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JUNO experiment

The main mission of the
JUNO is to measure the
mass ordering of neutrinos
and conduct other cutting-
edge scientific research.

Kaiping, .4~y
Jiangmen city,” 2150

located in Jiangmen City, Guangdong Province, China.
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- The JUNO detectors include:

-----------------------------------------
----------------------------------------

« {Water Cherenkov Detector(WC)
i Veto detector

-------------------------------------

e ~17612 20” PMT (CD)
e ~2000 20” PMT (Veto) Requires electronics systems for management and control

Photomultiplier Tube(PMT):
Collecting photonic signals

Shenghui LIU, IHEP 1




01 Introduction Detector Control System @

Wet electronics <«—-—» Dry electronics

Under Water Box (UWBox) ?;it?'q éz;?s i : L‘i D Readout Of EIECtrOniCS

LT Tt et it ' C:Ttgﬂl)owmz Lv Trigger

: —Figh ) ! mthg in (HG) ADC power cables Electronics . . .
V- :g:: = j pas £ * Low-Voltage Power(LVP): Provides operating voltage

o :3:: T e B for the GCU

............... Front | > ADC > : . . . .

r ‘ Chp,::zla'mi—»”” o e . i : Collects information.
iy — | Global Control Unit(GCU): Collects PMT inf t

Voltage LG '
Sl HG . : : Async ¥

’me‘::l:: ADG J— |51 link

> )| ;

| obit |

o High Voltage Unit(HVU): Provides PMT working
20 loom | |1 Bt o voltage.

e £ 20 R JOr 919 DUMBS: " ~AT5 cables & J

<o?§i‘o’§”/§%pA Global Control Uit (GCU) : * Back End Card(BEC): Provides the trigger signal.

e . P patactor Control System(DCS) of JUNO

EE EI Ei Mdd”y » Main tasks:

: DB service File service web service Alarm Service

e Establish long-term monitoring and control of parameters affecting
the performance of experimental devices.

» Mainly includes:

* Environment: temperature and humidity, liquid level, air pressure

Device: temperature, voltage, current
Sub-System: record system operation status

24th IEEE REAL TIME CONFERENCE Shenghui LIU, IHEP



Design of the system Requirement

Statistical analysis of some subsystems and
devices, with over 100,000 PVs requiring

read/write and monitoring

i
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Indoor/hall environments  dcs server cluster LS System = : —
~200 Sensors ~20 servers ~10 subsystems System ount Main monitoring parameters PV number
R s .- LVP 320 Temperature, Voltage, Current ~60000
BEC 160 Temperature, Voltage, Current 1600
GCU ~8000 Temperature, Voltage, Current ~80000
TH Sensor ~200 temperature and humidity ~200
LS 10 Operating parameters ~200
total / ~145000

0 Monitoring system requirements
 Communication with front-end devices(EPICS)

Data readout and storage (Database)
Operation status and data monitoring (Web)

System operation alarm (Alarm)

Shenghui LIU, IHEP
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Design of the system

humi&ity senf

( temperature sensor
|

TCP/IR,

@ crp | LAN

TCP/IP

IPBus

Front-end hardware devices

Patuu

Web Server
\ e %
|—> Main Node x 9 Y

Test Node x 2 /
/

/

Disk Array(120T)
DCS service

777,
A

Service(50Gb)  Main Node: Intel(R) Xeon(R) Platinum 8358 CPU @ 2.60GHz x 2
Service(1Gb)
BMC

CPU core:128 bandwidth:50Gb

Test Node: Intel(R) Xeon(R) Gold 6226R CPU @ 2.90GHz x 2
CPU core:64 bandwidth:50Gb

LAN

JUNO Client

Main Node: Intel(R) Xeon(R) Platinum 8358 CPU @ 2.60GHz x 2

CPU core:128

Test Node: Intel(R) Xeon(R) Gold 6226R CPU @ 2.90GHz x 2

CPU core:64

System Version: Cent0S7.9

bandwidth:50Gb/s
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[
System hardware architecture @

A large number of electronics devices
require DCS for monitoring and control, such
as low-voltage power supplies (LVPs), global
control units (GCUs).

O Front-end hardware devices:
* LVP, GCU, BEC, PLC, etc.

[0 Relevant transport protocols:
* TCP/IP, IPBus, Modbus, SNMP, etc.

0 DCS services:

* |OCservice
 Database service
 Web service

e Alarm application

Total number of physical cores: 640

Shenghui LIU, IHEP




DeSign of the SyStem System software architecture @

o

RLER LS ‘ e The detector control system of the JUNO
p ,/
t t (JUNO-DCS) is mainly composed of the
HTTP/WebSocket .
following modules:
MySQL ZABBIX > o
Database ( (zabbix-server| |zabbix-agent 1 O Acquisition and Communication module
* Realise the communication between server
1PyEPlcs 1 and front-end devices (based on EPICS).
EPICS 0 Readout and archive module
Input/Output Controller(lI0OC) HTTP/SNMP
) * Data readout
‘l‘ ‘I e Data archive
TCP/IPBus Modbus . .
-~ - 0 Monitoring and Control module
‘ Low Voltage Power(LVP) J PLC { e Status monitoring
[ Global Control Unit(GCU) ] ﬁ% * Data Monitoring
AN T/H sensor O Alarm Module
EPICS Experimental Physics and Industrial Control Systems(EPICS) is a distributed control system

Channel Access
Network Protocol

software development toolset.
* Extensibility, portability, reusability and interoperability.

- * Communicate using client/server and publish/subscribe technologies.

24th IEEE REAL TIME CONFERENCE Shenghui LIU, IHEP



Implementation of the system  communication and Acquisition Qe

N o Rl Environmental Monitoring System of JUNO

T s sansorn Currently, the main focus is on monitoring
Rowsm | o the temperature and humidity environment

‘; A in laboratories and experimental halls

NI “—J_ O Sensors

, GM90/0~20mA | -

- — D * Temperature sensor: PT100 RTD type

/ «  Humidity sensor: RS485 type

O Acquisition: EPICS (Modbus)

_Jm— * Development of temperature and humidity
. Sense IOC based on modbus protocol.

: GM10/RS485

: GMS90/0~20mA

. : h ‘ 10C Application
<100m  Sensor3 B —. = - - —
: dbLoadTemplate("GM1-ELECO1.substitutions")
: ! - dbLoadTemplate("GM2-ELECO2.substitutions")
! ' dbLoadTemplate("GM3-LSUD.substitutions")
! H — dbLoadTemplate("GM4-0SIRIS.substitutions")
\ i
' 1

dbLoadTemplate("GM5-LSUP.substitutions")

I dbLoadTemplate("GM6-UPROOM. substitutions")
iocInit

Starting iocInit

GM Module

NI

Sensor2

## EPICS R3.15.5
## EPICS Base built Feb 21 2023

iocRun: All initialization complete
epics>

RS485 Modbus/TCR Moniitoring [ PVrsadont

Sensors |:> PLC |:> Server |I> C||ent [root@xiaohui GM10_JUNO]# caget JUNO:JM:ELECO1:TEMP:1:1
: . JUNO:JM:ELECO1: TEMP:1:1 $21.13

[root@xiaohui GM10_JUNO]# caget JUNO:JM:ELECOL1:TEMP:1:2
JUNO:JM:ELECO1:TEMP:1:2 21.4

. [root@xiaohui GM10_JUNO]# caget JUNO:JM:ELECO1:H:1
10C . JUNO:JM:ELECO1:H:1 717

____ \ / =\ / : \ ) [root@xiaohui GM1©_JUNO]# caget JUNO:JM:ELECO1:H:2

% R </ JUNO:JM:ELECO1:H:2 73.1
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Implementation of the system

user2

DCS Switchs user3

@ Huang Li

S

user..n

9/ & 0

.~ ~_lOCServer , . Clients

0 Front-end hardware devices:
« HVU, BEC, LVP, etc

0 Acquisition: EPICS (TCP/IP and IPBus)
* Development of IOC for LVP and BEC based on TCP/IP protocols
 Development of IOC for HVU based on IPBus and UDP protocols

24th IEEE REAL TIME CONFERENCE
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Communication and Acquisition

See poster for details
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a JUNO High Voltage & LVP Control System Upgrade Based On EPICS

Huang Li‘", Mei Ye'!', Xiaochuan xie‘?!, Shenghui Liu‘)

& 100049, China
ogy, Guangxi University, Nanning 530008, China

Original System

The Jiangmen Underground Neutrino Observatory (JUNO) is a multipurpose neutrino experiment #IPBus ControlHub TCP Protocol
designed to determine neutrino mass hierarchy and precisely measure oscillation parameters. In order »Alarm service based on CSStudio
to improve the control efficiency of High Voltage (HV) and Low Voltage Power (LVP) control »GUI based on CSStudio

systems,The proposed solution, Read-Write Thread Separation and Data Aggregation (RWTS-DA),
Purpose of Upgrade

presented in this paper, aims to enhance the uuhzauon of hardware resources through adjustments in
» Improve real-time control efficiency

thread allocation and it ges web tec ies to enable
online control of the 3D detector structure. > Realize online-control based on WES GUI

(1)Institute of Hish Energy Physics. B
(2)School of Physical Science and Te

Upgraded System

The RWTS allocates threads and PV queue sizes according to the number of devices, which can effectively improve resource utilization.After aggregating the
data, the DA distributes data to analysis component for logaing, performance and network packet loss analysis and finally saves the runtime-snapshot.

> IPBus UDP Protocol

Each instance is assigned two * Improve CPU utilization

threads, read and write
» Pre-allocated threads
+ Enhanced resource utilization

» Pre-allocated Process Variable(PV) queue
size
* Solved queue header overwriting
problem

» Added Access Security Group

» Alarm service based on Channel Access
(cA)
* Flexible congifuration

» GUI Based on WEB
« Easy to locate the detector's position
« Configuration flexibility
* Good interactivity

The Alarm service directly retrieves PV values from CA and sends notifications via WeChat and Email and when the
threshold is exceeded. It has been utilized in JUNO light-off tests.

|hul PBus UDP
The ControlHub is excellent software that Due to performance limitations and the immense scale of the
forms a single point of access for IPBus control experiment, an IPBus UDP solution was adopted after multiple tests.
of each device;it implements the IPbus From the experimental results, there has been a significant reduction in
reliability mechanism for the UDP packets CPU overhead. As UDP is used, to ensure reliability, this system
travelling between the ControlHub and the employs the same recursive algorithm as ControlHub and limits the
IPbus target devices, and it has sophisticated recursion depth based on the data acquisition frequency. This ensures
congestion mitigation and flow-control that commands are reachable while reducing CPU usage.

aloorithms. E

cPus. e cPum,

417 Devices at 20230417 Light-off test m

Summary

365 Devices at 20230618 Light-off test

The upgraded system uses the IPBus I.IDP protocol and supports pre-allocation of threads, Pv queues, and I0C ports. In terms of security, ASC(Access
Security Gmup] has been added. , the system has JUNO light-off tests in real experiments,
P in resnurce utilization and real-time control efﬁclency




0] Implementation of the system

Readout and storage

PV read test of caget function

&

Channel Access Number of Number . Single PV read time Average CPU
Network Protocol Read|ng t|me/s
10C of PV /ms overhead
1 1000 27.07 27.07 7.25%
1 10000 274.83 27.48 15.88%
1 50000 1423.13 28.46 17.03%
W 1 100000 2935.67 29.35 29.35%
PV read test of caget_many function
D PVEP'CS . Number Number Reading time/s Single PV read time Average CPU
) ) . of 10C of PV /ms overhead
* PyEpics is a Python interface to the EPICS Channel 1 1000 0.32 0.32 2.83%
Access (CA) library for the EPICS control system. 4 o060 Sl U= L0520
. . . 1 50000 14.52 0.29 13.06%
O Provides the main functions : 1 100000 27.33 0.27 13.87%

* caget(): get a pv value

e caput(): set the value of a PV

* cainfo(): query the information of a PV

* caget_many(): get the value of a Pvlist

* caput_many(): set the value of a Pvlist
Among them, caget_many() has better performance

when getting a large number of PVs.

HE time taken for PV archiving

The functions provided by
PYEPICS use the CA protocol to
establish a connection with the
PV to read, write and monitor
the PV.

0 200 400 600 800 1000 1200 1400
24 hour

24th |IEEE REAL TIME CONFERENCE

Shenghui LIU, IHEP



IRl Implementation of the system  Readout and storage @

Database Cluster Design oL N
O Main tasks @ @“ﬁ
* Meet the storage of massive experimental data and o P AN NDED
monitoring data in experimental operation. @ A R : !
O Framework: o 4 Di_”:’
 MySQL Cluster + MySQL Route master2 @’g’i — E‘iﬁ
O Implementation: comeaors| | @ NI @ e | !
* Read/Write Separation, Real-time Disaster Recovery, MysaLe g &Hg
Failover = \_ Nj?i‘% an? .
* Routing node: @ <1y
Forward read and write requests i
« SOL Node: -
Process client requests - ) . J
« Data Nodes:
Store data and provide data services Node classification version port
. Backup Node: Router node mysql-router8.0.26 7001, 7002
Enabling failover and data backup SQL node mysql-cluster-data-node8.0.26 3306
Data node mysql-cluster-data-node8.0.26 1186
: Management Node: Backup node mysql-server8.0.26 1186, 3306
Manage database clusters Management Node mysql-cluster-management-server8.0.26 1186

24th IEEE REAL TIME CONFERENCE Shenghui LIU, IHEP
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Database Table Structure Design

™ R [ (R

Channel Data Table
Records the data of the channel
Device status table
Records the operation status of the device
Alarm table
Records abnormal data and device information
Configuration Table
Records configuration information

Implementation of the system

—

Readout and storage

juno_elec01_Ivps —w  juno_elecOl Ivpllla uno_dcs
id: int UNSIGNED id: int UNSIG id id: int UN
date_time: dat date_time: d . date_time: date_tine

w  LVP1lla: smalint W Deviemp DevTemp o | TableName cf
LVP111b: smallint DevFansL | DevFans1 Parametel
LVP112a: smallint DevFanS2: int UNSIGNED |++ === E::::z; ' value
i o o o e

DevFanS4. int | DevPre Time
LVP113b DevPre_Time: int Ut DeviceTime SaftwarelD
ES (174 50) 5150 .. (50
LVP
L—}# JUNO Elec0l GCU1111 S+ JUNO Elec02 GCU2111 Ljuno_testmom_te... |+ juno_elecrooml t... juno_elecroom? t...

id:i id:int config web ® id: int(0 o id d
date_time: dateti date time: datetin —— araMame date_time: dlat date_time: o date_time: datet

4 GU2593 Temp: smalli “F GUD749 Temp: smallin aoj.nSys ——#  CH11A dec S CHI-1 decr CHI1-L de
GUZ593 Ul </ GUD749_u0: smallint SubSys v CH1-2A: decir CH1-2: decir CH1-2 «
GU2593 ul = GUO749 ulismallint®) | O TableNar me CHI-3A CH1-3: decir CH1-3: decim,
GU2593 2 s GUD749 u2: smallinny T escription CH1-38: decim CH1-4: decir CHl-4
GU2593_ubhvTemp: & GUO749_udhvTemp = D‘;’;’;’y"“’““ CH1-4A: decir CH1-5: decir CH1-S de:
GU2593_ulhvTemp GUO749_ulhvTemp e CH1-5A: decir CHL6 deciin CH1-6: decir

= (474 31) FE (464 7)) £ (235 5% (36 FENEL
T/H

JUNO Radon_Data

rrrrrr

JUNO_UPW_Data
id

JUNO_MIX Data

i
date_time

FT1101LAS
FT1103LA8

FT1104
FT1105
MHD de
TT1101
TT1102
TT1103

Device/System

Number

PV number

Table Number

archiving period

Bytes archived/times

Total archived Bytes/1min

LVP 320 ~60000 320 1min 194 Byte 62080(~62KB)
BEC 160 1600 160 1min 41 Byte 6560 (~6.6KB)
GCU ~8000 ~80000 8000 1min 41 Byte 328000(~328KB)
TH ~200 ~200 10 1min / 590 Byte(~0.6KB)

LS

10

~200

10

10s

~1100 Byte

6600(~6.6KB)

Total

/

~145000

~10000

/

/

~405KB(~0.41MB)

24th IEEE REAL TIME CONFERENCE
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IEN Implementation of the system  Monitoring

Data monitoring webpage

O Framework: CI (Codelgniter)

» Codelgniter is a set of application development
frameworks and toolkits for PHP web developers.

O Development Language: PHP

O Application Interface: MySQLi

O Data Interaction: AJAX

O Implementation:

» Device status display s

« Channel data display Lom == e Tmmow

|‘;‘?’l.~ - ”.:n- “:01' “:'q.. rl;q
 Historical data query ‘ GCU data

 Abnormal data retrieval

i

14

x i

; i

x R | ®
x x
x x

o

i 8

2| <

]

03-13 21:35:07
LVP status
JUNO_ElecO1_LVP11la

2023
History Chart at
Orag to zeom b

1h 14 tw

TH
]

o

ISERERE R

= oo, 50 revee
w3 w0 ot 500 oen pomoNm——.  tmn
- Nt G0 1 o s o

s
ma o

—
puall Models .
D — PHP Open Source Cl Modelling Framework
~ > Routing ~ - |Security| - —— i
' Application —— . .
index.php ¥ Controller = <— m nghtWF-‘lght
<= caching <~ View < pundl Plugins | Low-code
— m Excellent performance
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0l Implementation of the system Monitoring

System information Problems

Device Monitoring System

Switch-  No SNMP data collection

e v n Duration Ack Action
Zabl Yes 2023.08-22 17:19:28 « 24d 17h 51m No

INS-
Numi enabled/disabi 3% 36/0 Eleco2
Num tes 218 20230922 17:13:30 «  dcs43 Zabbix agent is notavallable | 24d 17h 57m No
Number of enabled/disabled/not 5655 5562/01/9: 1—“”
supported) 2023.09-18 15:22:44 » dos16-  MySOL:The slave VO thread | 28d 19h 48m No

a

MySQL i not connected to
replication master

O Purpose:
* To monitor the DCS servers, switches, and other front-
end hardware devices.

Number of triggers (enabled/disabled 2495 2495/0(10/
[problemok 1) 2485]
dosd1 Zabbix agent is not available 1M 3d 18h  No

O Platform: Zabbix5.0 LTS o ... .
O Monitoring device : ~ [~ -

with Zabbix server > 60s)

* Servers, Database, Switches, Storages, PLCs
0 Monitoring items:

* Network status, CPU overhead, network bandwidth, etc. N T
O Alarm: Web/Email/Wechat ‘

des42 Zabbix agent s notavailable 1M 3d23h  No
{for 3m)

18 3 3 & ¢

CRU

T

Ala SNMP | ;
config D — Network

Zabbix Web Zabbix < - Zabbix _ Agent
M O I'I itO I' D atabase Serve r ” des1S: sda: Disk utlization and queve . - des16-MySQL: MySQL: Bandwidth

Agent
o TPy 1 E

Script " ] ; S— A M
4—_” oy bl s

ZABBIX-based device monitoring system
Open Source Simple configuration  Highly integrated

Bt bt o 0 ae Database

24th IEEE REAL TIME CONFERENCE Shenghui LIU, IHEP 12
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Front-end device control (web-based)

O Framework: Vue3+TypeScript
O Protocol: WebSocket & HTTP
O Advantage:

* Fast Response

« Simple page

 Integrated monitoring and control

HTTP Request

+————— HTTP Response

commands

+—— WebSocket full-duplex communicat

LGl

Python FastAPI

Static data are obtained
from the database

Real time data are

— obtained from the PVs

WebSocket

Transmission of real-
time data

24th IEEE REAL TIME CONFERENCE

Implementation of the system

Transmission of control

@ JUNO-DCS = Monitoring table > LVP roor

ca [ 1P room 1 % |
| ted | Normal B Rrunning
0 Central Detector
@ Elec room 1
First col
B e

2 wr
= Monitoring table ~ nm m “ n
& GCU SPMT
N T S
& GCU LPMT
oo I N N I N

B Monitoring chart
tonitoring table > GCU SPM

@ JuNo-pcs -
{ C @

@ LVP room 2

[ Gou st x |
@ Monitoring 30 )
© Central Detector
@ Elec room 1
2 we
B Temp&Humidity it

@ Elec room 2

& GCU LPMT

@ LVP room 1

@ VP room 2
B Monitorin, g chart v -
& 10Cs
# Test

W File manage 0000 15 12.1

Shenghui LIU, IHEP

B iror Col 1
Electronics Room 1

Second col

I ENEIEIEN e
T8 T N I N

Control (web-based)

2/6/2024, 3:23:56 PR Admin
o
Third col

N Em E e T E e e
2/6/2024, 322IME PR Mdmin
¥
np Trip

®
o
o
o I
® K16
. 0x16 [ Tripheset JEM Turn ON | [ Turn OFF |
@
o
@
o sl
o
@
@ Turn ON Turn OFF

. TriRe!el Tum ON Tum OFF
®
o Tum OFF

C ted Diseo ected 2. Error 123 Normal



Implementation of the system  Alarm @

e : I0C Device Alarm Architecture e — e
5 [ Phoebus (GUI) } | Based on EPICS : Client | Web  Wechat/Email | §
. ﬁ ----------------------------------------- 0 Main task: ﬁ} ________________________ ﬂ& ____________________
! Push & Store _ | Message E
] M} ) cowminte) i Alerts for abnormal channel data  (fiessa%® { API ]
_______________________________________________________________ O Alarm levels: ﬁ}
| Subscribe . NO_ALARM, MINOR, MAJOR,INVALID ~ {pata T
; [ Alarm Logging Service } [ Custom Events Notify Service ] Earchiving log AN i
ﬁ Non-10C Device Alarm Architecture *ﬁ}
Wiessage middieware TSI e ; "Dat _ : g
E Message middleware Kafka . Based on ZABBIX ipraoiessing { Zabbix Server ‘
T ‘[} """"""""""""""" O Main task: :ﬁﬁfﬁffffffffffffﬁ:fffffffffffffffffﬁffffffffffffﬁfffffffffffffffffffffffffff
FGtAIVI __________________________________________________ 141 1 Monitoring . :
Codim i ——— E Alerts for abnormal conditions in  {fort™ | ZabbixAgent | | scripts ) 5
R RRECEEECEEL e R ? ------------------------------ ' devices, applications, etc. Zl} """"""""""""""""""""" '
| Get PV value ! 0 Alarm level: {Monitoring J
! IoC [ IoC J [ IoC } --------- . . iParameter server node] database nodel PpplicationJ ------
T T T No alarm, Warning, Average, High e

Monitoring target Monitoring parameters
Connection, Network, Bandwidth, CPU, Memory, Disk

Database node Database status, threaded, throughput, buffer pool usage

Monitoring target Monitoring parameters Front-end device Status of device communications
I0OC device Data of the device channel Program status, timed tasks

24th IEEE REAL TIME CONFERENCE Shenghui LIU, IHEP




IE} Implementation of the system  Alarm

Alarm Message Format Definitions

Alarm occurrence :

* Alarm Host: the host of the alarm

* Alarm Address: IP address of the alarm device
* Alarm Time: the time when the alarm occurs
* Alarm Level: the level of the alarm

* Alarm Message: Alarm message

* Alarm Item: Alarm channel or variable

* Alarm Details: Alarm values

*  Current Status: Current status

* Event ID: The event ID of the alarm

Alarm clearance:
e Consistent with the above.

<

) é ‘ Message forwarding
-

| oy

Alarm Service WeChat sever ( \‘
| Webhook '

»

MSg:XXXX SMTP e
» SMTP server hd l ;

Alarm occurrence
PROBLEM Status Report

Alarm Host TAO-Temp

Alarm Address 127.0.0.1

Alarm Time 2023-09-01 17:37:16

Alarm Level High

Alarm Message TAO_Channell6 Temperature anomaly
Alarm ltem TAO.channell6

Alarm Details Channel6 Temperature : 39.6°C
Current Status PROBLEM : 39.6°C

Event ID 6658

Alarm clearance:

OK Status Report

Recovery Host TAO-Temp

Recovery Address 127.0.0.1

Recovery Time 2023-09-01 17:43:06

Recovery Level High

Recovery Information TAO_Channell6 Temperature anomaly
Recovery Iltem TAO.channell6

Recovery Details Channel6 Temperature : 29.7°C
Current Status 0K :29.7°C

Event ID 6658

24th IEEE REAL TIME CONFERENCE
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System operational test Simulation test i

Test purpose

To verify if the monitoring webpage can withstand

Categories L) I
—_— el RN
concurrent access pressure s [ o, e i e i i | [ 1 it
. A T 181
+JUNO LS 060 176780 58 28 172488 EAL 128 mee — -
+ JUNO_HPN o T
: urses uamrem Gurars vomtems aumars vimrems. I
+ JUNO_LVPS el S vaipll ] COUTINS RempCel | ; UTARS o] el GUTITS WOl GUTZTS WINVIV) i
+ JUNO Elec01 LVP s 128 s 15290 21 1 s s =
+ JUNO EIecO2 VP qups rmn 2 curzs savaeng Fn aunsany Ve 5
+ JUNO_GCU =
S UNO O e ) na m e B na 1
t t A + JUNO _LightOff0417 . ST Y g CUTISSINTOND  Guries wamipls  GUATIS Templc]  GUITIS sOMVIV
[est metrics + J0NO,Gcus LR s e E | R | e
+ JUNO _GCU0815
< — g g SIS ey i auir o ST g g

JUNO LightOff0904 12 28 185048 17 1 s 170 i !

metrics IET L ———— S — S '
i T T IWWWWWW%W

Response time el e T
the number of users accessing the Throughput Test
Concurrent users . . 35000 Response Time Test
website at the same time —o— aps —+ Response fime
the number of requests processed in a |
Throughput . . . 30000 - 20
given period of time
Error rate the percentage of requests that fail
25000 213
Resource Utilisation CPU and memory utilisation 3 H
° 20000 A %1-0‘
Test Conclusion
15000 0.5 1
Large number of concurrent connections (<1000)
Response time <3ms T 200 400 0 80 w00 s Ho % oo W ww
Throughput >20000 —_J concurrent connection count concurrent connection count
CPU overhead between 50~60% \L Remote webpage are capable of meeting system monitoring requirements. ]
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m System operational test Onsite test ‘

LPMT Onsite Test (09/2023) (ONSITE)
[0 Devices: 1768 GCUs

O Process: )
|OC application, data archiving (0.05Hz), alarm service “ e e e e

GUSS99 uiTrip]  GUS999 w2Tripl]  GU7323 Temp(C]  GU7323 wo[V] 6U7323 W1 (V] 6U7323 u2(V]

0 Result: . . i

c"‘"mr‘g""""’ GU7323 wOTripl]  GU7323 wiTripl]  GU7323 u2Tripl]  GU2964 Temp(T]  GU2964 wO[V] GU2964 u1(V] GU2964 u2(V)

The system is running stably, and data archiving and . : : -

GU2964 ubhvTemp  GU2964 ulhviemp GU2964 u2hvemp
a ra a GU2964 wOTrip])

GU2964 ulTripl]  GU2964 u2Trip[]  GU6428 Temp['C]  GU6428 wO[V]

monitoring have been completed. e ow | : =

GUB428 WV] GUB428 u2[V] 5"“";'""’ '"’“”l;'é‘,"'“" "““"m‘""’“"’ GUS428 uOTHpl]  GUSA28 ulTripl]  GU6L28 u2Trpll

Date |Round BEC_Number/GCU_Number GCU_PV / - _ \ = = = = = L

L A 155 gcuTemperature During the test: L] e iy E—
2 8 342 hvMesValue O CPU Utilization (max) : ~2.8%
3 10 446 hvTemperature O Network traffic:

4 15 449 hvTripStatus «  Sent(max):1.05Mbps

5 12 376 | \° Received(max):1.26Mbps J e

des20: CPU utilization

2023/9/4

100% gy
E 38 38838 F8 R8RS RS ISF S §F 8 2838;’\8389‘83 383888 R8F S8R 8
0% § 8253838335538 58gsseIYANFIRNEERESE 2SS EREAFAF RS
cccccccccccccccccccc ~ @
8 R 8% 88 3 3 N =
g8z353¢84g g 3
~
N
& last min avg
L B Interface ens2f0: Bits received [avg] 955.87 Kbps 928.65Kbps  939.77 Kbps
M Interface ens2f0: Bits sent [avg] 77349Kbps 72824 Kbps 763.72 Kbps \ 1.26 Mbp:
last min avg max B Interface ens2f0: Outbound packets with errors  [avg] 0 0 0
B CPU utilization  [avg] 2.1488% 2.1218% 23764%\ 2797% [ Interface ens2f0: Inbound packets with errors [avg] 0 0 0 0
) [l Interface ens2f0: Outbound packets discarded [avg] 0 0 0 0
0 Trigger: High CPU utilization (over 90% for Sm)  [>90] B Interface ens2f0: Inbound packets discarded [avg] 0 0 0 0
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m System operational test On-call x

EHHFE: Unavailable by ICMP ping

Remote on-call

O Tasks:

* The device runs without load, monitoring
the system and device operating status

O length of time: 1 month
O Implementation:
* Data archiving and monitoring alarms

RN 657993055@qq.com

g Il B

H

3
]
(<]

WA | 657993055@qq.com X" <liushh@ihep.ac.cn>

o8 2200

Temperature, Voltage, Current and other parameters...

LVPEIEEEE['IMO1:LVP063'] LVPEEIRS['IMO1:LVP063'] 19:00 & 21 56 €7
RiftA: DCSERE < m> [H g A DCSEE < . <w RISEIIRM
RS [B: 202452881 (£HAMW) £46 : 46 B 202452880 (EHAM) L6 - 47
A DCSEZEE < > Yot DCSEEE < N .
s < ANERE U P HUIBEEIUMOTLYPOTT]
% WS e LEL‘ RRfFPTERE IHIL SIEDEE B E): 2024.02.07-22:52115
WERS: [UMOTLVPO71]
LVPEUIEEEE['IM01:LVP063'] ” fﬁgicm LvP223a
> = LVPEEIRE['IMO1:LVP063'] B ARes
JBIE{E: {'DevTemperature":
. 278.3699951171875}
IRERTIE: 2024.02.08-06:46:45 RSRTIE): 2024.02.08-06:47:16 BRHEE: XHESBN
=1 . . . - . .
5% =: ['JM0O1:LVPO63' WEEEER: 1]
EEES: [ ] BERE: [IMO1:LVP063'] "
IRTMIE: JUNO_Elec01_LVP212a N o T
B B R&EME: JUNO_Elec01_LVP212a LV BB IS UMOT:LVPO71]
SN e m)szF s . N
HERS: BEKRS VRERTE): 2024.02.07-22:52:45

®BiEfE: {'Devlemperature’: 84.75} BRES: [UMOTLVPOTT]
{@i&(&: {'Devlemperature': 20.75} SEEE

= N 3 . . . REE:
TRRIE: KIAEESEBIR JUNO_Elec01_LVP223a
BERT: BEME
iBiE{E: {'Devlemperature':

MRERE: (EITARISHRE! 22.3700008392334}
I 1
nr- % [ ] MERRE: EMARBEE

The alarm system is running stably and is being gradually upgraded and optimized.
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Summary and Plan @

0 Summary:

The detector control system based on EPICS for JUNO has been implemented.

v" Readout

e Communication between the server and front-end hardware devices has been achieved
through EPICS

v Archiving

* Designed a distributed database cluster and database table architecture, and completed data
archiving.

v" Monitoring

* Developed a web monitoring page based on the MVC framework.

v' Alarm

* Implemented subscription to abnormal information using ZABBIX and Kafka

1 Plan:

* Integrated monitoring and control through web pages, and optimized system configuration and
alarm services.

* By integrating machine learning and other technologies, upgraded the automation of the O&M
system to reduce on-call tasks.
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Thank you!

Status of the Detector Control System for the
JUNO experiment
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