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Hardware Implementation of Orthogonal Matching Pursuit Algorithm for
Weighted QR Decomposition
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ZHANG Lei, YU Bai-shan, LI Miao’
(School of Optoelectronic Engineering , Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract: To realize the orthogonal matching pursuit (OMP) algorithm on a miniaturized and low-cost hardware plat-
form, for calculation of the least square method in the OMP algorithm, this paper constructs a deterministic perception ma-
trix and proposes a low-complexity, low-resource weighted QR decomposition OMP (WQR-OMP) algorithm hardware ar-
chitecture, and the WQR-OMP SOC system is built on the ZYNQ 7020 chip. The WQR-OMP algorithm is that after the
QR decomposition of the sensing matrix according to the distribution characteristics of the elements in the triangular matrix
R, the elements on the main diagonal are retained through the weighting operation, which returns other elements to zero to
obtain the diagonal matrix D, and then approximately computes the solution for the sparse vector. The experimental results
show that compared with the hardware architecture of OMP algorithm based on QR decomposition OMP (QR-OMP) and
Batch-OMP algorithm, the WQR-OMP algorithm has lower computational complexity and fewer storage resources. The re-
construction time of the WQR-OMP SOC system is about 400 ms for 256x256 resolution images at a compression rate of
0.25, which is 6.3 times faster than the ARM processor does. Compared with other existing researchers, this system further
improves the reconstruction speed with less consumption of Block RAM storage resources and is suitable for hardware plat-
forms with limited storage resources.
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K5 WQR-OMP SOC JFFEE]

Trhik
LT —| 4 0

A a, 0, 8 {;11 =
!
b 7 T
o il Eﬁjg % | WQR | | % g (1] B

7

HG E%T’ﬁm . o it wi [T
S et

K6 WQR-OMP &k fifi {145 4
*£3 EgErEfGIT

Hﬂ'%ﬂpﬁﬁﬁ(Latency) QR-OMP Batch-OMP WQR-OMP
HAn & 16 714 66 058 16 714
BT 56 944 19 184 35565

it 73 659 85242 52279
x4 HEHEE
gl QR-OMP Batch-OMP WQR-OMP
BRAM_18K 88 170 87
DSP48E 40 97 40
FF 19 324 18 836 18 928
LUT 13 165 23374 13 021

PR IRTHAER D T4 T R A (R R4

25 LTk, 5 QR-OMP 55 Fl Batch-OMP 5332 (1 fif
PEZ5 R L, WQR-OMP 334 fif 4 45 ¥y HL A o #4) 3of JiE
PG FE D B, BT E TN RAL AR A B
7550
4.2 WQR-OMP SOC EHLER

ARSI WQR-OMP SOC £ 4t %% I I #E 15 i 4

5 R, Hoh DSP I AE 40 1>, BRAM I AE 421, R

THAER > . WQR-OMP SOC R4 s U R M S Y%

435 2.109 W 10.160 W. 3 245 I 3R 3% 1 ARM 4b B

% A WOQR-OMP IP 4 A, Horfr ARM AL F & 5 T 73%.
&5 WQR-OMPSOC & iFEFE

PR THAEA ST FIHI1%
LUT 16 773 53 200 31.53
LUTRAM 1578 17 400 9.07
FF 19 446 106 400 18.28
BRAM 42 140 30.00
DSP 40 220 18.18
BUFG 1 32 3.13

o 55 iE WQR-OMP SOC & 4t i) i i 2 %, Al H
ARM 4b B 2% % 1T WQR-OMP & ¥ , 4k J5 43 )
WQR-OMP SOC il ARM 4b 2 5 XF & 4 (a) " #9 DY i
BRI AT A, FAG L5 R a0 6 firs . X bb A
& ., WQR-OMP SOC [ T #4 B [[] 29 24 400 ms, ifij
ARM &b 3 &% 5 44 1] [8] 29 8 2 911 ms, JI] WQR-OMP
SOC 1Y T K 3 % A0 1L ARM 4b 38 28 (1% 20 4 33 %< 42 T
T 4631,

4.3 S5HMEGSHITIEXTLL

T £ R A RRR R () P R T L B AR S
BT 5 AT & 1) TAEMI EE, ange 7 Fis . fE53C
Bk 10X FE B, 4% 3C T AES % 7 100 MHz, Block RAM
TH#E 38 1~ , DSP i #E 354>, LUT I #E 15.0K />, 5 44 Aif
6] 4 1.420 ms, 1 SCHK[ 10 ] TA/EH5 2 4 113 MHz, Block
RAM JH#E 1324, DSP JH#E 446 4>, LUT 4 #E 114.0K 1,
AT ] 247 0.021 ms. HAR A SCHE A U B H BT IR
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Lena FE 441, DSPINAE 574, LUT W #E 18.5K />, A4 I i)
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X Peppers } ] [ 4 2.500 ms. £ 9RASSCHY DSP AT LUT HEUR IS #E L T3¢
PSNR=23.338 dB, 399.788 2911.673 X e v e N R
RN k(24 (LTS3RI Block RAM VEURIH FE A 1% , OF
- FLA R G Bt ST, AR ST A
SSIM=0.327) Yysep, o] DL DL IR A T ARSI R A0, $12 v 5 44
Barbara E . Wﬁi‘iﬁﬁ‘ﬂ‘] WQR-OMP SOC /Z%é Lﬁﬁﬁﬁﬁ’ﬁ‘?ﬁ
(PSNR=23.384 dB, 399.787 2911.621 THFER /D AN B R D B L B, G TR AR B s 4
SSTM=0.450) . 2
1 .
®7 SHMHREEILELRR
AR PR MXN | FRGEEK | X HC Sk -5 TAESIR/MHz EAGH ] /ms | Block RAM/A™ | DSPAS | LUT/A
SCHiR[10] Zynq UltraScale 113 0.021 132 446 | 114.0K
64x256 8
AL Zynq 7020 100 1.420 38 35 15.0K
SCHik[24] Zed Board 110 2.500 81 36 13.7K
84%256 15
A3 Zynq 7020 100 2.075 44 57 18.5K
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