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Beam Position Monitor (BPM) is used to measure the horizontal and vertical positions of the beam In the vacuum pip of the accelerator facility. Before online
Installation, it usually needs to be calibration. High Intensity Heavy-ion Accelerator Facility (HIAF) and China initiative Accelerator Driven System (CIADS)
will need a large number of BPM, so it Is a great challenge for BPM calibration work. In order to complete this work efficiently and accurately, this research
designs and develops an automatic BPM calibration system. This paper mainly described the control and processing programs in this system. The control
software was designed by C language to realize automatic calibration functions based on EP-ICS. A high-order fitting algorithm programmed by Python used
to solve the problem of smaller linear range of the capacitive BPM. It significantly improves the accuracy of position measurement after calibration.

The hardware architecture of the whole system Is shown in Fig. 1. It consists of four

major sections, including simulate beam current equipment, calibration platform and

motion device, BPM signal processing electronics and Industrial computer. The T — industrial computer
automatic calibration system 1Is usually performed using the metal wire stretch
method. A straightened metal wire is passed through the BPM, and an RF signal is fed

to the wire to simulate beam current. An RF signal generator feeds an RF signal by

the SMA connector. The signal processing electronics connected the BPM detector |
via an RF coaxial line. It is used to process and analyse the output signal of the BPM, | .or
and acquire the position in-formation of the metal wire relative to the measured BPM Calibration equipment
detector electrical center. After that it send these data to the mdustrlal computer after
~ calibration ending.

Precise motion control device

Figure 1: Hardware structure of calibration system.

The capacitive BPM 1s mounted on a two- —
degree-of-freedom motion platform, which ~ —_Rfreference  f - o _..[ ADC ]_..

1s fixed on a test bench. The motion

platform and test bench are shown 1n Fig 2. AFE —»[ ADC ]—-

The motion platform is produced by Zolix -
Company in Beijing. Its repeat positioning AFE —-[ ADC ]—- (ﬁf}ﬁ’fﬁ) - g
accuracy 1s 1 um, and the measurement “
precision 1s 0.1 mm. The motion range 1n AFE —*[ ADC ]-*

both degrees of freedom is =150 mm,

which guarantees the precision and AFE _"'[ — ]"’

accuracy of the calibration result and the
comprehensive scanning range.

Figure 3: The diagram of the BPM signal processing

Figure 2 Motion platform and test bench. electronics.
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Figure 4: automatic calibration system GUI. Figure 5. Off-line data analysis programed in Python.
When the beam position 1s expected to be 1n regions where the position cannot be computed linearly, a polynomial approach based on the Maclaurin expansion
can be used. With x=(A/X), and y=(A/X), the two ratios, the position X using the Maclaurin expansion 1s shown as Eq.
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