuous integration enabled

« Hosted on Github (https://github.com/tango-controls)
» Extensive documentation + tools, large community

OMQ

AYSS-2022 Smolyanin T. 8/ 29



https://github.com/tango-controls

What is Tango Controls
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Infrastructure — computing, devices, interfaces...

At present time the service layer tasks uses existing MPD/BM@N computing farm. Virtualization is done
using PROXMOX Virtual Environment.

All centralized services are running on dedicated VM's

Front-end layer includes a wide variety of devices which are uses different buses and protocols, such as
PXI, Ethernet, RS-485, R5232 etc.

S PROXMOX v Encamant 18 <. & Secmnin

Pool View Virtual Machine 545 (bmn-sc-tangodb) on node ‘c5n01° start | () Shutdown ] Migrate | | >_ Console Wore © Hep
= Datacenter (C5)
e 8 Summary Week (maximum)
¥ BMN-APP
@ BMN-SC >_ Console .
3 545 (bmn-sc-tangodb) & e bmn-sc-tangodb (Uptime: 168 days 05:24:20) Notes @&  CPUusage ® CPU usage
557 (bmn-sc-db-1 60
Gop 557 fomn-s0 401 & Cloud-nit
(2} 556 {bmn-sc-db-2) i Status running
(o} 559 (bmn-sc-db-3) # Options < HA State none 0
2} 562 (bmn-cal-sc) B Task History B Node c5n01 Wil
2} 567 (bmn-veto-sc) i =3
@ Manitor " ©
(23 568 (bmn-scvm-1) 4 CPU usage 0.00% of 4 CPU(s) 230
¥ Batch Backup =9 Memory usage  90.14% (721 GiB of 8.00 GiB) z
S20
% DAQ 3 Replication & Bootdisk size 3200 GiB
® Local D Snapshots 10
W MDC ) =IPs 10.18.86.77
® TestMPD © Firewall 180-:18:5ff fe3e:f24d .
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3 536 () 09:00:00  09:00:00 09:00:00  09:00:00  09:00:00  09:00:00  09:00:00  09:00:00  09:00:00
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ANSIBLE

AYSS-2022

Ansible is a software solution for remote

configuration management. It allows you to

configure remote machines.

» System configuration;

 Tango installation;

» Libraries installation and database
configuration;

« Libraries installation and
configuration of the Python
development environment.

Smolyanin T.

- hame:

hosts:
vars_files:

become:
roles:

DO THIS WITH ANSIBLE
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Database cluster(PostgreSQL)

— Application
9 [ 11
[ ] 1]

[master (read/write) /replicas (read only)
port: 5000 _________ I port: 5001
: Vir'tuaIIP Address :

...........................................................................................................................................

_______________________

2 HAPROXY ,____'_ ., HAPROXY
e
| + I
PGBouncer Y S PGBouncer ! PGBouncer
J { ! 4
:
Streaming :
6] e S (Y
Scale-Out |
0 1 " i w ]

B I e ANSIBLE

| | PG Node N
' 1

PG Node 1 PG Node 2 PG Node 3

Replica Replica
https://github.com/vitabaks/postgresql cluster
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https://github.com/vitabaks/postgresql_cluster

Data visualization

Grafana is a free software data visualization system

focused on IT monitoring systems data. It is

implemented as a "dashboard" style web application
Grafana with charts, graphs, tables, alerts.

Sign ups
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SRC BM@N (Baryonic Matter at Nuclotron)
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HV system of MWPC, GEM, CSC, FSD
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Ynpaenes

Texyuine Havesns

T1,K|[ 3356 |

12,K 288.46
K 00 |
T4 K| 3343
TS, K| 2743
T6,K [ 21.49

T7,K| 144.03

Device
Server

Properties
Attributes
Commands

g8 LH2 /LH2 Target ¢ <

120 bar

1 bar
0.800 bar
0.600 bar
0.400 bar
0.200 bar

0 bar

03/1212:00 03/1215:00

== Pressure (bar)

T8,K| 2520 |

Hactpoitxu

YCTaHOBNEHHER TeMnepaTypa

BosAIONHTS Harpes

Craryc
Harpesa:

MowHocTs, MBT

31656

MowHocTb, %

AYSS-2022

Mpumernts
I

Filename:

2022-02-08_094611.c5v Stop log file

Hanpsixenme, B

3299

Tok, MA

1319

Yepeasensbi
13

TOK, MA

03/1218:00

03/1221:00

03/13 00:00

03/13 03:00

LH2 target pressure

03/13 06:00 03/13 09:00

LH2 temperature

03/1312:00

Hactpodixn PID

03/1212:00 03/1215:00
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03/1218:00

03/1221:00

03/1300:00

03/13 03:00

03/13 06:00 03/13 09:00 03/1312:00

03/131500 03/13 1800 03/1321:00 03/1400:00

03/1403:00

03/1406:00

03/1409:00

00101bar 1.16bar 0.624bar 1.08 bar

03/1315:00 03/1318:00 03/1321:00 03/1400:00

03/1403:00 03/1406:00
Min Max
313K 288K
288K 296K
319K 289K

03/1403:00

Mea
128K
291K
130K
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290K
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Gas system of GEM/CSC

Device
Server

eSmks ' mn e TCP/IP

Socket Properties
Attributes
T Commands

CH1 CH2

MULTI GAS CONTROLLER 647C

C4H10 CSC CAH10 GEM

Gas factor 100.0 Gas factor 100.0 Gas factor 100.0 Gas factor  20.0
RANGE: RANGE: RANGE: RANGE:
MaxFlow: 1100 MaxFlow: 1100 MaxFlow: 1100 MaxFlow: 1100
0.000 |Z| SCCM 0.000 < SCCM 0.000 |* SCCM 0.000 = SCCM
Set Flow 1 Set Flow 2 Set Flow 7 Set Flow 8 ‘
stare [HOREM  soe  [HOREN e [HoEE e [IGFEN
CH1 ON CH2 ON CH7 ON CHB ON ‘
Proporton  90.0% Proportion  5.0% Proportion 90.0% Proportion  5.0% L beel

GEM/CSC MKS 647C Flow monitor

Total Flow 800 SCEM

400 SCCM

200 SCCM
0 SCCM
01:30 0200 0230 03.00 03:30 04:00 04:30 05:00 06:00 06:30 0700 07:30 08:00 08:30 09:00 09:30 10:00 10:30 11:00 11:3( 1200 1230 13:00
= ArCSC BI5SCCM 905 5CCM 900 SCCM
== C4H10CSC 299 5CCM 301 5CCM 300 SCCM
== Ar GEM 39SCCM  40SCCM 40 SCCM
CAH10 GEM 95CCM 10SCCM 10 SCCM
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HV/LV system of TOF(Left), DCH

TOF400 HV Box #1

-HV

Device
Server

Properties i
Attributes A
Commands

TCP/IP

SNMP

Simple WMeragemert Protocol

2

88 TOF400 / TOF400 HV Left ¢

TOF400 HV voltage

09:20 09330 0940 09150 1000 1000 10:20 1030 10140 10550 1100 113100 16200 11:30 0 11400 11500 1200 1200 12:200 12:30 0 1240 1250 1300 1300 1320 1330 1340 1350

— vmon_0 mod_0
= vmon_1 mod_0
=— vmon_2 mod_0

vmon_3 mod 0

TOF400 HV current

80nA
60 nA
40 nA

20nA oy (TR

14:00 1470 1420 14:30

ety L ]

14:40 14350 1500 1500

57KV 57KV 57 kV

5.7kV 57KV -57 kV
57KV 57KV -5.7 KV

onA

20 nA

" P

40 na
60 na

09:20 09:30 0940 09:50 10:00 10010 10:20  10:30 1040 I0:50  11:00 1110 11200 11300 11:40 0 11500 12:00 0 1210 12:200 1230 1240 1250 13:00 1310 1320 1330 1340 1350

— imon_0 mod_o
= imon_1 mod_0
— imon_2 mod_0

imon_3 mod_0

imon_o mod.

imon_1 mod_1

5 1 -

ML
Shemmimn Vit MR 1 St L St ]

1400 14710 14:20  14:30

I

1440 14150 1500 1500

54 na 23 na 40 nA
-36 nA 448nA  -7.2nA
39 nA 3.40nA  -12nA

440nA  73.8BnA  55.4nA
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HV system of TOF(Right) BM@N

Socket TCP/IP

VERES[E Socket | Properties
Attributes
Commands

_=|CONFIGURATION

_=|HV GENERATOR

00000000000000

50 nA
x| VOLTAGE SETTINGS 250a P At Mot ks 0 i 1 i bl L Ll LA a0 L b ity A ) “5

: J ! U A M A b ks bt s il b M| L bl BLahd ""JH“‘ LT SUTRY (XTI ke
1258 E - onn WIS i mmemmewWMMmemwwwMWmmummmwm%ﬂmemw

L4 b wfwmfﬂ(‘m.wmw ST DA et it A e

_~|CURRENT LIMIT SETTINGS

’ﬁm = 20 Measured | (uA) 1=0.3 | fine=0.205
o

_~|PARAMETERS SETTINGS
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Gas system of TOF400/TOF700 BM@N

Device

Device
Server

TCP/IP
Server }
5 % Properties
fll #Mcobus| Properties Attributes
Attributes Commands
Commands
Q.
o
@)
|_
Channel 1 Channel 2 Channel 3 Channel 4
N2 CAH10 SFé6 C2H2F4
MFC range: 2000 MFC range: 500 MFC range: 500 MFC range: 5000
Max flow: 2000.0 Max flow: 152.96 Max flow: 119.6 Max flow; 1571.39

0 3] Setflow | 30 [5] 'SetFlow | 30 3] SetFlow | 540 [Z] SetFlow
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Gas system of TOF BM@N

B8 TOF400 / TOF400/700 Gas controller ¥ <%
MKS PAC100 Flow monitor

300 SCCM

250 SCCM

200 SCCM

150 SCCM

100 SCCM

50 SCCM

09:50 10:00 10:10 10:20 10:40 1050 11:00 11110 11:200 11:30 17140 1150 1200 1210 12220 1230 1240 1250 1300 1310 13:20 13:30 13:40 13:50 1400 1410 1420 1430 1440 1450 1500 1510 1520 1530 1540
Min Max Last

0 SCCM 0 SCCM 0 SCCM

15.1SCCM  15.1 SCCM 15.1 SCCM
15.1SCCM  15.1 SCCM 15.1 SCCM
271 8CCM 271 SCCM 271 SCCM

SF6
C2H2F4

Gas weight Gas will run out...

10:00 1015 10:30 10:45  11:00 11:15 11:30 11:45 12:00 1215 12:30 12:45  13:00 1315 13:30 1345  14:00 1415 14:30 14:45 15:00 1515 15:30 15:45

Min Max Las

== gas_weight 228kg 234kg
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HV system of TOF/00, TOFCal

Device
Server

Socket Properties
Attributes
Commands

TCP/IP

=|CONFIGURATION

|HV GENERATOR

Lo - |

x|VOLTAGE SETTINGS

=|CURRENT LIMIT SETTINGS
’ﬁ 1.97 = 20 Measured | (pA) 1=03 |_fine=0.205
-

~|PARAMETERS SETTINGS
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AYSS-2022

Device
Server

Properties
Attributes
Commands

FSD FEE chig

838 FSD

FSD FEE chip temperature 7 =g

Smolyanin T.

temperature

22.00°C 2549 26 21 90 oC 19.64 °C

21.40°C| 22.24 °C 18.89°C | 18.97°C

Module 0 Module 1

Cross-Board
Plane 2

FSD FEE chip temperature

ro AR AL DB

ARARAAA

28.96 °C| 31.73°C 28.66 °C | 27-52°C

28.74 °C| 29.52 °C 26.30 °C | 26.58 °C

Module 0 Module 1

Cross-Board
Plane 3

AEAALAALAALMA

} ! L | 4 ] l (2 A d | I} ) ! 1L
RARAN ANANARA WA ARRRAAR R ARRAARANAAR KRR RRAPUR AR P
YV ‘r’\:z".‘:“»’f‘-“-‘\%"vf‘ﬁVWv\NW»E:‘.V'W\.\.v.:t».'::zr YYYYYYVYY VYUY YYYY
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SP-41 BM@N

Device
TCP/IP Server TCPIP
Properties H D B
Attributes

Commands

88 Magnet / Magnet SP-41 ¥% <3
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HV system of Scint. Wall

CP/IP

PREIIN  Socket PRELAN Ly HDR

MEWEFISE * Socket | properties

Attributes
Commands
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SRC Slow Control

BMN SRC

ToF-Cal

Temperature 255 °C
Humidity 6.1 %H TOF400

Pressure 1.048 bar cscC

wall FHCAL
Hodo ‘

scope

DAQ Control osc

Spill count 17 TOF400
Event number

ToF-Cal
Run number

DAQ state
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SRC Slow Control

BMN SRC

ToF-Cal
Temperature (251 °C
Humidity 8.0 %H TOF400
Pressure 1.048 bar CcSC N

Scint.

wall FHCAL
Hodo ‘

scope

DAQ Control csc 4

Spill count 109 TOF400

Event number 500344
ToF-Cal

Run number 5316
DAQ state ON
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Conclusions

 This slow control system successfully worked the entire session
of the SRC;

 This system will also work for the upcoming BM@N session. At
this point, additional devices are being implemented that were
not present in the SRC session
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