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MAIN TASKS

* Monitoring of the diverse experimental hardware
(High Voltage, Low Voltage, Gas systems, Temperature,

Humidity, Pressure sensors, etc.)
* Alarm system
* Archiving data from devices

* Centralized control of the equipment
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MAIN GOALS OF THE SYSTEM DEVELOPMENT

Reliability — monitoring of hardware and software operation,;
Storage of Slow Control data in unified format;

Common Slow Control configuration database for all subdetectors (HV,
thresholds etc. );

Easy incorporation of existing subsystems and new hardware;

Modern and easily customizable user interface;

Scalability;

[Centralized as much as possible and reasonable] control of diverse hardware;

Access control.
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PECULIARITIES OF THE MPD SLOW CONTROL

* Long historical background of Slow Control hardware and software in subdetectors groups;
* Weak “connections” between subdetector groups concerning SC equipment/software;
* Extremely heterogeneous set of equipment to be monitored/controlled;

* Slow Control typically being developed later than major parts of all subdetectors -> requires

easy scalability.

CD

Yoke Cryostat ECal

FFD - Fast Forward Detector

TOF - Time of Flight system

TPC - Time Projection Chamber
Ecal - Electromagnetic CALorimeter
CPC tracker - Cathode Pad Chamber

ZDC - Zero degree Calorimeter tracker

CPC Tracker/ FHCal
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TANGO VS EPICS VS COMMERCIAL SCADA

Criteria: EPICS
* entry level complexity; _ .
* existence of wide active collaboration,; o1 Bm

open source / price;
support price;

Professional

WiACC'

Tango : 4

Already used LHEP accelerator complex;
Open source;

.
Competitive support price; TA N G .,,rr\,‘

JINR is a member of Tango Controls community.

All mentioned SCADA systems are mature and can fulfil requirements of large physical

experiment.

The most important point - team of people who can implement the system.
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TANGO-BASED SCS SCHEME

< $ Tango middleware > Front-end layer
$ A
....................................... = I
]
)I_l PCs Ethernet — serial bus
convertors(RS485, RS232 ..)
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devices devices devices
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INFRASTRUCTURE — COMPUTING, DEVICES, INTERFACES

* Service layer tasks uses existing MPD computing farm.
* Virtualization 1s done using PROXMOX Virtual Environment.

* All centralized services are running on dedicated VM's

¥ PROXMOX vitsl Enviomment 5 45

BB Memoryusage  23.28% (186 Gi8 of 6.00 G Yl
Boordisk size 20068

=P No Guest Agent configure IR b0 aiehe 1eE300. IeEel Ehehs Jeaxtn teaton aTor iatte louros

143800 144500 145200 145900 150800 151300 152000 152700 153400 154100 143800 144500 125200 145800 150600 151300 152000 152700 153400 154100

Front-end layer includes a wide variety of devices which are uses different buses and protocols, such
as Ethernet, RS-485, RS232 etc. etc.
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BM@N <> MPD

Analyzing magnet

Trigger detectors

MWPC (Multi-Wire Qroportional Chamber)
ST (Silicon Tracker)
GEM (Gas Electron Multiplier

ECAL (Electromagnetic Calorimeter)

CSC (Cathode Strip Chamber) <

TOF1 (Time-Of-Flight detector)

DCH (Drift Chamber)

TOF2 (Time-Of-Flight detector)

ZDC (Zero-Degree Calorimeter)

| T

GEM /ECT
CPC Tracker

C

D

‘FHCal
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BM@N STATUS MONITORING SYSTEM

Client - Server Model
Event Based

Online Monitoring
Alarms
Customizable
Scalable

/
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BM@N STATUS MONITORING SYSTEM

The Device Server and GUI application were developed to monitor the statuses of

experiment subsystems.

Event-based system subscribes to “State” and “Status” attributes and sort information

according to the device type and detector. Client 1s based on Python3 + PyQt4.

Help

Data acquisition is ready (not started)

ZDC

B B subsystemns momitoring
MWPC | TOT | _STs | GEM ECAL [mmnnll DCH | TOF700 | FHCAL  LAND ZDC
| MAGNET : : : ' DAQ
H, HY | Hv | mWv | MV | HV | HV | HV | WV HV HY |
Magnet field:
0.274658 mV
HV
imin 110N RN Nl | piN | 1 Iqnnnn nnnn ninn nunng aann FHCEI mmnn
| HV | HV HV HV
MWPC  TOT STS GEM Ecal - -
TOF400 TOF700 HV
DCH1 DCH2 TAND
Magnet
DAQ Status: STANDBY Run number: 3474 Spill Count: 254 Event number: 45105
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BM@N STATUS MONITORING SYSTEM

The Device Server and GUI application were developed to monitor the statuses of

experiment subsystems.

Event-based system subscribes to “State” and “Status” attributes and sort information

according to the device type and detector. Client 1s based on Python3 + PyQt4.

& BMN subsystems monitoring
MWPC TOT STS GEM ECAL |TOF400| DCH | TOF700 | FHCAL LAND ZDC
MAGNET DAQ Help
HV HV HV HV HV HV HV HV HV HV HV
Magnet field:
107.812500 mV
HV
[N ] 1 g HRRIAE | | BN | piy | LN LRNE mnn munn minn mina FHcaI 1nnn
HV HV HV HV HV
HV HV
MWPC TOT STS GEM Ecal HV HV HV
TOF400 TOF700 HV
DCH1 DCH2 ZDC
LAND
Magnet
DAQ Status: RUNNING Run number: 2865 Spill Count: 250 Event number: 41354

Data acquisition is running
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DATA ARCHIVING SYSTEM

HDB++ D Legend
Viewer N HDB++
v Configuration
Tango
Tango Configuration
Graph - - Device
N Configuration Server
Archiving DB Manager
Client/Server Call
Tango
DB Extractor Tango Event
Archiver Archiver
(EventSubscriber) (EventSubscriber)
Device Server 1 Device Server2 |  ......... Device Server n
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EXAMPLE OF ARCHIVED DATA

130 Magnetic f|elq

120t C

110}
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9ol oLl B 1 1 o | | NN 1 (1 RS R SO Ar _________________________________________________________________________________________
soll| -1 A 1 6 } ________________________________________________ KI. ........................... .

70t

The Hall

sensor’s values
‘ are read via

sollll L Ll 1 | [ | S 1 1 S A1 BU - 1 ADC ICP DAS

solll LA R 1 R —— A1 1000t | A ‘Ml PET-7017-10.

60}
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« Modbus TCP
20/ o 16 bit

10}

08/03/18 15/03/18 22/03/18 29/03/18 05/04/18

SP-41 magnetic field archived data in 55t Nuclotron run
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MAGNETIC FIELD ARCHIVED DATA VS LOGBOOK
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run number

Difference between LogBook values and archived values

Data from devices is
used in offline
analysis.

This plot shows the
delta between saved
measurements and
LogBook values,
entered manually
during the shift.
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SC DATA PRESENTATION

A number of applications was developed for data
access and visualization:

Tango Graph, Tango DB Extractor, Tango Web View

Intent to monitor, not to control or modify.

Our task 1s to create and provide tools for SC data

presentation for BM@N and MPD experiments.
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TANGO GRAPH

Powerful solution was created with python3 and pyqt for

monitoring SC data.

FEATURES  DRAWBACKS

* Flexible and highly configurable * Desktop application
* Load pre-history from DB * Requires special .cfgfile
* Work with multiple plots in one * Designed for live
window monitoring
* Annotations for data values * Requires direct DB
* Attributes alias and quality connection

parameters support
* Event-driven

* Asynchronous access
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Tango Graph
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!1! Data Extractor

Selct device:

sysitg_test/]

TANGO DB EXTRACTOR

mpd/bmn,/adc_bman_beam

mpd/dag/ crates
mpd:’daq:‘switches_zm
mpd/dch/wiener_hv
mpd/ecal/hv

mpd/gas_202/ mks_pac100 v

Select attributes:
ch0
chl
ch2
ch3

chd

chs
chb

FROM:
%6.04.20180:0000

® csy

TO:
26.04.2018 lJ:}J'J:IjO 7
O 50N

Export Data

Client solution for extracting archived data is

developed in Python.

It allows users to access the MySQL database and

download required data.

FEATURES

* Provides user-friendly
interface
* Extracts data in both
JSON and CSV format

DRAWBACKS

* Desktop application
* No visual preview for data
* Requires direct DB

connection
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TANGO WEB VIEW

It is possible to combine the features and get rid of drawbacks.
This is contribution to modern approach of displaying data using

web browser.

TANGO WEB VIEW is an application for displaying, monitoring

and extracting values, that allows secure access to the database.

ADVANTAGES

 Direct DB connection is not required;
- No installation or any additional files required on client
side, works in browser;

- Easier configuration process.
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DEVICE CONFIGURATION SYSTEM
(under development)

* Centralized Configuration Storage and Loading
* One Click Device Configuration

* Online Device Configuration Tracking

* Multiple Device Configuration Support

Hardware
Devices

Device Servers
(VM & PCs)

Config Data
&
Statu

Configuration Name

E~ gr‘alglglg'ig.!,a,
.::gn : :
Sl LELLLALRLRLELEL

Configuration

Config Server

Configuration
status

Client

(VM)

New Existing
Configuration Configurations

Configuration Database (vm)
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TOF400 HV AND LV
MONITORING AND CONTROL

TOF detector uses Wiener MPOD crates for HV and LV systems. The crates

communicate via SNMP protocol.
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- Monitoring and control of gas system based on MKS Instruments PAC-100 modules;
« Scales with RS-232 interface to control the weight of gas bottle;

« Oxygen and humidity sensors made by GE Measurement to control the quality of gas

mixture.

TOF400 GAS SYST!

Controller

Flow 1
n2,

MKS PAC 100 at "mpd/tof400/gas_bmn” - m] X

Flow 2 Flow 3 Flow 4

Max Flow: 2000.0 SCCM

Max Flow: 500.0 SCCM

SCCM sce’ sccm Sccm
| -0.7 | [ 823 | [ 95.3 | [1300.0]
Gas factor: 1.0 Gas factor: 1.0 Gas factor: 1.0 Gas factor: 1.0

C range: 2000 SCCM MFC range: 500 SCCM MFC range: 500 SCCM MFC range: 5000 SCCM

Max Flow: 500.0 SCCM Max Flow: 5000.0 SCCM

TotalFlow:

1477.0 SCCM

[ Hide Detais

=M
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TOF400 GAS SYSTEM |

o< . ' 50, 550
AFQEL B~ Y
o — e P TOF400 Gas flow 200
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2 SF6 23:57:31 15.0511833... 30 ‘
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TOF400 FRONT-END ELECTRONICS
MONITORING AND CONTROL

GUI application that allows to monitor FEE parameters and temperature and set

DAC values. Uses Socket protocol. 5 python - x
_ ﬁg x‘ box1 box2
@ P ® e V+, mv V-, mV | Vdelta, mV [Vpower, mV| DAC, mV |Tboard, °C| Tgas, °C
| ' "l 1 1946 1741 1624 3248 2775 45 44
2 1693 1637 1544 3287 0 4 3%
3 1687 1737 1735 3203 0 e a3
4 1840 1649 1827 3220 0 a8 %
5 1914 1588 1615 3265 0 46 38
6 1993 1085 1741 3235 0 50 4
7 1754 1906 1731 3204 0 20 a7
8 1777 1836 1850 3272 0 38 a3
9 1915 1909 1655 3222 0 37 37
10| 1284 1969 1703 2285 0 % 49
11 1855 1578 1841 2268 0 50 4%
12| 1610 1751 1008 3206 0 49 49
13| 197 1686 1611 3286 0 39 a8
14| 1623 1898 1787 3250 0 4 a7
15| 1788 1847 1517 3252 0 49 4
16| 1503 1645 1761 3207 0 46 36
17 am 1785 1990 3268 0 2 35
18| 1748 1559 1676 2256 0 28 a7
19| 1788 1579 1829 3256 0 &0 36
200 1514 1566 1641 3206 0 49 T3
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TOF700, ZDC AND ECAL HV

TOF700, Ecal and ZDC detectors are using
HVSys modules for HV systems, which are
made by small company in JINR.

These devices has its own software, written
on TCL, and communicates via Socket

protocol with only one active connection.

TCP-server was implemented to the existing
software in order to acquire data from the
equipment. It sends data on request in JSON

format.

B Ch=21-12000V 0.1mA Umin=1258 Umax=12276 — X

_~|CONFIGURATION

All HV ON

e ls el oo efo]of ]l wfuwfufu]n]anf
Yl TN I I I I T ) I I )

_~|HV GENERATOR

status - 0001 Ch=21
OK

ON OFF

~|VOLTAGE SETTINGS

e O N =7 S N
= 1

~|CURRENT LIMIT SETTINGS

_1.9? %" 2.0 ” Measured | (pA) " 1=0.3 I_fine=0.205 |

_IPARAMETERS SETTINGS
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NETWORK SWITCH MONITORING AND CONTROL

Application for HP Aruba switches control. Uses SNMP protocol.
* Multidevice support;
* Power consumption and status for every connected device;

* Allows to switch on/off network and/or power for every port.

J9574A POE SWITCH CONTROL

Adress: bmn-sw-rl.he jinr.ru Adress: bmn-sw-r2.he.jinr.ru Adress: bmn-sw-r3.he.jinr.ru Adress: bmn-sw-r6.he.jinr.ru
swhe-bmn-r1 R1 bmn-sw-r2 R2 bmn-sw-r3 R3 swhe-bmn-r6 R6

NET | STATUS NAME power [ NET | STATUS NAME POWER [~ NET | STATUS NAME POWER =] NET | STATUS NAME POW
13| UP | ON |..6asd-06E9B78B|14370 1 | UP [SEARCH|N/A 0 1 | UP [SEARCH|N/A 0 1 | UP |SEARCH|N/A 0
14| UP | ON |..6asd-046F2950 |15428 2 | UP [SEARCH|N/A 0 2 | UP [SEARCH|..dag-lhejinrru |0 2 | UP |[SEARCH|N/A 0
15| UP | ON |..6asd-06E9B820 |14567 3 | UP [SEARCH|N/A 0 3 | UP [SEARCH|N/A 0 3 | UP |SEARCH|N/A 0
— = SN 16| UP | ON |..6asd-06E9BSBE |14619 4 | UP |SEARCH|N/A 0 4 | UP |SEARCH|...dag-3.he.jinr.ru |0 4 | UP [SEARCH|...-8spi030DA879 |0

WNENEe B0 D08 '
2 “..“ “““ “““ ““i‘ L 17| up ON |...6asd-06E9B83F |14619 5 | UP |SEARCH|N/A 0 5 | UP |SEARCH|N/A 0 5 UP  [SEARCH |...4verc046F292C |0
‘} l ‘ ﬁ 18| UP | ON |..6asd-06E9B838 |14701 6 | UP [SEARCH|...4vercO7A924EE [0 6 | UP [SEARCH|N/A 0 6 | DOWN [SEARCH|N/A 0
-'!“'v' "',""""' "',‘, J 19| UP | ON |..6asd-06E9BSCS |14698 7 |...WN [SEARCH [N/A 0 7 | UP [SEARCH|N/A 0 7 | DOWN [SEARCH|N/A 0
20( UP | ON |[...6asd-06E9B791 |15206 8 |...WN [SEARCH [N/A 0 8 | UP [SEARCH|...dag-lhejintru |0 -l DOWN SEARCH N/A

21| UP | ON |[...6asd-O6E9FFB7 14589 9 [...WN [SEARCH [N/A 0 L1 [[|o | upP [SEARCH|N/A 0 L1 (| |o |DOWN |SEARCH|N/A 0
5 i 22( UP | ON |[...6asd-06EA474D (14787 10|...WN [SEARCH [N/A 0 10 UP [SEARCH|...-8spi030DBFBD |0 10 UP |SEARCH|N/A 0
by ey WY gt Y & . & ¥ BB 23| UP | ON |...6asd-06E9B8AS (14619 11(...WN [SEARCH|N/A 0 11...WN [SEARCH N/A 0 11| UP [SEARCH|N/A 0
‘!“. ..l““““““‘ ““.‘ 24| UP | ON |[...6asd-O6E9FFBA (14452 12|...WN |[SEARCH|N/A 0 12| UP |SEARCH|N/A 0 12 | DOWN |SEARCH [N/A 0
-;!',"' """"",', "',‘, 25|...WN [SEARCH [N/A 0 13|...WN |SEARCH|N/A 0 13| UP |SEARCH|N/A 0 13| DOWN | SEARCH | N/A 0
— 26 [...WN |SEARCH [N/A [ 14/...WN [SEARCH [N/A 0 14| UP [SEARCH|...dag-lhejinr.ru |0 14 UP |SEARCH|N/A 0
27|...WN |SEARCH [N/A 0 15|...WN [SEARCH|N/A 0 15| UP |SEARCH|...dag-1.he.jinr.ru |0 15 | DOWN |SEARCH | N/A 0
28|...WN [SEARCH [N/A 0 16 |...WN [SEARCH [N/A 0 16| UP |SEARCH|...dag-4.he.jinr.ru |0 16 | DOWN |SEARCH | N/A 0
~ “emease =a soa ™ e Iz - T :——? 29|...WN [SEARCH [N/A 0 17|...WN [SEARCH [N/A 0 17| UP [SEARCH|N/A 0 17 | DOWN |SEARCH | N/A 0
“I “.‘ ."““““““ ““.‘ . ! 30|...WN [SEARCH [N/A 0 18|...WN SEARCH|N/A 0 18| UP [SEARCH |N/A 0 18| DOWN |SEARCH | N/A 0
-:—!""'l """,",',' "',', ey l 31|...WN |SEARCH|N/A 0 19...WN |SEARCH | N/A 0 19| UP [SEARCH|N/A 0 19| DOWN |SEARCH [N/A 0
- 32|...WN [SEARCH [N/A 0 20|...WN [SEARCH [N/A o 20|...WN [SEARCH [N/A 0 20| DOWN |SEARCH | N/A 0
33|...WN [SEARCH [N/A 0 o || |22] W |SEARCH | N/A 0 < || [22] YP |sEARCH|N/A 0 o || [22] UP |sEARCH|Nn/A 0

Enable POE Disable POE Reset POE Enable POE Disable POE Reset POE Enable POE Disable POE Reset POE Enable POE Disable POE Reset P(

Enable Port Disable Port Reset Port Enable Port Disable Port Reset Port Enable Port Disable Port Reset Port Enable Port Disable Port Reset Pc

4 | 2l

‘ History Last updated: 2018-04-25 13:29:01



DAQ VME CRATES MONITORING AND CONTROL

Monitoring and control for Wiener and ELMA VME crates

* Multidevice support;

bmn-sts-vme-1

OFF mainOn RESET

* Displays state and status for every crate;

* On/off/reset buttons for crates. br-toFd00-vme- 4
OFF mainOn RESET

bmn-tef400-vme- 2
mainOn RESET

RESET

OFF mainOn RESET

bmn-tof700-vme-3

bmn-tof700-vme-4

OFF mainOn RESET

bmn-fhcal-vme-1

OFF ON
n i

g
T

bmn-csc-vme-1

OFF ON oM/36




UPS MONITORING

The application that allows to monitor status of the UPSes in BMN racks.

The Device Server communicates via SNMP protocol. Multidevice support.

Displays:

* Input/Output voltage;

* Load;

° Battery status.

R1

Input Qutput
201V 220V

Battery LDHI:'
8.95 min

—m
R2

Input Qutput

206V 230V

Battery Luad
155.37 min
—m

R3

Input Qutput
222V 230V

Battery Load
48.67 min 0w
OO0 220, |

R6

Input QOutput
219V 230V

Battery LDEI:'
9.73 min

—m
R8

Input QOutput

222V 220V

Battery Load
52.58 min
—m

Al

Input Qutput
227 V 230V
Battery Load
15.05 min 1897 W
009NN 50% |
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TEMPERATUR
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AIR QUALITY MONITORING

MPD TOF assembling and testing stand requires clean room.
We use Dylos DC1100 Pro Air Quality Monitor to control number of dust particles.

550+

500+

450+

400+

350+

300+

250+

200+

150

100}

50+

03:00 09:00 15:00 21:00 03:00 09:00
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MPD TOF TEST STAND
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MPD TOF TEST STAND

TOF Test Stand

Temperature: None Humidity: None

HV: LV: LV:

HV: LV: LV:

HV: Lv: Lv:

HV: LV: LV:

HV: LV: LV:
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MPD TOF TEST STAND

TOF Test Stand

Temperature: None Humidity: None
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S L W L e
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Box 4 \ \
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\\ 1:37 lrtl)li\!’?. 1;)136 m?O ‘ lrtl)KFO
N N
\ lr?:.? lrtl)lii' 1:136 lrgj\rlo 096
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Box 5
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HV: LV: HV: LV: HV: LV: HV: LV:
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DEVELOPMENT OF MPD ECAL TEST STAND
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CONCLUSION

Created base structure of Slow Control for MPD including databases, archiving
system, alarms system, etc.

Developed software specific for MPD experiment (status monitoring system,
applications for data access and visualization, device configuration system);
Developed software for various hardware used in MPD subdetectors Slow Control;
Essential part of MPD Slow Control system was tested during several BM@N runs

at Nuclotron.
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