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Review of algorithms for designing sparse linear arrays

Zihao Li%? Chengpeng Hao?,Sheng Yan!

(1. Institute of Acoustics, Chinese Academy of Sciences, Beijing, 100190, China; 2. University of Chinese Academy of
Sciences, Beijing, 100049, China)

Abstract: The sparse linear array can effectively reduce the complexity and cost of the antenna
system, and its optimal design is one of the research hotspots in the field of array signal processing
in recent years. Based on the introduction of the array beam pattern model, this paper classifies the
sparse linear array optimization design algorithm into five categories: random search, Fourier
transform, convex optimization, matrix decomposition, and compressed sensing. The research
progress of these five categories is also carried out, and the research trend of designing sparse
linear array design is also summarized in this paper.

Key words: sparse linear arrays; random search; Fourier transform; convex optimization; matrix
decomposition; compressed sensing;

M4 e S B AL A5

SHEMRLL . ESERR TR,

15§51

B RS B A L=, IR M@ 5%
AT Z N, AT A B S ORI
FREBGUK I TR R L, B E e
PS8 — AR S BIT R B B, R A B AR i
ARFRAT AT 1 AR 9B JSE R 55 70 FL T O A

EETH: ERAARFIEELTE (61971412

fEE WA BTk (1996-) , % (BUR) , ILAEZAN, &
B p S iy N 231 W A S
W ABFENS (1975-) , B (R , BT A,

rh B2 B 7 S SUFTAF 7 I, haochengp@mail.ioa.ac.cn

N T IRIVEEBIRI S EE R, &2 RS ALAR AN
ool . PRI T FE T BEAN K B 2 5
HE&FEFI S, MooleRfgmieTt 7 R4y
MEFEANRSAS . N T BEAR B AR MEA A, Wi B
LB BT SR T EM . ZBORZAE RS AL
RIVTPAR R AT, RIVECRAFRE 51 ) A L 20 7
AARRIRTIR T, 9D BE s BRI A & B e i 4 B
A Jey, B A R PR RE IR T B . T
SRRE BT HE R IR 73 B4R B 81 ) B T ] oK T
P, PR R o A 1 TR RN 1 5] LR R A
FHEETE S, FESERRPA S A 2% B AF I kg



AN SR AE S Wit ie /& TRERN I b, Hibi B2k
BB (AT A T 30— e e A B g 1) 7t 820, A8
H7 A B B S R, AR A (Al R R i
Jh AN oA B R PR BRI, R B R
B A A& — AR R AL R, AR 45 SR A —
A R I TRER M5 E, BAREE
A DI ISt o A B AT A N 240 R 4 A0 4
BEARFEARI B 1, ABAE L BRI o 52 3 Hh A 2614 1)
S, BEoh B S IR HUEAE w2, TS 857
M Pz, EESHIRENR. KR
SHIX P R R EGEEHRE, BIHFFEFHROMTE
VIR

N BENE VRN b X B I 2R I A 1
ITLRR, A CE A 2 S E R 1 R T 4]
BIBRFIVEREARTE, I 70 A 56 T e /NI 55 i HL T
53607 1) B AL R B 2R R A BT R . 2 S
FE56 3 AR IX P IS B TR RY S IAT 4 S50 BE AL
MR RN A RS R R 48 R N
XA, MR T AR SRR ER . REM
BHETC bR . 5 4 T8 7 SRR AN L%
FREEMRER S . 5 T28 5 B &b TRALT
L TR, 6 BB BLR M B BRI R R R
e,

B R RN B Z R, Jext— 53k 4T
SE X ARRESBK . JRREBCAAL, Bji 2
=1 k=2an BG5S Wt ||x|| o ||x| 25 B2
AN IA) X LG A2 K . D (x) 7 xVE B i B
AR 46, () T 2 7R o x 1 25 M B v 3 AR 4
mainlobeZ 7~ W77 ) [ =X 3, Tfisidelobe#®
TN AR T 1 PR 55 3 (X da o XT3 % ol A o B ] xR
FEEIBE, xR IR A B Bl ) xR LB 5

2 MRELETINALZITER

2.1 BELRFEFIRE R 7 A AR AL
PR T Tr) PR 1 LR B 1 R I R AR
FAE T R RGBS RE B2 (R A0 AG T 0 . AR S
WR[3], ELZRFEA 9 AR 7 1) B AT LA A B DR -7
JCIA TR R 20
F(0)=1.(0)-1.(0) @)
X, FO)NE LR AR T B fo(0) RN ENE
SHITHITT B, SRIEICH T fa(0) SRR E
FoE, BERRTERER 7. Al W9k A 7 ) B B oo R 1
MER AL e . FEREA BN, &1 [R5

ST TTH R EZ RS, BITTH T fe(0)=1. BHUILXT T
TGRS M AR, 37 1 T AU R T2
7N

F(0)=1,(0)=3 w,els @)

K, do@ZE n METCESH G Z PR W
B on ARG AR 5] BRI & M B
BELRE, WA T REERY A RQ), KR E
LRI RL ) 2l 5e () A 1 . X T B4R
B, WL R 7 W 45 Dolph-Chebychevl
Taylor-Kaiser J% 5 5l 4% E1| 77 ik P12k

2.2 FT R/ NEAE 5 AP IERY

U1 55 % FL°F- (peak  side-lobe level, PSLL){E N
P T7 1n) R AR AR, SRAE T R ZRFE BN 55 R X
AR TS 5 AMHIRE 7 R 5 B 2R R A 1Y)
A ALRE PSLL VENRAGE) B breki %, 72> b
TR IR OO E . BRI R, AT RE AR
Hu AR T B PSLL. RS iE— /Mot B 2k [
b, HALER L, FEosE N N, H NN RS
LR T4 K HEA 5 S R R R o B M, 58 X
TG I 471 T XoF I PR 38 o7 T T U A 55 0 FELSF Oy

PSLL(w,d)= max{ZOIog10 @} 3)
6 € sidelobe
A, P & os B0 ELE K 51 (R T [ L F(6)
FEREAN AL IX I EAE . ANR@) T, Wik B2
MBI PSLL Z 2 u i B R R d MR E w
FAISEIE o PRI 2 T i /MG DB AR 55 6 FL -~ P DR A A Y
Ik 3aV5|

myl PSLL(w,d)

s.t. d1 =O,dN =L (4)
d; #d;,i=]
ij=2...,N-1

(@) IR DA IR ¥ IS 1 i EL R
FIBLHH B R SR, 0 1 AR E A E X TR
BLAFER BT Rk s, RIAE 20 4D 90
FAUERESE BN R . A B AR LA iX
=R,

2.3 ETJ7 A EERRER

5 f /MU AEL 55 T F T AR AR BUAN R, 5T
Ve LA P DA SR S £ ORALE Ao I8 L P 471 14 77 17
5 HARJ7 A B 2 8 R IR 26 AF N I8 e Al
= IF R RARE TR ALE . BB 2R



SRR RN N, g Fon G 07 S B s s
B R R, WHZAU AR ] LRIy

min N
w,d

st

X, Frer(O)Fn CAERITRAER B AR 7 B, 1
W E R E WRALIR I Chebyshev 77 a1l JE T —
T D) 2 7 5 5 B2 1) (1 3 o7 ) P o S5 L AR A AR
INZ2 2 I IR A R s 4 R e 3k P 2 Bl L,
A RAFRE L B e B AR . R T BRI,
Bl 1 20K T R AR B S AT A i i S 2
[ (R0 R 2R o

®)

N
Feer (0) -2 w,e™"?ldo <p
n=1

| I ' |
| | |
i | > ERARE |
| | |
I | | !
| . I
|| RS R || b - |
| BRfE mmaliL = LN
| 1 |
| | > i |
| L |
' |
| s A
[ PR ||
A i |
! ! > EgERE |
| | |
| |
| RS Wit |

- == S UG S i A AL I Y

B 1 BB ELMIMER S Bt BRI R R

3 MBI E A

3.1 ET RN R G EE

BEALIE R L2 —2 2 B TR s
Bk, Hh A FEERILER K & (simulated annealing,
SA)E!, 38 4% B (genetic algorithms, GA)L. ki1
AL S (particle swarm optimization, PSO)EI, 243
Ak 5% (differential evolution, DE)®. d(EEAR Ak 5
¥ (ant colony optimization, ACO)%. FfHI48 R &%
(1) PR30 72 s /N AR 7 5E R B, T B R T DA
HRPE AT =R EH B X, RAT DO R AL 21 2R
T T fe MR 55 0 FE P AR B o, AR
FEBRRESI PSLL AE A id B s BRI AT o 51 sk T
SRR A B ELZR RS, TR oA BAE N
g, FFAERENLAE RS IS N RO PSLL,

fitness = PSLL(d) (6)

Ao, fitness AKRBEHLIE &= BIEMIE N FE R % R
AR B R TG B KB d=[d1,d2,....dna]. ZR(6)1EH
BEATLAE 2 SR AR IR AR 2 Hh B A 0 R 271 PO 08 TR 7
] B ) PSLL, FE[AIBT3RAS & B oA E . FREE T
ST R RS TE, V2 F 3 TFIR IR & A BE AL
R E LA (6) LA 2. 1994 4, Niell Fl
Haupt(MOMH i 7 2% 2 B 18 43 AT GA HEH T %1 5R
U PRV I B B ) A A, R IE 4 B S e i B
XFFLEN 99.50 MM LIRS, U 150 /NFE
TCIERIG R PSLL 51K 9-22.09dB (135 o 77 7] &
ANFEME, SCHR[L0,10] ) GA BEIRER X AL AR
B, fEICArE R BEESERIEE R NS b, BEohiE
(1B B EESZ 2 T RCOR IR S, AT E— 0 BRI T 5
RERE, DRISCRR[12] 5] N T — Bl B A e,
AT 4 H — AN S ) R R P AR ABE BY, FEAL
RN GA BIRINRTHE T, AI3k1G PSLL 4-22.34dB
A7 I, YRR AR T SCHR[10,11] . SRTMTIX
PP B AE AR A 2 o 2238 BB o (] FE /N T2 U
KAIEOL, FEUE BRI ST 38 0 1 B o) 1) BLRS
RN, (R Chen 5 NPT — R Mot Ry sst A% 50k
(Modified GA, MGA), fEASFAIFELAGEIAL E 3G
BTG IR BE R TP K A 5 1, AT ZE R 1R E i
WREHFFE . BT GA Hyk, HAMKE TS ER
(% B 2R PR B B B AR gk g e i, ol 2t T
R G [H] #E 29 9 (1) 2 3k ki 1 #F 509 (improved  PSO,
IPSO)S1, 3 - B K o i () it 4 004, 3 o e s
Z oy HEAL Bk (strategy adaptation DE, SaDE)I*®, 4
HER 2243 4 32 (modified DE, MDE)R®!, it
W i 4492 (improved bat algorithm, IBA)M14%,
TERENIE RS IET, BAR(6) ML B oS
TSI RUER, A &P B LR R S T B
ERARA P BEACA B OO E, G R R 5 1) [
PEREATI SR AN R I o [RI DL AT LUK B e A B S5 8 &
TR EIATEA A, it — 51T ERE, BP
fitness = PSLL (w,d) @)
RO 5 6)A L, BAE A hEE
FITHRTE, DA R T 1 B B 2R RS M
#F30(6). Kurup 2 APUEFH DE HILIGIE Tix 4
ghity, R f7 B S0 Ul B0 T 067 B -SRI B A AL
ORERY, vt AR B B 2k B 1 B 0t 182 38 TR 7 [ T L



SO B 55 FLSIG 3.5dB, PEAEIRTT R &R
Tt B EsnMPiTIaE T, B T DE HIkZAh,
Murino % APVERR Q7)1 5T SA B
LeRE BBt Bk, FRAESLAE Y 50 BE ey 25 1)
FAT, VERER T MRISER. 2010 4, BhE
Zor B BRI SR Y, 514 DE SUEM
bt AR SRAZ R AR B A SR O i AN 2 B AE T
AT AT DASE s 8 . Akdagli 25 AT 5 JE X R
TR AR L T R R A A 220, AT T AR
TR S AR F SV J7 IR BT THEBE A (A i L2 R 1
N T REAE B AR 55 M ri - 1) [ B 884 00 % 271 ) #7 FEE
SrPE, Zhang % NPIZER (6) R (7) I HEA B, 2
H T 55 9 TR I 0 L AR A AR, A aa

FIT ao 73 ) VR R IX P AL, B
fitness =a, x PSLL (w,d )+ @)
a, x HPBW (w,d)
A, HPBW AR T7 1) B ) = e 2 . %=X
8) Mt A B &Y, Stk (1) 8 A% 3% (improved  GA,
IGA) . B ik it A% Bk 5 ki 7 B 55 IR & Bk
(improved GA-PSO, IGA-PSO) K¢ ik [t ik 14 931
8 T P 147 B R0 7 #5792 (improved  GA-extremum
disturbed simple PSO, IGA-edPSO)23It5ym] ¥ i1 H ik
B ELLRES, TR R RIS 4 &, N
THE, BATEL T GAL DE. PSO. ACO X P4
FEHAT RO, Wil 2 Brs.

P (dsk PR (dek YIRATE L TR PRI A (da,
[mwfﬁﬂﬁ [w@%ﬁﬁﬁ mﬁm%mm> Mf)
YLV FE N R B YLV FE N R B YLV TE N R B YLV TE N 2
fitness fitness fitness fitness

ﬁﬁﬁﬁigw —> ERERE mﬁﬁ%ﬁ?ﬂ
FROE S H 3
| AhERARE ] v

)’ RS |
| RhBERARAE | !

& i) | ERSEX
& i v T/ B !

v ﬁﬁ%fﬁﬁ %ﬁ EHERE
SUES ‘ |
LR Y

| | ﬁ%ﬁ% |
\ 4 =
it BLAR A (d St B AR A (d SRR T R AR A LL R i
sk [w, d) & [w, d]) BT (@ [w, d]) Y (A [w, d])
\ 4
SR @) G () (c) SR )

B 2 ZTREHE R R B RS B R R

3.2 ETHEM BB HIE

MRAEN(2), HAARIE AN i 5 R ez
BT N SR IR A, 5 8 B AR g 7 X
HRALL, PRIIEAE 20 ST, 2 2HITIRIRR



LI AR AN R ) P 2 T ) SR B

1991 4, CHR[24]M\H® LigilE FFT Hik &k
)50 ELE R H 1) AR 7 T\ E B T A7 % . 2003 4,
Casimiro %5 N B 1 35 &) BB (1% o 7 1) €] 5 B G
W 1) A7 AE A B AR S (1 06 RS, IRt e
IOUEZ R R R, BT N ANFE ST AT R 35
SIE R, R Ty A EIEAL 2 (2), (RikFE
TCHITEIEE N Ad, 4 u=sing, B3 B9 3R 7 1) B ARG
w4k I CAE RIS S

= (u) (n-1)Adu

[
g
=

= ane A ©)

Il
Z 1

F W)
MEQ) AT AR i, 15) ELZRE H1 ) A 7 17 &
AN e ah B 8 B AR gons,  BIVAT ] SRR
F(u)=N-F *(w)

(F(w))

SR F(L0) IS & 35 5 B 2R B 51, RITE B 0 55 ]
PRHEA A R A BROL, vk E R TR %
e NRUGX AN, 2008 4F Keizer S5 ALV
S, BT — P B AR 4 B (iterative FFT
techniques, IFT)2827 15 TS5 MR ¥EUBh 1 6 B 22 B4«
PSR S R AOL I A S ST AR LA e S R R 2k
BEBTHIIOC R, RITEZR I HEAT 23 8] X153 s 4
Wk, P 3 B, AHEH FRT SRR RS AL B X B
Wah, M TR FBCE R MR G, AT
T 25 S ek /> R e 0 A PR S5 I RSP R RICR,
IFT BEWIARA R 7 1A B, A Ik AR PRI R
{140 55 R FEL ST 368 3 L 00 4t SR AR KT P R AU BB
TR, BT N AN KR IEE R 2 AR oA B, K
JihE 1, HARM& LR E 0, 4kEEH R
77 1) B FRAR S5 I, DA 20 SR A 7 i B 271 7
BEoArE, HRmEEaE 4 fs.

(10)

1
W=—-
N

1 0 1 0 - 1 1
R X3
Ad

A 2 REFIFLARE T R A%
Keizer @id 15 HSLZI6UEIAERE S FLIE N 99.5M

HIFEe8E N 132 AT, IFT HiEa] Lkt
PSLL J-22.86dB [1 %5 Mg i Jih 1 i i BL 2K o

WIURTL s R] B
A dFIEw
v
o8} ERLIH 06 AR 8 1B
BT 1) B
2
T HPSLL(F(u))Ff
FEARO. 1dB, 73 2157
IF(u)
v
il AR AT B8 |
T
A ¢
w” RTKAN KHIAE
BN, HAN0
v
BEw’
JPSLL

P<H#5PSLL

i ERhw 7

F(u)=N-07(w)

A 4

L (F(u)

Z‘»—\

P:PSLL(N.L*(w))

iy
<_

B 3 ETEAE B AR R RS Rt

4 IFT Bk G, a2 oot msE
io BIUNTE 2012 4, — Rl (kAR B AR 4 B
7:(modified IFT, MIFT)28I3#2 1, Z L@ 5N
E T B R - 3G s SR R, TR A B A [ (1155
N, BRI PSLL AR T IFT Sk 45
Btk A, GA 5 IFT. MIFT [HIIRG 55200 3
Peth g m vt SO R A R A R MR

3.3 ETF ML B
AR AL R B A B — AN B LA, TR
YR R R L E R, SR ieAE L, HAE
P R AR AR UFE . ARYE = (2) 1y H A
B, WA T E S RE TR IR MR R, Y
P S A BE TR BB 5L, R T ) B
AT LU b i R, RPN
max |F(6).i=1-,L,
st ‘F(Q»<U(Q)j:L~HM (11)
F(6,)=1
Lebret A1 Boyd Z&F 2 (11) 5T 046 B i+ 1A %%
PEBY, o TR e BOR Y 24 HEJGiaE) FE A 0.56) ()3



)4, ml AT 55 B TR T-27.3dB (R EIF 7
B . Wang %5 N — B0 x0(11) it AR S
2R I 2 [ SR T PRI e B2, I M 24 RO
DRETTALE . WU RB T R R, R R
FE )& MR o7 B OV 0 (R e R RS, ek
B ToA B FIAEE R Bk, AR = 38 A 1 .
N AT DABR AR B e A7 B AN, R R

B3I R 5 AR LR FERI BT, HAZES IR U
AT UEAL 9 ek il . Bk R FR T — ANk
R y=AX, 1Ll ZEERGEMLART, RFEHH
Bl x, BIRE x (AP EAEFHIE. 45 LRk, 1]
PAFRIR NI T

min x|,

st.  y=AX
X,y m ez A JE mXn 4ERSEAERE; x
Je n e, T 0 YaEUEAN B ARk EUE AR N ]
A, DRI B B AR R EOA SO 1 JEEOR A, X
HQ2)fF & N . O T ER(L2) 2R Al BTt
X [AGELE, Candes %5 ANFSHE—BH— HINRL 11552/
b 559% (rewighted 1; minimization, RL1), 3833 Al f&
1) P R AR i ot P o 7

min -

st y=AX
R, WRSHAKERE, B W=diag(wWi,Wa,***,Wn).
YGEAR, FEFE W IS | ANXF A e R wid% LR U
E4l)

(12)

k+1 1

W= |x"|—+g (14)

Hrp k+1 FoRHATIEREG ¢ Rontl/AME: xi
TR x K8 iR,

2012 £, Prisco Kb Pk = B MM T B2k B4
Bl ARG &, S TR AN IRACEERT, Rk T
WO 1 VB E N B AR g, RO 55 T
T BE R AL, IR

min 2w,

st. F(6,)=1 (15)

IF(6)[ <UB(6), V6 < sidelobe

b, 0o AR IR NS L AR A 2 UB(0) 327 55 i
DXtk B AR R, T 2SR AR T 1 B R 55
Wi Z 5RAYKEA -2, FoRBEERFE, HT#
THA & x BIMELEE . Fuchs WIZE(15) )B4 F, 4>
S o B I AR AN G B R P R 0, S AN 2
SRR A S I P e RO 2 P A i B 41 e 1138, B

RINA
min. |2,
st (F.B.){m{F(eo) =1
|[F(6)|< UB(0), V0 e sidelobe
B ){|F(¢9)— Foer (9)| <1,V 6 e mainlobe
" ||F(0)|< UB(0), V6 e sidelobe

(16)
b, FBARRBBOR AR AT S.BARRBUIL I
RINLIH KA. S 45 R W AR R TR AIE 2
WA, 2 (16) FTBEiH XS B IR R 2R« 9 f T
FIALAL HITH SRR AN HERPE,  Pinchera 55 A\ $ i
TR A A SRS O, e R (14) IR T
A3 REUGE UG FESI IR M e AR HEAT, SRR
VEMRA RS R R TG . [FIEE, BET R AUBCRMO K
BT PR PR A BTt Oy it f X
SRR P AN I B SR, THEE R AR 232
Tty FERTHITRE 8O KT 100 ORI i 2 B4
it
55 30(15) M1(16) F 2% B 1) A i 1k A2 ) JEL B AN [+
(381, Sartori 45 N4t T L P ZEM M RARRIR S
BLglesl, ZE R, BB RAAIVTES
FEMERE UL E, 5 PR oA B R 2 AT
T, W AR SRR BRI - BRIEZ S,
BT BRSNS g AR e,
PR R B EAR, BRI GEAR A B AL RE TG
BOAEE T E, 2 OB A BRI 2 2R AR R
BLLLFES, AZSEVEAE DA I R ot 3 I R e e )
[A]BEZI T, AT 6 G £ S PR PR 85 v 7 A [ T[] ) T
AN o

3.4 ETIERE RIS

FEAMEAEL T, FERE S g () B IR 2 32 B HH 6
() E BRRAE, DRIV 2 R A2 B () e R i
S B3 ik ek /D B T B, 49 40 BB B IR AR (matrix
pencil method, MPM) . € 3 X f1 & 7% (filter
diagonalization method, FDM)%Z. MPM $iks 5 th
Sarkar $&HH), Jfdy 23 F R 5N 5]\ BB E
LRI 5 BT AR, BITE H AR AR AR A 2 1 %A
N SR DT S S R R T R A R RS R R
WA, FH#IA MPM SREH T30 R B 2 RS
AR, xRN (2) 4 B H PR AR EE 2N+1 MU
MHHELY (0),y(2),+,y(2N)}, FAs LI A4 A4 3 I
SOORFERE Y



y(0) y@® o y(L)

y@®) y(2) - y(L+D)

Y = (17)

y(2N-L) y(2N-L+1) ... y(2N)
X, N AL #HRESE: N fRERT LR
FEJCHCE M; LR 259 2 LE[M-1,2N-M]. B T4E
B Y A8 T BARBE RIS S, DR HAR Al 4
fit
Y =uzvH (18)
A, UV EB2S B FERE: X2 B AT S (AL B0
FAFERE, H X T Q AN KIS M 7o 2R AT A g B2
(BT B, T Q T M AR A B B 41 1 B e A
L SRR [A4] () 5 25 A o DRI, 7RIS 2 F )
SERETCHCE Q MATHRE T, N T 3R1SME B R 51 1 B o
WURhFIAL B, K HT Q /NI £ 7T F A4 B X F 5
B 2o BT AN (18) R BURARHE Yo, HEMIXT Yo
YET™ SURFIE 53 fif
(Yo =2V, )V =0 (19)
N, Yor&om YoX S —FIMAERE: YR Yo
Fh A RE; RHEE 2 SR E d WA
IR KRR
A, 1 o
d; :jk_Aln(Zi) (20)
X, In RRBRRE: A RIS RFEEIE 751 fodt
R u FTATRG . SEER 25 Ui MPM AT BLH T30t &
SHBE I R AR R B 51148, il ikt 20 BT DI LS
KBEF, MPM FIEAAE A 12 AN o ) = A [F]
FIEARTEAR « AN, MPM i AEXS TR
RAFEBCRIL I R 2, TR R AE N (20), RT3
AT L) SURFIEAE Zi£1, 3B SR A R oA B
di A RNEE, (Hib TS AU,
18 SR AR 7 T B R R 2
N T RRGRIX A TR, 2 X ] 2 N gk BT
e TR JE AR B 5 V% (forward back MPM,
FBMPM), K3 5e /RFEFE Y SO e R -F68 R 24 56

%y, B
\?{VS e y&} 1)
Yo Y 0 Yo

XA, yis[y().y(i+1),....y@N-1)]T. FBMPM %M
Ja B85 RS MPM BE R — 8. SCHR[47146 HIAERE ¥
FH4F5F z AR AR FRIG N T Z03R17,  ffi HAE R AR bR
3R X A INTTY 2 WA & 8 =L N L]
i,

4% MPM Hi: A1 FBMPM #Hi%k2 5, HBL—L

B of SR FR S B . 2016 4, Shen 25 A $2HH —
P 4E BE R % vk (unitary  transform MPM,
UMPM)U4849L, g ot PG AR ol (IR AR B Y 548 SRy s
B, WEERT T EIEMUFECE. Rtz sh, T
FDM PR 45 511+ BB 4 e, 1% 5
W FAZRESEAR AR OSS, — R SRR 1)
SRAT L, SEIR R TR — R R R %
1 &, FDM 5 MPMUSIAH LE it 75 (i ) 5 /b

3.5 FT HRARA BT EE

J& 47 1% %1 (compressed  sensing, CS)4561& —fih
FHIRGE LM RGERIMB AR A, HEPEAN S
X(12)—5, BY5 33 W Mbi ik E IR A F 12,
WA Y 20 AT SO i B 41 R R 7 1) 15 E AR T
o) L2 [ )38 T7 iR % o 25 BRIk, BT R4 BN i)
i B R B AR AR L 7S8R 3Ry

min ],

st.  ||Feer —@W[. <7

A, Frerse m 4k, Ko BART7 1A B0 EL
PRI &, B Frer=[F(u1), F(uz2), *--, F(um)]:
@ ;& mXn 4ENIFERE, WA B 2 IR A T
FRPSTIEHRE, HE 0 SRR RGN T2
AIEALE di, BEPHIEAHN

e jkdyuy

(22)

e jkdnul

o0 : (23)

o ik o ik,

WA N gERE R, B w=[wi, wa, -, wal, 2w
Ay 0 BF UL R A AL E di EAREG, M owi
0 B ULEARESCATE oiFIALE o T a(22) ik
BERL, fE40M CS Bik I M i 20 SR AL AL 5 2
(sparseness constrained optimization, SpaCO)®7 %81}
AT TE A BRI AR B B2 RS, SO0 25 S 100 B
4 H AR A 20 FETG Y He S RS 7= AR, CS
H1 SpaCO FFEAN ] 13 /B Jo A Al 7™ A= [RIFE R R

Bk Ah, 540 CS HEAR, DS
45 I %1 (Bayesian CS, BCS)P%60LE —Fh 3 F 5 KAk Ji
IOMER IS, 2R DU S 40 S Ry g
e FEARIUL, W T —ANEMRS g=ow+n, ik
n MR E T A R S O, w R B E PR T,
PRI SR DN g AR A e 0T 20 AT o DI A Y 33 B
AL g HEWT AR R w O R S
£, BIATRRA



p(g|W,a,0'2)p(W,a,0'2)
p(9)

Xt a BHSE, RE WM ZE; o KnlEE
fkrdEZE . ST (24), BCS B iEnT LLSEACR AL
w5077 R BT N B RN B 7 A R, R
Bl Hesg A o ) LBV R, SeIe R B
BCS Hik3RAG IR R A R AR RS, N
FH T s R PSR T iRAE T HR Bt S TS
PUE— 32T 5L R, SCRR[65]UTE BCS 1Al
IS ZARE MG S, R T 25 U
545 0 (multitask BCS, MTBCS)532:, HABZ AL
PE 2R G TCE — R [7 B 2% 30 DTG $RA5H7 1 25 B s 1AL
[EEER

2012 4, Oliver % \ ¢ X5 BCS ATk it
Wi BES], T BCS BIEMR )2 L8 0n] 4, 1M
M L L 2 B A0 PR R e S O Y, R o L e
NEHFORE, W TR

{‘R{FREF}} _ {‘3{45} —S{¢}} [‘R{w}} . {‘R{n}} 25)

HFeerd] [H2} ®{@} [ 3{w}] [3{n}
X, RARKRESLHS; S ARRIET. MHELER
AIAT, BCS AT LB R S 805 R 1 B R 471,
EPERRTE PR b, TR BRSO B e 8, filan
ST 16 BEITHI AR EIF i R I, BCS Sk
THIMG B RE 21 75 2 22 ANBEICA R A5 R 1 o
SRIMT MTBCS 9200 m] DL B = ot BRI T 98 oK (107
BRERRE, X T [FFER 16 BE TR EF 773, MTBCS
FOEUER 12 ANBEICRI AT & ik R EI R . 2016
M, SCER[TANE—P 583 T MTBCS Hy:m TAE, 4
AT AR5 P SO0 DE I 1 22 O 3L 2 RS2, A
EAIE I S B X B T

SR, AR X (22) F1 5K (25) FT LLER AN 1L 4t
CS 5kt & BCS 5iik, FMsikEs| it %
BRI REPLN RS R TEAE R @, DR ROR 52 3
WAk T PRSI, B SRS R EE AN K, B SE R RE
TOIL B A TPV AE WA R B, T SR 1 1R ot A B
FEPIRS b, IXFEEIE e oA B2, W n 2
5K, K BEFNMG B A B3 T, AR 22 18 ROVl e
e @ [YERESE N, ISR 5 R g .
Z 1) A ARAE XU SR ) 8o R T R A D A R T
(A2, SCHR[72] 58 T — Tl g Do A D87 1 44 Jek
573 (off-grid BCS, OGBCS), Z%H.:7E BCS &k
Bttt BT S S AR N AR R 2 B o A BRI
RS T AR A S, ST E AR D7 E T
FCREJE, (HFECECEA TR — 0 . BRItz 4b,

p(W,a,02|g)= (24)

JE SRR T S e 40 R SRR TP LR i 1] TR IE
REVERCAE R SVEN, e M A TR SRR o e s B
TERESIRINSEL IR I By — AR IR
SER I A, AR 2RI IR P T B AT
I 1E 52 UG B3 B 5305 U M B A 505 1) o B gt e X
)WL, ST R

4 BBRIERTE T

N RERSVEANRT L ER R BEIR LB, A
43 VAR X B /N VAR AL 55 0 HEL T T T PR AR A
RACAERS, R R kit AT i B . TR 1
FoRIX FLREIE D BET WA R AR AR, DR 4.1
R PG o B /0N U A 55 R R ST A A AR Y ) R T
W, 3BT [ B PSLL VR NS PE bR
4.2 75 AT B BTt 5 1 P 2 AL AR A AR AR ) 1 1
HE, R B H bR A B2 R R
7% (mean square error, MSE)/E ARIE TR bRifE, FFT
5 ERIN

9K__j1]_||:REF((9)—-|:(9)|20|9
['|Feer (0)] a0
o, F(O) B B = A= 9 R 5 [ s Frer(6)
KR BBERTE . fFEFEWT: Inter(R)
Core(TM) i7-6700HQ, 16GB 17, MatlabR2018b
A

(26)

4.1 KRB PR BT

AR MK S5 IR B 2R PR AR AL, 2 SRR
AL B S Ar B -l Bk G Ak B Bk 34T X B 43
M, HIXPRRSLIGIITERE S AL 9.744) HFE oHL
N LT A NEHT . X TAUAAL B R0 SRR,
A1k B MGAR, IPSOMd, SaDEMS, MDEMTAI
IBARTIX F AN T 5 Bb o b o 5 925060 I )
BRI EWE 5 Bros, BEERe RWE 1 Pos.



PSLL(dB)

B 5 S50E R 35 A 17
£ 1 FRH BRI BT RESH
SRR A LR P (L=9.744A,N=17)

BORBMR PSLL  EyhMETIEE  BCOKRETCIAIEE
(dB) Admin(}) Admax(X)
MGA -19.79 0.5002 0.7868
IPSO -19.89 0.5000 0.8403
SaDE -19.89 0.5000 0.8400
MDEA -19.90 0.5000 0.8403
IBA -19.89 0.5000 0.8396

Hof T B - R A AL 1 ELSEEG, JRATTRT B
SCHER[23] B IGA. IGA-PSO % IGA-edPSO iX =4
BOETESE R, K 6 4 T R R R R T 1
24 T VRN RE S B

T T
o— GA
IGAPSO

- - . |GAePSO

\W M\/

cos(

PSLL(dB)

&6 ﬁzﬁ-“éﬁﬁbﬁéﬁ’dﬁ%ﬂ@&ﬁiﬁﬁ@
R 2 (L E-FEEK A MK AR E LRSIt e S

r - Bl DA A 2B
(L=9.744/,N=17)

Bk

PSLL B/NBETCIAIEE  FOKRE oA ER
(dB) Admin()) Admax())
IGA -24.73 0.5120 0.7470
IGA-PSO -25.20 0.5030 0.7540
IGA-edPSO  -25.46 0.5020 0.8070
R 1 s SR AT

(L) XFFAUABE o i B 145 H 525, MDEA
FE VT IR ELR RS MR R A, LR T
] PSLL $4-19.90dB. fEf7 & -k &AL
FEH, 1GA-edPSO SiE Wi I M b B2k FE 51 M g

Bt HIPEH T B PSLL H-25.460B.

(2) MRIFEX 1 MK 2 &R, LB-WES
AL B B 3 LU AR AL B I SV PR R AT, B
A5 E ) PSLL £/0I% 4.83dB, A& mpiiT
Pihe

(3) &Mt BB 41 1 B T [a) BE K T K
PRl L MR 1 T 5 S8 e 1] 1) AR R R s, TR ik
A A& ST

4.2 75 v E B KRR MR R T

TEATT FRATVE X 77 1) P A RO AR A ABE 2R, ol st
PR B AR AN AR X RR T 5 AR A E b e SR kAT
Pi BT o BATTE 75 E8 H AR AR N B R 5,
B34 20 [4 70 Chebychev Y& HAE N H bR, H
H PSLL 4-30dB. 2 5B ATKH FDMBI, MPMUIe]
BCSICRT SpaCOBTIX PUAN Sy A A7 BT EL o 3% PUA™
SLRVBETE B R LR B B 6 I FA 98 AR T P dn P 7
FioR. # 345 XA SIEIIMERESE -

0\]\;! .

T T T

—©— Chebyshev(M=20)

- A~ . FDM(M=13)

- - - MPM(M=L)

— - - SpaCO(M=14)
BCS(M=14)

o b= = = =
b
24

005(5 €)
B 7 RS EMIN Chebyshev B H HLE
& 3 Chebyshev #5t B FE51HRESH
Chebyshev i JFfii B 2k [

BE Mook BohREoil o BESIEL MSE
&N FE Admin()) 2 LO)
MPM 12 0.8330 9.268 1.016x10
SpaCO 13 0.5000 10.00 1.571x10
BCS 14 0.3087 9.500 1.105x103
FDM 13 0.6928 9.444 1.943x103
HHE 7 fiEk 3 A s

(1) PYANREARL U B TR L2 B 1) B 75 22 1A B
TCECES/D T B AR S B PIBE ok, RiE
DID 30%HIRE TG, FEH T M IR ZE R )
PITE 102 AR, 68 SEHL Chebychev #gi B4k 4
BTt

(2) MPM BLEFR R B o= /b, FHIT
e i 22 B, PRERROL T Hofh =N

(3) MHEL 3 Tl 24, BCS 5Lk
B TCIA)BE N T2 e, BT I3 7 L 2R B 51 7 5K



BRIRIE 2 A7 AE FRRSONE, AT 52 1 38t AR5 [ P
PERE

X TR BRI T B R S 56, FRAT T B SCMiR[75)
W30 ANRE T AT B2 PR AR I A T O O T
YER BRI, 355 MPMI%L, BCSI®, uMPME
J FBMPMW LR PUANEE I A . B 8 A T
BRIV BB AR TR E, £ 4 MBI T 5L
REZE IR

CDS(U 0)
Bl 8 JR#h5 B HIAREF I At
&K 4 REFIHRELRES LS

AT T BOA H ELZL

BX Mool BUbBEE RESIAL MSE
=N i Admin(h) 2 LY
UMPM 22 0.5349 1416 2.490x10°
MPM 22 0.5073 1450  7.170x10?
FBMPM 22 0.5383 14.49  3.300x10°
BCS 46 0.0145 1450 8.417x10°

18] 8 Ak 4 W] LUAS Hi 518

(D PUBhRTHRE T, BCS SE 7R M B oL
B EZ THHLERNM o, Rkt
R RENT T BOR MR R . Hofth =A% A
22 DFETCRIAT G BRI T 107 R EFJ7 B

(2) HFEeERy 22 ffFHL T, UMPM 5
BT RIM B RE S UL IR Z ), MIET 8 AT
A UMPM S0 5 M R A 511 R H230 H A
BORKIAR, PERER 4T

5 REE

2ot 30 WA RS M ELZR M RTHRNE D i
T USRI R, SR SR PR B 7 SR AL T K
REBIF 7T 0o AR SVE T RE 1R T IR B SR % BIHE SLVA T
SCAE TR A, DR e 8 2 2% 34 85 o HE R HE A
it ELER I A 752 H AT AR g R (8 — K

ARICE AN AFOACBERL, JF BT T
RO ML 7 S R ot Jig, dEmigrid 75
R JE BB . T BRI, FEM L ZRE 1

TR AT AR = J5 T 7] B 27 A AT IR AT
It

(1) FETCAE SEBRIA S i B HEAf A B 5 BB AT
AL M2, FEICALE 1 22 2 18 B R
JrrEFEEIRZE, AIMEEMAFES PR RE . FEoo s
Wz, XMz DR, ik, X1 sepsiE
B Z R R UR 22 50 A B i/ R 22 1) B T 2 o 7 L 2
FBLTH AT AR A5 B ) A

(2) B KHR o LA R B B e B D 1
RO, SR X FE TR T 100 B AR B H
LEREA, SRR R A R, DR i B
A7) (PR R A P et A A T R R ) i

(3) He T I BRI BT R P 2 LR
PRI, Blanm VLECRE L, (23 B S AL A% R AL
R ) 7 SRR ERIVERE, T RO A
PIZAS [ — A T BT T 17

SE 3 Hk

[1] Kumar B P, Branner G R. Design of unequally spaced

arrays for performance improvement[J]. IEEE
Transactions on Antennas and Propagation, 1999, 47(3):
511-523.

[2] Chen K, He Z, Han C. A modified real GA for the sparse
linear array synthesis with multiple constraints[J]. IEEE
Transactions on Antennas and Propagation, 2006, 54(7):
2169-2173.

[3] Van Trees H L. Optimum array processing: Part 1V of
detection, estimation, and modulation theory[M]. John
Wiley & Sons,2004

[4] Dolph C L. A current distribution for broadside arrays
which optimizes the relationship between beam width and
side-lobe level[J]. Proceedings of the IRE, 1946, 34(6):
335-348.

[5] Taylor T T. Design of line-source antennas for narrow
beamwidth and low side lobes[J]. Transactions of the IRE

Professional Group on Antennas Propagation, 1955, 3(1):

16-28.

[6] Kirkpatrick S, Gelatt C D, Vecchi M P. Optimization by
simulated annealing[J]. science, 1983, 220(4598):
671-680.

[71 Holland J H. Adaptation in natural and artificial systems:
an introductory analysis with applications to biology,
control, and artificial intelligence[M]. MIT press, 1992.



(8]

(9]

[10]

[11]

[12]

(13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Eberhart R C, Shi Y, Kennedy J. Swarm intelligence[M].
Elsevier, 2001.

Storn R, Price K. Differential evolution-a simple and
efficient heuristic for global optimization over continuous
spaces[J]. Journal of global optimization, 1997, 11(4):
341-359.

Neill D J O. Element placement in thinned arrays using
genetic algorithms[C]//Proceedings of OCEANS'94,1994:
11/301-11/306 vol.2.

Haupt R L. Thinned
algorithms[J].IEEE  Transactions on
Propagation, 1994, 42(7): 993-999.
=i, 3275 B, BN I T8 AL L FIER KA
Gl PER MR RPN BT EELR
#}%,2001(07):700-704.

RIZEFe, E/INEL BCHERL 7 R SVE S5 A A 1A B 20 AR A A1
i 371 [J]. Sk 241 ,2010,26(05):7-10.

T 20 AR FILAR, SR U, T i o ) A B0 IR W
FEZISEE ] H T 515 B %4R,2010,32(09):2277-2281.
Goudos S K, Siakavara K, Samaras T, et al. Sparse linear

arrays using  genetic

Antennas and

array synthesis with multiple constraints using differential
evolution with strategy adaptation[J].IEEE Antennas
Wireless Propagation Letters, 2011, 10: 670-673.

BB FWRIL, TR T B0t 2 2 A SR R R
PRALHIT T[] SHA 47 ,2013(7):174-178.

Pan Y, Zhang J. Synthesis of linear symmetric antenna
arrays using Microwave
Optical Technology Letters,2020, 62 (6): 2383-2389.
Kurup D, Himdi M, Rydberg A. Synthesis of Uniform
Amplitude Unequally Spaced Antenna Arrays Using the
Differential Algorithm[J].
Propagation, IEEE Transactions on,2003, 51: 2210-2217.
Murino V, Trucco A, Regazzoni C S. Synthesis of

improved bat algorithm[J].

Evolution Antennas and

unequally spaced arrays by simulated annealing[J]. IEEE
Transactions on Signal Processing, 1996, 44(1): 119-122.
Arora R, Krisnamacharyulu N. Synthesis of unequally
spaced arrays using dynamic programming[J]. IEEE
Transactions on Antennas Propagation,1968, 16(5):
593-595.

Lin C, Qing A, Feng Q. Synthesis of Unequally Spaced
Antenna Arrays by Using Differential Evolution[J].IEEE
Transactions on Antennas and Propagation,2010, 58 (8):
2553-2561.

Akdagli A A, Guney K, Karaboga D. Touring Ant Colony
Optimization

Algorithm for Shaped-Beam Pattern

Synthesis of Linear Antenna[J]. Electromagnetics, 2006,

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

26(8): 615-628.

Zhang S, Gong S-X, Guan Y, et al. A novel IGA-EDSPSO
hybrid
arrays[J].Progress In Electromagnetics Research,2009, 89:
121-134.

Stirland S. Fast Antenna Synthesis by an lterative FFT
Procedure[C]//1991 21st
Conference,1991: 745-750.
Casimiro A, Azevedo J. Computing of antenna arrays with

algorithm for the synthesis of sparse

European Microwave

an unified theory[C]//6th International Symposium on
Antennas, Propagation and EM Theory, 2003.
Proceedings. 2003,2003: 194-197.

Keizer W P. Linear array thinning using iterative FFT
techniques[J].  IEEE
Propagation, 2008, 56(8): 2757-2760.

Keizer W P. Low-sidelobe pattern synthesis using iterative

Transactions on  Antennas

Fourier techniques coded in MATLAB [EM programmer's
notebook][J].IEEE Antennas Propagation Magazine,2009,
51 (2): 137-150.

Wang X-K, Jiao Y-C, Tan Y Y. Gradual thinning
synthesis for linear array based on iterative Fourier
techniques[J].Progress In Electromagnetics Research,2012,
123: 299-320.

Cui C, Li W T, Ye X T, et al. Hybrid genetic algorithm
and modified iterative Fourier transform algorithm for
large thinned array synthesis[J].IEEE Antennas Wireless
Propagation Letters,2017, 16: 2150-2154.

Wang Z, Sun Y, Yang X, et al. Hybrid optimisation
method of improved genetic algorithm and IFT for linear
thinned array[J].The Journal of Engineering,2019, 2019
(20): 6457-6460.

Lebret H, Boyd S. Antenna array pattern synthesis via
convex optimization[J].
processing,1997, 45 (3): 526-532.

Wang F, Balakrishnan V, Zhou P Y, et al. Optimal array

IEEE transactions on signal

pattern synthesis using semidefinite programming[J].|IEEE
Transactions on Processing,2003, 51 (5):
1172-1183.

Candes E J, Wakin M B. An introduction to compressive

Signal

sampling[J]. IEEE signal processing magazine, 2008,
25(2): 21-30.

Candes E J, Romberg J K, Tao T. Stable signal recovery
from incomplete and inaccurate measurements[J].
Communications on Pure and Applied Mathematics: A
Journal Issued by the Courant Institute of Mathematical

Sciences, 2006, 59(8): 1207-1223.



[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Baraniuk R G. Compressive sensing [lecture notes][J].
IEEE signal processing magazine, 2007, 24(4): 118-121.
Candes E J, Wakin M B, Boyd S P. Enhancing sparsity by
reweighted €1 minimization[J]. Journal of Fourier analysis
applications, 2008, 14 (5-6): 877-905.

Prisco G, D'urso M. Maximally sparse arrays via
sequential IEEE Antennas
Wireless Propagation Letters, 2012, 11: 192-195.

Fuchs B. Synthesis of Sparse Arrays With Focused or
Shaped  Beampattern  via
Optimizations[J].IEEE ~ Transactions  on
Propagation,2012, 60 (7): 3499-3503.
Pinchera D, Migliore M D, Schettino F, et al. An Effective
Compressed-Sensing Inspired Deterministic Algorithm for

convex optimizations[J].

Sequential ~ Convex

Antennas

Sparse Array Synthesis[J]. IEEE Transactions on
Antennas and Propagation, 2018, 66(1): 149-159.

Pinchera D, Migliore M D, Panariello G. Synthesis of
Large Sparse Arrays Using IDEA (Inflating-Deflating
Exploration  Algorithm)[J].IEEE
Antennas and Propagation,2018, 66 (9): 4658-4668.

Wang X, Aboutanios E. Sparse array design for multiple

Transactions  on

switched beams using iterative antenna selection
method[J]. Digital Signal Processing, 2020: 102684.
Sartori D, Oliveri G, Manica L, et al. Hybrid design of
non-regular linear arrays with accurate control of the
pattern  sidelobes[J].IEEE
propagation, 2013, 61 (12): 6237-6242.

Sartori D, Manica L, Oliveri G, et al. Design of thinned
by ADS-CP
strategy[C]//The 8th European Conference on Antennas
and Propagation (EuCAP 2014),2014: 662-665.

You P, Liu Y, Chen S-L, et al.Synthesis of Unequally

Spaced Linear Antenna Arrays With Minimum Element

transactions on antennas

arrays with  controlled  sidelobes

Spacing Constraint by  Alternating Convex
Optimization[J].IEEE Antennas and Wireless Propagation
Letters,2017, 16: 3126-3130.

Sarkar T K, Pereira O. Using the matrix pencil method to
estimate the of a

parameters sum of complex

exponentials[J].IEEE ~ Antennas  and
Magazine,1995, 37 (1): 48-55.

Liu Y H, Nie Z P, Liu Q H. Reducing the number of
elements in a linear antenna array by the matrix pencil
method[J].IEEE
Propagation,2008, 56 (9): 2955-2962.

Liu Y H, Liu Q H, Nie Z P. Reducing the Number of

Elements in the Synthesis of Shaped-Beam Patterns by the

Propagation

Transactions on  Antennas and

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Forward-Backward ~ Matrix Pencil Method[J].IEEE
Transactions on Antennas and Propagation,2010, 58 (2):
604-608.

DRI, A 7, X083 T 1 A - R R S A o
77 1) A 3] F T 515 )E 5k, 2016,38(10):2667-2673.
Shen H, Wang B, Li X. Shaped-beam pattern synthesis of
sparse linear arrays using the unitary matrix pencil
method[J].IEEE
Letters,2016, 16: 1098-1101.

Liu J, Zhao Z, Yuan M, et al. The filter diagonalization

Antennas  Wireless  Propagation

method in antenna array optimization for
synthesis[J].IEEE Transactions on
Propagation,2014, 62 (12): 6123-6130.

Hu H, Van Q N, Mandelshtam V A, et al. Reference

deconvolution, phase correction, and line listing of NMR

pattern
Antennas

spectra by the 1D filter diagonalization method[J].Journal
of Magnetic resonance, 1998, 134 (1): 76-87.
Mandelshtam V A, Taylor H S. A low-storage filter
diagonalization method for quantum eigenenergy
calculation or for spectral analysis of time signals[J]. The
Journal of chemical physics,1997, 106 (12): 5085-5090.
Mandelshtam V A, Taylor H S, Shaka A J. Application of
the Filter Method
Two-Dimensional NMR Spectra[J].Journal of Magnetic
Resonance,1998, 133 (2): 304-312.

Donoho D L. Compressed sensing[J]. IEEE Transactions
on Information Theory,2006, 52 (4): 1289-1306.

Candes E J, Tao T. Decoding by linear programming[J].
IEEE Transactions on Information Theory,2005, 51 (12):
4203-4215.

Chen S S, Donoho D L, Saunders M A. Atomic
decomposition by basis pursuit[J]. SIAM review,2001, 43
(1): 129-159.

Zhang W, Li L, Li F. Reducing the number of elements in

Diagonalization to One- and

linear and planar antenna arrays with sparseness

constrained optimization[J]. 1EEE Transactions on
Antennas and Propagation, 2011, 59(8): 3106-3111.

Zhao X, Yang Q, Zhang Y. Compressed sensing approach
for pattern synthesis of maximally sparse non-uniform
linear array[J]. IET Microwaves, Antennas & Propagation,
2013, 8(5): 301-307.

Ji S, Dunson D, Carin L. Multitask Compressive
Sensing[J]. IEEE Transactions on Signal Processing,2009,
57 (1): 92-106.

Ji S, Xue Y, Carin L. Bayesian Compressive Sensing[J].
IEEE Transactions on Signal Processing,2008, 56 (6):



[61]

[62]

[63]

[64]

[65]

(66]

[67]

[68]

2346-2356.

Tipping M E. Sparse Bayesian learning and the relevance
vector machine[J]. Journal of machine
research,2001, 1 (Jun): 211-244.

Tipping M E. The relevance vector machine[C]//Advances

learning

in neural information processing systems,2000: 652-658.
Tipping M E. Bayesian inference: An introduction to
principles and practice in machine learning[C]//Summer
School on Machine Learning,2003: 41-62.

Tipping M E, Faul A C. Fast marginal likelihood
maximisation for
models[C]//AISTATS,2003.

sparse Bayesian

Ji S, Dunson D, Carin L. Multitask compressive sensing[J].

IEEE Transactions on Signal Processing, 2008, 57(1):
92-106.

Oliveri G, Carlin M, Massa A. Complex-Weight Sparse
Linear Array Synthesis by Bayesian Compressive

Sampling[J].IEEE  Transactions on Antennas and
Propagation,2012, 60 (5): 2309-2326.

Oliveri G, Massa A. Bayesian Compressive Sampling for
Pattern Synthesis With Maximally Sparse Non-Uniform
Linear Arrays[J]. IEEE Transactions on Antennas and
Propagation,2011, 59 (2): 467-481.

Massa A, Rocca P, Carlin M, et al. Efficient synthesis of
sparse arrays as the solution of an inversion problem
within the Bayesian

compressive sensing

framework[C]//2012 IEEE International Conference on

[69]

[70]

[71]

[72]

[73]

[74]

[75]

Wireless  Information and
(ICWITS),2012: 1-4.
Oliveri G, Carlin M, Massa A. BCS-based formulations

for antenna arrays synthesis[C]//2012 6th European

Technology Systems

Conference on Antennas and Propagation (EUCAP),2012:
1500-1501.

Isernia T, Bucci O M, Fiorentino N. Shaped beam antenna
synthesis problems: Feasibility criteria and new
strategies[J]. Journal of Electromagnetic Waves and
Applications, 1998, 12(1): 103-138.

DLHERS, AT, ZF e 75 3 T 2 AT 55 UL S 1 4 TR )
L e A B O > o LT 7 R ol ol ) P R =
1}%,2016,44(09):2168-2174.

Lin J, Ma X, Yan S, et al. Pattern synthesis of sparse
array by off-grid Bayesian compressive
sampling[J].Electronics Letters,2015, 51 (25): 2141-2143.

Lin J, Ma X, Hao C, et al. Maximally sparsen arrays via

linear

continuous compressive sensing[C]//OCEANS 2016 -
Shanghai,2016: 1-4.

Liu J, Wang J, Gao Z, et al. A method based on
preconditioned look ahead orthogonal matching pursuit
for sparse array synthesis[C]//2018 IEEE MTT-S
International Wireless Symposium (IWS),2018: 1-3.
Akdagli A, Guney K. Shaped - beam pattern synthesis of
equally and unequally spaced linear antenna arrays using a
modified tabu search algorithm[J]. Microwave Optical
Technology Letters,2003, 36 (1): 16-20.



	1 引言0F
	2 稀疏直线阵列优化设计模型
	2.1 直线阵列的波束方向图模型
	2.2 基于最小峰值旁瓣电平的优化模型
	2.3 基于方向图重构的优化模型

	3 稀疏直线阵列设计算法
	3.1 基于随机搜索的设计算法
	3.2 基于傅里叶变换的设计算法
	3.3基于凸优化的设计算法
	3.4 基于矩阵分解的设计算法
	3.5 基于压缩感知的设计算法

	4 典型算法仿真分析
	4.1 低旁瓣稀疏线阵设计算法分析
	4.2 方向图重构的稀疏线阵设计算法分析

	5 展望
	参考文献

