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Abstract: Airborne radio frequency (RF) systems are rapidly evolving toward intelligent skins, multifunctional inte-
gration, and intelligence, with exponential growth in system data volume, computational demands, and product iteration
speed. Conventional FPGA+DSP custom computing architectures based on SRIO interconnection suffer from strong cou-
pling between computing resources and tasks, inefficient aggregation of heterogeneous computing power, and limited sys-
tem scalability, making them inadequate to support the requirements of next-generation airborne RF processing. To over-
come these bottlenecks, this paper draws on the computational architecture concepts of mainstream intelligent computing

centers and introduces them into the airborne RF computing domain, proposing a data processing unit (DPU)-based integrat-
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ed RF processing system. This system employs a high-precision clock synchronization mechanism combining IEEE 1588v2
and synchronous ethernet (SyncE), addressing the high-precision spatiotemporal alignment of massive multi-source RF data
in elastic distributed architectures. Based on remote direct memory access (RDMA), domain-specific architecture direct
(DSA Direct) data passthrough is implemented, supporting end-to-end zero-copy transmission from data acquisition and pro-
cessing to storage, significantly reducing system transmission latency. Through a heterogeneous computing power intercon-
nection mechanism integrating PCle and RDMA, aggregation and flexible configuration of heterogeneous computing power
under a unified memory view are achieved. Leveraging nanosecond-level synchronous access, collaborative heterogeneous
computing, and distributed storage capabilities, a data-centric integrated RF processing architecture is constructed. The ar-
chitecture consists of RF access nodes and a heterogeneous computing resource pool interconnected through high-speed Eth-
ernet switches, integrating intelligent, parallel, general-purpose, and reconfigurable heterogeneous computing nodes togeth-
er with NVMe-oF distributed storage nodes into a unified computing power network, thereby supporting task-oriented elas-
tic resource composition and dynamic deployment. Using a domestic DPU FPGA prototype, an experimental environment
for the integrated RF processing system was established, and typical data flows including multi-channel RF data access,
cross-node heterogeneous computing collaboration, distributed storage access, as well as RF data transmission, storage, and
computation were validated. Test results indicate that compared to conventional architectures, the system reduces single-
copy latency in data transmission to approximately 1/360 of the original; the peak sequential read/write bandwidth of
NVMe over fabrics (NVMe-oF) storage nodes with three disks exceeds 5 700 MB/s, representing a 6 to 8 fold performance
improvement over conventional methods; and the clock synchronization accuracy based on IEEE 1588v2+SyncE is approxi-
mately 8.33 ns. Furthermore, by constructing typical radar and communication signal processing chains, the system demon-
strated an access latency as low as 24.92 ms for 128 MB radar raw data in the radar scenario, while stably supporting the re-
al-time access of 38 parallel baseband data streams in the communication scenario, thereby validating its real-time service

capability under high-throughput raw data injection and multi-level heterogeneous computing. Experiments demonstrate

that this architecture provides a feasible technical pathway for next-generation airborne integrated RF processing systems.
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Figure 1 Airborne integrated RF processing system architecture
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Figure 2 Pulse radar working mode
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Figure 4 Typical radar signal processing flow
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Figure 6  Current mainstream airborne RF computing architectures
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Figure 8 Data-centric airborne integrated RF processing system
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