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Abstract: In the Orthogonal Frequency Division Multiplexing (OFDM) system, the receiver often needs to
know the channel state information, because the frequency selective fading channel will generate inter-symbol
interference in the data transmission. In the case of maritime communication, the method of channel estimation
is often needed to detect the channel subjected to the interference of various external factors. In order to
improve the estimation performance, the Fast Bayesian Matching Pursuit based on singular-value-
decomposition for Optimizing observation matrix (FBMPO) is proposed, which fully considers not only the
sparse channel of maritime communication, but also reduces the influence of uncertainty of the unpredictable

channel. Computer simulation shows, compared with traditional channel estimation algorithms, the proposed
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algorithm can effectively improve the accuracy of channel estimation.

Key words: Channel estimation; Bayesian criterion; Sparse channel; Matching pursuit

1 58§

Bl 4T B B WIIR A, B E i A AT
BS5E YR CEKE, MNSERC
(B, AR AR A AR 2 18] i ik 25 A i 75 SR H 3
W%, W LiEAE B BE 2 5] R R R R N I O
. EiE L ELBEERET, BT EE K.
KRAWMFELERR, # FIEE SRR R
Fyrll, IXPP VR o B R KO E IS 5 A%
R, A FRZ AT R TR Bk . PR,
R E BT ECA T HRIBEE RA N — R A

Wcks F1393: 2019-02-21; Sl F#: 2019-09-01; 4% HHAR:  2019-09-06
MEEEHE: Tk yingzhang@shmtu.edu.cn

FETH: EHEKERFE R4S (61673259)

Foundation Item: The National Natural Science Foundation of
China (61673259)

. AR, KREMSEPMEENEIES, i1
T 26 %6 G T W AR B, A5 TE Bl Sk B A )
M3, SCHk[4)Fe e, fEKEEEY, FEASE
R T < N7 @ ) VA6 6 5 = T S
e, 7 BLFE 2 R s 46 280 (Compressed Sensing,
CS)PIHIAR, IH4si &5 Mg AT B E A1)
SCHR[6]F0 STHR [7] 52 HY 1 >R HY S 4 5K A UL i 38 B
(Compressed Sampling Matching Pursuit,
CSMP) Hik B M i (5 8 Al vH 500, I8 ek ox 4
SR HAT R IR A B . SCER[S]N T
FRAREIEAM TE T R AR, R 7T 6
% (Smooth Norm, SN) I B 5 Al 1F % X
BR[9]#2 T IE 22 VUL IE #7 (Orthogonal Matching
Pursuit, OMP) &%, R H 8 H T 1407 52 H
(Orthogonal Frequency Division Multiplexing,
OFDM) & i Hh i) M i 5 38 fli vh o SCHER[10] 2 2T


http://radars.ie.ac.cn/CN/10.11999/JEIT190102

2 4

CI SR T S VS G IR R ) = B R P R N R 535

M bt FE H 18 97 VT L 18 B (Sparsity Adaptive Match-
ing Pursui, SAMP) & AT Mg {5 8 A 1F, H e
VT TSI TT 5. AT HeAE, DU BRI
Bl OR B 22 b N FE S TE A T b O T e INE TE AR
RURIANI E PR R 2R, SCHR [12]5R H DLt 30 15 45 J8
(Bayesian Compressive Sensing, BCS)&.y%, iHit
&5 DU S0 A5 10 00 5 00 {5 8 HEAT IR AR SR . T AE
SCHER[13]Hr R T 5T DU 72 >0 ) PR I A8 R 4
FIE TR SCHR[14] 0, DU SR 2R s A2
MIMO-OFDM £ G 47 # i 5l A 1

FESCER[15]) ROFERE b, ASCIRE T — MR T &
S AR J e AR A O 00 R R R B DL - S8y DG T S8 B
(Fast Bayesian Matching Pursuit based on singular-
value-decomposition for Optimizing observation
matrix, FBMPO)# 55 & - 5k . A RE
SARG LML, A AR BRI 5 4% FE AN )
PERE . ASCHABES > G 2 R B2 A A T
G EMBEOFDMIB S RGAHLHA, HE3WNA
FBMPOS%, 47 55N HE R EX 8
SR
2 B LRRIESERE

TEHE LR S RGEh, RGN SEbRa AR
KT RGN, FE 2R ERIERE
%, JEEERAEMEGE. — AW AR O LS T ik
P AT A (1) B s

L-1
h=> hié(r—m) (1)
=0

Hr, LERBERNZRE, h MRt ZI
SRR EE I A AN ZE . [RI A B LIS
BB AR B = [ho, b, h-]' o FEOFDM
Ao, RS RN TLLEEKE AN,
RGEL TG, NSRS IFET S HUE
B AR, HAREWME M-S 8. N7k
Haifg AL RE AL (B 4 (Inter-Symbol Interference,
IST)061T), - R 2 38 s 22 R4 (] B B G 24 T 4% (Cyclic
Prefix, CP)Jf HAEAE A 48 JE KT 5 KN 28
Tmaxe NG FHEMEELWG, ERIEHETS I
AT B HUE B AR, B fa 4 R AR S S BRI
Ui o A ETE AL TH R AR E o S B R
FHE Sy, IR IE N EOHE EHOR S ST IE
o SCHR[18]H HR H 1 48 2% R 318 B 7 A5 T Ak
THE FBC B, A0 B (5 T A mT DA
y=¢h+z (2)

Hrr, 22¥EN0, TTENCHEETAMRE, ¢f

E AR RE . R 51N — N 5 R 4 5
BT A3 A B s = [s0, 51, sp—1] RAKBL AT
WoBitE, ) s,= 10 {33650 P RAE 1 A B 2 A0 TT
%, s, =LIMR Ap, AP (s = ORISR
W22 R — prie BRI REOES i S R AR O i 4
Sk B 22 B 50T LA R
Plsi=1]=pii > h;i #0 (3)
Plsi=0l=1-p1; = h;=0 (4)
T BRI B R B, ps << 1. FN,
B =Y i TAERE LB, B
3 LB B RO Sk o 15 3 1 R T e T
Zop,, p ik, (MR, S50
B SIS, 155 R A 8 2 2(5)
h|s ~ CN (0, Ras) (5)
Hrr, R, M€ X Ns = [so, 51, ey sp) I T 206
B, i Res = B (s8T)4 52— A0 AR, FOX
LR NoZ . LA 15h| {s; =1} ~CN(0,07).
FI R DT A, T LA U S ) s
E R R, RS B By FI R A
plontls) = LBy pnls) (0
BT LAYE TR RIS LR, 30T LA S8 4 1 5 23K
s, MAp(yls,h)=pylh,s)=pylh), Hik
5(6) AT LA A N
p(y. hls) = p (ylh) p(hls) (7)
R (5) 2 (6) TR ALY, 7T D5
e[ e (o[ Bt ) ©
o, ()R BINE SRR, P75 R, A
R T BB R L A ATTR, TR A (9)
©(8) = pResd" + 0’ Iy (9)
R e S 13 R GRS R ER AR
P, TN SR RO, S DR A
FERERE, I B R I SORE I SRR . K
SARFESNE K. 08 S R MR,
23 TR AL RO — A
L, =32.45+201g(f) + 20lg (d) (10)
Hoeh, PR TAEIRR, TdNZmICR S A b
PR . W R BURE IT LA A (1) F R

(5

Lf = 101g
1+ D? —2Docos<

41Tt1t2 (11)
d\



536 B 7 5 F

2 %

42 %

Hrf, DyRoRAMIRERST R ity ¢35
AN BOR LR . RS, AR R S A

R BIE MK ZE TR o i LA SR
HIHAE L, 7T AT

Lo = (30 +7w)d (12)
6.09 4.81
= 10.00719 +
b [ 240227 (f-57)°+15
x f2x107° (13)
300

6.73 + x f2px 1072 (14)

Yw =

(f —223)%+73
R4 & Bk 3N, ana(15), FEiIENE
SIS T B 2 AR IRE, VT S S AU
AT R IR, b G MG R R 32 5 K
BER RO, LR RSFhRE .
L=1Ly+Li+ L.+ G + G, (15)
N A5 1) £ ¥ T 308 A5 A 49 450 FE A5 28 11 1
s WTUAE R, PG R IR SN, iR
AH B HBIE K

600

550 y \f U ‘P
,\,f\ﬁﬁa’hmf V

500 ﬂ

450 f’ J UU\J
400 N'Wl B

/

350 /

300
0 20 40 60 80
WRREZIRFEE (km)

B 1 ¥ FIEE R T
3 FBMPO#H{EE M T

Pk DLt Hr FCRCIE B (Fast Bayesian Matching
Pursuit, FBMP) 5L J& — R4 & 7B ZE kA
Wi 8GR E  S B, EE E T
TG ER 5 ANEER B2y, PRI I A A UL A B
77 AR R MR M R RS, RF AR
£5 . AXHRFBMPOA# A DL 3 VT ELIE BR
B, I HLId s 0 A UL N0 R A A v SR ARG 2
TR R a
3.1 MALTLMAERE

FE DU S pRos VT i SR Sk rh, (6 FH s B AL
FEREAE AR, RAGRCR R AR, SCRR[19])42 H
FE R A BSN h, DRA LI o fi A5l VR R i v
ARATRAEAT T B AT oot W AT AL, R
GOt S MR R AR S S, s AR S A

AR FE (dB)

i
=

g Lim e

R (1) PR 55 FE P )T (Restricted Isometry Property,
RIP) PO S i i (5 B A TH RS AR BE o AS 719 T i
AT B A 7 WROUAG BN (8 453 0L I RE P4 AR
X SRR A BE 47 AURIP 5T A RIS SE RE SR it SRS
A RN A e € RMXN AR JE ot B
WEEAT 7 A R = UWVT, Jop

Wy O]

0 0 (16)

w=|
Hrb, UlmxmBr B5ERE, Wi B8 mxnBixt
MR, VY, B VR E, EnxnM
fE . Wiy =diag(d1,02,-+,67) , FH H (01 >d2 > -
6 >0) [ RISKR HXT A 56 FE Wk o &R 31
ae;, WA KRTETae,WaFE, JFHST
. RIS — M- NI AN H,
A FE HIWRT 53 AR R 5k, 15 3 35T 1) 46 B
H,. 1414528 H 500 e, 1524000
MR, .
5 S KA BIAA LI AR B P AT A B

W3 0
it g1 =UWaWi' , Wa=| OF 0} , Hop
Wi = diag (31,62, 0:") , JF 40" =8 = =

6. =1, FEFHIMEW, .

ERET LI FERE 2 = ULWR' VLT, 4 T it
Ja AR BEAR N SR(9) AT R — T E A T 5
3.2 EFiRiENMHr AR R TREE A

PR DU T R 2 — b 4 & T eI B ik
PR ARk I /N 38 7 R 22 1 2 B ) R i3 AT a0 e
LS T 5%, FBMP SR T % 2 80 & s
RSB S RNERSEOECE, VUHD 5 50t R 5
JRF4EE, REERRME. Kby eE g At
e S SR R SE IR A0 A . AR TN
DU, AT RLEE B B S A ' s R IR
A

p(yls)p(s)
Wseap (yls')p(s')

R#IERO7)WERBERBA, o LU E
p(sly) it 5p (yls)p (s) IR . R (17)
GFIFHERFTHESG, HGe (0,1}, HERT
EAGERSBUTE S EIEE R, XA 4
GG E I Ep(yls) 8D (yls)p(s) 215 AV L Fr .
R, ASCH N — A NG 13 5 s o
MR L EE RS, NTHRAIERES
G, XTERIMER % PR % (Probability Density Function,
PDF )it i o Hots 4% 46 96 58 M (8) M s FEHE, 7]
PARIR N

p(sly) = (17)



% 2 1 ik %)\/:T—%:

H bR DU 7 UG HCIE B e A e b AR (5 TE Al T ik 537

Inp (y[s)p(s) = In(p|s) + [|s]|oInp:
+ (N = [s]lon (1 —p1)

L 1 1 _
= — Eln% - §lndet (p(8)) — §yTgo(s) y

L In(1-py) (18)
— D1

p(s,y) =

1
+ HSHO n].

MR FR, it EE LA E RS
BWE S, BEKE. Z8nEs. MEofhkp, 1
MR K, JEHE (s, y) Sp (sly) R AT ECR &R,
It CAp (s, y) BT B AR 2 Al T 2 5 ) & sV A 80815
&40 1y DL Hir DT L JE R 9% (Bayesian Matching
Pursuit, BMP) PR &2&: HAWIHHMSHIEs,
Phs=0JT40iEM, BEGE s EH K — R, 7
HELANAF R s &, I ¥ iX L sm &N
(18), MMt EH LA M, B f5IESEIF
AT KA e R DN B3, 4 HC i 4% 100 B FR KA
sl BEMREAGY . MR HEAT T —IEMR, Xt
G REAS i) & 6 42 1110 76 2% Bl LI £ — AN 1L
W, I S R R T KN R ORE Ak

GY. VIFEHE, THEH R REE S G RAK
SEMHENZ I ESH) . H2 ERERITEE R
B, AR T I S AR A B AT SN
LI BB AT SR BEE, R RO SR A

U0 ) 38 B bR BN A (s0) = p(s]) — i (si) o
Horhsi RomzmE TR T 28 o R HAl K o R AT
s, BIRNs; =1,s =0, [ ARFE(18)
Filp (0) = 0?1, WY s=0NE00 &I E, R

p(0) = —gln%t — glna2 - %iiz Hy\lg + Nn (1 - p1)
(19)

(7 R, P 45 3]
@ (si) =@ (s)+ o Pigpi" (20)

e aQ(20) AT R B AL, IRH#E E S AEN,
UES)

-1

e(s:) " = p(s) " —p(s) pi(dlp(s) i+ o)
(21)
ARE X
P
b =(s) ‘¢ ot ZﬁibibiTéf)i,
=1
Bi=(1+ 0'12¢;'Fbi)_17 ci=b;' P (22)

BRledt—28, 30(22) AT AS A%

w(si) " =p(s) " —a12Bibib;" (23)

WL TRk, w0 (18) B AT #E 44
ATe

MHE(23), FTLMETRI(18) & 54 1 3TN

yio(s) 'y =yt (80(3)_1 - 6ibibz‘T) Y
—yTo(s) 'y —Bi(y'h)7  (24)
R4E A (23), WAL R (18) h&F 5 A 1 52
iy S|

Indet (¢ (5)) = Indet (¢ (8)) — In ( 51'2) (25)

01
RHE0(23), AT LU (18) & 5 il EE1
TN
D1

1
lllptng

D1 Pp1
1-—p 1—p

= [lsllokn (20)

R HH 8 (24)
(S
M i
wisi) = — 711127( - % (lndet (p(s))—In (22)>
1 (yTsO(S)_ly — ﬁi\yHbi}Q)
P P1
T 17p1+N1n(1—p1)
= pu(s)+(s) (27)
PRI A (s) 7] LIS 2
1 Bi T
A(s;) = §ln (01 > + ,Bz‘y b; ’ +In 1 o
1E iR A3, A (s) MR IR sTESEn ML E L
SR DL R0 R 2 e B, bR AR S
FRAREEEGGE. mFESHE RN TR E
(Minimum Mean Square Error, MMSE)# 17 {4
i, B/p

7(25) FA=(26) RN (18) T LA

+ [[s]|oIn

(28)

ilMMSE = Z p(sly) E{n(s)} (29)

seGhl

FBMPOSE I I UL RIB IR TR o
4 HEXW

AL A EREPEROBEL S50, XY FTH
AT RAE . 4 LR 2 5 A AL 1 2
THest DU TG B 10 574 (FBMPO) 5 IE 221G
FJE % (OMP) A1 DL 07 45 B 1 (BOS) 43 il
SrE R I, M7 IR . (50 3T AT L
Be, WELASIA R NT0 MHy, [ R I 4
RS, TSR T B AR,
S AL, JESCRRESIE 10 MHz.
{7 2R AR N L =64, 1T B 35
Ofl Sk L S ST R TBERLAM, I FLZE bR
i BTSSR A A, L ORE { 1Bl = 1),

%ﬁﬁﬁ%%&%@w@mnﬁﬁﬁw@(f}%
AR TR AT, At p 0,04



538 R

f&

42 %

2 %

Hlp,=0.01 P A AN [F) i A% DL R AT 07 H EL . FoAk
I ESHRE L2,

A Sl I3 J7 1R % (Average Mean
Square Error, AMSE){E N5 & Al v 1 VE REFR1E

IR ZE I AN
AM%%B}:EHh—Bm

Horf, RS RN RS2 BRAS I8 A B 5 S A

w. (EE2-KE4d, i TFBMPOR LS OMPAHI

BCSH L, 7] LA I DL s UG Be B R S b

AN FEAE Y R ZE e b i, AR R .
%= 1 FBMPOEERIAIRAL

(30)

FBMPO#i%
N ZHmE s, WK FEe:, ERBEK, R and L
it hanvse;

(1) Initialize po,1 byz\(20)

(2) for i = 1 to L:

(3) b — @719 Bi !

(1+01267b;) "

1
(4) Bi,i* <—#01+ lg( )+5Bi|yTbi|2

+1
gl - p1’
(5) end for
(6) for ¢ < 1 to K:
(7) H1,q <= i b1, = p1i*; e e
Br,qM  B1i*,
(8) end for
(9) @i <~ Ur1WaV1

(10) for [ < 1 to R:

T. ¢ « W'V T,

-1

(11) Bi + (1 + 012¢i'Tbi)

12) e p0 4 i+ i (s7)

(12) 2 2 o
et Lo

(13) (l) — argmax; fi;;

(14) GO« gU-DyY,

CEH_I) A CEZ (l))ﬁ (l)z (1) (bu

(15) end for
(16) it#hase by#(30)

*2 RGMASHRE

ZHI A ZHE
EHEL B ARG EE T 6410 MHz
PR ER TR NGl 10 MHz16

W77 BPSK
JZHhLMER p, {0.04,0.01}

FFT/IFFT r% 1024
eI S {32,48,64}

[l A SC LA 1 2 M7 41 932, 48, 64 fEIE A
TR . AERERY, Ei ERGEENE ST

2 UK I 255 41 R IR 5% Ei_ﬁ_fufrﬂﬁxﬁl%%
HOREGT, SRAFEAR A TR E . FRF, ES5A
MERIL, ASCES T piE, ERBUES R RSE

1’ *-BCS
-©- OMP
i B
100 %% AFBMPO
c TR
:ﬂ . *"%-ae
= 107 b
= -6
-3 ZS‘\A G-\O\e“e\
10 A s, © o g
Bbeapn A
1(]*4 L 1 L

50 75 100 125 150
SNR (dB)

2 NJ320F, p20.040F, 3FHEVER AMSEXS L

10t
—+-BCS
Fe gy ©-OMP
TR --FBMPO
H .
o 107 g H*ow g
2] o9 *&-‘*"ae
= TOg..
< L Cog
10 A o]
Bea
A
A,
_ DA
1() 4 1 ! L
5.0 7.5 10.0 12.5 15.0
SNR (dB)

&l 3 NJy48Ht, pN0.04KF, 3FHELVEMAMSEXS Lt

10
+-BCS
S -©-OMP
s 4-FBMPO
107 | o
62 Tk
= b o .
= =8 *~%
=1 ~O-.
© -
< Ga..
107 4 ® o g
A \A‘»\A -
—A.
\A‘"AA‘A\-
10 1 L 1 ! i
5.0 75 100 125 15.0

SNR (dB)

& 4 NJN64It, p0.04R, 3FhEEERAMSERS EL

10° - BCS
- OMP |
H s 2, FBMPO
Toke—%

.
Dal B

107

AMSE

3 .
1073 & BDep

10

107

10.0 12.5

SNR (dB)
5 NA326F, poN0.0TH, 3FHELHAMSERT H

5.0 7.5



2 4

CI SR T S VS G IR R ) = B R P R N R 539

GEITE B k8 — e BI52m, Mpo~0.01, (518
TR AE S 7R 2 LR T p N0.0410
Kl6—EI8H IR T RS Z 3 HIAE I 257 5K B
932, 48, 641 1E B B A 15 M LG AR Ak ith 28 K
AVEY, Rl ARG EARNE ST, AT
FFBMPOXR %5 OMP R LR R A Lok iz iz it T
BCSf5iEfiit. HFBMPOYE RIS R AL T H —H
RFFEMN TOMPREIEMRR . d it K6 A1 9xt
b, MSHP S — e, #ibi B 0. 04 (K 2
0.018, FBMPOIA B 4F {58 il iH 250k
ARSCHEAT T 3MBEVEIE RS 2 L tha. A
FSOMPH RE I MM A Ibae 1, BARKE
FREEAR, (HRMEEFRNEEESRE, OMP
HIEEMENO(NK?) . A FiHRFBMPO S
RN He T R EEPAENA(18) L, HEREN

10°
Nzgt\ .
M=o~ K=k ==
BRI
Eﬂﬁ -1 \-g:\"
= 10 SRR
+*- BCS
A- FBMPO
-©- OMP
1072 . L

0 2 4 6 8 10 12
SNR (dB)

6 NA32MF, p 0040, 3FHEEIBERR H

10°
T T
N
R
N, ‘9~\‘
=10t \A\\~8

+- BCS 2.

A- FBMPO \

©- OMP N
10*2 1 1 1 L !

0 2 4 6 8 10 12
SNR (dB)

Kl 7 NJy48IN, p,H0.04F, 3FHELEMBERX H

10°
::ﬁ\
—-*-\-‘Qj\g;—-*—-—-*-—-—*-—-—*—
e SR
= | R
m -A\‘\_
- BCS SR
4- FBMPO NN
- OMP A
1072 . I L ! !

0 2 4 6 8 10 12
SNR (dB)

Kl 8 NJy64itt, p,H0.04KF, 3FHELLMBERX L

10°
:-g-lj-:gj;f-—*—-—-*—-—-*-—-—*-'
TR
& 107 N
*BCS DS
£ FBMPO A
© OMP )
1072 : : ' '

0 2 4 6 8 10 12
SNR (dB)

9 NA32F, poNO0.01R, 3FEEMBERN

O(ML), F:FTsE B AT KA fe 48 28 JE i F ik
PRI EON B E MR, R E LR R EN
O(RMLK), MWE 2 FFBMPOM LS E
FOMPH . MBCSH LKA HTEMAMA, &
BEHERERE, NO(MNK). A3 Fik3fhs
REM T E AL B R EET L 3R AR
FERAEAS [R5 7 21 IF 1) 3 55 I [A) B B an 22 3 F
e DTSRRI RTHEA LR RS 1Y 5 Antel Core 15,
FHH2.5 GHz, LRI LUKIL, OMP
BRAE firia R TS ) B as/b, i BCSHIL AT
FERITHENLIS S AR 2, RIS 2 AR 57 571 1
INEIHA,  BrE F RSO LIE SR (] Rl 2 39K

3 FRIEAEAREIILGFT IR H S EE (s)

N=32 N=48 N=64
OMP 6.4284 8.0413 11.4591
BCS 18.2541 20.8931 24.5212
FBMPO 11.4618 13.7194 15.0951
5 Zh5ig

P GE M R 5 A THITVE O B2 2111 5
R M 7 AN LE 2R R R BB T . BT
M2 H AR R IR A S S, HRRFE )
BAfE BIABENE. N T IREEEM TR, &
SR FH UL RE A pIE A f R DL - 407 UG e 38 B S0
e ERHTAEIEA T, ORI T i B AR TE R R
P, FIRABES & 7 DU EZE, 3k 30 S ks A e
WRCR . 2 i SER:, ArRFBMPOS LS
EAETHE TOMPEEMBCSHIE, I H 956
MR PRI, 1A AR IRAS A TR 2

& E x|

[1] XIAO Liping, LIANG Zhibo, and LIU Kai. A novel
compressed sensing-based channel estimation method for
OFDM system[J]. IEICE Transactions on Fundamentals of
Electronics, Communications and Computer Sciences, 2017,

E100.A(1): 322-326. doi: 10.1587 /transfun.E100.A.322.


http://dx.doi.org/10.1587/transfun.E100.A.322
http://dx.doi.org/10.1587/transfun.E100.A.322
http://dx.doi.org/10.1587/transfun.E100.A.322
http://dx.doi.org/10.1587/transfun.E100.A.322

540 B 7 5 F

S 1 Ha2t

[2] DAI Linglong, WANG Zhaocheng, and YANG Zhixing.
Compressive sensing based time domain synchronous
OFDM transmission for vehicular communications[J]. IEEE
Journal on Selected Areas in Communications, 2013, 31(9):
460-469. doi: 10.1109/JSAC.2013.SUP.0513041.

[3] DAI Linglong, WANG Zhaocheng, and YANG Zhixing.
Next-generation digital television terrestrial broadcasting
systems: Key technologies and research trends[J]. IEEE
Communications Magazine, 2012, 50(6): 150-158. doi:
10.1109/MCOM.2012.6211500.

[4] LI Weichang and PREISIG J C. Estimation of rapidly time-
varying sparse channels[J]. IEEE Journal of Oceanic
Engineering, 2007, 32(4): 927-939. doi: 10.1109/JOE.2007.
906409.

[6] GE Lijun, CHENG Yitai, XU Wei, et al. Sparsity adaptive
channel estimation based on compressed sensing for OFDM
systems[J]. Journal of the Chinese Institute of Engineers,
2017, 40(2): 146-148. doi: 10.1080,/02533839.2017.1287597.

[(] TAUBOCK G, HLAWATSCH F, EIWEN D, et al.
Compressive estimation of doubly selective channels in
multicarrier systems: Leakage effects and sparsity-enhancing
processing[J]. IEEE Journal of Selected Topics in Signal
Processing, 2010, 4(2): 255-271. doi: 10.1109/JSTSP.
2010.2042410.

[71  GUI Guan, WAN Qun, PENG Wei, et al. Sparse multipath
channel estimation using compressive sampling matching
pursuit algorithm[C]. The 7th IEEE VTS Asia Pacific
Wireless Communications Symposium, Kaohsiung, China,
2010: 10-14.

[8]  GUI Guan, WAN Qun, and PENG Wei. Fast compressed
sensing-based sparse multipath channel estimation with
smooth L0 algorithm[C]. The 3rd International Conference
on Communications and Mobile Computing, Qingdao,
China, 2011: 242-245.

[9) KARABULUT G Z and YONGACOGLU A. Sparse channel
estimation using orthogonal matching pursuit algorithm[C].
The 60th IEEE Vehicular Technology Conference, Los
Angeles, USA, 2004: 3880-3884.

[10] ZHANG Yi, VENKATESAN R, DOBRE O A, et al. Novel
compressed sensing-based channel estimation algorithm and
near-optimal pilot placement scheme[J]. IEEE Transactions
on Wireless Communications, 2016, 15(4): 2590-2603. doi:
10.1109/TWC.2015.2505315.

[11] CHEN Guorui. Channel estimation with Bayesian
framework based on compressed sensing algorithm in
multimedia transmission system[J]. Multimedia Tools and
Applications, 2019, 78(7): 8813-8825. doi: 10.1007/511042-
018-6443-1.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ik

JOSE R, PAVITHRAN G, and ASWATHI C. Sparse
channel estimation in OFDM systems using compressed
sensing techniques in a Bayesian framework[J]. Computers
& FElectrical Engineering, 2017, 61: 173-183. doi:
10.1016/j.compeleceng.2017.03.014.

BARBU O E, MANCHON C N, ROM C, et al. OFDM
receiver for fast time-varying channels using block-sparse
Bayesian learning[J]. IEEE Transactions on Vehicular
Technology, 2016, 65(12): 10053-10057. doi: 10.1109/
TVT.2016.2554611.

PRASAD R, MURTHY C R, RAO B D. Joint channel
estimation and data detection in MIMO-OFDM systems: A
sparse Bayesian learning approach[J]. IEEE Transactions
on Signal Processing, 2015, 63(20): 5369-5382. doi:
10.1109/TSP.2015.2451071.

SCHNITER P, POTTER L C, and ZINIEL J. Fast
Bayesian matching pursuit[C]. 2008 Information Theory and
Applications Workshop, San Diego, USA, 2008: 326-333.
WEI Zhuangkun, HU Wenxiu, HAN Dahai, et al.
Simultaneous channel estimation and signal detection in
wireless ultraviolet communications combating inter-
symbol-interference[J]. Optics Ezpress, 2018, 26(3):
3260-3270. doi: 10.1364/0FE.26.003260.

HE Chengbing, HUANG Jianguo, ZHANG Qunfei, et al.
Single carrier frequency domain equalizer for underwater
wireless communication[C]. 2009 WRI International
Conference on Communications and Mobile Computing,
Kunming, China, 2009: 186-190.

QI Chenhao, YUE Guosen, WU Lenan, et al. Pilot design
schemes for sparse channel estimation in OFDM systems|[J].
IEEFE Transactions on Vehicular Technology, 2015, 64(4):
1493-1505. doi: 10.1109/TVT.2014.2331085.

B, M. 2T IR AL A B 3G R R R A ],
HHUBH, 2017, 37(12): 3381-3385. doi: 10.11772/j.issn.
1001-9081.2017.12.3381.

HU Qiang and LIN Yun. Adaptive compressed sensing
algorithm based on observation matrix optimization[J].
Journal of Computer Applications, 2017, 37(12): 3381-3385.
doi: 10.11772/j.issn.1001-9081.2017.12.3381.

CANDES E J. The restricted isometry property and its
implications for compressed sensing[J]. Comptes Rendus
Mathematique, 2008, 346(9-10): 589-592. doi: 10.1016/
j.crma.2008.03.014.

Bl B3, 196844, WL, IR, LA, BIATT RV

R R CAEIE . ok HA LM%,

M E: B3, 199544, WiE, WRAT A HEELIRIE EIE

it BEAE SIERMBOR.


http://dx.doi.org/10.1109/JSAC.2013.SUP.0513041
http://dx.doi.org/10.1109/JSAC.2013.SUP.0513041
http://dx.doi.org/10.1109/MCOM.2012.6211500
http://dx.doi.org/10.1109/JOE.2007.906409
http://dx.doi.org/10.1109/JOE.2007.906409
http://dx.doi.org/10.1109/JOE.2007.906409
http://dx.doi.org/10.1080/02533839.2017.1287597
http://dx.doi.org/10.1080/02533839.2017.1287597
http://dx.doi.org/10.1109/JSTSP.2010.2042410
http://dx.doi.org/10.1109/JSTSP.2010.2042410
http://dx.doi.org/10.1109/JSTSP.2010.2042410
http://dx.doi.org/10.1109/TWC.2015.2505315
http://dx.doi.org/10.1007/s11042-018-6443-1
http://dx.doi.org/10.1007/s11042-018-6443-1
http://dx.doi.org/10.1007/s11042-018-6443-1
http://dx.doi.org/10.1016/j.compeleceng.2017.03.014
http://dx.doi.org/10.1109/TVT.2016.2554611
http://dx.doi.org/10.1109/TVT.2016.2554611
http://dx.doi.org/10.1109/TVT.2016.2554611
http://dx.doi.org/10.1109/TSP.2015.2451071
http://dx.doi.org/10.1364/OE.26.003260
http://dx.doi.org/10.1364/OE.26.003260
http://dx.doi.org/10.1109/TVT.2014.2331085
http://dx.doi.org/10.1109/TVT.2014.2331085
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3381
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3381
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3381
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3381
http://dx.doi.org/10.1016/j.crma.2008.03.014
http://dx.doi.org/10.1016/j.crma.2008.03.014
http://dx.doi.org/10.1016/j.crma.2008.03.014
http://dx.doi.org/10.1109/JSAC.2013.SUP.0513041
http://dx.doi.org/10.1109/JSAC.2013.SUP.0513041
http://dx.doi.org/10.1109/MCOM.2012.6211500
http://dx.doi.org/10.1109/JOE.2007.906409
http://dx.doi.org/10.1109/JOE.2007.906409
http://dx.doi.org/10.1109/JOE.2007.906409
http://dx.doi.org/10.1080/02533839.2017.1287597
http://dx.doi.org/10.1080/02533839.2017.1287597
http://dx.doi.org/10.1109/JSTSP.2010.2042410
http://dx.doi.org/10.1109/JSTSP.2010.2042410
http://dx.doi.org/10.1109/JSTSP.2010.2042410
http://dx.doi.org/10.1109/TWC.2015.2505315
http://dx.doi.org/10.1007/s11042-018-6443-1
http://dx.doi.org/10.1007/s11042-018-6443-1
http://dx.doi.org/10.1007/s11042-018-6443-1
http://dx.doi.org/10.1016/j.compeleceng.2017.03.014
http://dx.doi.org/10.1109/TVT.2016.2554611
http://dx.doi.org/10.1109/TVT.2016.2554611
http://dx.doi.org/10.1109/TVT.2016.2554611
http://dx.doi.org/10.1109/TSP.2015.2451071
http://dx.doi.org/10.1364/OE.26.003260
http://dx.doi.org/10.1364/OE.26.003260
http://dx.doi.org/10.1109/TVT.2014.2331085
http://dx.doi.org/10.1109/TVT.2014.2331085
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3381
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3381
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3381
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3381
http://dx.doi.org/10.1016/j.crma.2008.03.014
http://dx.doi.org/10.1016/j.crma.2008.03.014
http://dx.doi.org/10.1016/j.crma.2008.03.014
http://dx.doi.org/10.1109/JSAC.2013.SUP.0513041
http://dx.doi.org/10.1109/JSAC.2013.SUP.0513041
http://dx.doi.org/10.1109/MCOM.2012.6211500
http://dx.doi.org/10.1109/JOE.2007.906409
http://dx.doi.org/10.1109/JOE.2007.906409
http://dx.doi.org/10.1109/JOE.2007.906409
http://dx.doi.org/10.1080/02533839.2017.1287597
http://dx.doi.org/10.1080/02533839.2017.1287597
http://dx.doi.org/10.1109/JSTSP.2010.2042410
http://dx.doi.org/10.1109/JSTSP.2010.2042410
http://dx.doi.org/10.1109/JSTSP.2010.2042410
http://dx.doi.org/10.1109/TWC.2015.2505315
http://dx.doi.org/10.1007/s11042-018-6443-1
http://dx.doi.org/10.1007/s11042-018-6443-1
http://dx.doi.org/10.1007/s11042-018-6443-1
http://dx.doi.org/10.1016/j.compeleceng.2017.03.014
http://dx.doi.org/10.1109/TVT.2016.2554611
http://dx.doi.org/10.1109/TVT.2016.2554611
http://dx.doi.org/10.1109/TVT.2016.2554611
http://dx.doi.org/10.1109/TSP.2015.2451071
http://dx.doi.org/10.1364/OE.26.003260
http://dx.doi.org/10.1364/OE.26.003260
http://dx.doi.org/10.1109/TVT.2014.2331085
http://dx.doi.org/10.1109/TVT.2014.2331085
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3381
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3381
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3381
http://dx.doi.org/10.11772/j.issn.1001-9081.2017.12.3381
http://dx.doi.org/10.1016/j.crma.2008.03.014
http://dx.doi.org/10.1016/j.crma.2008.03.014
http://dx.doi.org/10.1016/j.crma.2008.03.014

