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 Leverage on existing technology enabling fast and easy
conirol system implementation
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Why we may need web technology? [FPP2

Interoperability

* Everything needs to understand and work with others

* Everything needs be integrated effortlessly

- We need them to speak a common language
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The Web Technology ﬁPP?p

- What is web technology and why?
« HTTP

« The common language for communication

« HTML

« The common language for visualization

* Browsers

« The common language for user interaction

Web is designed for interoperability
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Control (SCADA) System Abstraction [FPP2

- Resources
« Thing: Something that contains other resources
- Status: Information that a thing wants to expose—read only
- Configuration: Indicate the desired behavior by other—read & write
« Method: A command—immediate action
« Event: When subscribed, will invoke a method on certain condition

» Access of resources—RESTful Web API
 Using URL to identify the resources
« Using HTTP verb to specify the action
« HTTP response as the result sample

Resource Access Action HTTP Verb
Accessing Resources

Stutas Config Method Event Stutas Config Method Event

T A S A A

Thing Thing
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Control system based on Web technology [FPP2

¢ A requeSt 1.0 q CO“"OI SyStem resource , “"CFET2CORE_SAMPLE_REOMSPCETVPE":1,
: "CFET2CORE_SAMPLE-VAL":590,
"CFET2CORE_SAMPLE_PATH":"/moterl/rpm",
 Get: 5 "CFETZCORE_SAMPLE_ISREMOTE":false,
o 5 “CFET2CORE_SAMPLE_ISVALID":true,
hitp://pulsegenerator.powersystem.local/ B e e
mOfOI"l /I'pm : "DisplayType":"Gauge",
S "Unit":"rpm",
"Action":{
11 "get":{
The actual Value of this status "Parameters”:{
. . . . 77 }J
Hypermedia Data for Visualization "OutputType": "Double”
}
Hypermedia data for Navigation 18 z;arentpathu:~,,,/motor1u,

and how to interact with this resource "ChildrenPath": [

]
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The CFET Toolkit [FPP2

* OK, you can build a control system with web technology using all kinds of web

server and client libraries.
- But we created a software toolkit for that.

« CFET2
A console app called CFET2app, just like an EPICS 10C
« A standalone Single Page Application for HMI design called WidgetU!

CFET HOST Other client applications Server Side
Communication Like:Browsers, Mobile App
Module
&
<
CFET HOST
Communication
Module Retumn the sample for
Get, Set, Invoke the requested resource
> Server ’—
@
UAliES Get, Set, Invoke ){-
HMI template
Invoke b
N
L J Get sar?r;‘nle ant(; glenre';;‘tmg
Things !_ Things €= set e € sui lae
< Invoke
: A t the
Browser Side [“iGare |
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How fo make a Thing? WPP%

1 public class NiDaqCard : Thing

2 {

3 [CfetStatus(Name = "Data")] a CFET Status resource with name "data"

4 public double[] GetData(intfgi;;i?r}~.~_---.

5 { « Just decorate the methods/properties
6 return ReadDataFromChann&i(channel); i i

7 } with CFET2 Resource Attribute

8 }

9 « No more

10 public class MdsUploader : Thing

11§ * http://host.local/dag/card1/data/5
12 [CfetMethod] //this is a CFET Method resource

13 public void Upload()

14 {

15 //assume the above DagCard is mounted on a remote DaqHost

16 var data = Hub.Get("http://DagHost:8080/cardl/data");

17 uploadToMdsServer(data, shot, tag);

18 }

19 }
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How to make an HMI

- By drag and drop
- Wid
* you
* You
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Some Important Things WPP?’
- State machine thing < > 0 o R

 Config with 3 files: Aliases, State GlobalState(BS1)
transitions, Actions

“StateNo":1,

ge |
"StateName":"Idle", —r—
“DefaultNs":1, @ \
“Transitions":

"TransitionName": "“goPreHeat",

"ConditonExpr”:“StartHeatAll==1", -
"NextState":2|

"HeatStatel":

"GetPath":"http: 192.168.0.2:3001/PPHeat
"ValueType": “System.Int32",
“Defaultvalue”:0

"HeatState2":

"GetPath™:"http://192.168.0.2:800

“ValueType":"System.Int32",
"Defaultvalue"”:0@

State transitions: defines states 1 |
and transition conditions @ \ LT

Actions: what to do when a transition fires dle

EESBA, BESIRPIEN



EPICS Bridget thing ﬁpp?ﬂ

 Associate a CFET2 resource (a RESTful api) with an EPICS PV
Allow EPICS clients to access CFETZ2 resource
« Allow HTTP client to access EPICS PVs
Made a soft IOC docker image to make everything simple

[FROM ubuntu
LABEL version="1.0"
AINTAINER Xiachan Xie
[RUN apt-get -y update && apt-get install -y git
[RUN mkdir /root/EPI

ORKDIR /root/EPIC == =
roots record(ai, "test"™)
field(DESC, "Test Channel™)
RKDIR epics-base field(DTYP, "Soft Channel™)
N apt install -y build-essential field(PREC, 2)
RUN make field(VAL, "2.19")

[RUN git clone ——recursive htt github.con/epics-base/ep

J#RUN echo “export EPICS_BASE=${HOME}/EPICS/epics-base"|tee -a ~/.bashrc
JtRUN echo “export EPICS_HOST_ARCH=$(${EPICS_BASE}/startup/EpicsHostArch)"Itee -a ~/.bashrc
JtRUN echo “export PATH=${EPICS_BASE}/bin/${EPICS_HOST_ARCH}:${PATH}"Itee -a ~/.bashrc

RUN source ~/.bashrc
JRUN chmod -R 7?7 /root/.bashrc

JtENU EPICS_BASE=/root/EPICS/epics-base

[ENU EPICS_HOST_ARCH=\$ (\${EPICS_BASE}/startup/EpicsHostArch)
JHENU PATH \${EPICS_BASE}/bin/\G{EPICS_HOST_ARCH} :${PATH}

[ENV PATH /root/EP epics-base/bin/linux-x86_6

ORKDIR

MD softloc -d PUConfig.db

[EXPOSE 5064
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Docker WPP?&

- Docker enables fast deployment
« CFET2app can be regarded as Micro-services

« Docker allow them to be deployed with minimum effort
« Create folders fot Things
« Put thing config files in the folder
 Run the image

ersion:

lservices:
cfet2app:

image: ’xiexiachan/cfetZapp_dotnetcore:latest’

volumes:
- susrvlocalsdockerapp/thingConfig:/publish/thingConfig
- susr/localsdockerapp/thingD11:/publish/thingD11

ports:
- "8001:8001"

tty: true
stdin_open: true
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NodeRed WPP%

* NodeRed for quick automation and HMI

« Control automation logic can be programed using drag & drop
graphical interface

« HMI can be developed using dash board . e
a : reyResourcerbc: 3

invoke
/CONFIGSAVE/CONFIGSLOADALL result :

/relay/Resource/vue

I & Node- -RED

uuuuu

sssss

- (== /relay/Resource/abed
3
uuuuuuu

25

dddddddddd I — clet-set Irelay/Resourcelvue
2
P clet.set Irelay/Resource/abed 5

text |
gauge | jgSave/ConTgsLoadAl - clet-invoke fesult
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MQTT [FPP#2:

« CFET2 support 2 event distribution:

« Web Socket for browser based client like the WidgetUI and everything else
« MQTT for everything else

Other non CFET2

Browsers e » Things inside CFET2app can use
{I yerr, MQTT or WS for event, only
ﬁWebsMket varT difference is the URL of the event
CFET2a0p CFET2a0p » Non-CFET2app can just use MQTT to
waTT pubish/Susscrbe | [ MGTT subscribe the event that's the most
ven in Thin ven ‘
et || Ting | EWSQ Event simple way
ven < > vent
EMns Thing
WebSocket
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InfluxDB [FPP2

* Using InfluxDB as archiver
« everything is HTTP so, just configure a Telegraf app to archive the resources
« No need to make a new app

mse_avg

22 ADD CELL ADD NOTE Enable Annotations - ©  SET AUTO REFRESH X Local ~ © A

i bmi_sensor_of_avg ‘window period: 7200000ms bm1_sensor_mse_avg window period: 7200000ms.

1

9.0104:00:00 9187m sensor bm1_AE Sooe
04:00:00
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600m

200m
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MDNS [FPP#

 multicast DNS

* set host names so no ip address in the URL (.local domain names)

« Using multiple domain names for the same host, each name for a
CFET2app

« Completely decouple CFET2app and CFET2 Resource from host
« Just use Avahi

Develop time
-------------- D ép70)7ti-mé--------------
HOST
name: app-1.local ' ! HOST HOST
name: app-2.local ] ' name: app-1.local name: app-2.local
CFET2app-1 CFET2app-2 : ' CFET2app-1 CFET2app-2
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J-TEXT Tokamak EPP%

* J-TEXT control system is based on EPICS CA
« Some of the new deployed systems are developed using CFET?2
« Works flawlessly with existing EPICS CA based system:s.
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HUST Field Reverse Configuration fusion experiment ﬁpp?ﬂ.

- China’s largest FRC
« Everything is HTTP even the alarm siren is HTTP (ESP32, HTTP over Wi-Fi)

« Mostly powered by CFETZ2, but not necessarily everything, since HTTP s
supported by everything
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Smart Mining

[FPP#

- Ball mill data acquisition and predictive maintenance
Acquire vibration data using lots of sensor

Archive all the data

Using Al to predict anomaly and issue maintenance advices
Tested in on of the BAOWU's ball mill plant
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. Summary ﬁl’l’?y \

- Web technology can greatly improve the interoperability of
the contirol system.

* With improved interoperability, mature solutions in other fields
can be used in building control system for large experiments.

Thank you for you attentions!!

ICALEPCS 2023, zhengwei@hust.edu.cn
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