ISSN 1598-9127

Journal of the KIMST, Vol. 21, No. 4, pp. 437-446, 2018
DOI http://dx.doi.org/10.9766/KIMST.2018.21.4.437

IR A Fzfo} s HR

Signal Processing Logic Implementation
for Compressive Sensing Digital Receiver

Woohyun Ahn™" - Janghoon Song" - Jongjin Kang” - Woong Jung”

DEW R&D Center, Hanwha Systems, Korea
? Technical Sales Department, Xilinx Korea, Korea

(Received 22 December 2017 / Revised 10 May 2018 / Accepted 22 June 2018)

ABSTRACT

This paper describes the real-time logic implementation of orthogonal matching pursuit(OMP) algorithm for
compressive sensing digital receiver. OMP contains various complex-valued linear algebra operations, such as
matrix multiplication and matrix inversion, in an iterative manner. Xilinx Vivado high-level synthesis(HLS) is
introduced to design the digital logic more efficiently. The real-time signal processing is realized by applying
dataflow architecture allowing functions and loops to execute concurrently. Compared with the prior works, the
proposed design requires 2.5 times more DSP resources, but 10 times less signal reconstruction time of 1.024 ps

with a vector of length 48 with 2 non-zero elements.

Key Words : Compressive Sensing(%Z417J), Orthogonal Matching Pursuit, High-Level Synthesis(:1 <<= $4d), Complex
Matrix Multiplication(¥2~ 3 H ), Inverse Matrix(%} 3 )
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Fig. 8. Timing diagram of the input data with k¥ = 0
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Fig. 9. Timing diagram of the input data with k¥ = 0
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Table 7. Comparison of implementation results of the proposed architecture and the existing design

Roference Problem Size T(|m)e (F,\;lzq') (Fgma§ Target Resource Utilization N~
M | N | K Hs z m.n BRAM| DSP | FF | LUT
[3] 32 128 5 10.7 103 Q4.14 | Virtex-7 4 518 | 22564 | 18330 | 1.4 x 107
Proposed | 20 | 48 | 2 | 1.024 | 124 | Q414 Lnli;:stz;e 64 | 1319 | 126057177883 | 1.8 x 10°
7.4 B [3] B. Knoop, J. Rust, S. Schmale, D. Peters-Drolshagen,
and S. Paul, “Rapid Digital Architecture Design of
£ =F A= orthogonal matching pursuit &3lE]5F Orthogonal Matching Pursuit,” 24th European Signal
S nlgto g A=ATE 2A7toE BAst EYE} Processing  Conference(EUSIPCO), pp. 1857-1861,
T AEAy 24§ Xilix Vivado HLSE 283k 2016.
AAEI T AAS 222 124 MHzS] 52 543} [4] A. Septimus and R. Steinberg, “Compressive Sampling
H, AAZEOE JFATE ol 1.024 ps A7 Hardware Reconstruction,” Proceedings of 2010 IEEE
A= 9 Ase ~HAERS B o vt g International Symposium on Circuits and Systems
FPGAS! Xilinx Kintex ultarscale < F 7H¢] A& ¢ (ISCAS), pp. 3316-3319, May, 2010.
o7} A=Ho] A FERE ©d doly V|F DSP [5] P. Blache, H. Rabah, and A. Amira, “High-Level
A AR 60 %, THEFS 18 %, FHEH IS Prototyping and FPGA Implementation of the
55 % Q1 A& =18 5 UAATk Orthogonal ~Matching Pursuit ~ Algorithm,” 11th
International Conference on Information Science,
Signal Processing and their Applications(ISSPA), pp.
% 7| 1336-1340, July, 2012.
[6] H. Rabah, A. Amira, B. K. Mohanty, S. Almaadeed,
o] A= WA B T HstA A AlYs and P. K. Meher, “FPGA Implementation of
A Yito} ==l Th Orthogonal Matching Pursuit for Compressive Sensing
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