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Outline  

Â The Mamba project  

Â Addressing big data challenge using AI/ML  

Â Collaborative efforts for intelligent light source  

 



Å Develop Control  and acquisition  software  from  scratch,  no legacy issue 

Å Founded in 2020, HEPS- SE team are aiming  to  develop  a systematic software  solution  in 

control  and data acquisition  for  Phase I beamlines in HEPS 
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HEPS- CC HEPS- SE HEPS- BC 

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

HEPS needs a systematic software solution   



SRI2024- Hamburg  

The Mamba Project  



Drastic increase in data and experiment complexity 

¸ X- ray flux orders of magnitude brighter,  

¸ Detectors are orders of magnitude larger and faster, 

single beamline generate up to Pb /run,  

¸ In situ and dynamic experiments require real - time 

feedback and autonomous control,  

¸ Data and software infrastructure for big science project  

 

 



Heavy task for a young team 

Å 15 beamlines for  Phase I project  

ÅMultiple  experimental  modes and 

methods  for  single beamline  

Å Up to  30 suites of  acquisition  

software  delivered  by 2025 

Å Limited  personnel  and lack of  

experience  

Å A systematic solution  for  all Phase I 

and future  beamlines 

 

 



A new generation synchrotron experiment operating software system 

(Mamba) 

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

Custom experimental 
procedures and 

commands for all 
experiment methods  

Multi -dimensional, accurate, fast fly scans  

Friendly GUIs  Beamline automation  

Rich metadata, high 
interoperability  
  

Fast and multi -modal DAQ  

Easy experiment mode  
switch  

Smart in -situ experiment  

Real - time feedback and 
autonomous control  



¸ Project start from April  2020 

¸Mamba was officially  deployed and open to 

users at 4W1B beamline in July 2022 

Å ROI selection & scan 

sequence modules 

Å On-the-fly  scanning 

Å One-click data acquisition 

and real-time analysis 

Progress of Mamba project 

Software development & testing 

at BSRF 
XRF mapping 



Test and deployment of Mamba at HEPS  





Explore key techniques of new generation control and acquisition system 

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

Synchrotron Radiat. 30(6), (2023); Li et al. Synchrotron Radiat. News, (2023); Wang et al. J. of Synchrotron Radiat, (2024);  

Å Python  IOC, Systematic  detector  

integration  and  High -performance  

readout  

Å Beamline  and  experiment  specific  

plan  and  GUI library   

Å Versatile  attitude  tuning  

framework  and  beamline  

automation   

Å Closed - loop  control  based  on  real -

time  data  analysis  

Å AI -Enabled  experimental  control  

 

¸Already ¸On going 



A systematic detector integration solution for HEPS 

Å High -Performance  

A QueueIOC framework for Python 

IOCs based on caproto; 

Simplify architecture and communition 

protocols leading to better performance 

than areaDetector. 

All  2D detector can be run in monitor 

mode 

 

Å Systematic  

    Centralize management of developing detector IOCs; 

    EPICS-based integration and an extended ADGenICam; 

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

Main detector - like devices that need to be integrated  

--  work mainly done by HEPS beamline control team  



A High-Throughput Big Data Orchestration and 
Processing System for High Energy Photon Source. 

Journal of Synchrotron Radiation, 2023 

¸DAQ 

¸Distribution  

¸Scheduling  

¸Assembly  

¸Reduction  

¸Disk writing  

¸Visualization  

Mamba Data Worker for HEPS phase I experiments 
¸ Tackles the exascale data acquisition and real-time processing challenge 

 





Leading the way in making scientific data FAIR  at China.  

 

¸ 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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ü Data assembling and manipulation  pipeline  for  the XRS experiment  at HEPS- ID33 Hard X- Ray 

High  Resolution Spectroscopy Beamline 

ü 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  



Fly-scan event structure based on Power PMAC 
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Fly-scan hardware and event orchestrating structure  

É BB 

É BE 

Scan Mode Beamlines Designed Structure  

Fly Scan 
(11/15) 

Hard X- ray Nanoprobe Multimodal Imaging Beamline Structure based on Power PMAC 

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 
(4/15) 

Hard X- ray Nanoprobe Multimodal Imaging Beamline Structure Based on PandA Box and 
GPIO in Power PMAC Hard X- ray Coherent Scattering Beamline 

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 

P.- C. Li, C.- L. Zhang, ..., Y. Liuӌ. Synchrotron Radiat. News, 2023 
P.- C. Li, C.- L. Zhang, ..., Y. Liuӌ. Radiat. Detect. Technol. Methods, 2023 

Å Position  based  triggering   

Å Time  based  triggering  

Å Software  based  fly -scan 

Å Complex  trajectory  

Å Online  tuning  fly -scan 



Å Integrating the PyCXIM  algorithms into the beamline-

specific plans of Mamba 

ÅHigh-resolution large-scale 3D reciprocal space 

reconstruction for real- time visualization and analysis 

ÅAt HEPS-B9: implemented 6-circle diffractometer 

control in bluesky 

ÅUB matrix calculation GUI based on PyCXIM  (collaboration with Dr. Zhe Ren) 

 

Beamline and experiment specific plan and GUI  library   



ÅClosed - loop  control  based  on  real - time  data  analysis  
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Å Proof-of-concept test on  real-time feedback control 

technology of metallic additive manufacturing 
Å Proof-of-concept  test on performing digital twin 

experiments (dynamic XAFS) 



SRI2024- Hamburg  

Addressing big data challenge using AI/ML 

 Experimental automation via good software design, 

Beamline intelligence empowered by AI/ML . 



¸ñLarge-scale scientific software framework + AI for Scienceò 

 

¸ 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 

 

A new research paradigm at fourth-generation synchrotron  

Integrating image 
processing algorithms  
into data acquisition 
software framework  
addresses the big 

data challenge  


