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Abstract [Background] In synchrotron radiation facilities, it is important to keep beamlines operating in optimal
conditions. The debugging process is normally very time consuming due to the irregular light source beam point, and

it is not easy to get global optimum. [Purpose] This study aims to develop an intelligent debugging system based on
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Experimental Physics and Industrial Control System (EPICS) and differential evolution algorithm for synchrotron

radiation beamline commissioning. [Methods] First of all, based on the differential evolution algorithm, intelligent

optimization model of beamline was established. Then the automatic optimization of beam adjusting process was

implemented by using LabVIEW program and communication with the EPICS-based control system was achieved by

CalLab interface module. Functions of the user interface, motion control, algorithm implementation and evolution

processing were integrated in the LabVIEW program. Finally, this intelligent commissioning system was tested at the

X-ray diffractive (XRD) beamline of SSRF (Shanghai Synchrotron Radiation Facility) for optimization of the beam

flux at sample position by adjusting the beamline optical components. [Results & Conclusions] Online tests results

show that this intelligent commissioning system converges to the optimal solution quickly, and the convergence time

is about 30 min, more than one order of magnitude higher than manual optimization efficiency.

Key words Differential evolution algorithm, Synchrotron radiation beamline, Intelligent optimization, EPICS
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Table 1 Optical devices to be optimized , their motors and functions

AT 8T 1) 3 BLAT B W Roll f . Pitch £

Adjust the vertical position, Roll angle and Pitch angle of the mirror

95— df Roll /1 Adjust the Roll angle of 1* crystal
W 5 — AR XS = Adjust the relative height of 1+ and 2™ crystal
W AR 7KL B Adjust the horizontal position of 2™ crystal

1% % Optical device X N HLHL Step motors )L X Functions
M2 Y1.Y2.Y3

DCM Rolll

DCM T2

DCM Y2

DCM Yaw?2

AT . Yaw £ Adjust the Yaw angle of 2™ crystal
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Table 2 Test conditions and results of the experiment
e W UL FREREE T PBE ES EUi e G &/ R ]
Order Device Motors Population ~ Scale factor Crossover probability BEfEEL Convergence time
size Iteration / min
M2 Y1,Y2,Y3 7 0.3 0.7 12 ~15
2 M2 Y1,Y2,Y3 7 0.3 0.7 16 ~29
DCM  Roll1, T2
3 M2 Y1,Y2,Y3 7 0.3 0.7 20 ~30
DCM  Rolll,T2,Yaw2,Y2
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