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A The Mamba project

A Addressing big data challenge: using: Al/NMIL

A Collaborativecefforts fanintelligent:light:source



HEPS needs a systematic software solution

A Three dedicated HEPSteams for addressing the challenges in control, scientific software and
computing
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and Computing
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HEPSBC HEPS SE HEPS CC

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

control and data acquisition for Phasel 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 ~b/run,

. Insitu and dynamic experiments require real -time

feedback and autonomous control,

Data and software infrastructure for big science project



Heavy task for a young team

A 15 beamlines for Phasel project

A Multiple experimental modes and
methods for single beamline

A Up to 30 suites of acquisition
software delivered by 2025

A Limited personnel and lack of
experience

A A systematic solution for all Phase |

and future beamlines




A new generation synchrotron experiment operating software syste
(Mamba)

Beamline automation Automation Programs gug Mamba Mamba Friendly GUIs
Image Processing tools frontend Fl‘ameWOl’k
T .- \ )
Real-time feedback and p— | {  Mamba Easy experiment mode
ustomize / = -C .
autonomous control Experiment [T NS Mamba switch
Plans : : Data
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Management

Targe S Rich metadata, high
Deiectons interoperability

@ Multi -dimensional, accurate, fast fly scans

Smart /n-situ experiment

_ Mamba: a systematic software solution for beamline experiments at Hieaghal of
\@ Synchrotron Radiation2022



Progressof Mambaproject
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Software development & testing XRF mapping = .7
at BSRF T — -

| | e e A ROI selection & scan
Project start from April 2020 e sequence modules
Mamba was officially deployedand opento = A On-thefly scanning
. a A Oneclick data acquisition
usersat 4W1B beamlinein July 2022 e q
= and real-time analysis
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Test and deployment of Mamba at HEPS
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Explore key techniques of new generation control and acquisition syste

Already

5

Fly-scan

Mamba
data worker

and back-end
communication

Visual workflow
engine

Virtual
beamline

BSRF HEPS
application

On going

Python 10C, Systematic detector
integration and High -performance
readout

Beamline and experiment specific

plan and GUI library

Versatile attitude tuning
framework and beamline
automation

Closed -loop control based on real -
time data analysis

Al-Enabled experimental control

Liu et al J. of SynchrotronRadiat 29(3), (2022) ; Ahang et alJ. of SynchrotronRadiat 30(1), (2023) ; Li et alJ. of

SynchrotronRadiat 30(6), (2023);Li et al. SynchrotronRadiat News (2023);Wanget al J. of SynchrotronRadiat, (2024);



A systematic detector integration solution for HEPS
A Systematic -- work mainly done by HEPS beamline control team

Centralizemanagement of developing detedioCs;
EPICSbased integration and an extenédéaGenlCam
Ihep-pkg packaging system andie¢Bootconventions to simplify EPICS deployment and enhance

Main detector - like devices that need to be integrated A High -Performance

e Devices with EPICS I0Cs that satisfy current requirements:

A QueuelOC framework for Python

renlCam (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 IOCsbasecn CaprOtQ
e Devices that require self-developed EPICS 10Cs: S|mp||fy architectureand communition
Specialized Imaging Kirana, Ximea _
Self-made APD detector, iRay Mercu protocolsleadingto betterperformance
e Devices that require high-performance integration modules: thanareaDetector

Eiger, Lambda/Sparta, Rigaku XSPA, Hamamatsu
Tucsen, self-made Si-pixel detector All 2D detectorcan berun in monitor

PandABox, multiple sensors (needing high-speed 0D readout)

mode



MambaData Workerfor HEPS phase | experiments
Tackles theexascaledata acquisition and reattime processing challenge

MDW Usage GUI User API C°E:‘:"" Batch Script D A Q
5
MDW API MDW Programming Interface
MDW Event Interface ZMQ Monitoeng HTTP TCP 5
Stream Folder
o Commitee | p | (s | (e | [ aume Scheduling
' 5
pez Data Pipeline | [ Network Multi-Stream | [ Parallel Disk File
MDW Kernel Rmnﬁgyuﬂc Scheduling Transmission Access SS e b |
, Assembly
M D W >

Disk writing

! /A HighThroughput Big Data Orchestration and Visualization

Processing System for High Energy Photon Source

’ Mtadata Journal of Synchrotron Radiatior2023
(sample, environment etc.)




Build Complex Data Streaming Pipel. é pata Cache

Ty
i A" ~ -
‘|. 1 . e
1. Create various Workers | t. EN

ZeroMQ \

SWMR

\
’ .
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 FAIR at China.
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tu Data assembling and manipulation pipeline for the XRSexperiment at HEPSID33 Hard X- Ray
High Resolution Spectroscopy Beamline

U 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-scangeneral 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-scaneventstructure based on Power PMAC

PandA _ _ Detector
Yo 0.0 0.00.0.- Trigger Signals
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Control E-712.3CDA including

- “ /

Silg(;‘\";"s Piezo Amplifier E - ]
_TI11AL4P o o pj 1
Sample Stage == . [ o o [ s , &
Position Signals {J)g]8s #/1 Inner Loop > &
10V Ll Jiy |3 ' D/ K
e i o L / Sample Stage with

) Capacitive Signals Capacitive Sensor

from Sample positions



Fly-scanhardware and event orchestrating 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 Xray Microscope Beamline

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



Fly-scanintegration in Bluesky and Mamba

A POSItlon based trlgge”ng (a) Mamba startup script fragment for PandABos-based fly scans. ImagePlanner is ¢ specialised
MambaPlanner with friendly default scttings for image date handiing.
U.planner = ImagePlanner (U)

A Tlme based t”gge”ng U.planner.extend (PandaPlanner(

D.panda and D. adp are Bluesky encapsulations for the control and data interfaces of
A Software based -ﬂy -scan PandA Box, respectively: the laiter is based on the EPICS 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
A Complex trajectory 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
A Onllne tunlng ﬂy -Scan 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.
R — ——__~ enc_tols = {m: 25 for m in M.values()},
mo = vbas_ratios requires that the speed of a motor to be at least 2 times its starting speed.

Device Auth Metadata

e T e s e o v 1e0em because otherwise the speed setting would be disregarded by the motion controller (Kohzu
] N ARIES, used at the 4 WiB beamline of BSRF).
EEHE > mil ; 1 vbas_ratios = {m: 2.0 for m in M.values()},
s _ configs sets Xspressi to be triggered by external 1'I'L signaels during a fly scan.
' B E configs = {D.xsp3: {"cam.trigger_mode": 3}}

= = D)

- - P = U.planner.make_plans()
o ‘ e An example for grid fly scans, which intentionally mimics Bluesky's grid_scan().
e ot s s s [ s e s o e e s e s #P.fly_grid([D.xsp3), M.m2, -1, 1, 3, M.m1, -4, 4, 5, duty = 0.5, period = 0.5)

RIS oo [T (])) Mamba startup scvipt fragiment for Bubo-based soffware fly scans.
e Ty ) R i S U.planner = ImagePlanner(U)
ot e oo towy 19 o ' U.planner.extend (BuboPlanner(D.bubo, h6_tols = {D.xsp3: 0}))
Lis g s i - i An czemple for software-based grid fly scans, similar to the PandABox-based interface above.
voar Hge s i 2 & #P.sfly_grid([D.xsp3], M.m2, -1, 1, 3, M.m1, -4, 4, 5, pad = 0.5)
Rl R o
Close Start d 002 J i

Parameter Setting | Fymea Ftting N %0 37 o4 14 3z 56 O 3 of
£ ™ B Pyror: mambaim.. | [l marin@locahost I rtugiocstost- | [l momba@ocabost~ | [ Manbe WS B Powes [

S P-C. Li, G.L. Zhang, ..., Y. Ly SynchrotronRadiat News,2023
" P-C. Li, G.L. Zhang, ..., Y. Liu Radiat Detect. Technol. Methods2023



Beamlineand experiment specificplan and GUI library

At HEPS-B9: implemented 6circle diffractometer

control in bluesky

UB matrix calculation GUI based onPyCXIM (

Data Pipeline GUI

Jran e e o\, g/ e, /30 750\

General Information

Select Scan Data Path | je/minipc/Downioads/20240131 1W1A test datafrsm
Set Calb. Save Path | |/home/minipc/Downloads/pathsave
Select Mask Path

Sample Name sample.1 Scan Number 2

[ Losd
sample_1_00002: ascan del0 1 50 0.5

Integrating the PyCXIM algorithms into the beamline

/[Path\ /Dete(lm\/cqs Info\, /Single Bragg, /Mutt. Bragg | /nki2Angte, /30 RsM\

Sample Name

s

Data Pipeline GUI

sample_1

Scan Number 2

| Calibrate

Calibration scan
sample..1.00002; ascan del0 1 50
05

fitted direct beam position:[243 98]
detector distance:

438.495295

detector rotation angle:  0.118792

specific plans ofMamba

High-resolution large-scale 3D reciprocal space

reconstruction for real- time visualization and analysis

fran\ foetecir) /Coys 010\ St Broga), /Mt g,/ izAngie, /30 R\

Example: 3.9050,3.9050,3 9050,90,90,90
3.9050, 3.9050, 3.9050, 90, 90, 90
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Data Pipeline GUI
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collaboration with

Data Pipeline GUI x
/Path\ /Detector\ /Crys. nto), /Single Bragg)\ / Mt Bragg\ /hiizangie, /30 RsM\
IWIAFile sample_l Scan Number Amay | 8,9
Peak Index #1 0.0,2 Peak Index #2 -1.03
Calculate
True =

(0. 0.1
Angular deviations
[-0.26820231 15838955 0.32189148] _

Dr. Zhe Ren)

Data Pipeline GUI x
/Path\ /Detector\ /Crys.nto\ [Single Bragg)\ /Mut. Bragg), /hiizAngle /30 Rsm\
Sample Name | sample_1 | Scan Number 13
Slice of RSM

51—
mHRERRERERLN
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015 s20 | W
455 Calculating intensity.
Calculating mask.
saving 3D RSM and the
325 | comesponding mask
250 saving VTl file for the

o5 visualization
130 Generating the images of
P the RSM
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%0

965 Elapsed Time Is 88.79
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Generate RSM




A Closed -loop control based on real -time data analysis
—

ADS(Automation Device
Specificatiol \ = - ADS i
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Motor Setting < 2 N
80 - L
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Current_file_name: - . 874: kohzu:nBragy. REV 21:40.201001 524105
A 5 a 874 kohzu:aBragg . A8V 16 63:21:43.631677 52,4673
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- 7 o T
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!

A Proof-of-concept test onreal-time feedback control

technologyof metallic additive manufacturing A Proof-of-concept test on performing digital twin

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/M

SRI12024 Hamburg



A new research paradigm at fourthgeneration synchrotron

nNLarsceal e scienti fic software frameworKk

5

the unified

software ecosystem, data will

/ Integrating image \

| _ flow seamlessly between
processing algorithms

Into data acquisition various application  nodes,
software framework _ _
addresses the big further empoweringalgorithms

datachallenge ~ / « The software framework will
provide a broad stage for the

algorithm application at wide

range of sciences



