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2 Outline
* Overview of SPring-8/SACLA

* New control system for beam monitor
— upgrade of SCM, BPM and CT

» GigE Vision camera control for screen monitor
 Beam test of camera system

e Summary

Akio Kiyomichi @SPring-8
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Overwew _of SPrlng-BISAC LA

« SPring-8is a 3rd generation light source facility. [operated since 1997]
— Linac, Synchrotron, Storage Ring. Beam injection 1Hz and top-up operation.

« SACLA is a X-ray Free Electron Laser facility. [operated since 2011]
¥ — High-peak brilliance, spatial coherent, ultrafast X-ray pulse
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‘Overview of SPring-8/SACLA

* SPring- 8 IS a 3rd generation light source facility. [operated since 1997]
— Linac, Synchrotron, Storage Ring. Beam injection 1Hz and top-up operation.

« SACLA is a X-ray Free Electron Laser facility. [operated since 2011]
¥ — High-peak brilliance, spatial coherent, ultrafast X-ray pulse
— It will Inject ultra-low emittance electron beam |nto storage ring in SPring-8-II.

-

SACLA f ;f : torage Rlng SPPring..8
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New Control System for Beam Monitor

« Ultra-low emittance beam injection > Beam size is reduced

— Upgrade of beam monitors for XSBT/SSBT is required.
— SCM: 24 at SSBT, 18 at XSBT

‘Beta function at SCM in S|SB,T |
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New Control System for Beam Monltor

« Ultra-low emittance beam injection > Beam size is reduced

— Upgrade of beam monitors for XSBT/SSBT is required.

SCM: 24 at SSBT, 18 at XSBT - update SCM, replace or add with BPM&CT.
« Screen : alumina fluorescent - Ce:Yag scintillator
 Camera: VGA (0.3 M pixels) - high-resolution (2 M pixels)
Finally becomes 30 SCMs, 30 BPMs, 10 CTs in total for XSBT and SSBT

Beta function at SCM in SSBT
The control system is also upgrade o o oA UICINE R R
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e New Control System for Beam Monitor

Screen monitor (SCM)

* GigE Vision camera for image capture (replace of Camera Link)
— Develop camera control software to integrate in SPring-8 control framework
Details of development are described in this presentation

« EtherCAT for slow control

— Motor control: screen operation, lens focusing, iris adjustment

->See WEPHAO068 M. Ishii, et. al,
"A Control System Using EtherCAT Technology for The Next-Generation Accelerator”

BPM & CT

« MTCA.4 for readout electronics (replace of VME)
— Use 10ch fast ADC module with FPGA firmware development

- See TUAPPO0O2 T. Fukui et. al,

"Development of the MTCA.4 I/O Cards for SPring-8 Upgrade and New 3 GeV Light Source"
Akio Kiyomichi @SPring-8
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GIGE VISION CAMERA CONTROL

Akio Kiyomichi @SPring-8
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SSBT Tunnel

ICALEPCS2019

SCM: Current camera system

Camera

Selected Camera Link camera (when analog to digital, 10 years ago)
— Developed PC-based or MicroTCA-based image processing system
— Good features: high-bandwidth, trigger distribution, Linux APIs

|
. « Early model of GigE Vision had limited support for Linux.

Camera Ext — Disadvantage: transfer length <10m is too short for accelerator facility

Camera

gamera PC-based or SSBT PS Room

amera | i t :
Camera 8ch iatiiegy Sl MicroTCA-based
Camora Selector P o tmage Br '
¥ apx3312

Camera -

Camera | 8ch 8ch

Camera — Selector Camera

Camera ' ' Link .

X= Selector Trigger
Camera | |
Camera X= 8ch / Ext |= CameraLink Optical Extender
! T - Ext /

Camera | Selector Selector |= 8ch CameralLink Selector
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SCM: Current camera system

 Selected Camera Link camera (when analog to digital, 10 years ago)

' SSBT Tunnel !
'[Camera Ext ] ! — Developed PC-based or MicroTCA-based image processing system
i Ext | | — Good features: high-bandwidth, trigger distribution, Linux APIs
|
| | « Early model of GigE Vision had limited support for Linux.
I [ " ngn

IL_Camera Ext — Disadvantage: transfer length <10m is too short for accelerator facility
(|___Camera EXt =N\
: Camera Ext Ext PC-based
1___Camera Ext E:( t 8ch Image processing system
' Camera Ext - ¢ SERE
' u Selector P s
1| Camera Ext Ext RS ‘x ’
‘[ Camera Ext E’)ﬁ ) Ao\ ?
'[_Camera Ext = EX¥ 8ch VAN < 8ch
| Camera Ext | Ei Sée@" ‘ Camera
| Camera Ext ' Hy X () -p Link .
I A D Ext Selector Trigger
: amera E : A Ext \
1| C = Ext Ext |= CameraLink Optical Extender
: ! : = Ext 8ch - Ext /
| Enliche Ext | = Ext / Selector Selector |= 8ch CameraLink Selector

Camera Ext i S /| L U g g
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’ SCM: New camera system

« Adopt GIigE Vision Camera
— Long transfer length <100m, use standard Ethernet cable
— Power supply and power control using PoE type Ethernet board

3
- -> simple cabling, good maintainability, low cost
g:gz:: : — Software: There is open source library.
g:g::: B E Future plan: GigE camera connection ~~~~ 5oRT PS Room |
Camora <100m L - Server PC (Ubuntu16)
i """ Catse Ethemet cable y Ethernet board counter board

Camera I3 ,, PCle-PoE354at
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: GigE Vision Camera Control

* Use general-purpose open source library for Linux : Aravis

http://www.github.com/AravisProject/aravis

— glib/gobject based library for video acquisition

— camera control (gain, exposure, ROlI, ...), image acquisition, viewer

» The specific functions (IP address setting, ...) are not supported. We
use vendors' software only once installing the camera. p‘ -

oo

» Develop camera control software using Aravis library i
— OS: Ubuntu16.04 LTS 64-bit server, lowlatency kernel H
— Aravis version: 0.6 e

— Integrate various vendors GigE Vision cameras with the SPring-8
control framework.

* Provide basic camera control functions, image data acquisition

Akio Kiyomichi @SPring-8
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! GigE Vision Camera Control

* Device setup

— PoE type Ethernet board: Neousys tech. PCle-PoE254at
* Realize power control using vendor provided library
- Remote control of camera power is possible
— Trigger counter board: Gopher axpcie390°
* 4ch 32bit counter, TTL or NIM, up to 200MHz
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* Image data acquisition |

— Use MDAQ (SPring-8 DAQ scheme) synchronized with beam trigger

- See WECPLO1 T. Sugimoto et. al, "Status of the Control System for Fully Integrated
SACLA/SPring-8 Accelerator Complex and New 3 GeV Light Source Being Constructed at Tohoku, Japan"

— Grabbed image data is stored in file server with HDF5 format

Akio Kiyomichi @SPring-8
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Image Data Format

Data format: HDF5 (Hierarchical Data Format version5

— Image data and properties are stored in one HDF5 file
* The properties (timestamp, event no., gain, etc...) will store into

database in future.

Group
/Runlnfo

Dataset

/[Cameralmage 16bit unsigned int

Attribute

2D array,

run_id (int)
timestamp (double)
sec (int)

usec (int)

seq_no (int)

evno (int)

flag (int)

gain (int)
shutter_speed (int)
threshold (int)
data_size(int)

Image file opened by hdfview

ICALEPCS2019

Clear Text

-

img-00000001.hs
B cameralmage
o 24 Runinfo

fh Tableview -

Cameralmage - /

—
- fdatafsrmonixsbt_scm/img/normalisrmon-semeam-dump-02/2019-.. & [

Table

[l

1041

1042 1043

1044 1045

149 149 143 148 147
540 48 149 150 150 150 14g 14g
541 52 153 151 150 151 152 149
542 =[] 156 154 154 154 155 154 General rAttl’\butes |
=¥ 4 s s s 1o = 157
-/ - /datafsrmongxsbt_scmfimginormalisrmon-sem... @ B4 150 MNumber of attributes = 15
Mame Walue Type Array Size
B.00E0Q 170 bit 8 32-bit integer Scalar
1.77E1 159 bkg run_id q 2-bit integer calar
ST 173 camera srmon-scmeam-dump. . |5tring. length = 20 calar
. 177 comrent testtest tring, length = & calar
3.71E1 176 flag 1] 2-bit integer calar
4.67E1 180 gain 1 2-bit integer Scalar
5.64E1 %gé run_event 20 32-bit integer Scalar
6.61E1 ] run_id 0 32-bit integer Scalar
. 183 run_type normal string, length = & Scalar
7.58E1 157 shutter_speed 1000 2-bit integer Scalar
8.35E1 186 size M 1936 2-bit integer calar
8,52E1 108 size 1216 2-bit integer calar
L.05E2 1g4 threshold [ 2-bit integer calar
: 189 tirnestarnp_begin 1.567649208359564... |64-bit floating-point calar
1.15E2 190 timestamp_snd 0.0 64-bit floating-point Scalar
1.24E2 190
1.34E2 -

1.53E2

1.63E2 Aftributes
1.73E2 rumber of attributes = 11 Delete
1.82E2
1.82E2 Mame Walue Type Array Size
data_size 2354176 32-bit integer Scalar
2.02E2 evrno 618004 32-bit integer Scalar
2.11E2 flag 0 32-bit integer Scalar
2,21E2 gain 1 32-bit integer Scalar
run_id 0 32-bit integer Scalar
=z sec 1567549209 32-bit in eger Scalar
2ANIED seq_no 1 2-bit integer calar
shutter speed 1000 2-bit integer calar
threshold ] 2-bit integer calar
96) timestarnp 1.567648208376184... [64-bit floating-point calar
Group size = 2 usec 376194 32-bit integer Scalar
Humber of attributes = 0

Metadata

Akio Kiyomichi @SPring-8
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BEAM TEST OF CAMERA SYSTEM

Akio Kiyomichi @SPring-8
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- Beam Test of Camera System

* In September 2019, two SCMs installed in Sy dump line.

To test the Ce:YAG screen and GigE Vision camera.
* Prior to the monitor upgrade project

1-tol1.5-Gev
NewSUBARU

Ce YAG ﬁ .
sereen e
W | 9

| ( 8-GeV
Storage Ring
r-

L scwm
"' @ dum-2

’4'/

E‘ B . ‘: | TR Akio Kiyomichi @SPring-8
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8 Beam Test of Camera System

* In September 2019, two SCMs installed in Sy dump line.
To test the Ce:YAG screen and GigE Vision camera.

« Built PC-based GIigE Vision camera image processing system
Camera control, image acquisition synchronized with beam trigger

[ Ce: YAG Q‘
screen /

...
i o g

Server PC (Ubuntu16)

Control Devices:
» GigE Vision Camera: JAl Go-2400M
» 2.35Mpixel, CMOS, Monochrome, PoE
* Ethernet board: PCle-PoE254at
» Trigger counter board: axpcie3901

192.168.1.10 | | e~

Trigger —|_

Akio Kiyomichi @SPring-8
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8 Beam Test of Camera System

* In September 2019, two SCMs installed in Sy dump line.
— To test the Ce:YAG screen and GigE Vision camera.

« Built PC-based GIigE Vision camera image processing system
— Camera control, image acquisition synchronized with beam trigger
— Grabbed image data is stored in file server and viewed by GUI.

|
— T Capture _Output __Option Tnfo.
cam_dump_2 3342 2019/09/25 15:55:45
Saturation!!

Operation GUI for SCM

192.168.2.1

~actuator

SCM

" e - Control Devices:
| dumo-2 l192.168.1.1 192.268-1-30 ) | SER=SMIM . GigE Vision Camera: JAI Go-2400M
S § B L > 2.35Mpixel, CMOS, Monochrome, PoE
| _I_ - « Ethernet board: PCle-PoE254at
Trlg ger A - Trigger counter board: axpcie3901

Akio Kiyomichi @SPring-8
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S Beam Test of Camera System

IF

Files, 2019/08/25  16:51:06 Capture Output (ot ion Info

can_dunp 2 5« GUI performs

with Sy beam injection.
— Camera control

— Image record

— — !BG suppreSS|_on and
CE— iImage analysis

s
___off |
4] 0

LED OM

CCO OH Ilsmﬂﬁlllllsmﬂﬁﬁlllr
STOP START
STOP
__tuning |
[t ]

test

. SACLA injection will test
e — with optics tuning

SRR MexT SO IIII_I

o WO
5 0[5

TRIG EXT
LR FLIP ON |

Akio Kiyomichi @SPring-8
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Beam Test of Camera System

IF

Files. 2019,/09/25  16:51:06

cam_dump_2

LED OM
CCD ON

SN e s

TRIG EXT
LR FLIP ON |

 GUI performs
with Sy beam injection.

— Camera control
— Image record

— — !BG suppreSS|_on and
CE— iImage analysis

s
___off |
4] 0

S0P
__ tuning |
[ fest |

test

. SACLA injection will test
e — with optics tuning

o] ] o (R

o WO

B8 Camera control system is
ready for beam injection

Akio Kiyomichi @SPring-8
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a Summary

* We are constructing control system of beam monitor, for beam
injection from SACLA to SPring-8.
» GIgE Vision camera image processing system were developed.
— Use open source library, Aravis.

— Integrate various vendors' cameras with SPring-8 control
framework.

— Realize camera control, image acquisition synchronized with beam
trigger

* We built the control system of SCM using GigE Vision camera
and performed with beam operation.

Akio Kiyomichi @SPring-8
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