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Fig.1 Controller and test platform of high-speed data
transmission of the heavy ion therapy accelerator.
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Fig.2 Hardware platform of the system of high-speed data
transmission of the heavy ion therapy accelerator.
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Fig.3 Overall scheme design diagram of data transmission.
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Fig.4 Result of transmitter and receiver
on the same board.
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Fig.6 Schematic diagram of transmitter and receiver on same
board with 200 MHz sampling clock.
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Fig.7 Schematic diagram of transmitter and receiver on
different board with 200 MHz sampling clock.
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Fig.8 Schematic diagram of transmitter and receiver on
different board with 500 MHz sampling clock.
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Fig.9 Ultimate result of transmitter and receiver on the different board.
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Design and implementation of high-speed data transmission system

for the heavy ion therapy accelerator

YANG Fan'? LI Guihua® YANG Guigin' ZHANG Zhijing'*
1(Lanzhou Jiaotong University, Lanzhou 730070, China)
2(Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract Background: Heavy ion therapy accelerator is introduced to reconstruct a dedicated synchrotron for
medical treatment based on HIRFL-CSR (Heavy Ion Research Facility in Lanzhou-Cooling Storage Ring).
Synchronous transmission of HIRFL-CSR uses the 400 kHz baseband signal with optical fiber. Purpose: The
bandwidth and reliability of heavy ion therapy accelerator need to be improved for practical application. Methods:
Differential phase shift keying (DPSK) modulation and demodulation method has been adopted, combined with the
parity check, BCH codec, scrambling and frame synchronization system, to improve the reliability of system. Further
improvement on both hardware and software implementation is taken to avoid any error in transmission process.
Results: Experimental results show that the error times reduced to zero by using two boards to send and receive data.
It is proved that the system can transmit data correctly and effectively. Conclusion: The system can accurately finish
the data transmission with high reliability for the high-speed data transmission system of the heavy ion therapy
accelerator. It has been directly applied to the scene of the heavy ion therapy accelerator.

Key words Heavy ion therapy accelerator, Data transmission, DPSK (Differential Phase Shift Keying) modulation
and demodulation, Phase change point, FPGA

CLC TLS6

010403-6



