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Design and Verification of Autonomous and Controllable IP Core
for Satellite-Borne FlexRay Data Bus
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[ Abstract] Traditional spacecraft data buses such as €ontroller Area Network (CAN) and 1553B struggle to meet
the increasingly complex demands of modern spaceBorne missions. FlexRay, a bus technology that has matured in
ground-based applications, has emerged.as a research hotspot for next-generation spacecraft data buses owing to its
advantages in high speed, determinism, reliability, flexible topology, and low cost. However, the absence of
autonomous and controllable FlexRay=eompatible chips-and the fact that existing components are primarily designed
for the automotive industry-hds limited its deployment and application in China's aerospace sector. To address
technical challenges such aswthe, complexity of the FlexRay bus protocol, the high reliability requirements of
spaceborne missions, andystrict constraints on volume and mass, this paper proposes the design of an autonomous,
highly reliable FlexRay protoeol IP core. The self-starting architecture eliminates the need for an external host at
each FlexRay node, thereby reducing system volume and mass. In addition, a specialized message frame format
and processing method are designed to enable onboard maintenance of hostless nodes. A message filtering method is
designed to reduce unnecessary message processing overhead in FlexRay nodes. The triple modular redundancy
method, which effectively mitigates the impact of a single event upset, is also analyzed. Various error handling
methods are developed to prevent abnormal nodes from interfering with the FlexRay network. Finally, the
functionality, performance, and reliability of the designed FlexRay IP core are verified through Modelsim
simulation, hardware testing, and oscilloscope analysis. Experimental results show that the IP core is compatible
with a mature foreign FlexRay chip, supports multinode communication, and achieves a bit error rate of less than
107",

[Key words] FlexRay bus; Field Programmable Gate Array (FPGA); IP core; satellite-borne; autonomous and
controllable; data bus
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Fig.18 Node 2 receives data in time slot 8 of channel A
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