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13
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AIAHE (Hoo) L (14) N HE p MES,
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ireI\i
(14)
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(15) 3 5 S-NSP #E | 1y 2 15 X — 2, Bl ] BL4%
MLD 5 CS # LB RTE—iE.

M Hes (NAEA RN, € {0,1} LHUER,
R Heg W5 /2 S-NSP HEN], 84 Heg 135 2 AR
HEIEWR RIS 26 1F. Db TR — NS e —
HEHIRERE Hes, 4 Hes 78 MLD S B A BT I 1 B
I, K Hos /BN &5 FEXAS 5 3E 4T 240t [F] R
A EWIFMERE, CS S5 MLD R B2 U
K 1T~ LDPCHRE S & #iE B 7E CC A5 A Fh B
HRegiE L F AR MR YERE, kAT LDPC RSl
B B AT A A R R 8 4R ey I A HH N A
M.

0,553

s S NSP
cc PR

MLD SRR fai

K1 CS15 MLD WH IS EREFRRE
Fig. 1. The theoretical bridge graph between the CS
theory and the MLD theory.
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LDPC M B MpitE. #lin—4(8,2,4) 1 LDPC
B B R (16) NPT
(10101010
10010101
H = . (16)
01100110
01011001
H—5BH 2N EFmE, 817 RA41ME
Fla) i, ARAE (16) 2y 0= B 1 W B 7 R A

o+ T2 + 24 + 26 =0,
x0+$3+$5+$7:0,

1+ zo+ x5 + 26 =0,

(17)

x1+a3+x4+27=0,

B X DY B T R L R R R e A 2y, Za,
Zs3, Zy, W0 293 O¢ & 7] LLK 75 N LDPC 15 (1)
Tanner &, a0 2 s,

B2 (8,2, 4) KN LDPC A T Bl
Fig. 2. Tanner graph of the regular (8, 2, 4) LDPC

code.

B2 Fr, s s RO RS SR Y A, 5 B R
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B UM H SNR = 101g |'|'v‘;'|'|2 A
2
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W OIER S A I IE I 2 A5 E

FE— BERZERESH L, =5, Bk [H
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74 = 800 ns, 75 = 1000 ns, 3 HAESNR = 10l
0 dB FIZAF TR A SR AT m = 200 15 5
SeAG. AR REL4ERE N 64 x 512, B w; = 8,

BN E AT 7L, (L = 1,2,---,5), W 3 (a)
I 3 (b) Broas. 0T LAE H A SC B LR i == 50
B 1) 2% 2F N BR 0% 45 20 B ZE 1 0t A% o, 40l 3 (a)
i, HEEMRA S (SNR = 0 dB) 24, R¥E
=R RO B AT LR AR SCEOE MK I BE
g IERAAL T SE, WEE 3 (b) B, X T Bl
R AR

15 ,
(a) —o F—5&12
1.000 —p PR
— =5
0.998 —o mnEi
599600 601~ —A IR
1.0 9 [} 4L
B
lg
0.5 |
0
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I 4E /s
L5 ' ' ' ' o
(b) —o i
1.000 s ke
— KR
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1.0 Q > » [n] A B
B
1aE
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0.5}
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W %E /ns

3 ARG MR B A R T T A% A B IS A T A 4 A7
(a) SNR = 10 dB & F 4B T 4 R AE A (1
(b) SNR = 0 dB %M T A ULV TLARAT I SE Al (5
(PN PR 3 = SR AR N S A B O R R ORI

Fig. 3. Distribution of time delay estimation of 5 path
under different SNR conditions: (a) Time delay esti-
mation of 5 path under the condition of SNR = 10 dB
by the algorithm in this paper; (b) time delay estima-
tion of 5 path under the condition of SNR = 0 dB by
the algorithm in this paper (the interior illustration
is the local magnification for time delay estimation of
the third path).

HEZ 1F W R A AR (A (48 64 x
512), SNR = 10 dB I T, BA B ES i
BEALIN B0 FE A BEHL LDPC IR 45 R 4T X L,

) 2% 1) X = ol B9 f I A A R SR B 2 AR B E AR
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2k, g RwmE AR, ATLUEH, ML, <8
I, =RV IR E AR RS A XA, ML, > 8
I, A S5 5 BEHL LDPC I & 40 B 1 1E B 5 A
MR = T I BE LI AR B, A SCREE R T Il
PEG 53510 A, FH LT B AL LDPC Wl & 5 B 5
/b7 Tanner B H 5 34 (1 &, [RIGTE Ly, BOK A,
HAEHEM—ZrPER.

1.0
0.8
g 0.6
2
13
% 0.4
—o— e kAL R
0.2 1 ——BHYLLDP CIlRAER:
—a— ARCHE

0 2 4 6 s 10 12z 14 16 18
ZAEHH /5%
P4 A [ 500 DE 1 B R R i 22 A2 20 AR A ke L
Fig. 4. The variation of the probability of correct re-

construction with the number of multipath contrast of

different algorithms.

FE= EAFNEMEMEYERE, SNR =10dB
A N AT B, o B AR SCREAE YR
64 x 512, 64 x 1024, 128 x 1024 I} TF 7 B Mk
ZRHEB L, B R mE 5 s, AT
BHATED B — AT, 128 x 1024 4E 19
MR A B U B A AR DR TR EE A R
T R ek R o ) R O 4 EE D T e

1.0 p OO
0.8}
% 0.6 |
_\’E
=
504t
—e—64 x 5124
0.2F  —+—64x10244
—8— 128 x 10244k

0 5 10 15 20
ZARHH /5

5 ANFEFERRYE LA T A A IE M EM MR 22
HH AT EE

Fig. 5. The variation of the probability of correct re-
construction with the number of multipath contrast of

different matrix dimensions.

FEMN M4 N64 x 512, SNR =
10 dBRIZHE R, MR¥E (19) X, itFE AL E L F
DR B P AH A

Hegi, Hes;
p(Hes) = [(Hosi, Hogs)
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SE |- [l TR I 0o S A B s R A
ORI B 91 R (A 6 7%, o A Hh A6
EL W I RO HRAR SR 19], T
A A A, TR R . A4 1 T K9
AT 2 S B ) 5 5 2 RO,
T M 15 75 23 ) B 2 P [
BI% 2R, B AR 91 (A A 8.

1.0t

0.8}

LEPS

0.6 |

0.4}

0.2}

HIE

K6 A SRR AR I A R B 5 B A o R
Fig. 6. The variation of the measurement matrix cor-
relation value with the column weight of the algorithm

in this paper.
5 HFHZEGWHEERE N

B BE I B ) 4E B2y M x N, BEHL LDPC
I 52 B 5 A SO L MR S S N w,. TR
o BEATLI 2 R rp AN ST ER I N BE LA, R
T BE LI B AR B A A7 ik 2 1A M x N, LDPC 2831
BT w; MTTRIUEAN L, HRTEA
0, Bl LDPC 280 25 M A7 S A N X w;.

7R F CS Skl it i 2 f et F2 op, iR
J FE S R R 4, B R R 0 A B S S S I E
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Table 1. The comparison of the algorithm complexity and storage space.
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Abstract

Time delay estimation (TDE) is a hot research topic in wireless location technology. Compressed sensing (CS)
theory has been widely applied to image reconstruction and direction of arrival estimation since it was proposed in
2004. The sparse model can be constructed in time domain for estimating the time delay by using the CS theory. The
measurement matrix plays a crucial role in the processing of signal reconstruction which is the core problem of CS theory.
Therefore the research in the measurement matrix has becomes a hotspot in recent years. The existing measurement
matrix is mainly divided into two categories, i.e., random measurement matrix and deterministic measurement matrix.
The performance of random measurement matrix has bottlenecks. Firstly, because of the redundant measurement matrix
data, the generation and storage of the random number put forward a high requirement for hardware. Secondly the
random matrix can only satisfy the restricted isometry property in a statistical sense. The research of the deterministic
measurement matrix is of great value under this background. The parity check matrix of low density parity check
(LDPC) code has good performance in CS theory. However, the method of randomly selecting non-zero element position
has a certain probability to generate a measurement matrix with a short loop structure during generating LDPC code
measurement matrix. The robustness of the reconstruction performance decreases with the increase of iteration times.

A novel quasi-cyclic CS algorithm based on progressive edge-growth is constructed to estimate the time delay.
The purpose of this article is to deal with the need to store a large number of data in existing measurement matrix
during time delay, by using the CS theory. The algorithm presented here can achieve TDE in a high precision. First,
the theoretical bridge between CS and the maximum likelihood decoding is established. And the design criterion of
measurement matrix based on the LDPC code is derived. The sparse measurement matrix with quasi-cyclic structure
is constructed by introducing the idea of progressive edge-growth. Finally, the orthogonal matching pursuit algorithm
is used to estimate the time delay. Furthermore, the computational complexity of the algorithm and the data storage
of the measurement matrix are analyzed theoretically. Simulations show that the correct reconstruction probability of
the proposed approach is higher than those of the Gauss random matrix and random LDPC matrix under the same
dimension. Compared with the random LDPC matrix, the proposed method can improve performance at the expense

of less complexity under the condition of the same data storage.

Keywords: time delay estimation, compressed sensing, measurement matrix, progressive edge-growth

PACS: 07.50.Qx, 07.05.Kf, 84.40.Ua, 89.70.Eg DOI: 10.7498/aps.66.090703

* Project supported by the National Natural Science Foundation of China (Grant No. 61401513).

1 Corresponding author. E-mail: lengxuedong@outlook.com

090703-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.090703

	1引    言
	2数学模型
	2.1 CS理论模型
	2.2 CC理论模型

	3基于PEG的准循环CS时延估计算法
	3.1 MLD与CS的理论桥梁
	Fig 1

	3.2 基于LDPC码的测量矩阵设计准则
	Fig 2

	3.3 基于PEG思想的准循环LDPC测量矩阵的构造
	3.4 基于PEG的准循环CS时延估计算法步骤

	4仿真实验
	Fig 3
	Fig 4
	Fig 5
	Fig 6


	5存储空间与计算复杂度分析
	Table 1

	6结    论
	References
	Abstract

