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PART 1

ROBOTIC ARM FOR MS 
BEAMLINE



ROBOTIC ARM SYSTEM OVERVIEW

• Control system developed fully in-house

• Collaboration:

• Control Group

• Data Collection and Analysis Group

• Mechanical Group

• MS Beamline Scientist



WHY AUTOMATED SAMPLE CHANGING?

• Higher Beamline Efficiency

• Automated sample exchange reduces changeover time from minutes to seconds

• More science per hour of beam time

• Overnight Operation

• No need for users or beamline staff to stay awake to manually change samples

• Predefined sample queue can be executed automatically without human intervention

• Continuous data collection, even outside normal working hours



SYSTEM ARCHITECTURE



STATE MACHINE - PYTHON



STATE DESIGN PATTERN

Figure: State Design Pattern
Source: refactoring.guru



GUI - QT



GUI – QT CPP

Lambda function

Algorithms



SAFETY

• Safety planes & Joint limits

• User defined area for protecting the sample container

• Connected with PSS

• A fixed path is defined for the robot following the predefined states

• Continuity circuit and cameras for sample protection and validation



AI INTEGRATION

Auto-sample 

tray mapping

Real-time safety 

layer that detects 

misplaced dynamic 

objects and 

prevents collisions.



AI FLOW

Dataset Collection Model Development Integration Phase

Initial model trained on a preliminary 

dataset, with ongoing data collection 

to improve accuracy.

Prototype model 

trained and validated.

Integration with robotic 

control software and EPICS 

planned after final testing

Data set collected at different light conditions Samples in place detected



PART 2

ORBIT CORRECTION



INTRODUCTION

• Goal: Keep the electron beam centered on the ideal orbit

• There are several factors that can deviate the orbit from its golden state

• Temperature changes

• Ground motion

• Vibrations

• Power supply fluctuations (tiny current changes)



SYSTEM OVERVIEW

Golden Orbit

BPM

MachineCorrectorsController

Estimator

+ -

Feedforward Controller



IMPLEMENTATION

• Orbit Correction was implemented using MATLAB running at 0.2 Hz

• We reimplemented the system from scratch using C language:

• Faster correction (can run at 8Hz now) 

• It makes a basis for the fast orbit feedback.

• Several parts of the system software can be added/upgraded to get better performance

• Feedforward controller

• Feedback controller

• Estimator

• Weights and Regularization

• Logger module for investigations.

• Postmortem feature with 3D plot generation in GUI.



THE EQUATION

Δx = R ΔI = USVt Δx

ΔI = 𝑅−1 Δx = V 𝑆−1 Ut Δx

ΔI(65x1) = V(65x65) * 𝑺−𝟏(65x96) * Cz(96x96) * Ut(96x96) * Δx(96x1)

* We Do truncation on the singular values to minimize the impact of the 

BPM noise on orbit stability



GUI



TESTING

• Testing is conducted at different conditions:

• Insertion devices gaps closed

• Insertion devices gaps closing

• Undulator shift at Minimum and Maximum positions

• Undulator Shifting (during motion)

• We analyzed the global orbit status and conducted detailed analysis on BPMs 

located around the insertion devices.



RESULTS



RMS VS PEAK



BPMS AROUND IDS



PERFORMANCE OPTIMIZATION

• Remove EPICS layer (Hardware purchase required)

• Code Optimization

• Utilize GPU for matrix multiplication

• Deploy on system on chip (SOC)

• CPU + FPGA



THANK  YOU
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