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Fusion research strategy at ASIPP &

ASIPP

Operating Constructing Designing Joining Planning
. 14 key sub. sys i <S00MW, Sy
Plasma physics, RED For DT operation DT Il 500MW, TBR=1, 5y
steady-state BEST, CFETR fg| SuUPPorting il 400s Q=10 1-1.5GW, TBR>1
operation Non nuclear ITER 3000s Q=5 | 5\’/ ’
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What needs to be done for future reactor control @7

ASIPP

For present tokamaks and future fusion reactors, the control of plasma initiation, shaping,
heating, current drive, stabilization, and safe termination of discharges is required.

Infrastructure development to support steady state operation

- Hardware and software infrastructure
/

- Assistant platforms for algorithm development and verification Advanced
control

Simulation for control
- Controller design and verification
- Optimization of control parameters and scenarios

Development of control algorithms
Magnetic control

,,,,,,

o System
Kinetic control infrastructure

radiation control, profile control...

Nuclear operation
burning control, fusion power control...

Event handling 4
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System Infrastructure Requirement

U — Friendly development T — Host PCS
Ser cases environment s ;
o witch
o on. (@Y T o Module development § S R
Integrate Support ( (T TTTTTTTTTTTTT T Application components” T T T T T T T T T h
- gi User Configuration Logging t Data Archive Interface g PCSVP
CO ntr.OI Data Communication and gi (component} [ corf‘ponem]wg;li? ][component] [component] ; : ——— :"p:,:.;:.'c.'.n}:.,}:.'c;.;.,;:.\‘
functions | access e Ceer) Lemn) I OV
Algorithm test tool : [][ e ) [conme ][][] - .
_ Code management et ’
_. Discharge parameter « Scalable H/S infrastructure + two assistant
configuration platforms
Workflow management » Algorithm development platform (PCS-SDP)
shall provide a visual and convenient
Control schedule _ _
Plasma el | programming environment.
-+ Real-time control execution _ _ _
control « PCS simulation environment (PCSVP)
Event handling which can be used to develop controllers and
Experiment operators Data archiving architecture, as well as to validate pulses
~ Reliability assurance 6




Hardware infrastructure design &

ASIPP
Redundant clusters system
. . . . . ] Master cluster Backup cluster Actuator system
* Non real time applications and real-time control calculation will be ™ ™ -
deployed on HOST and RT computers.
* Master and backup cluster run synchronously and can be real-time
switched in one control cycle.
« Transparent hardware access ensures the portability and
scalability of the system.
[UI for conﬁguration}
| CON
Configuration data o . 7 Tolronix 1
( Master cluster Backup cluster ) ‘ l i : :
— Host _— ost I —— — : |
Tektroniy. . |
Switch witch : - ‘ - fm - 1
RI RT ) RT S el Output : |
= LN pe—— . ==t - sex || 2E 1: master :
< ) SN 0: backup |
__ state|__ _ — _ _putput
| >(0Ut ut ) L e o 7: |
[ local interlock H B ]| S I
L | selection Dl e e o o mm mm mm e mm mm mm mm e mm mm e e e
Acquisition data (S S ——— I— Acquisition data Input RCN H
Commard dora switch and output delay : 12.89 ys
Output RCN .
intorlock data N Hardware switch + RFM read + 1/O output ,



Interface design &

ASIPP
« External systems related to plasma control include central « Two separate RCNs are — 1
control system, central interlocking system, distributed deployed for real-time caz
real-time acquisition systems, actuator plants. data /0. = ) i
* Interface to CODAC and CIS through CON, RCN, CIN « Communication head M,{ e
) ) i i TeDiag [
information is designed _ | ——
rp—— "_"""__;_;;;;;;;n;;;""i for easy extension. "“"‘“[
‘§ : ‘5\ Vfum/n;: Synchronization .\'efn\ork : o /
L ]

| |
| |
Central Data
| | CON
| Interlock Service | TSN
I |
| | CIN
I |
I |
I |
| Network [ DAQ Node 1 IC Power
I & } = =
| Security l I | il Ty Host system
I . |
I I
I f DAQ Node 2 Input Switch Output PF Power
I | = system
: | ﬂﬂi reN ke AT RT RCN Y
| CODAC | UL —
e ‘.T T—-——————- ": ———————— ;l’ i i J DAQ Node 3 Gas
: ﬁw sysi.:em
Plant Diagnostic Safety | -
Systems Systems Systems :
|
__________________________________________________ il




Software infrastructure design &

ASIPP

Component-based distributed real-time control framework

-> .

components

User login

Parameter configuration
Deploy and workflow

« Data archiving

Log and healthy

Application Components

!

nt Infrastructure

!

I

Data Consumer Data Publisher
ZeroMQ Client ZeroMQ Client

i \sub pub/
i Message Transport
| Center
| (XSUB-XPUB)
Operation System i /v \
« The core framework provides communication, |
XML configuration, data management, etc. | e e
* Various application components can be Component model: 1/0 port, Communication : ZeroMQ (non real-

expanded like Lego blocks building. property and operation interface time), Shared memory (real-time)




Design for algorithm development and integration

ASIPP

User case 1

function()
<html>... & margin: Opx

<?php...

algorithm
develop

integrate
and
deploy

algorithm
validate

Visual algorithm development based on PCS-SDP

» Shield the difference of control
framework

* Visual interface development

« Algorithm template compatible
with real-time framework

create project

algorithm
templates

development stage

framework interface
templates

GUI code GUI
template template template
visual module
edit edit

customized
interface

customized
algorithm

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

deployment stage

Compile and deploy ]

[Interpret and combine]

g 4

[

v

s @ coilcurrent

v & Targets

-
-
-
-
-
-
-
-
-
-
-
-
-
-
Voltage trajectories
-

v

pfl
pf2
pf3
pf4
pf5
pf6
pf7 »
pf8
pfe
pf10
pfi1
pf12
i1
Ic2

pPsS1

Drag and

drop

v WORK
> .settings
> pcf
Vv studio

1Editor | [X] coileurrentxml &2 | [ pid.cpp

va5 template

service.cpp
<waveform>
<name>pfl1</name>
<xlabel>time (seconds)</xlabel>
<ylabel>kA</ylabel>
<descr>pfl</descr>
<step>1</step>
<scale>
<xmin>@.0</xmin>
<xmax>1.0</xmax>
<ymin>@.0</ymin>
<ymax>1.0</ymax>
</scale>
<yrange>
<ymin>@.0</ymin>
<ymax>1.0</ymax>
</yrange>
<vertices>
<vertex>
<x>0.0</x>
<y>0.0</y>
</vertex> ozom
</vertices>
<datatype>T</datatype>
<pointname>CCTpfl</pointname>
</waveform>

Y

XML Embed in
files Ul

// float parameter

std::map<std: :string, float*> float_params = {
{"alg.cc.pf1", &pfi},
{"alg.cc.pf2", &pf2}

Automatic code generation

v coilcurrent

v etc

v Src

service.h

N coilcurrent.xml

component.cpp

component.h

parameter.h

G¢

C

G+ parameter.cpp
C

G+ service.cpp

C

for (auto iter : float_params) {
std::string key = iter.first;
float* value = iter.second;
pcfiiattriiadd(key, *value, *this);
pcfiiattr::param::set<bool>(key, "archive", true);

i

// int parameter

std::map<std::string, int*> int_params = {
{"alg.cc.pf3", &pf3},
{"alg.cc.pfa", &pfa}

}s

for (auto iter : int_params) {
std::string key = iter.first;

M CMakelists.txt int* value = iter.second;
$ debug_build.sh
@ README.md }
$ release_build.sh

pcfiiattr::add(key, *value, *this);
pcfiiattr:iiparam: :set<bool>(key, "archive", true);




Design for algorithm development and integration &

ASIPP

Flexible deployment based on XML configuration

User case 1

Application Components

* Support rapid integration of third-party
a|gorithm ||brary Deployer Component\Process
» Flexible deployment can be realized -° ® -
according to the XML configuration.

* Real time processes are deployed
and bound on physical CPU cores.

» The framework supports modular
development, compilation and loading.

algorithm
develop

RZIP alg

density alg

Event
Handler

HPFIT

integrate
and
deploy

algorithm
validate

11



Design for algorithm development and integration

Support multiple operation modes

User case 1

’
Parameter Configuration Component

Data Pool 2
- - -
S

-

Interactive Modeling
Environment

* The algorithm needs to be fully validated by
simulation test.

» PCS supports multiple operation modes
including normal experimental mode and
simulation test mode.

I
1
1
1
1
1
1
\

Script Editor

Presentation Layer
Command Lin

Simulation Engine

Logic
Layer

« Python based verification platform PCSVP
supports visual modelling and similar functions

Device
Layer

as Simulink.
________ |
|
loorith Command ama | G
algorithm Mode Data source Tokamak 1= T
devel to go I e S
evelop | i
| M@—'IJ—‘W - e
Real-time data okt D s
Normal o ey Actuators - Data Acquisition PCSVP
achISltIOIl v Equipment Y
Experimental Simulation
S' 1 . b d Mode Mode
1mulation base . . RCN -
inteorate dat Historical data / DAN B ‘ ‘
algorithm 5 on data .
. and L Command
validate denlo romdal - -3 —
o | I |
on model calculation P————— e Hivtorical Data
Data ‘SAeclg::‘smon P C S P(,Sllézzle—tlme Replay Mode
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Design for control operation

&

ASIPP

User case 2

parameter configuration
management

discharge workflow
management

schedule and control
execution

data archiving

Parameter configuration management

» Parameters are configured with XML,

PCS#2: Design of Data Management for New

Plasma Control System (87)

configuration datasets are stored in relational fler [ max W mavices
shotid int(11 ' shotid shotid int(11
database- Y catid | Y catid 3 c::d
phsid ' phsid phsid
 Subscription publishing mechanism is applied |~ == e -
between Ul and CS component. e rome e
. . . . \ AN J \ J
« Data in different components is described
through IDL to shield differences of o CS component
programming languages.
" configuration workflow
o —_— 1 —>  Parse/Store config Flow process %
%ﬂ feetor [Tasas N\ Publish Config Receive/Dispatch shot-num
' -—%‘“‘“ Host node uI T | Central Control
. 2 Real-time node l l
- support component archive component
P @t' Receive shot-num Gather data —
sealreac':;gne;rea Receive/Dispatch config data ’_» Archive data
B ' Parameter drawing area y
B —
‘Z‘:ﬁmi Shad l | ‘ Slld
| -«% g& : daq module alg module  output module
sPeatI;ianng'leat?ea : %—RCN—P Receive data Process Selected command
ispatch da ommand output —RCN—>
& ; : e “ ) Data acquisition server Dhpich dns € ot Action server

Information label )

Emm-v-—

13



Design for control operation

&

ASIPP

User case 2

parameter configuration

management

discharge workflow
management

schedule and control
execution

data archiving

,/'
y )
L/ S SSSS
/ 2=
| / -
A . \'\ X
| - 3
= & 1
‘ :
| 7,
I e
o I o \
I 1
/ = <R
: v
a )!‘}' T
) e
| J )]
’ el .
. S
]

Discharge workflow management

Workflow component

The whole plasma control workflow is controlled by workflow component which is a

state machine.

Each real-time process is managed by the local state machine.
Key information during operation will be recorded in the log.

firstlock command

y
|nlI/ia|
Shot Waiting '
f\]" unlock

During Shot .I

shot complete

Shot finalizing

Cleaned Up

PRIMARY_EVENT_SHOT_START

Initial
PRIMARY_EVENT_SHOT_STOP

Prepare

PRIMARY_EVENT_UNLOCK

PRIMARY_EVENT_FAILED

PRIMARY_EVENT_LOCK
Locked

U PRIMARY_EVENT_SHOT_STOP
PRIMARY_EVENT_IDLE \

PRIMARY_EVENT_FAILED

/

PRIMARY_EVENT_SHOT_STOP

\

Local

£ PRIMARY_EVENT_SHOT_STOP —

PRIMARY_EVENT_FAILED
Failed

—

PRIMARY_EVENT_EXECUTE

PRIMARY_EVENT_FAILED

PRIMARY_EVENT_TICK

state machine

14



Design for control operation &

ASIPP
Schedule and event handling
User case 2
» PCS supports event detection and handling.
« The plasma discharge process is described by several limited states, and event
triggers state migration.
» The execution sequence is determined according to the priority if multiple parallel
states are triggered.
_ Status classification
Central Interlock System
parameter configuration L — —
management PCS - : Supervisory control 3 [
! H | [ survivable state |
éa i Event detection and Reference : \ — I —
disch arge workflow handling generator j | Normal | |Recoverablestate| | Soft landing || Shutdown | | Mitigation
management - - _ffe:nc: -
P! l._._- ....... Event handling decision
RT processes
Data quality Monitoring and schedule | Actuator status ACTIVE TalS S}Hg RRIE
- ata processin o r | Statel1  idx= » State 1 1111111
Data quality| | Pata P g | sequence | .. | sequence | m::;::'n“’ent i . giatez 0Jolol5]o[2[oo] fz0 ; ; 0jololo
: comrotier omron . po— T State3 idx=3 782:22 g g g g g g g g / 0oj2|0 4*0 ojojo
|~ UG I status lSta[es idx=5= » State5f0f2|o]|4]o]ofo]o0 ElzlETal i ]1]
m_ m e — State6jojolo]jo]o]3fofo0 - ;
data arch“"ng / saerTotoTolotoloTol2 Final Sequence List

15



Design for control operation &

ASIPP

Real time data archiving Archiving component

User case 2

* There are archiving processes
corresponding to each real time process.

« All data are stored and accessible in real-
time.

» The stored procedure is independent from
the storage medium.

O e e e e e = e e e e e e e e e e e e e ———— Y
. . iiinisiets gy PCS
parameter configuration : param ot |
analysis an I
management verification |

i [ segments writing J iRea| time

. ! process ! t .
discharge workflow S ; parameter parsing

management FTomaE v oL datapool |
ESChed““ng P [ param management ] !
, execution i ! i
| sequence | | | C N 3~

schedule and control | L data control '
execution i preparing data '
: extraction | | !

}. o --------------------------------- ------:‘ Real-time

data archiving

P ettt

16



&

ASIPP

Design for system safety and reliability

Logs and health monitoring

* Record user operation and key information during shot
in the log.

Data and transmission security

* Manage user permissions, verify user's
identity, only authorized users can modify
parameters. * Log component communicates with other components

« Check the rationality of setting parameters. through subscription publishing mechanism.

» Real-time monitor the hardware status and processors’
heartbeat.

* The processes are monitored and managed on the
web-based platform.

« Store user information and parameter data in
encryption way.

« Ensure data transmission security through
redundant networks.

————————————————————————————————————————————

i> Hardware 1> System fault

5CA0HAHBDQVpiNz56kiMig==

fLMp/VIuTmsMRVQmMQiRFw==

status traceability
num Group User monitoring 1 o
PR RR 5CA0HAHBDGVpjNZ56KMi OWjP/jrl//re30qusHrU3w== ; ] PCS Healthy |Component {> System potential :
pequil TQzI9kCx7KI3G2j6YgKrdocBsaMadgoz5] OWjP/jr//re30qusHruaw== i > Software status | risk assessment !
radiation 2HVItNBthaUW4A:: OWjP/jrl//re30qusHrU3w== | monitoring System Real-time Health System System Health Evaluation and ! . i
ip All 7+DahbaewBeN + BgKE7sxSQ== OWJP/jrl//re30qusHrU3w== : Monitoring Function test Maintenance > Corrective
edh Mvmmsekjm@:: 30bxw5YR2TVbvrwkUDjogg== Network statud} . § maintenance
system pcs support, current operators, bjxiger ... Y AwOiUb73PaizgOM7/FINS + 3iDucOgRDZI 30kwSYR=TVbvrwkUDjogg== monitorin ;::r;:::smg Real- Historical Data Operating Data management
RMP TQzJ9kCxj7KI3G2j6YgKraocBFGO4udgoz5 30ixwSYRZTVbvrwkUDjogg== 5 |
detach 5C40HAHBDgVpjNz56kjMig== JpkxSvLy9GKIQEPsRv/77g== name action . S N System 3> Preventive
acq pcs support, current opegaforsT bjxigd, ... TQzI9kCx{7KIIG2j6YgKraocBFGO4udgoz5 JpkxSvlydGKIQEPsRY/77g== 4 Data Pre-processing L Data _vDat:hase Healthy maintenance
gas pcs support, currentggerators, bjxao, ... 2HVItNBtPwaUDydwlyn14A== JpkxSvLy9GKIQ6PsRy/77g== Database §
density 7+DahhaswBeN +BgKE7sxSQ== JpkxSvly9GKIQ6PsRv/77g== management
jprofile DEC?WQQIUSAOWEFATHRZQ== ka)v(SV‘LyQGKIQSPsRvﬂw:: [y e
disrup DECijW9gfUSAOWEFATHR2Q== OWjP/jrl//re30qusHrU3w==
alagn perators, bjxido, ... 5C40HAHBDgVpjNz56kjMig== ©0iGRbICXRzdt7RZQd02l0Q== Data Source
[pcs support][current operators] bjxiao, ... TQzJ9kCxj7KI3G2)6YgKr40cBFG04udgoz5 oiGRbICXRzdt7RZQdo2I0Q== Distributed Acquisition Experimental Operation N EEm——
isoflux pcs support, current operators, bjxiao, ... 2HVINBtPwaUDydwlyn14A== IGRbICXRzdt7RZQd02I0Q== System
equil pcs support, current operators, bjxiao, ... 7+DahhaswBeN+8gKE7sxSQ== 0iGRbICXRzdt7RZQdo2l0Q==
beta DECijW9gfUSAOWEFATHR2Q== OIGRbICXRzdt7RZQdo2I0Q==
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&

ASIPP

Deployment of new PCS prototype on EAST

Infrastructure deployment Algorithms integration

» Two sets of clusters are deployed. One for
operation and the other for testing and backup.

* The real-time communication is through RFM.

—

« 13 categories and almost 20 algorithms have
been integrated in the prototype system for EAST.

Discharge Shape

Coil Current

Limited control

T S

Coil current control

Plasma position control

l Central control I Data storage [ Central control ] IP control Ip current Plasma current control
system system simulator
shotNo | trigger shotNo | trigger Density Density feedback Plasma density control
Dislen clock Dislen | clock
y v y . Software development ~Gas Gas Injection Open loop gas puffing
New PCS New PCS test system platform
- HPFIT pequil Parallel equilibrium code
5 7 Host develop
arameter | : ]
e ! isoelong Limited shape control
WILC o
Simulation verification ISOFLUX isodnull Double null shape
= _RT - = platform
| . = 2 "_-Ve”fy! _ PCSVP isosnull Single null shape
' 2 - mgwm
input data commands | RFM input RFM output DAQ Acq Data acquisition
' — N\ ‘9:"‘< QUTTT T H"w CEEREEEn .
Synchronous data transmissio : — ! N—— ! System sysmain Actuator management
| . . . .
DAQ test devices | [Actuator test devices Event Detection  edh Event detection & handle
| Profile control beta Plasma vioop & profile
! RMP RMP coil current RMP coil current control
Radiation Radiation feedback Radiation control

Disruption

Disruption prediction

Al based prediction
19



High performance equilibrium reconstruction &

ASIPP

HPFIT code is based on the EFIT framework but using massively parallel GPU cores to significantly
accelerate the computation with hundreds times.

« HPFIT/ISOFLUX has been applied for EAST plasma shape control. It also provides profile information
for kinetic control.
» HPFIT shows good performance for DIII-D offline reconstruction and ITER discharge simulation.

I Diagnostic Data
Initializing Plasma Current profile
e / /
Parallel - reconstruction
Functions calculation

Kinetic reconstruction X V4
S hi | o
GPU o oundary cPU Space resolution 33x33 129x129
Control errors, Betap, 1
li etc calculation . .
Time resolution 2ms 300us

Sending Control
Error

Promising reconstruction tool for ITER, BEST, CFETR...

20



New PCS applied on EAST &

ASIPP

O The new PCS was successfully applied in the 2023 EAST summer operation campaign.

O Plasma current, position & shape, and density were controlled in total 286 shots with no system failure.

s/ awi|

g129108.003500

N

<

Fastest control cycle < 45 us “ o . o 2
3 :
- / Plasma currenﬁ amf! density control

&@«u«a\mﬁ«a\@«4@\&h«,\‘,}@1’}«#%«#«”&«.\@ﬁ«»0\~u4a\~ﬁ«» @@@@@@@@@ 0.5 1.0 15 2.0 255 3.0
R[m]

mmmmmmmm

Shots
i . Verify the
Communic  Routine : yt
. : Verify the quasi-
ation, and exp test Verify
. Serve the vioop Serve the snowflake
Topic Ry e, | Siels el Repeat el hysics control and hysics shape
P RZIP and RZIP, P shape Phys Phye P
. , experiment system experiment control and
density density control L
reliability serve the
control control :
experiment

Success rate 100% 100% 100% 100% 100% 100% 100% 100%
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New PCS supporis steady-state operation

ASIPP

More than 24 hours continuous running has been tested with real
hardware and all algorithms based on the extended historical

data.

The data are saved at the preset sample interval, and all data at
the time of the exception is saved.

2
<
10 ‘
° |
: |
|
= 9162026
b T 5 ‘
0025 -rw-rw-r--. 1 asipp asipp 114K Sep 17 20:47 pcftree:9162026.character‘istics 1
0:000 -rw-rw-r--. 1 asipp asipp 672G Sep 17 20:47 pcftree 9162026.datafile 91 81 4 5
£-0.025 -rw-rw-r--. 1 asipp asipp 98K Sep 16 20:46 pctiree Y1b6200.Tree
—0.0%0 -rw-rw-r--. 1 asipp asipp 61K Sep 17 20:47 pefitrt_east 9162026.characteristics
—0.075 -rw-rw-r--. 1 asipp asipp 42G Sep 17 20:47 pefitrt east 9162026.datafile 9230029
-rw-rw-r--. 1 asipp asipp 606K Sep 16 20:46 pefitrt_east 9162026.tree
0.4
672G ( sample rate,2ms ) +42G ( time slice, 20ms )
o 928160
281601
0.4
- betap
10021807
0.6
0.4
0.2
0.0 2 2 6 8
time(secs) led

Length

W)
24

26.8
24

50

25

714G

797G

714G

1488G

744G

200

N o

1019/m3

0.00

-0.05

0.5

£ 0.0

-0.5
1.0

0.5

0.0

Discharge time: 00:01:40

Ip measured

J 50 hours running

density

z
[}
L
rx1 error
betap
0 1 2 3 4 5 6 7
time(secs) le2

Z(m)
Lol a Il I vl ol vl

R(m)
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Software development platform is applied on EAST

ASIPP

« Shield the difference of control framework

» Visual interface development

algorithms have been developed and
verified.

R T
! '

&;’ﬂ i EASTPCS CFETR PCS ! Control

= n = | framework framework ! interface
S ! !
Uil i e ]

|
I

- e e e - - - — o ——— = —— — —

| Data interface

User interface

Project Algorithm Visualization Testing Version .

+ +

moduel module module module module

Eclipse platform

PCS-SDP

= Cloud Security
Network e B
platform equipment

Infrastructure

12 Package Explorer 52

Plasma current, position and density control

= o
B3| &

&2 orgeclipse drawzd.examples

=i, JRE System Library [JavaSE-1.3]
v e
g test

&) Testljova
1) Textjava

i Referenced Libraries
5 whp-meta

4 jgoedies-common-1.8.0-sources}
) jgoodies-common-1.8.0jar

) jgoodies-forms-1.8.0-sourcesjar

Alg category

¥] org.eclipse.wb.rcp.wbp-palettexml
‘ Structure
g Components

~ [ Gavax.swing JFrame)

v [] contentpane

[ st

23 btnNewButton - *Subset1”

& (non-isual beans)

A Testljova 7 Textjove 2

=i R=Re=l) RN =i IR 2%

« Palette

= Common

i3 Label [ Textfield

55 ComboBox Ssutton

I Checksox @ RadioButton

1 ToggleButton 8 TextArea

[ FormattedTextfield (6= PasswordField
| TextPane [¥JEditorPane

5 Spinner [Huist

EE Teble [ETree

i progressBar @ ScrollBar

| 5 Separator 04 Slider

ustom components

[zza[mwnznjns @

E

T Properties
Variable

* Bounds
Class.
background
border
enabled
font
foreground

[Htrue
SimSun 12
m000
layoutOrientati... VERTICAL

Property panel

o Dlfale

visibleRowCo... 8

> = Source | -] Design|

Design area

[0 limited masterh o Textjava 62

70 1 package test;

3 import java.awt.BorderLayout;[]

23 public class Text extends JFrame {
25 private JPanel contentPane;
26

* Launch the application

public static void main(String[]

JFrame frame=new JFrame ("X
IPanel jp=new IPanel();

ev IComboBox (
5-")s

cmb.addItem("IP control®);
cnb.addItem("Gas injection”);
p-add(cmb);
Frame.getContentPane().add(jp);
frame. setBounds (300,200,400,100) ;
frame.setVisible(true);
frame. setDefaultCloseOperation(JFrame . EXIT_ON_CL(
EventQueue. invokeLater(new Runnable() {
public void run() {

try {
46 Text frame = new Text();
47 frame. setvisible(true);
48 } catch (Exception e) {
49 e.printStackTrace();
se }

N
}

* Create the frame.

58 public Text() {

5 setDefaultCloseOperation(JFrame. EXIT_ON_CLOSE);
setBounds (100, 100, 450, 300);

contentPane = new JPanel();

contentPane. setBorder (new EmptyBorder(s, S5, 5, 5
setContentPane(contentPane);

contentPane. setLayout (null);
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Python based prototype of PCSVP &

ASIPP
* Python based framework
* Visual modelling
» Support customized modules, hardware interface, Al interface
Custom libraries "=~~~ === ======~= RN
7 Library (on server3) .ibrary (on server3) X \
lca Event G ti '
P vent Generation RL Interface 1
| [ |
| " ai_prleztilctri\:)n GeEnerattion RE — |
| e pid_with_filter RL Train preGamma |
N Enviromen
I O Q t gamma_model I
I, RFM Interface — '
I » Standarq Library i Sl I
Y Gt RLctr |
\ PCS : g 2x_RL _ctrl /
S~ L s | BN e -
- - - - - -------"-="-"-=-=--"-"-" R \I
Device Ai = I . A Ipf A raf Ipf b
b t qin out p N . outf 4 ﬁ:é’ﬁgf p | Algorithm out P * P I
Su SyS em inl I mOdels A ref Amag lic_com P |
models - rigid model | ’ |
N e e Plpower _ _ _'epawer T P ‘o prctd e
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PCSVP is successfully applied on EAST

ASIPP

Plasma control and event simulation

» RZIp Control and actuator failure event were
simulated.
 The results are consisted with the MATLAB Simulink.
Event Detector

ven chedule
in
event_schedule
event dector

Ipf
ut
— ref
O—o pf_ctrl
- A pf_comm
pfla
lic_comm t
C ref Ipf_com
O—g
i '
nnnnnn mag lic_com - i
0 lic
bp30t 5o
P. o
rzlp_ctrl ic
pl model
mux1
Comparison of Plasma Positions
1.837 3000
— PCS-VP —— PF1 Comm of Controller
1.836 === simulink - = = eventFlag
1.835 2000 nt
18 < o
€ £ &
- 1.833 o w
-4 = o
. S £ 1000 g
1.832 ©
1.831 /
0
1.830
0.0 0l 0.2 03 04 05 0 0.05 0.1068  0.15 0.2
Time(s)

R position control result IC failure detection and handling

Hardware in loop test with PCS

« The communication delay is less than 100 ps.
« Control results are consisted with the experiment.

- Hardware
plasma interfac
mOdeI = === Meectort2 scoperl

PF1 Current Compare

2000
1750
1500
1250

< 1000

750
500
250

0

RL interface module test

» Vertical control policy was trained
and tested with the plasma model.

blue line - simulated Ipe
- experimental g

0000000

0000000

0000000

0000000

Time(s)

Z position

300

IC[4]

Parameter
data path

— mC — 'jupyter/stahle_baselines/DDPG_modeI_tes[4199-[57470,01909043]dqn.h5 |
1
I Rictr I /
I h Xne1=AXa+ Bl

zx_RL_ctrl ya=Cx-+Du

dem

Al mOdeI discrete state-space

IC command
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Ouvutline

Overview

System infrastructure design

Summary




Summary &

ASIPP
New PCS

The fastest control cycle: 50 ys

Real-time performance
- g =ps On-line switching mechanism, command output
RE|IabI|Ity switching time<13 ys, system reliability >99%
Reconstruction HPFIT: 300 ps
Disruption prediction, parameter identification, and
Al support control optimization
Steady-state support Support >24 hours continuous running
.y With the assistance of the PCS-SDP, visual algorithm
Usablllty development can be achieved.

With the assistance of the PCSVP+SPACE, drag & drop
modelling and simulation can be realized.

Testability
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