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Design of FPGA-Based High-Speed Signal Acquisition and Processing System
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In response to the strong demand for high—speed signal acquisition and real-time processing in
applications such as radar communication and medical imaging, this paper constructs a system
for high—speed signal acquisition and processing using an FPGA platform. The high—-speed ADC
undertakes the core task of analog-to-digital conversion, while the JESD204B high—speed serial
interface delivers the data stream to the FPGA. The FPGA leverages its parallel architecture to perform
digital filtering operations and real-time signal processing algorithms, such as FFT transformations.
Large-capacity data buffering is handled by DDR4 SDRAM, and high—-speed communication with
the host computer is achieved through Gigabit Ethernet. The system achieves a peak sampling rate
of 3.2 GSps, with an effective number of bits exceeding 9.1, and signal processing delays in the
microsecond range, meeting the practical engineering requirements for high—speed signal acquisition
and processing. In terms of hardware architecture design, the system adopts a typical "ADC + FPGA
+ DDR4 + Ethernet" configuration. The high—speed analog-to-digital converter (ADC), serving as
the bridge between analog signals and the digital world, undertakes the core analog-to-digital
conversion task. The ADC chip selected for this system offers exceptional sampling performance,
enabling precise quantization of high—frequency analog signals and providing high—quality raw data
for subsequent processing. To address the challenges of complex PCB routing and synchronization
caused by the high data rate output from the high—speed ADC, the system incorporates the JESD204B
high—speed serial interface protocol. Compared to traditional parallel LVDS interfaces, JESD204B
significantly reduces 10 pin usage, lowers routing complexity, and minimizes interference. The system
meets design expectations in terms of acquisition rate, processing real-time performance, and signal
fidelity, effectively meeting the practical engineering requirements for high—speed signal acquisition
and processing in fields such as radar detection, broadband communication, and advanced medical
imaging, demonstrating significant application value.
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