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Design and implementation of a high-precision feed-forward system for SSRF insertion

devices
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Abstract  [Background] Insertion devices (IDs) are core components of synchrotron radiation light sources.
However, ID magnetic field errors during operation can induce significant beam orbit and optical distortions, thereby
degrading the stability of the light source. [Purpose] This study aims to develop a high-precision remote control and
feed-forward compensation system for IDs at the Shanghai Synchrotron Radiation Facility (SSRF) to mitigate beam
orbit and optical distortions. [Methods] Firstly, feed-forward compensation tables for both orbit and optical
distortions were derived using a response matrix-based method informed by turn-by-turn (TBT) data. Then, real-time
compensation was achieved by remotely adjusting currents in corrector magnets at both ends of each ID and in
adjacent quadrupole magnets. Subsequently, based on Python and EPICS integration, a control architecture
integrating orbit and high-precision optical compensation was developed to decouple the physics-algorithm layer

from the underlying drivers, hence enable flexible management and real-time interpolation of high-dimensional feed-
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forward tables, overcoming the limitations of traditional C-language drivers in complex algorithm implementation

and data management. Finally, experimental test was conducted on SSRF 03EPU200 in Mode 1 and Mode 2 to verify

its performance. [Results] Test results show that the system limits orbit distortions to within 5.0 um horizontally and

3.5 um vertically, and suppresses optical distortions (beta-beating) to below 0.7%, substantially enhancing overall

beam stability. In addition, the feed-forward table measurement time is reduced by over 90% compared to the

conventional scanning method, significantly improving operational efficiency. [Conclusions] The system has been

successfully deployed on all 27 IDs at the SSRF with stable long-term operation, confirming the effectiveness of the

Python-EPICS-based feed-forward architecture for high-precision simultaneous orbit and optical compensation at

third-generation synchrotron light sources.
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Fig.1 Spectral brilliance of insertion devices at the SSRF (color online)
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Fig.2 Optical feed-forward flowchart of the SSRF 03EPU200
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Fig.3 Effect of 02IVU&02CPMU planar insert track feed-forward compensation (color online)
(a, b) Measured beam orbit distortion with the feed-forward (FF) system disabled (off) and enabled (on), (c, d) Correlation plots
showing the linear relationship between the ID gap position and the currents applied to the four designated feed-forward corrector
power supplies
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