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B The Mamba project

B Addressing big data challenge using AI/ML

m Collaborative efforts for intelligent light source



HEPS needs a systematic software solution

O Three dedicated HEPS teams for addressing the challenges in control, scientific software and
computing

Experimental :

and Computing

Beamline
Control

Systems
(hardware
and software)

data Data

= Management
acquisition Data Analysis
software

HEPS-BC HEPS-SE HEPS-CC

O Develop Control and acquisition software from scratch, no legacy issue
O Founded in 2020, HEPS-SE team are aiming to develop a systematic software solution in

control and data acquisition for Phase | beamlines in HEPS
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Drastic increase In data and experiment complexity

1 Nano & macro probe 2 High throughput & Multi-modal 3 In situ & dynamic 4 beamline automation 5 National data
experiments & intelligent control mangementpolicy
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® X-ray flux orders of magnitude brighter,

® Detectors are orders of magnitude larger and faster,
single beamline generate up to Pb /run,

® /n situ and dynamic experiments require real-time

feedback and autonomous control,

1=

® Data and software infrastructure for big science project



Heavy task for a young team

NRS&Raman ngh Pressure

Hard X-ray Imaging O 15 beamlines for Phase | project

O Multiple experimental modes and
methods for single beamline

OUp to 30 suites of acquisition
software delivered by 2025

O Limited personnel and lack of
experience

O A systematic solution for all Phase |

and future beamlines



A new generation synchrotron experiment operating software system
(Mamba)

Mamba
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Automation Programs gm2  Mamba
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Beamline automation Friendly GUIs
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@ Multi-dimensional, accurate, fast fly scans

experiment methods

Rich metadata, high
interoperability

® 6 6 @

O

Smart /n-situ experiment

’

" Mamba: a systematic software solution for beamline experiments at HEPS. Journal of
\@ Synchrotron Radiation, 2022



Progress of Mamba project

Software development & testing XRF ma
at BSRF

pping

® Project start from April 2020

® Mamba was officially deployed and open to

users at 4W1B beamline in July 2022
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O ROI selection & scan
sequence modules

O On-the-fly scanning

O One-click data acquisition

and real-time analysis



Test and deployment of Mamba at HEPS
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Explore key techniques of new generation control and acquisition system
® Already @® On going

Fly-scan Visual workflow O Python 10C, Systematic detector
engine

integration and High-performance
readout

O Beamline and experiment specific

Mamba Virtual plan and GUI library
data worker BEAMINE O Versatile attitude tuning
framework and beamline

automation
O Closed-loop control based on real-

Front-end BSRF HEPS time data analysis

and back-end : .
communication application O Al-Enabled experimental control

Liu et al. J. of Synchrotron Radiat. 29(3), (2022) ; Zhang et al. J. of Synchrotron Radiat. 30(1), (2023) ; Lietal. J. of
Synchrotron Radiat. 30(6), (2023); Li et al. Synchrotron Radiat. News, (2023); Wang et al. J. of Synchrotron Radiat, (2024);




A systematic detector integration solution for HEPS

O Systematic -- work mainly done by HEPS beamline control team

Centralize management of developing detector 10Cs;

EPICS-based integration and an extended ADGenlCam;

Ihep-pkg packaging system and ~/iocBoot conventions to simplify EPICS deployment and enhance .

Main detector-like devices that need to be integrated

e Devices with EPICS I0Cs that satisfy current requirements:

GenlCam (GigE/USB3 Vision) industrial cameras: Hikvision, FLIR etc
Andor (sCMOS, CCD), marCCD, Merlin, Minipix, PICam, Pilatus
Keck-PAD, PCO, Photron, PVCAM: Mythen; Falcon Xn, Xspress 3

e Devices that require self-developed EPICS 10Cs:

Specialized Imaging Kirana, Ximea
Self-made APD detector, iRay Mercu

e Devices that require high-performance integration modules:

Eiger, Lambda/Sparta, Rigaku XSPA, Hamamatsu
Tucsen, sell-made Si-pixel detector
PandABox, multiple sensors (needing high-speed 0D readout)

O High-Performance

A QueuelOC framework for Python
|OCs based on caproto;

Simplify architecture and communition
protocols leading to better performance
than areaDetector.

All 2D detector can be run in monitor

mode



Mamba Data Worker for HEPS phase | experiments

® Tackles the exascale data acquisition and real-time processing challenge

Command

MDW Usage Gul User API
Line

Batch Script

— @ DAQ
- @ Distribution

® Scheduling

MDW API

MDW Programming Interface

MDW Event Interface MO Momioa & HTTP TCP
Stream Folder

MDW Communication

Mode P2P PUB/SUB PIPELINE QUEUE

Data Pipcline Network Multi-Stream i Parallel Disk File
Reconfigurable Scheduling Transmission Access

MDW

MDW Kernel

® Assembly

® Reduction

® Disk writing
N\

4 \
~ A High-Throughput Big Data Orchestrationand
Processing System for High Energy Photon Source.

| Metadata Journal of Synchrotron Radiation, 2023
(sample, environment etc.)

® Visualization




Build Complex Data Streaming Pipel. é pata Cache
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i A" ~ -
‘|. 1 . e
1. Create various Workers | t. EN

ZeroMQ \

SWMR
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’ .
EPICS \** Storage and Computing Cluster
monitor
.

Bluesky
Document etc.

Various Data Acquisition Ways

2. distribute Workers to different machines

» Various detectors. Dotsctor Workstations MOW Servers Mormis Workstaton
» Various scanning methods.

» Various data acquisition methods
Various machines.

Various data streaming paths

Various motors. Monochromator. Metadata etc.

» Enable collaboration across terminals
> Ease of use




Leading the way in making scientific data ~Al= at China.
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® Unified data format and standards
® Data streaming for multi-modal experiments, easy data access from large dataset
® Each image and spectrum contain comprehensive metadata information, a flexible and

automatic metadata collection mechanism
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» Data assembling and manipulation pipeline for the XRS experiment at HEPS-1D33 Hard X-Ray
High Resolution Spectroscopy Beamline

» We create this pipeline to transfer the images on the Raman spectrometer into 1D spectrum

needed by the users, this pipeline includes several processing steps and is not necessarily
straightforward to create.



Fly-scan general event structure

Trigger Signals
PandA Detector
(), 0%d0.,0.0,/0.0.0.0.0,=="° M i
,,,,,, ),0.0,10,0,.0,.0,0, == ovable devices :
D =0-0-0-0-0~5 o - Mechanics

(usually motors)

o Ut 4T ) Ol g 1
-k

Position Position signals .

Signal Position
Signal

Motion

Controller Sequencer device

(eg. PandABox) Online feedback

Drive Power Trigger signals

A\

Triggered devices
(mainly detectors)

»| Data processing

Motion stages (Sample

stage, Monochromator, etc)

P.-C. Li, C.-L. Zhang, ..., Y. Liu*. Synchrotron Radiat. News, 2023, 36(6): 27-33.



Fly-scan event structure based on Power PMAC

andA Detector
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Fly-scan hardware and event orchestrating structure

Designed Structure

Fly Scan Hard X-ray Nanoprobe Multimodal Imaging Beamline  Structure based on Power PMAC
(11/15) Hard X-ray Coherent Scattering Beamline

Engineering Materials Beamline General Structure
Hard X-ray High Resolution Spectroscopy Beamline

High Pressure Beamline

Hard X-Ray Imaging Beamline

X-ray Absorption Spectroscopy Beamline

Low-Dimension Structure Probe Beamline

Tender X-ray Beamline

Transmission X-ray Microscope Beamline

Step Scan Hard X-ray Nanoprobe Multimodal Imaging Beamline  Structure Based on PandA Box and
(4/15) Hard X-ray Coherent Scattering Beamline GPIO in Power PMAC
Hard X-Ray Imaging Beamline Structure Based on PandA Box
Pink Beam SAXS Beamline Structure Based on PandA Box



Fly-scan integration in Bluesky and Mamba

O Position based triggering

O Time based triggering

O Software based fly-scan

O Complex trajectory

O Online tuning fly-scan
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P.-C. Li, C.-L. Zhang, ..., Y. Liu*. Synchrotron Radiat. News, 2023
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Mamba stertup script fragment for PandABoz-based fly scans. ImagePlanner is a specialised

MambaPlanner with friendly default scttings for image date handiing.

U.planner =

ImagePlanner (U)

U.planner.extend (PandaPlanner(

))

D.panda and D. adp are Bluesky encapsulations for the control and data interfaces of
PandA Box, respectively; the laiter is based on the KEPICS modwle ADPandABlocks. div
requires a fragment to contain el most 12216 frames of data fromm Xspress3. hS_tols
requires the HDES file acquired from Xspress3 to contain exactly the expected number
of frames at the end of each line during a fly scan.

D.panda, D.adp, divs = {D.xsp3: 12216}, h5_tols = {D.xsp3: 0},

enc_tols requires that for every motor involved in a fly scan. the difference between its
raw position and its encoder position does not exceed 25 pulses af the beginning of the
scan, in order not to disrupt the sequencer program used.

enc_tols = {m: 25 for m in M.values()},

vbas_ratios requires that the speed of a motor to be at least 2 times its starting speed.
because otherwise the speed setting would be disregarded by the motion controller (Kohzu
ARIES, used at the JWi1DB beamline of BSRF).

vbas_ratios = {m: 2.0 for m in M.values()},

configs sets Xspressi to be triggered by external 1'I'L signaels during a fly scan.
configs = {D.xsp3: {"cam.trigger_mode": 3}}

P = U.planner.make_plans()

An example for grid fly scans, which intentionally mimics Bluesky's grid_scan().
#P.fly_grid([D.xsp3], M.m2, -1, 1, 3, M.m1, -4, 4, 5, duty = 0.5, period = 0.5)
Mamba startup scvipt fragiment for Bubo-based soffware fly scans.

U.planner =

ImagePlanner (U)

U.planner.extend (BuboPlanner(D.bubo, h§_tols = {D.xsp3: 0}))
An example for softwarc-based grid fly scans, similar to the PandABox-based interface above.
#P.sfly_grid([D.xsp3], M.m2, -1, 1, 3, M.m1, -4, 4, 5, pad = 0.5)



Beamline and experiment specific plan and GUI library

At HEPS-B9: implemented 6-circle diffractometer
control in bluesky

UB matrix calculation GUI based on PyCXIM (collaboration with Dr. Zhe Ren)
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Integrating the PyCXIM algorithms into the beamline-
specific plans of Mamba
High-resolution large-scale 3D reciprocal space

reconstruction for real- time visualization and analysis




O Closed-loop control based on real-time data analysis

FSFREERERRR

ADS(Automation Device

Mamba 7 4 < Specification) i@ it X < 1S54 (BECKHOFF) | A0S f TiwnCAT CNCA ’ / A
| PROF'BUS}Eiﬁ,‘E“% Mamba Data Worker

| | | | ——
X-raylarch

wormieE= | | weermze= | | woemen | | empx ——

Az | | BdEEsiE | | eme | | e

—
o=
2
Auth Metadata
Scan Mechanism @® Plot PeakNum @® Plot Power o)
I scanm  Frame Statss 0 ElapsedTime  ETA BQA A =S 7837208 1169711 EE Q * A 450 1335438 287.361
0 o0n IDLE 0.0 0:00:00 N/A a
d
Process | 0% 100 T - P i A /\"\__\ Python: norcomamsa a4 g"‘"
1 AY Fe Gt Vew sewor Tomna Tan_ el
-|D8 > |l ? :
o * o ann s
s ) 200 400 600 [ 200 400 600
2D Visualizer @% Plot ROI BX)
x132 Y263 E3 B QA ~ A -0.0496 0.5581
180 - e
4
160 ‘V ‘
140
P 120 = S —
100 - - /
Motor Setting < i~ |
80 2
Parameter Setting - 1 A
r Data Location 60 - i -
File Writting 40 = U . o s
Current_file_name: TR 7
Folder Location: 20 e ) o =
1 File Name: e - - 5 = 3
Scan Mode: o - - . . o2

O Proof-of-concept test on real-time feedback control . - :
) . ) O Proof-of-concept test on performing digital twin
" technology of metallic additive manufacturing : :
Y experiments (dynamic XAFS)
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Experimental automation via good software design,

Beamline intelligence empowered by Al/ML .

Addressing big data challenge using Al/ML

SRI12024-Hamburg



A new research paradigm at fourth-generation synchrotron

® “Large-scale scientific software framework + Al for Science”

nature reviews pnysics

Explore content ¥  About the journal ¥  Publish with us v

nature > nature reviews physics > comment > article

/ Integrating image

Comment | Published: 18 May 2022

Exascale image processing for next-

. . . Into data acquisition
beamlinesin advanced light source b

software framework
Yuhui Dong B, Chun Li, Yi Zhang, Pengcheng Li & Fazhi Qi add resses the b|g

Nature Reviews Physics 4, 427-428 (2022) | Cite this article data challenge

processing algorithms

~

/

Compared to other data-intensive scientific fields, users in light source

from various research backgrounds, and do not necessarily have the knowl
computational resources to handle such big data. Therefore, acommon a
incorporate state-of-the-art image processing algorithms into the integrated large-scale data
acquisition and analysis software framework developed for the next-generation synchrotron
and XFEL facilities. These ambitious software projects, such as Bluesky (NSLS-II, APS), Mamba
(HEPS) and Karabo (Eu-XFEL), are designed to interface naturally with the new scientific
algorithms and programs. They are being developed to provide a universal platform to

collect, manage, visualize and process big data. The power of these platforms will be further

® Leveraged by the unified

software ecosystem, data will
flow seamlessly between
various application nodes,
further empowering algorithms
The software framework will
provide a broad stage for the
algorithm application at wide

range of sciences



Al facilitated big scientific project at intelligent light source

® The light source is becoming one of the largest scientific data source
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“Al for Science” applications in diverse methodologies

O Large AI model solves ptychographic phase
retrieval problem
| b yioes _

PyNet-S PyNaf

O Physics-informed denoising solution O Clustering of Nano-ARPES experimental spectra

XS HUCA: High-order Unsupervised

Clustering Approach LR |

#BNEMIUEMOS2 |-
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O End-to-end image misalignment correction
method for tomography
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® Enables new scientific opportunities
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Data-driven beamline intelligence applications : beamline alignment

Requirements Analysis

0 Many last-minute requests with tight deadlines.

O A large number of micro/nano beamlines.

0 The critical dependence of experiments on precise beam
alignment.

O The necessity for immediate feedback during operation.

O A strong push towards automating processes.
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Data-driven beamline intelligence applications : beamline alignment
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Data-driven beamline intelligence applications : beamline alignment

Step2: Collecting Beamline commissioning data
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Step3: A Unified Framework for Attitude Tuning O Input/Output ports

Physical quantity -> Mathematical
quantity
O Data Processing and Evaluation
Functions
Optional, scalable (Image Denoising.
Bad Pixel Correction, Background
Subtraction, Radial Distribution.
Angular Distribution and Al .)
O Optimization Algorithms
Feature-rich, widely supported, high
maturity

3 butils - L
D attitude @ capi_frontend.py
research papers
B docs £ backend # common. py
JOURNAL OF Volume 32| Part 4 | July 2025 | Pages 924-933
SYNCHROTRON https:/ /doi.org/10.1107/51600577525003960 B2 mamba -
RADIATION OPEN a ACCESS @@ B3 frontend raman_backend.py
viewed by
ISSN: 1600-5775 iewed by [1012] ~+ README.md B3 gengyd #* raman_frontend.py
G prepare.sh Pyicons @ xes_backend.py
A versatile framework for attitude tuning of beamlines at light source facilities ) @ xes._frontend.py
5 requirements.txt 2 _init_.py -
Peng-Cheng Li,*"# Xiao-Xue Bi,’+ Zhen Zhang,®¢ Xiao-Bao Deng,” Chun Li,? Li-Wen Wang,? Gong-Fa Liu,®< Yi Zhang,"< Ai-Yu Zhou? and Yu
Liub™ 7\




Step3: A Unified Framework for Attitude Tuning

O Performing Bragg reflection on the analyzer of the O Proof-of-concept test on the automatic attitude tuning
vonHamos spectrometer on the 4W1B of BSRF will of analyzer crystals of HEPS Raman spectrometer.
produce a circular pattern. (90 analyzer crystals, 270 motions , and 6 detectors)
(pitch/tilt & yaw/pan angles) 2

O General Attitude Tuning software is used to optimize the O Specialized attitude tuning software i' -

shape of the circle. used for spot identification, allocatiorSs

and focus adjustment.




Step4: algorithm development and deployment

Fast Intelligent Autofocus Alignment Of Digital
Twin System For Beamline Stations
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Stepb5: Developing Domain specific big Al model
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Step6: Beamline auto-piloting
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Algorithms-driven SAXS/WAXD technique development
Multidimensional SAXS/WAXD Is becoming a routine method

SAXS-CT

a) aosorption signal

Powder samples
(catalysts, rocks,
minerals, etc.)

z (mm)

N| Precursor Support

D <
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8
> ~

=

= W =
s 0

rse 400 -400 2

#m) X- beam direction (um)

N. Axel Henningsson, etal. J. Appl. Cryst., 2020
Hamidreza Abdolvanda, et al. Acta Materialia. 2020
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scattered intensity
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I such as orientation
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J. M. Feldkamp, et al. Phys. Status Solidi A, 2009
Tao Hu, et al. Macromolecules, 2020
Jisoo Kim, et al. Scientific Reports. 2021



Algorithms-driven SAXS/WAXD technique development
3D characterization of anisotropic fiber orientation

180° stacking sequence
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Anisotropic fiber orientation is directly related to the anisotropic mechanical properties of materials, but there is a
lack of suitable characterization methods.

Launey, M.E.et al. Adv. Mater. 21(20) (2009) 2103-2110. Ritchie, R.O. Nature Materials. 10(11) (2011) 817-822. Pezhman Mohammadi.et al. Adv. Mater.33(20) (2021)




Algorithms-driven SAXS/WAXD technique development
Bottleneck of 6D SAXS/WAXD : Timeliness of sample scanning

a Detector [ESSn

Beam Size: 50*50 um?

Exposure time: 50 ms
Patterns Number :

1,376,352

Time consumption:

40 h

How to avoid time-consuming Tilt angle scanning and directly use 3D scanning data to replace 4D
scanning, to achieve 6D SAXS/WAXD tomography:

O Improve the efficiency of 6D SAXS/WAXD experiments and reduce the experimental time by Rotation range: 0-360°

an order of magnitude. Tilt range: 0--68°

For anisotropic materials, SAXS/WAXD
(10 tilt angles)

tomography does not meet the rotational
O Implement in-situ experiments setup. invariance required for CT reconstruction. — — — — — — — — — —

O Reduce the amount of experimental data.

Florian Schaff, Martin Bech, et al. Nature:2015, 527:353-256 Marianne Liebi, et al. Acta Cryst. A74:2018



Algorithms-driven SAXS/WAXD technique development

Can the scanning process of reciprocal space be simplified?

Are there 3D information The QS(110) change with fibre orientation parameters ( (3D))
hidden behind 2D WAXD variation
pattern? |

2D intersection

plane ~—, |

2D WAXD pattern Intensity distribution changes 2D diffraction ring

on QS(110) sphere o
Y. Zhang, et al. Scientific Reports, 201¢




Algorithms-driven SAXS/WAXD technigue development

Step 1: Simulating 6D WAXD Tensor Tomography Dataset

Spatial intensity distnbution of voxel

Fiber orientation in the sample coordinate system

Intensity Distribution at Any X-ray
Incidence Angle

Nl aya:) =1 q,.ay9.)
Voxels along the X-ray Incidence Path
dunng Sample Movement
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Absorption Term

Step 3: Reconstruction

» Tensor Reconstruction :Distributed Reconstruction Strategy

Step 1:Transforming 3D Recdprocal Space from Spherical
Coordinate System to Cartesian Coordinate System

Step 2: Point-by-peint CT reconstruction
Step 3: Stitching point-by-point to form a three-dimensional voxel space image.
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The stnogram formed by the intensities at the same position
(rg, ea) of II" T o= FEP reconstruoction, the intensity of
zach voxzl at the position (1, 2).

6D reconstruction achieved through CT
reconstruction metheds.

» 3D Inverse Space Prediction and Numerical Optimization of Diffraction Data
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Algorithms-driven SAXS/WAXD technique development

Measure faster by x-ray denoising method
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Algorithms-driven SAXS/WAXD technique development

Data quality assurance by Mamba soft
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Algorithms-driven SAXS/WAXD technique development

Faster data analysis using Al

Learning for Extracting Physical Information from
Massive Diffraction Data
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Intelligent cluster of scientific infrastructures

Synchrotron Characterization Big Data Orchestration Large AI Model for Science

: : Knowledge Digital
: High energy : : Al : : Extraction twins
: software & data diffraction | Data
HEPS PDF Pre-train
(High Energy) GISAXS ‘ : : :
' : : : Science
' Opelrant(ilo Data | | Big Data | Data Al bElSC. model » &
investigations | : { Cleansing Center Reduction ». for science Industry
: . Hi-res : » : Domain-specific Fine-tuning
:| (Mid-low Energy) spectroscopy | :
: Hi-throughput Storage & : Long-term Edge
National Key Labs Intelligent Scheduling : learning deployment
:| Frontier research on || Advanced materials
green energy on green energy  |:
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Collaborative efforts for intelligent light source
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Our Team

® Building an all-round scientific software and V_
algorithm development group <8 o =
09 o ‘ |

Complex eice o Experiment
control te process control MAMBA :2":

Area-specific

& »

Big data

&b - : algorithms
Q '\‘: :) ¥~ acquisition and processing
d:h

‘ff ﬂ g ‘- Artificial Intelligence

R Welcome to join our team

User client
development




Domestic and international collaboration

e , ““=.  Funding from:
High Energy Photon Source ~ China Spallation Neutron Source ‘ Shanghai Synchrotron Dalian Coherent

Beijing Guangdong Radiation Facility Light Source D N ation al K ey R esearc h an d

Development  Project of
China;

Scientific Software Union of Chinese

, S=C8 Advanced Light Sources (SUCALYS) : =
National Synchrotron Shanghai HIgh repetitioN ;.
Radiation Laboratory rate XFEL and Extreme I
P g et faciy SHINEY - OChinese  Academy  of
UL o 4 Sciences;

We are planning to form and develop a nation-wide united scientific software solution in China.

Internationally, we are looking for collaboration from other synchrotron sources.



Mamba and HEPS Grow together

HIGH ENERGY

PHOTON SOURCE Data acquisition software

The full potential of the HEPS will be realized by coupling the
Intrinsic capabilities of the facilities with advanced Mamba system

e ‘

# i

B
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Device and motion control
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Beamline control system

* Control tasks
* “14+1"beamlines
» Achieve the desired X-ray
» Ease the scientist at experimental endstations
» Control and monitor all the equipments of beamlines
» Detect the position of X-ray beam
» Protect the people/equipment from hazard, and send alarm and issue information.

» Provide friendly OPIs, robust and efficient communications tools and rich application
tools

» Archive and retrieve the data of beamline



Beamline control system

* The controlled equipment
* Mirror and crystal bender

Campus
MNetwork

* Monochromator

* Beam Position Monitor

Image Detector

Low current measurement device
Shit, Shutter, Mask, Attenuator, Filter

* Cryo-cooling/water-cooling system

* \Vacuum devices, etc.

(9) Local WiFi

Control Network Operator

b

Firewall

VLAN

CA Gataway Accelerator [«4—
g ! Conventional
. -y
Facility

High Speed Ethernet (VLAN)

&Image Detector) ( Mirrors ) BPM

C‘) (Att o) ( =)
& =

From CF

Beamline_1

(Image Detector) K Mirrors ) ( BFM

. C Attenuator ) <o chromat

( Filter | @acuumsvstem) Goolmgsystem

)
5
)

(Mask) (Shutter,a’beamdu mp) &

)4

Beamline_N



Beamline control system

* Design Principles of the Control System
» Stability

» Availability
»>Reliability

> Flexibility
»Extendibility
»Real Time



Beamline control system

* Motion control system

» Drive the optical elements (such as mirror, slit, attenuator,
monochromator, filter, etc.) to get satisflied X-ray beam.

> Critical subsystem of the beamline control system

» Supporting various motor types

step motor, servo motor, piezo motor and so on

Limints/Home/Brake Signals
-

I | =N T =m = r— i i

I FieldBas ) |
I0C &——p> MC — MD [H—> ™ Devices

LI_I_I._II II—II—IIh
Encode Signals




Beamline control system

* Motion control system
* Self-developed a set of motion control system
* Drive two-phase and five-phase step motors

RER IR Z U

Mirror

EEHL3RE)

Ege [ J
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Beamline control system




Beamline control system

* Motion control system used at PAPS

® == T = | ==
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Beamline control system

* Transfocator motion control

Condition monitoring interface of Transfocater ‘

motoréx.adl

x

motor 1

motor 2

motor 3

motor 4

motor 5

motor 6

Contol made —
1268 degrees degrees degrees degrees degrees degrees
317, 25000 =520, 00000 216,53000 =120, 00000 188, 31000 =200, 00000
vanua FiT.mo0  (|FeLemo | presiee | [FIai. 000 | 851000 [j[F206.80000
Auta -
Confirm
T1 2 3
StawsTop
Status Bottom
Choice the am if if oft ot ft oft ft I[N < it i if it if if ft

S7



Beamline control system

* DCM motion control system

cs-Studio

= Beaine ot corcl x | Temperatie | BL1% Perinet Wt Coniox | 001 |

DCM of ID_30

a 543102 Angsire Theta Gap
Readback B.6I5TS 10.116300

2d (B0 AbGED Value

yoffset 16000 Setvalie 869575 kev 10.1163 mm

8.69575 10.1163

113.2819 keV

3.7308 keV

High Lirit 32.00000

Actual Energy 13,0768 keV

Desired Energy 180767 keV!

Actual Deg B.69575

Desired Deg 8.69575 degree

HEMRHREN L
HFREERRENT
AR EREN
BHRAEHENE
RO
MAREOAL
REGEORE
SREGEOR

Roll slav, drift feedback

Roll RBY 4595,98400 nm.
Raw_roll Fine_roll

0.0 nm 3182.6 nm

0.0 nm 3182.6 nm

—REEZRELAN
ZREREGETH
REPIERINEMN
#EmpIRREMNAN
ZRERERTAEY
B@TFHfREN
—RERE

—mEE

ME BRI AN
MERHERRIER

2577
2569
2587
29.20
2528
25,24
2497
2505
26.49
2575
2637
2610
26.39
26,00
2558
2583

25.13

-273.15
-27315

A48 384 8 a4 4

L

8844448

848 8

CRENHENRE
ZREAHENERL
ZRRE

—8&E

3

Pitch Adjustment

2581
2556
25.79
2568

58



Beamline control system

* Control system based on PLC and intelligent |O module
* PLC: gas distribution system, hutch exhaust system, etc.
* Intelligent IO module: temperature, shutter, discrete |O control
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The structure of PLC control system The structure of discrete |O control




BE beamline control system

fle Applications  Window  Help

£ Front End motion control | loc_stats_system | Vacuum 125% v/l /i®]s

HEPS ID30 Front-End z

HEPS ID30 Beamline

XBPM1 GRID XBPM o y
VvV
x A %ﬁ
X " X L N T B
% ® Q i 7S &t 5 6 2% =
o ot & o f i o= 3 ~
ﬁ n: . 7/ ¥ X x® w® = W W, =
o —— — — . [--] g ﬁlﬁ ~ iﬁ % w
0 = #® ] , w5 "
’ 1 2 2 , f g R 2 oW B R
| —{jo 8 ® H B @A A [&] bia ae = ¥ S [
w73 [I=] me s ookt DK Dkt i -k s § 5% s T e W X
* k% xR % ] ~
= e
i &l b nJ ﬁ j'{: w —
Nhite Beam XBPM  White Beam Slit Carbon -] E yﬁ ]H m u
Axis0 Axisl [~ Axis2 o ¥ ¥ o
z LV
DESC  FE_Carbon:A DESC  FE_Carbon:A DESC  FE_Carbon:A w - ]
R8  0.0000 mm R8  0.0000 mm RS 0.0000 mm 3 . L N ing Mirror S —
ABS 0.0000 mm ABS 0.0000 mm ABS 0.0000 mm e Lo SO . 2 E(Kev): 13.3045 keV
Fs1 (@ousdesean (@D X:  0.003000 mm X:  :0.001500,mm
REL 1.0000 mm . REL 1.0000 mm . REL - 1.0000 mm — Roll.  0.000 mrad Bragg: 8.54575
Roll: .513 mra * o
Disable ~Enable Disable Enable Disable ~Enable FS2 @ Ouside Beam . iaht: 0,002 Gap: 10.1123
Height -0.002 mm Height: - D:00=min e
Fs3  (@ousdescam  EED i pitch:  -0.001 mrad Pitch:  -1645.35250 nm
Pitch:  0.002 mrad
Roll:  5936.76095 nm
100% Tlitein b o Fs4  @ousdesean D Yaw: -0.000 mrad Yaw: L002med
HEPS ID30 TXM Endstation BM_in: ~ 0.0000 um
8 . CRNCINEN & > ~WBSlit (Rotation Slit)———— —Mono Beam Slit - 1 BM_Out:: (0000
g8 § £ 5 s i
Z fF 883 § §¢&7 H g H_Size: 3.30030 mm H_Size: 0.00000 mm
§ &2 K & - S
N g3 & & ~QXBPM-1
o V_Size: 3.11100 mm V_Size: 0.00000 mm
X:  -0.00040 mm 5
- ,.of ! H_center: 0.0000 mm H_center: 0.00000 mm H_center:
: ' ..... - b eseene omerasimminas Z: 0.00280 mm V_center:
£ N V_center: 0.000000 mm V_center: 0.00000 mm =
g 4
2 ~ Whit Beam Fix Slit ~WXBPM ~ QXBPM-2 ey ~ QXBPM-3
O i i o S AL g X -L81050mm X 000360mm X 000035 mm
eamst?p Capillary BSC Pinhole VLM Sanjplel Zoneplate Phasering Bertland . 2 0.00125mm 2 0.00185 mm 2 0.00140 mm
Axis0 Axisl Axis3
DESC BS x DESC BS. y DESC BS z

RB -0.033000 um RB 0.001000 um RB -0.019000 um
ABS  0.000000 um . ABS  -0.012000 um . ABS  -0.016000 um .

REL - 0.100000um - | - REL - 0.100000um - | - REL - 0.100000 um : | -




BE beamline control system

CS-Studio x
File Applications Window Help
f|le~|B =]
DCM BE-XBPM-ALL
67 % v 6 v || v 89 % v v = v
DCM of ID_30
Control Mode  H 1 a 5.43102 Angstro Theta Gap FE-XBPM WXBPM QXBPMI
[—— Readback 854575 10.112250
o K 1 2d 627120 Abgsio e . — A Conticl TMP
Auto L 1 yoffset 106000 SetValue  854575keV 101123 mm “ CHA 0.00 nA 0.10 nA 1.80 uA
FE-XBPM FE-XBPM Setlings&Draws ; zég 285‘5_:“;\2”““"“535*
: 5 ex HRBEREENE 2150 -
High Limit 1132819 keV Actual Energy 13.3045 keV 256 A
E(Kev) . CHB 0.02 nA 0.09 nA u
Low Limit 37308 keV Desied Energy 13,3045 keV. R
</ T & EsAaENE WXBPM WXBPM Seltings&Draws LZ;?;;(E%;%SM“
RSO CHC 0.06 nA 0.10 nA 3.02 uA
High Limit 3200000 Actual Deg 854575 :
Bragg(Deg) sy
Low Limit 1.00000 Cesired Deg 854575 degree: BEEOR RN
. 5
) SATEOT [y REEOL QXBPM1 QXBPM1 Settings&Draws FOESE3846797 5mm CHD 0.08 nA 0.10 nA 0.98 UA
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—BRRERETR = IP:10.854.5 SUM 0.16 DA 0.39 nA 836 uA
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< > —RXE 4. g 4 ¥
2 _3 ISUM 0.757225 0.03 0.04
vore 1eare TEAIFRIELEN 27315 <
St 273 . - P 4.7
e R Slits S\ SeliingsAbiaia HutchiS % H6000m
DELTA-LR 0.00 nA 0.02 nA -2.81 uA
Vacuum DELTAUD 0.012048 0.05 034
70% || -]~ History data ( Free to Add ) Isum ’
plot count plot curr plot count plot curr plot count plot curr
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Beamline control system

* [ beamline control systems have already been delivered
* BE, BD, B/, B8, BF, BB and B4

Devices in

Control Mirrors  Mono- Temperature _ lon pump Weak current experimental Exhaust 3/ party Public Date of  Version upon Notes

subsystem  slits chromators monitoring FSimage data acquisition  grea system system service completion completion
T BHTRS B e RER/Ta BELR RAEERR BTREE BEARE SRRKEEHRRAS ESARSAMBRE TMNHE TAEA &%

BE v v v \ v \ v Vv v Vv 20240522 V10 4.17, Beta version

BD v i v s i s v Vv vV Vv 20240905 V10  Beamdimming, 9.21

B7 x x v v v X vV v vV v 20241010 V0.1 Beta, lightin experimental area, 10.13
E—Ht4uh BS Vv Vv Vv vV Vv vV Vv v Vv V20241018 V10 10.18 delivered, 10.24 white beam
First batch  BF v Vv v v v v Vv v v 20241025 V10 10.27 FS with adjustable focus
beamlines BB Vv Vv i \ Vv \ Vv Vv . Vv 2024.12.04 V1.0

Bl

B2

B3
FTitskuL B4 v v V v v v v \ v Vo 20241219 V10 RAE(RXFIFOE, HEEF R
Second batch®?

beamlines

BC
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