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Research on Block-based Matrix Transposition and FPGA Logic Design
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[ Abstract] Matrix transposition is a fundamental and crucial operation in digital signal processing and has extensive
applications in various’ fields, such as array signal processing, spectral analysis, signal filtering, and signal
recognition. The traditional matrix transposition method, owing to its complex algorithm, long processing time,
and low efficiency, can no longer satisfy the high-performance requirements of modern signal processing systems.
To solve these problems, this paper proposes a block-based matrix transposition method based on a Field
Programmable Gate Array (FPGA) and Double Data Rate 3 Synchronous Dynamic Random Access Memory
(DDR3 SDRAM). The core of this method is“the optimization of data mapping and access patterns. Distributing
the efficiency bottlenecks in the transposition process to both the read and write stages effectively improves the
transposition efficiency. Specifically; this method utilizes the high-speed parallel processing capability of the FPGA
combined with the high-speed storage characteristics of the DDR3 SDRAM to achieve the rapid transposition of
large matrices. Two DDR3 SDRAM chips are employed to construct a ping-pong buffering architecture. One is
used for reading the original matrix data, and the other is used for writing the transposed data, thereby achieving a
real-time pipelined transposition of the matrix. The test results on an actual hardware platform indicate that this
method has a significant effect on handling the transposition of large M X N matrices with dimensions that are not
powers of 2. Compared with distributed storage matrix transposition algorithms, this method is not limited by the
size of the matrix and can be applied to the transposition of any large matrix. It is also easy to implement and has
a transposition efficiency of 90%.

[Key words] matrix transposition; Double Data Rate 3 Synchronous Dynamic Random Access Memory (DDR3
SDRAM) ; cross-row access; Field Programmable Gate Array (FPGA); block-based storage
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