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Control System Infrastructure

» EPICS toolkit framework
» Control system standards development
Naming convention
Control network infrastructure and IP addressing scheme
Operating system
Linux as standard operating system for servers, control consoles,
EPICS I0Cs
Hard real-time => FPGA based system
A few system are Windows based system
User interface standards
|/O standards
Motion control connectors
Coordinate system
» Various subsystems interface integration

EPICS
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EPICS/OPI File and Name Server,

Gateway, Archivers, Beam |3
Physics Server (Modeling

Consoles System), Display Managers,
Database Server,
and Alarm Server, AP Server, Boot
Servers ; : S Server, Monitoring Services,
— , = — Storage Server ... etc.
PC/Linux .
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Router Control Ethernet ?
- PLC-IOC
cPCI EPICS I0OCs Miscellaneous | \

EPICS EPICS 10Cs | peems . -
10C P O === "«“:

(Input | = ! Beamline Network, Standard cPCI EPICS10Cs
Output Network Attached - INtel CPU/Linux (fully preemptive kernel )
Controller) ﬁ EPICS Devices - High volume 1/0
Signal (e.g. EPICS - High speed serial connection (GbE, ... etc.) |
Private Conoffnmg OS?TI_Ing(;pe’ Miscellaneous EPICS I0Cs Safety Type
- Pentium/XScale/ARM/PPC Linux
Ethernet - Soft real-time system System
/ \ Timing - RS-232/422/485 Devices
- CCD camera server
Field Devices - PLC (safety type system)
(Power Supply, Motion Controller, - Bunch-by-bunch feedback system interface
erics | X] Instruments, ...etc.) - Special applications
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TPS Control Network Infrastructure
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Control Interface for Beamlines and Experimental Stations @

{, ______ \ l, —————— \
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| I _
Interlpck Related Signals* T 1, I Machine
NSRRC I : I . - — Control
Intranet : I Network,
|

XXX.yYyy.48.z - = —

l
I l
l I{' EPICS 10C
Router, | | :
Switch? II -
l

) I |
_____ - <—|JI-
Responsibility of e
Information Office Responsibility of \ N
EPICS Beamline Group Control System and Timing Interface
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IP Address Planning

TPS Control Network

One Class B Network 172200000016 IP address inherent node locations
172.20.0.x EPICS Development
.1~ 149 10Cs, Network-attached Instruments and Devices
150 ~ 199 Clients / Users (PC, NB)
.200 ~ 229 Servers, Console Workstations
.230 ~ 253 Switches, Routers
172.20.1.x CIA#1 (SR PS Control 10C, Temperature Monitoring...)
1~10 10Cs,
PS 10C, ACQ164, 2F IOC, ID IOC, PLC IOC, RF IOC ?, ...
11~199 Spare
.200 ~ 229 SNMP Devices
.230 ~ 253 Switches, Routers
172.20.2.x CIA#2 (SR PS Control I0C, Temperature Monitoring...)

172.20.24.x CIA#24 (SR PS Control 10C, Temperature Monitoring...)
172.20.25.x Grouping IOCs (BPM, ...etc.)
172.20.26.x Control System Servers, Control Consoles

Multiple Class C Network 172.21.xx.xx/24 Private Network

172.21.0.x EPICS Development

172.21.1.x CIA#1 Private Network (SR Dipole ~ Quadrupole & Sextupole PS)
Network-attached Instruments and Devices

172.21.2.x CIA#2 Private Network (SR Quadrupole & Sextupole PS)

172.21.24.x CIA#24 Private Network (SR Quadrupole & Sextupole PS)
172.21.25.x Spare RF 10C?

172.21.26.x Booster Ring Private Network (Booster Dipole & Quadrupole PS)
172.21.27.x BPM Electronics Private Network

172.21.28.x Storage Ring Private Network (GigE Vision, ...)

172.21.29.x IP Camera & IP Phone Private Network

172.21.30.x SNMP Devices Private Network

EPICS —
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TPS Control Network Infrastructure
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Network Layout for TPS Control System

NSRRC
Network ~ Control System g | Rout TPS Control System
Core Switches ourerT Server & Network
Image 10C X Equipment Room
:: SP DDM Cvranin Iﬁf“l
Image Switches B itcl —|BR BPM Group 10C
3 BR BPM Switches Orbit Feedback
Optical fiber I e ,{ —
patch Panel 00 oo oooo M| |oooom | Fromcell #N-1
/ To cell N+1
GigE / Timing BPM Grouping Link
Vision 48-port
Camera -port. | 48 Ports |
Switch
IOC network [
172.20.x.X \
Timing I0C and
CAGW
fole
(cPCl) loC
24-port (PLC) SRM10C
Switch I0C
- 4 (CPCI) BPM BPM
2nd floor
I0C BPM SR
PS PS BPM Network
Tola MPS 172.21.26.11/12~241/242 _
S 172.21.27.11,21,~241  Beamline
Timing, power supply, (CPSC) - Global private network ~ network
temp monitor, ... SR Corrector x 3, Timing,
Local private network Skew Quad, Modbus/TCP
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Connectivity

Long Distance Links and Fast Speed Links: All Fiber Links

Control network : 10/1 Gb/s single-mode fiber network

Timing network : 2.5 Gb/s OM3 fiber network

BPM fast data network: 6.5 Gh/s OMS3 fiber network

Fast corrector setting: 2.5 Gb/s fiber link (AURORA)

MPS network: 10 Mb/s fiber network

BPM and miscellaneous diagnostics

RF reference single mode fiber links (500 MHz -~ low
phase noise ~ drift compensated)

Short Distance to Subsystem Links:
Copper links
Fiber links

EPICS
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CIA#23

Control Instrumentation Area
{CIA)

Main Control Room
( MCR)

Control System
Computer Room
( CSCR)

Control Instrumentatian Area

Main Control Room
( MCR)

Control System
Computer Room
( CSCR)

®

(CIA)

Main Control Room
( MCR)

Control System
Computer Room
( CSCR)

From control system network and computer
room to all CIAs

From CIA #23 to all CIA equal length fibre
links

E143 (TLS Control System Network and
Computer Equipments Room)

Control Instrumentation Area
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Control Room Layout (Subject o Change) @

« Available room space: 23m x 6m
« Remote multi-display graphics for 24/7/365 environments:
- Space Saving
- Ergonomics
- Noise free
- Better Thermal Management
- Better Cable Management

EPICS
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Subsystem Interface - Still in Progress (Subject to Change)

Subsystem Control Interface Connectivity to TPS Control Network Responsibility
Timing system EPICS 10Cs Direct Control team
Linac Linac control EPICS 10C Direct Linac’s vendor
Timing 10C Direct Control team
Pulsed magnet pulsers | EPICS 10C Direct Control ream
Magnet power supply | EPICS I0C Direct Control team
Diagnostics EPICS 10Cs Router, Grouping EPICS 10Cs, (BPM has its Control team
own private network)
RF system RF group’s own EPICS 10Cs EPICS Gateway RF group
EPICS 10Cs (LLRF interface) Direct Control team
Cryogenics Cryogenic own EPICS 10C EPICS Gateway Cryogenic group

Vacuum system

Vacuum group’s EPICS 10C

EPICS Gateway

Vacuum group

Insertion devices

EPICS I0C

Direct

Control team

Front-end

Front-end own’s EPICS 10C

EPICS Gateway

Front-end

Girder system

Girder owns’s EPICS 10Cs

EPICS Gateway

Girder system

Utility

Utility group own’s EPICS 10C

EPICS Gateway

Utility

Radiation safety

Safety own system

EPICS Gateway

?

Beamline and
experimental stations

Beamline group own EPICS
10Cs

EPICS Gateway

Beamline and
experimental stations

EPICS
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Booster Main Power Supply Control Interface (Subject o Change)

Two Options:
Embedded waveform generator
EPICS 10C supply waveform

Control

EPICS 10C
ADLINK cPCI CPU

EVR (CPCI6U-EVR-300) \

from MPS Interlock

ADLINK 128 Bits DI/DO

.

TEWS Hytec IP ADC Hytec IP DAC
TCP201 24 bits, 16 channels 18 bits, 16 channels
. IP-ADC-8417 IP-DAC-8415
IP Carrier — T rrent Ethernet Interface:
T T ,'I On/Off control
Trigger Fanout /! Status readback
Ramp Trigger / / Interlock reset
| Waveform download
l l l l l l l Sextu O,’Ie Waveform upload
_ SD, SF/PS
BR frev clock Wavefor
3 Hz T /

Power supplies trigger

EPICS

Booster Booster Booster Booster Booster
Dipole PS QF PS Q1 PS Q2PS QM PS
(IE Power) [IE Power) (IE Power) (IE Power) [(IE Power)
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Solution for External Waveform for Booster Synchrotron Dipole Power Supply

Hytec IP DAC, 18 bits (20 bits?), 16 channels, .
IP-DAC-8415 DC component Setting

(Register Mode) (0~600A7?)

: j> DAC
Register

/

Home-made Circuitry
(Differential Output?)

. To Power Supply

Hytec IP DAC, 18 bits (20 bits?), 16 channels,

IP-DAC-8415

(Waveform Mode)

Clock T

Sequence
. Control :: \| Waveform j> DAC
Trlgge[ Logic Memory _
Waveform Setting

| (0~ 1100A?)

EPICS
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Booster Corrector Power Supply Control Environment (12 stations) @

I TPS Control network

CIA2F

cPCI EPICS |1OC 48 Ports CIA Edge Switch

CIA1F

= = I P Carrector
| A Power Supply
A Controller,
(CPSC)

EPICS 10C
20 bits DAC \
24 bits ADC \

Odd CIA/
cPCI EPICS10C
(12 sets »"96 PS
modules)

16 corrector PSs/Booster Cell
2 PS sub-racks/Booster Cell

+10 Amp Power Supphes
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http://www.aps.anl.gov/epics/index.php

Storage Ring Power Supply Control Environment (24 s’ra’rions)@

C IA 2|: I TPS Control networgrbit Feedback Setting
: (10 kHz rate)
48 Ports CIA Edge Switch

3~4 corrector PS —

Booster Synchrotron? Power

O Supply
= = = o Controller
' (CPSC)

0 © Corrector
O

cPCI EPICS 10C §

EPICS IOC
20 bits DAC
24 bits ADC

Dipole PS Control
(at one of CIA)

.........

SR Slow Correctors
SR Fast Correctors

------ e T . SR Skew Quads
Quad (10), Sextupole (7), Dlpole Control (1 or0) . BR Correctors
crics (Ethernet Interface) 110 Amp Power Supplies
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Quadrupole and Sextupole Power Supplies for One Cell Prepared for Test @

All'quadrupole magnets and sextupole
__Mmagnets of the storage ring are powered by
mdependent power supply

EPICS
% EPICS Collaboration Meeting Fall 2012 @PAL
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Current (&)

Chroma Power Supply 62075H-30N (18bit)
ChramaPS-30N(18bit) Crromas 3oty s S
1012 ' ? ! 5 ! : o _ : et M
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101.06 : . . . Transient Wavetorm
1m : : : : : B MWWW
: : e I : f gaae.05
5101'027 SSSSSSSSSS j 2000 j 4000 j 4000 " 5000 " 10000
1008 beereeeiieens EUURNNNE] RUUURTE T I SURUPUS ! SO £ : : :
; N B : S, s B A s S
. Curent fopoung 4 "OS-SM-OTTET 1500000 4. o1c_ e T
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: : Voltage: ;gggg v e SSEEDC TIC zasnnc
: . g 100.34 : : : gam Curont Set Siider Bar [ Tpp: 52.120C T2B: 26.750 C
1004 : 1 : H H L H i H P“g;“ SendComa.Getheply: T2C: aaamc T2D: 29.120 C
A SUUUUUR! RUUUUUR N I SO U - - - : g
A Time (SEE) nnnnnnnnnnnn Connect Send Commond Only: CONF:UDP:RUN ON Error Code: [I,“Nn error”
JOQE - ................. ........ : ................ - . e
: : : | Transient waveform acquisition shows
B S e U0 ZUTURIE IO WS e i the current stability of quadrupole
: power supply is about T1mA.
QG ................. .................................. ................. -
1 | 1 1 1 1 1 1 1
0 1 z 3 4 5 B 7 g g 10
Time (sec)
Transient waveform acquisition shows the overshot
variation when quadrupole power supply current 5 5
= T
changed. g :
100

EPICS
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setl (4)

_ i
0 50 250

The difference between setting and reading
current when setting current is from 1A to
250A with 1mA step.
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Corrector Power Supplies Control Interface Prototype Test @

Works in proceed
Performance improvement
Software development

EPICS
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External

Internal 10 kHz Clock Generator

Clock
Input

| Up to 10 kHz Fast Setting Clock)

V'

DO (LEMO connector, for

Fas¢

Setting

UDP/IP),
Through
Port

Fast
Setting Port,
P A

Port
(AURORA)
Trigger (3 Hz) |

Data Acquisition

SFP Port

A 4

Sequencer ~8 x 64 k x 32 bit
10 kHz cIockj) Waveform Memory

4 ways,

timing measurement), Trigger out, Packnge received @ ~h adder
Setting Buffers

Trigger input

Slow Trigger

(on demand, may not necessary)

A 4

Slow Setting
Buffer

1T

T
-4 _C

Control and Status Registers

Slow Access (~ 10 Hzy "\ 10 kHz rate
waveform l
Waveform Memory
Free running
N Or Pre/Post Trigger
. . 10 Kz rate data
Gigabit Srle Board Gomout |
ingle Board Computer Slow Access
E'l;hef'ﬂe"' || (Linux, EPICS 10C) (~ 10 Hz)
Control and
<;:>Status Registers
EPICS
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Status Registers

8 bit DI

Write Registers
8 bit DO

>

Precise
digital

temperatur
sensors

8 ch, R4 bit ADC

e Uizt

24 ch, 16 bit ADC

©

8 Ch, 20 bit DAC

@

TYYYYYYY

>

9)

<4—
4——
<4—

+/-15V
+5V
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Ambient Temperature Effects
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Booster injection septum X1
Booster injection kicker

Booster extraction septum
Booster extraction kicker
Storage ring injection septum x 1
Storage ring injection kicker x 4
Storage ring pinger

Pulse ¥Magnet PS Control EPICS 10C

Timing Network

Pulse Magnet PS
Pulse Magnet PS

Timing EPICS IOC
— avefrom EPICS

cPCI CPU board

(Linux)

Event Receiver
cPCI-EVR-300
Electrical/Optical Fanout

/ = 0 2
@ G
Kicker #1 Kicker #4
Pulser Pulser

Septum
Power
Supplies

EPICS
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Pulse Magnhets' Power Supply Control Interface - cont.

Waveform
Acquisition

EPICS
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Timing

Pulse magnets
pulser control EPICS 10Cs

Booster injection septum  x1
Booster injection kicker x1
Booster extraction septum  x 1
Booster extraction kicker ~ x 2
Storage ring injection septum x 1
Storage ring injection kicker x 4
Storage ring pinger X 2

TPS Booster Injection Control

Booster Injection / Pulser Power Supply Control

Injection | PowerOn || Wonmp ||HVPSEnable Tiring Control [ Disable |
Seprum s [ o

0 il

[ eser | Ptess: (0000 Cazent: | 0.000
ooz Y ooe ™ 0000000 us 0000000 us

Status: Local PowerO  Wemwp  Standhy InterLock: WaterFlow HeaterPowerFall  Cover

Remote PowerOn OverTemp  ReservoirPowerFail ExtErvor

.
P— E—
Kioke Mo 0 WG

0 0
Valtage: | 0000 Crent: | 0,000
006a =Y oo "™ 0000000 s 0000000 us
Status: Local  PowerON  Wanmgp  Standy  InerLock: WaterFlow HesterPowerFal  Cover
Remote  PowerOn OveTemp  ReservoiPowesFail ExtBxvor

Extraction |_PowerOn || Wanmgp ||HYPS Enahle Tiring Control [ Disable |
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0.000

Vnhage: 00 Cuvent: s o o
0016 0.005 0000000 ws 0000000 us
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Remote  PowerOn OverTemp  ReservoirPowerFail  ExtErvor

Extraction |_PowerOn || Wanmp ||HYPS Enable Tirning Control
Kicker #1 Dety Count: 0 v Covn: 0
0.000

0 il
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0016 0.050 0000000 us 0000000 us
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.
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Status: Local  PowerON  Wanmgp  Standy  InerLock: WaterFlow HesterPowerFal  Cover
Remote  PowerOn OveTemp  ReservoiPowesFail ExtBxvor

25


http://www.aps.anl.gov/epics/index.php

Insertion
Devices
I0C .
(Linux,
EPICS) ~

RS-232/422/485 Ba§&d

Sl TS

el

MOXA N-Port
RS-232/422/485
Serial Device Sg

CompactPCI

Galil DM-404x
Motion Controlle

EPICS
Gateway

«—— Beamline control

________ »  system

-
Slow Access
(Command and Data

Global Compensation Private Ethernet

Or

Gap/Phase information to beamline
(UDP/IP ~ 200 update/sec)

....

N
IP DAC IPADC “
16 channels, 1Eibits 16 c\1annels 24 b|$

Local Qompensatton

Encoder Signals

|
| (SSl/Incremental) to |
|

Interlock Beamline

Devices ‘e i “On-the-fly” support |
Beamline St Logic | % ‘ y” supp
monochromator ————— = =
synchronization Wiring /Adapter
link ? ot v/

Limit Motor Drivers En(c;oso:ers Temperature I;;a_(lzauuul;np
e Switches (Stepper or Servo) Incremental) RTD/TC BA Gauge
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TPS Insertion Devices Control Environment

EPICS CA access On-the-fly scan enabl
U50 gap information ~ up to 200 Hz rate
(CalLib, caget, camonitor, ...etc)

GUI clients, A PR

Glopal compensatlon clients Gap/Phase >  Encoder
(orbit, coupling, tune, ...etc.) ] ) ! :

information ; interface

: (SSI read only

and/or
guadrature

EPICS I10C L signals)

A \\\\N —////
Status update ’\ \\ _____
—
every 5 msec \ \
\ 4 /

AO Al
Motion Controller A DO DI

Setting update
every 5 msec
y

(=) Tobeamline ™

Gateway, router —5  Computers

] : Local compensation
oo Optical encoders power supplies
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ID Controls (2012-2013)

e 1 M APU testbed (Done, 2012)

e U50 Rebuild, re-build controls to EPICS (Done, 2012.08)

e U90 Rebuild, re-build controls to EPICS (Plan, 2013~2015)

e EPU46 (Current control environment is in TLS system,
re-build to EPICS is scheduled in 2013.)

e EPU48 x 2 sets (in construction, 2013)

e [U22 (2m) x 2 sets (late 2012~early 2013) <

e [U22(3m) x4 Single servo motor

e [UT22 (3 m)x1 Two servo motors

NTROL PANEL - [U22-
1022 (CIA02)

EPICS
% EPICS Collaboration Meeting Fall 2012 @PAL
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Storage Ring RF System Interface (e@rr#2aRrr#s3, total 2 sets)

LLRF SRF Transmitter
Digital Input x48 x128 (EPICS) TPS:S(;ng)Ol N@
Digital Output x16 x 16 LUXX.YY

ADC X 48 x 400 / \ 172.20.15.40

DAC x16 x 16
EPICS I0C (17220.15.41,1722017.41) | ¢ 7] EPICS Gateway -
[ 1 N N
EVR (CPCI6U-EVR-300) I .
| - RF Network >

128 Bits DI/DO : —r ',
Timing Network 64 Channels ADC (172.20.15.42 , 172.20.17.42) \'_ij EPICS 10C :
. : EPICS 10C (ACQ196) Transmitter '
IP Carrier _ 1 1
16 channels, 18 bits I — 4 I

BRF #1 CIA #12 IP-DAC-8415 1 |ACQ196 (transition, non-EPICS)
SRF #1 (RF #1) CIA #14 ; v I
SRF #2 (RF #2) CIA #15 - i I
oRE 15 (RF #3) CIA 417 l / Siemens S7-300 PLC :
Landau Cavity (RF #4) CIA #18 _ R4 (Thales) |
- ———Jngger_ -k ---“ RFGroup !
’ I
1 I
I K \ / \ / \ |
| : . RF !
‘ Cryogenic Storage ring RF system : !
\ i Transmitter I
, Electronics LLRF :
| (Thales) :
- - [ o o

________________________ /
e e i e e e e R B B R R R -
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Vacuum System - Front-end system - Beamline Control System Interface @

1. Readback via EPICA gateway:
Vacuum gauge reading
IP current
Gate valve information

Various status (pressure ~ temperature ~ flow rate - ...)

2. Setting: => further discussion is needed
Beamline enable
Gate valve On/Off Coontrol
Missing items ...

PAC cRIO Controler + ADAM

" {

Accelerator Control Sﬂtem
! Timing, EPICS Gateway
EPICS

A
Charinel /P

Front-end
Beamline N-1 front-end

-
PRy

Front-end Network

Cell N-1 Vacuum Control
PAC cRIO Controller + ADAM 5000

Vacuum Netv

—

Storage Ring

/ —

I Cell N+1 Vacuum Cpntrol

PAC cRIQ.Conmtroller + ADAM 5000
Abort Beam Request

iy #
N L
| i
1

—I—_-

v

ccelerator Control System
Machine Protection System

Vcuum System
(1 or more)
\Vlicuum System PC | Windows+
(1 or more) LabView+
Windows+ EPICS IOC
LabView+ Accelerator
EPICS 10C _Jed22 update/sec Control System

EPICS

THEPICS gateway(s)
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BL

Front-end Ccell #N+1
Vacuum R “TON

_______

TPS Accelerators
24 Control Instrument Areas

__________________

si.g:ell #N-1,

D RF
PS

Orbit Interlock .

____________________

--------- \
\
1

N
~

S

’

SLOW
Input PLC Remote I/0
Circuitry 7
Interlock (Contact, T
i \oltage,
Signals Open- Event Receiver

collector)

TPS
Control Networ. —
Post-mortem Diagnostics ~ ="

EPICS
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Transient Capture

EPICS I0C

Output

Circuitry | Actuators
(Contact,

\oltage)
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Machine Protection System Test e

: Fast MPS test bed
MPS-Trip Ouﬂ@ (5 psec response time guarantee)
EVG < EVR1 MPS-Trip _

5m(fiber) [0 3 (Decode Uplink Event)

Slow MPS test bed

(8 msec response time guarantee)

O

FOUT'CT Delay of uplink : 2.45 us

10 m(fiber) o Delay of uplink and downlink : 4.42 us
FOUT-CT

A

Tek stop . —i !
2] - b

MPS-Trip In® <5 ps response time|

310 m O O ({mps-Tripw —
(fiber) |5 |5 MPS-Trip Out (EVR1) (%

MPS-Trip Out (EVR2)

A 4 (@ 100ve @ 100V @ 1.00vVe )[ sssss

FOUT-CT

y

10 m(fiber) O

epics @J_L EI/ R{ J_L%?S-Trip In

%@ EPICS Collaboration Meeting Fall 2012 MBS-Trip Out 32
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GUT Development - TPS Launching Main page (EDM based) @

- TPS Main Control Panel =1

Taiwan Photon Source Main Control Panel

";.' | DI IVaccumI RF ITEMPl
o

i i’ I
/ L/
cell-18| I I Vaccuwn |
i o
%

| |
IVaccumI RF |

IVaccuml

IVaccumI RF | I |

EPICS
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GUI Development (EDM based)
Single PS Control Page ] SR P lah page

Chroma Power. Supply 62075H-30N (18bit)
Current Readingitrend) P
93.933. lm
93,992 =
99.991 p_— PR — s , Ol 03 o o e OIS PO
95,39
& gasas T curmer: (1SN0 temn (R v @) | om e AL ueria Gl on @) | aewe: MRS e a on @) | esew e o Bul o @
39 965 =P 5= - (@uadiapale| | o e i) 1asns o . sow: [RAIVEHS] 1 rews A 1 e (US| 10w j on PR ™
Sasm e o : o : ™ : an :
AR U St I I e e e e B A ou ovws: (TSR] 135222 [l o R sy ke [WEINO] 108008 o (GBI o0 s b (SO 021 . gL O
ety 1124301 11124384 1112:56.68 11130349 11181032 sy SR-PS-QL1-0101 Configuration Panel o || | wosuer (EmsE0) wmsnon i) o1 @ | oseses mSER] msesa gl o @ | asewer (RESEE issnin (gl o @) | astene s mama gl o @
IDN: CHROMA 62075H-30,00081,01 20N BETA 102 wssoves (WS wewra [gwil] o1 @) | oo AN vomas gwl on @ | evme R veenra gl o @ | ossews mews mmsma gl o @
Transient Waveform
9.9994 e - - e — T
999930406 ON/OFF: [_on__| Status: ON,CC Communication: Comnect : : : :
st (10 350 on s, (VS 5o o aseuser: RO 12555000 on e -
9.93920+06- s - — — o
9.9997e+06. r— Cwrent Parameter —— Voltage Parameter ————— Miscellaneous ——— o oo [1OIG) tosoo0s a (G o0 () | asecw: [WEMSON) wemens GG ov @) | Gevoow (DRG] wsoon s [GR on @) | ousees [FSEES] nasen a ™Y
ERECH Send Commend Only: ¥ fy— ™ v o ' P s
i Read: -0.0019 A Read: 0.0011 V Only: sz (WS 1z @ | osoem S ana s wil @ | oxow g s @ | o o a3 ®
5 { . | . | . I . | . Set wsvone (g wzmen (aail] o1 @) | oo mmm] weres ouil o @ | oo ] wemwss il on @) | ou-sne s e s ®
0 2000 4000 6000 8000 Send Command and Get Reply:
5.000 V -
e o P e e o e e
Measure V: 8573180 V/ PROG_SIN_AMP 01000 A DIG_TRIG_POINT 3000 e Lmit High: Limit High: 15016601 Sextupela s omoin g o () | ot LEDMOT omen Y W owonn g on @ | o Lmsen oowon ®
3 o Command F
Measure |: 53.986950 A 0.1000 . 3000 25000 A 30000 V Sl e o oworn ] o (O | e NEN o @ | mowimmmn cxon gl o @ | seou jemmn oowes ®
PROG_SIN_OFFSET 150, DIG_SAMP_TIME [_1k ] : ? el
Curen fogooony 4 PROS-SIOFFSET 1800000 st [ J] [ ogrq | it JOOON | Lo Lovw: SoURcURA  SouncunA 10 — i e O @ [ o e o @ | oD o °
0000 A 0000 V' 3
100.0000 FETC:CURR? o (ESE0 osmn B o () | st JEDHOY  omma @ | srosm| osorn [ o @ | seow s oomos ®
PROG_SIN_FREQ 1.0 He  DIG_TRIG_Status READ_END . *RST —
SlewRate: 10000 A/S o DIG:MAY] Prot. High: [250.000) Prot. High: ({50600 System Status Code: 0 prm——— A @ | o EEE e @ o @ | cosEEEER comon °
Volage QEEEE \ PROG_SIN_ON/OFF +IDN? CHHOMA,EZNEH:&DN,BDDEE,D1 00 E.ETA Rate Rate No Warning oo R omors (G o () | so-uos JEDHGN omien @ | sow R oworn Gl o @ | sow BEIN 0owoA ®
e oo OFF TIA: 33860C TIC: 2 e System Ervor Code: worr wsm ommn gl o () | e jupwe omes @ | womismm omon gl or @ | wowDwsemn omos ®
- Curent Set Siider Bar [ mter—————] T2A: 32.120C T2B: zi 0,"No error”
Power. T2C: 33310C T2D: 24 :
SendComaGetReply: s y
cc on endcomaGetReply Status Msg: No Warming 3 .
Communication: Connect  Send Commond Only: SONF-UDPRUN ON Error Code:  0,"No error" 25 A S n I
20 A l 9 e G
15 / \\
A 10 \
5. \ A LTB-DI-BPM-0L
b \_/ N\
LR R s B R B I B B A B B Bt B B I B B I B B S B B A LTB-DI-BPM-01 SA_X: -666.233 um SA_Y: 3577.952 um SA_SUM: 1454682
50 100 150 200 250 300
54_X_MONITOR

B

icker Pulser Control
e e TPS LTB Test Page :

T T T T T T
148 164208 184228 194248 164308 164328 164348 184408
2011 04-27-2011

SA_Y_MONITOR

M

mn
Standby_|[HVPS Disable] Comes : L A L N L UL RV A
(s (v fn : i co 8 164148 164208 184228 184248 164908 194928 164348 184408
e ] Voo 100001, Corvens 00001, 04-27-2011 04-27-2011
0030 0080 0000000 s 0000000 us
Sttus: Lol PowerON  Womp  Stmdy  Iweslock: Wateslow HeserPowerFal  Cover 5#_SUM_MONITOR
Remote  PowesOn OverTemp  ReservokPowerFail  ExtBrar 180008
1e+06
Injection | PowerOn || Womp ||HVPSEnabie Tiing Control | Disale | TP S LTB 500000 m
Kicker ) = azc a3n 0
vPS Disble] - Dty Comts 0 i Cownt BENDOT e 28 v skt Ven5 HeD T
0000 o Cavent: | 0000 | o o 18:41:48 184208 184228 184248 184308 18:43:28 18:43:48 18:44:08
0.064 0.000 (000000} v (2200000 ] ) 04-27-2011 04-27-2011
PowerON  Weomp Sty Dweslodk WetaFlow HesterPowerFal  Cover
Foveron OveTenp  ReseriPoverfl Efer o ADC_A_MONITOR!
i
Extraction [ Pover0n | [ Wy | 1ves i | Timing Contol piaai] = Bpry Yooz BPMZ Corrector Power Supply a0
Sepum [aveS ] Doy Com: 0 i Comt: 0 M P 0.496201 RE ; . ! ;
Voltage: | 0,000 Curent: | 0,000 o o . : . 200 220 240 260 250 300
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Heo3: P 0.495751
Statws: Lol PowerOf  Wemp  Stady  bterlock: Wetelow HesterPowerPsd  Cover Set Read  Status ADC_B_MONTOR
Remote  PowerOn OverTemp  ReserviPowerFail  ExtBiror ala: W 60338 A ONCC [T 0.500524 10000
y : T 6. . . 0. 03
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Voltoge:| 0000 | Cavent: | 0000 o 0 00 0 0 0 280 300
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GUI Development (EDM based) - cont.

TPS Timing Hardware Configuration Page TPS Timing Summary Page

- inac Timing ]
- ./tpsLinacEVRTG.ed . .
TPS Timing
EVRTG-300  LI-TI-EVRTG ioc | | Timing Enable/Diable RF frequency  TaiPower frequency Rep. Rate
Open Data Buffer Cont Page of EVRTG P . o
2 2
\ Open Driver & Interrupt Page | [ Puse Gencrator v-11 setp | [Prescalers , s AC(§0Hz) Divider: 30
Event Mapping RAM: | Enable po|rile2|ra E““Eéf } 1 Delay Count Width Count
Mapping RAM Select: M1 pa | ps|ps [P b EGUN Trigger  Set Read Delay(ns) Set Read  Widthins)  Enahle/Disable
Configre Map Reml EHY) eRl BN BT GTX 0-7 Mapping Muli-Bunch 1) 0 0.000 ] 0 0.000
i Mapping ID:
‘ ECi20 | ECOxH Im:nm | ECix23 | ECix2¢ I ECix25 | Pulse Generator §  Out-Lo 0-11: Pulse Generator 0-11 2ns step (0~3) 0 0.000 10 ps step dly 0 0.000
Delay: 2 2 32-39: Distriuted Bus Bit 0-7
x:cn:zsl}:cnmlr:nm I:cnxzolzcnxzalrcnm Width: 11 1 40-42: Prescaler 0-2 Single Bunch 9 0000 § 0 0.000
[Ecusze [ zeusza] mevze [[zooe | Pulse Generator 1 Owt-L 52 Output High
. ety CNIEEE 7000 63: Output Low 2ns step (0~3) 0 0000  10psstepdly 0 0.000
EC030 | EC0x31 | ECx32 | ECO0x33 | EC0x34 | ECUx35 W)Ms.( 400000 400000 Setup Mapping ID for GTX 0-7 _EQQI
[ Ecesss [ Ecoss [ mcosss [ Ecosss [ Ecossa [rouss | Pulse 2 OwtLo “GTXD fTXl s“sz “GTXS LINAC ] )
) o i ot Delay: 0 0 0 1 W 0 KlystronMOD 7 0056038 3800 1250 10006750 Ensble
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Puilse 3 Owlo 0 0 0 0
ECOx46 I EC0x47 I ECO0x48 I EC0x32 I ECOxda I ECOx4b gfe]‘l:])‘( g g 0 0 0 0 ]Clystrun Dri 0 0 0.000000 0 i} 0.000000
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Pulse Generator 4 Owt-Lo Delay Line Ou: | Enalile SPRAMP i 0 0000000 1] 0 0000000
. Delay: 0 0
Configure Map Ram2 =y e Fhg o
v Width: 0 0 GTXIO (UNTVU/1 1inhiit overvide): kit | EGUN-AMP @ 0 ooooooo 0 0000000
[Eceszn | Ecoset [xcoes: [ Ecoes [ coes [xouss | A e G GTX 0.7 Fine Delay and O Control
ECOx26 I ECOx27 I ECOx2§ I}:cuxzs I ECOx22 I ECOx2b Delay: 0 0 | Open FP & Univin Mapping Page RFPWR-MEAS 0 0 0.000000 o 0 0000000
Width: 0 0 :
[ v [ o [ s TheDesy T 0 ) -
] - " Screen Manitor 0 0000000 1] 0 0000000
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ECOx30 | EC0x31 | ECOx32 | ECOx33 | ECO0x34 | ECOx35 Del.ay [ 0 Phase Shift 0 0 ‘;:‘:Enx‘” Acus . . Bean(]large i 9 0000000 § 0 0000000
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Open 0§ (Waveform) Page | o | 5 Phose Shift 0000 | | Anslymer Counter hitst21: 020 Ext.Kicker 0 000000000 [ 0 0000000
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GUI Development -

Conceptual RF Control Main Pages and Vacuum Pressure Distribution

Booster

Booster RF

Transmitter High Voltage Klystron Power Interlock
RF mode Off Tune Operate
Interlock status
High Voltage © Transmitter Power O cavity © Circulation ©
Klystron VSWR O Vacuum () Remote (O Transmitter Intedock &)
Setting Reading Setting Reading
Gap Voltae [ I ] Tuner Angle offset | | [ ]

Station Phase | I ]

Tuner Position I:I Fomard Powar Cavity Vacuum
TrggerDelay [ ]

Booster

10
nTorr
1

[ror] Booster Ring Vacuum Pressure
cell 1
1000
100
01
001
@otlG 1 2 2 4 5 & 7 B 9 1 12 a 4 5 6 7 8 9% 10
open open open open open open
cell 4
1000
100
o
001
WoflG 1 2 3 4 5 & 7 8B % 10 12 3 4 5 & 7 8 % 10 12 a 4 5 6 7 8B 9
open open open open " open open open open open open open open

EPICS
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Storage Ring

SRF Summary
SRF1 Frequency: [499653999.96 |Hz SRF2 SRF3
Tune  Operate off Tune  Operate Tune  Operate
SRF e SRF mote SR mode
Klystron Lock Real-time  Lock Latched Klystron Lock Real-time  Lack Latched Klystron Lock Real-time  Lock Latched
Phase Loop Klystron VSWR High Phase Loop Klystron VSWR High Phase Loop Klystron VSWR High
Interlock |Reset  SRF Gap Voltage Over Limit @ Interlock | Reset  SRF Gap Voltage Over Limit @ Interlock |Reset  SRF Gap Voltage Over Limit @

Circulator Temp @ Circulator Arc @ Circulator Water Flow @ Circulator Temp @ Circnlator Arc @ Circulator Water Flow @ Cireulator Temp @ Circulator Arc @ Circulator Water Flow @
Tuner Loop Mutual Lock Real-time @ Lock Latched @ Tuner Loop  Mutual Lock Real-time @ Lock Latched @ Tuner Loop Mutual Lock Real-time @ Lock Latched @

Transmitter Ready Transmitter Ready Transmitter Ready
Station Control Remote Station Control Remote Station Control Remote
Klystron Setting Reading Klystron Setting Reading Klystron Setting Reading
Phase Compen. [ ] ] Phase Compen. | ][ ] Phase Compen. | ][ ]
Cavi Cavity Cavil
Gap Voitage | ] [ ] Gap Vaitage | ] ] Gap Voitage | ] ]
Tuning Position [ ] [ | Tuning Position | ] ] Tuning Position [ ] ]
Tuning Angle [ 1 T | Tuning Angle | ] ] Tuning Angle | ] ]
Klystron Klystron Klystron
Driving Power | | Revered Power [ | DrivingPower [ |ReveredPower[ | Driving Power | ] Revered Powrer [ |
Foward Power | | Phase Error | ] Foward Power [ |PhaseBmor [ ] Fowand Power | ] Phase Error | ]
Cavity Cavity Cavity
Foward Power | | Revered Power [ Foward Power [ JReveredPower[ | || Fowand Power Revered Power

D Detai

De

Storage Ring

[1oe] Storage Ring Vacuum Pressure [Betai]
Cell1 Cell 2 Cell 3 Cella Cell5 Cell 6 Cell7 Cell8

1000

100

10
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1

0.1

# oG 45 6 12 [

Ll o [l o [l o (ol i "““L o [ &G g [
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0.01
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1000
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1
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0.0

I e o

Cell 17 Cell 18 Cell 19 Cell 20 Cell 21 Cell 22 Cell 23 Cell 24
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100
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.
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GUI Development - Matlab Based Screen Monitor Data Analysis

ﬂ TRSi5creen Monitor Analysis GUI (W TL.T) [
Save Calormap ROI Simulation  Resst  Close L
% & v
Sirmulation 2011/04/29 09:05:20
Control Paneal Fitting Results Horizontal Projected Profile (ROI)
A pixel rren mrm
i
e Xsigma:  19.98 0.99910 e ST SR s S SR S
L] e 2D e T sigma: 5.24 0.26218
. B000
_| Multi-Bxposure ¥ center: 300,00 15.00000 Q@
|
| Background Subtract T center: 1939.94 3.9%700 4000
Take Background Tilr: 4.73 degrea
P b o
100 200 300 400 500 GOD 2011/04/29 09:04:22
Image pixel Haorizontal Projected Profile (ROI)-
Simulated Beam) Frofile I IS Detect Level: [ 0 RMSE: 10689 mm
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GUI Development - CSS - BOY based

Chroma Sextupole PS Control Page

_ _ Linux Version
Windows Version E— =

TPS StorageRing Sextupole Power Supply

*0 8 : = — = a (Chroma 62075H-30H 16-bit)
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#10)[§ ZAE (Chroma 62075H-30H 16-bit) 6=
e ETTE T .50 s
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v s 284874 =45.5004
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0 = Feeoom]
. - : DIG_TRIG_POINT [——READ:MEAS? (Current)

S )
o DIGNIT
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Database Solution

Store machine parameters
Store configuration parameters
Store runtime data
Uniform authentication, uniform data access, good data integrality
Remote access
RDB : PostgreSQL
=> [TER, KEK, ...increase popularity recently
=> Archive data storage
=> Lattice and parameter management
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Archiver/Browser Solution @
(Ready at 3th Quarter of 2012)

P DataBrowser
2012 Ready N ‘ P (Historic Data, Live Data)
o —— Eif‘l prnt b \ ‘J..H.‘IJJ'\"W‘H..- Al po [ b, [ g Wy R :

Config.xml

Other tools for

’C >\ configure &
ArchiveConfigTool > < access: Java,
PostgreSQLJ CIC++. Matlab.

Labview, ...

V

Configure l T Samples

SAN Storage Archive Engine it et
EMC VNX5300 -
* |
Enterprise DB !
(PostgreSQL) EPICS I0Cs
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E-Log Study

Several E-Log solution are in study:
weblogs

PSI ELOG

DESY

Olog (FRIB/NSLS-II)

Zlog (KEKB)

Tlog (in-house development, still in study) ?

Machine Status Web Page

Taiwan Photon Source
2012/07/06 16:32:52
E:  3.0067 GeV 1U22¢05: 7.485 mm EPU4841ug: 22.685 mm
We b based mach i ne Status [ 300948 l‘l‘l:A IU2200u):  7.307 mm EPU48uiup:  0.000 mm
0 10h 26 min U220y 7.015 mm EPU48uinyg: 21.777 mm
ox  430um  IU22ey 7.335mm EPUsgwor 0000 mm RGY mu la’red

Accelerator operation status [ 7635 mm  EPUGuss 29944 mm
Al 0.050 % U220s0y  7.600 mm  EPU46usp: 0,000 mm Page
Interval: 60 sec U22¢s0);  7.454 mm

ID Sta’tus Elapse: 52

GFB: On

Beam OQurrent
. _
300

B 200 &

100 &

Beam current vs. lifetime
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Application Programming Interface

EPICS CA Clients (C/C++, Matlab, JAVA, Python, LabVIEW, ...)

High Level Physics Applications
=> Depend upon preference of Machine Physicists

Diagnostics related applications
C, C++, Matlab, ...

Technical system support
C, C++, Matlab, LabVIEW, JAVA, Various scripting languages, ...

Miscellaneous applications
JAVA, PHP, Python, ....
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Commissioning and Operation Related Applications

» Basic EPICS environment
» Subsystem control
Device supports and device drivers
User interface (control and status monitoring)
Cold start, warm up, shutdown, operation check
Save and restore
» Subsystem application programs
Gun processing
Power supply performance check
BPM system diagnostic
EPICS 10Cs house keeping
Network monitoring
... etc.
» High level applications
Beam diagnostic related
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Commissioning and Operation Related Applications - Examples

EPICS I0OCs house keeping
Network traffic monitoring and diagnostics
Subsystem cold start, warm up, processing, ...., shutdown
Magnet degaussing
Save/restore for subsystems
Lattice management
Save/restore, ...
LTB, BTS, Booster Synchrotron, Storage Ring, ...etc.
Booster synchrotron ramping waveform management
Editing
Measurement
Correction
Trend display
Timing control
Waveform display: Pulse magnet current waveform - RF waveform, beam
waveform -~ ...
Image display: screen monitor, synchrotron radiation monitor, streak
camera, ...ctc.
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Commissioning and Operation Related Applications - Examples (cont(§3)

Injection control
Bucket addressing
Injection mode: Injection, Top-up injection
Filling pattern control and feedback
Multi-bunch
Single bunch
Multiple single bunch (Isolated bunch)
Exotic filling pattern - Camshaft mode, Repeat
Camshaft mode, .... Etc.
Feed-forward table management
Orbit feedback supports
Alarm checking
Archiver and browser
Safety system status
Beamline related applications
Machine status web page
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Summary
e Infrastructure are frozen.
e Major procurements are in proceeding.
e Last chance to revised all major items.
e All difficult technology are addressed.

e |nstallation and commissioning without beam are expected
during 3t and 4t quarters of 2013.
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Thanks for your attention!
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