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2. EBRHE K BT Ebe, &AL 230037
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ke B : 2021-02-19; & HBI: 2021-03-25; #:52 HH]: 2021-05-20; M4 H R H #1: 2021-12-15

WA BARELFHES (HHES: 2020JJ5677) FIE RS RHS R ERMFTRI (kS ZK20-35) % EhIH

WE FTEHBWEHEFTUR G BEW ZNAEFIE R ERL AT, AT ELERGES
AHENREE, FREFBEAFTEERERNESEAESRY BRESHT. AXTETHERFIAET
By R B AR R I B 2T B AL, DM i T H (signal to interference pulse noise ratio, SINR) # %
W, 3 2 SLAR/ME K (minimax) B 0AER, A AEEFY K B AT 59 AL (target impulse response,
TIR) dFE# E 4G IL T, B RAF W R 25 fow 461 88 o0 & 2 B0 %0t 1] 21, # 0RAe I o /e %F
TIR WimE AL EREBHE. EEPHALE P, £% Minorization Maximization (MM) & & 8 B2 44
% JF % B9 F minimax |5 & R E 1% E B #ATE ST, 4 X F minimax [F AL, 4T ETHAAHHE
(Lagrange) X &K AR & ik, A0t Bk B R ERGMHATT 247, F B S REH, RBATRFE R
WY B 5 i R AT g A BB BT R flor R 4R M B, B — AR AR BV AR Y, AE H Y R
BT % S % aE 45 7 PR 22 A MRS, T BE TIR ER R 28 AR H 7 E &8 SINR.

XiiE TR B AR, */bﬁl:éﬁ%%(, W/J\ﬁj(ﬁﬁ%, Minorization Maximization 7%;5%, $146- BH H X8

1 3|5

WAESR, BRIBPB IR 5 LA e 5G B BORI 2 g H, (615 J5UAAT B i A0 22 5 58 I 6%, &
MR (AR e 25 10 H & SR Y, JE I W BT I 702, 7R BRATURE B IR A0 2611 52 il B AR 5
PUME S TR BT 4rE P U7 Aubry 25 080 DU R ARSI HI {5 T2 L (signal to interference pulse
noise ratio, SINR) N#EN, W70 1 I He s 5 O AR MEL RN BB Tt [ R, JF5E T2 15 5 AL

SIAMEE: 150, REME, W5, 5. SUEMEEIAE T Ay & AR ARSI st EE: FEFR%, 2021, 51: 2134-
2148, doi: 10.1360/SSI-2021-0058
Xu Z, Zhu J H, Fan C Y, et al. Radar minimax waveform design for extended target detection in the presence of
spectrally crowded environment (in Chinese). Sci Sin Inform, 2021, 51: 2134-2148, doi: 10.1360/SSI-2021-0058
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FAGH (semi-definite programming relaxation, SDPR) $iARZ H T A T7 . SA1, SDPR HiARTHE
B E, H R RSB I B A OCHE P, 5 2Rk 1 20 i sl BV LA B 77 VR 3R A5 S bR R S
MAFHELL 3 AW, Bk 1 A ARER A P IEWSCER [10) FrdE H IR, M5 NI AL
WIS, BEHLAL TR DRI NI B8, ST L1 BRI, — R 53T AR BRI BB 772
BEARGESE Y, WU 5] IR IR — MK (quadratically constrained quadratic programming, QCQP)
G532 01 Minorization Maximization (MM) 3% M 22 % J7 [ 7§15 (alternating direction method of
multipliers, ADMM) (20 R F SR AR AT e 25 5 9 AR A2 TR 38 FEAR A 7] S

SR, DA T2 DA s H AR BRI o0 R, B Ty Bl BoR 1 R 131, 378 5 A IR iU A
FES I PR SRR, SRS BARR AR 2, 37 H AR 0 55 34 [ AN P A B B RS
AR, 12 H AR PR (target impulse response, TIR) 5 RS EIIEREA 14 FR TIR Z23E
BT WA H bR AR5 2 5 TH s, SR T EIE R D) 0 051610 B0 O H AR 2 3 & H
FRiy, F5 225 HE H AR TIR ANEE Pl R 520, 151 # AR (minimax) IR T2
T+ EARERIE Re R dg e 07~2210 Chen 55 U7 W90 1 TIR AN e S NERIREE & BORSHEE 2 B e &
LYRAH LT B FE H AR ERINE T Bt 108, JF HOR FH A B s AR 5 V200 RS BB #EAT AL, o T
BICAAT PTX N minimax 7] BEAAFE SR 10, ICSIPERB RS ORI, &6 BN 281 TIR A ESE S, Jiu
S U8 SR A — KA BN A 5 TIR A eSS, FRmd sREECR ™M AR M minimax 7 &4
IERACEIE. BRI, (N5 & RS BT RE B LR PT st B = B BCR IS L (peak-to-average
power ratio, PAR), JoiZili & B IA KL EL K. Karbasi 56 (9] 5] N PAR 2 BT & B AR
Wb, SRR BEALRFE B 5 E BRI E TIR A #ATIERL, 1 minimax XUE LA ] U 4
i KA IR SDPR J7VERAT KR, (H72 24 TIR AN E BRI, 752 R EMBEHLRARE, 50
0y 1 A e AT 2R SR [20] 42 HAE FHAS B ARG I 773K il PAR Z00R N I8 & B ARRII B B vt
I A, H B minimax ) @R 082 A — EARAE, WS TVEDRIE. B EFAES & B ARR I EIY
BT I AU AN, (RS He A 5 R AR A L R4 R (0 B AR R BT B it 45
AREGIRIE. ZFMT, S0 2 KA K SDPR HRTGVE B R T2 56040 R IBOR Bt il @, H R
FET MG 5 1 AH S RE R v B B8 7 s i 2 AT e 25 5 A AL 240 SR AR U T A7 A TR A

ZEE LA, AW R R AY R HAREN ) minimax T R, PAERTHY e B ARERI M A
kg . JE I B e A A5 S IR ST Re &, IR 2 WUBUE R TARKNE S 525 E SRR,
B DR R SRR TR R I B A A e v 5 R AP bk b e Ve e, & %%, DA tiom SINR Oy HAReR £, K42
R Bt 1) U AN — A minimax YA IA)EE, SR 5 0HETE A e 25 S AR L R gk 4T 1 704, 45
T ARSI BE vk R T, 54 MM SR EAR, A& R A7 minimax (7] #8U6 JR
minimax PR T B TIELT. 15T minimax A8, $2H 73T ok BA H S R g 732, FIH
X 2314 minimase XA ] B A0 A MO0 AL o] BEUHEAT SR . ZEMLIEAL b 3k — 0% BT B0
IS S S22 BEBEAT 1 23 M. BUE SR8 45 FAUE ] 1 A SO SR S 1A R

2 [O)EEiRSEER

2.1 FFSEXSHA

FEARSCH, Fr R B HRHEFEEROR (W o, A); REZEHFM NS TR (W0 a), a(i) &
AN a BE @ IR MR R RA RS T RS (W0 A), A(p, q) FonlifE A HALT5R p 17,
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1 (MEMmFE) RUssrEE

Figure 1 (Color online) Radar detection scenario

Foq FIMITEER: A = 0 B8 A R IEEHFE, Anax(A) FRRFE A IEBKRHEE. R M C 3518058
SHOIREHOS, « FonBGRUEE, Ebr H FoR3ieeE. |-, AR LRGSR RAK 2 15
2.2 fFSRE
W 1R, st IO H AR T TR, FARRIRS KT R AR 4 P TT AR,
FRARICHT AR TIR BEATHIR. BRI HARSN, FIANIZALAFAE A TELL st I B4 U, ZOR LK
BHESHBAES U M TBE . B B LR GHE 5 HTEHCRIEN s = [s(1),5(2),...,s(V)]T e CY,
T2 T 35 B [l mT LAy 0819
r=txs+mn, (1)
Her, ¢ = [8(1),4(2),... . #(L)]" € CF N TIR, n AAMEHBT REHE 5 KRG, 3 —PRorss
B 1510
r=Ts+n==St+n, (2)

o T =0 t(i) i1, S = [Jos, ..., Jp_18], J; € RINFL-DXN SgRg 7 45 e

17 p—q:%
0, p—q#i.

2.3 HPNRKERILIT
TEE ko, i HPER 28 w X EE 5 AT IR, WE A& Ttk SINR AT ARIR R+ =0t
H (t,w,s) FIEREL

wlTss"THw  whStt" SHw
wiR,w = wiR,w ’

SINR(t, w, s) =

Horb R, AP T 22 R
B T 1@ RN EI ) 7 3% 1O BRA5 1 TIR BIZRB kiR ¢o, (HR S22 HARE A . AL AR R K 1
SO, FESCBRRI LA h S TIR 5565 to AA7E—E M 2. FiA A Bl B & 5 A 0T e,

3)
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{E1S7E TIR {22 FITE DL R AT REXT B RS UAREIRI. AB A, 21500 M B B in) it n] LA DL
minimax FEA, ) f 19:

s, w t (4)

max min SINR(¢, w, s),
st. [[t—tolly <7 s€Q,

b Oy TIR AWERGHIEAR, FITHREE 0 SELMERIMZE, r KRR TIR AN E TR,
SER VBN R, Q NBIBARIE S, AAROLE RER LI PG e L R LS AR PR L e [ 11,

2.4 BEARES

ISR GHE T REE R BISL PR RGUNBR ], PR ZX AN E S RS RERE MBI, A%tk
R RN RE AT AR, AR AHE S HIRER AR LS N

2
sl < 1. ©

~

JIAh, B U LR EIELERR BB X RS REREAT IR, AGTBE [, f37] NER m A2 E|RER
BRI, A S5 5 A2 R4 S RE R T LAROR Y s Rys, Srp

N B
1 (p’ q) o 27 f3 (p—a) _gi2m " (p—q)
2rr—a) PFG

BEAEE M AT, ISR s F R h 149
s"Rys < ey, (6)

o, ep FPTA BRI BT SV IIBORBERE, Ry = 0| an R, oy > 0 NESTUH AR EL
LR BT B A RAF Rk i VEBE 5 234 8 (Doppler) MeAE, 7 251 NBIEARUEL)
R HRIEA A

ls = soll, < 6. (7)

Horb, s NERA REFIKAP RS TERE S 2 M S A IS H B0V, 6 FTARTBHEIE 5 25 B0
HUREEE.

MU A EXS B AR e Q AT 0 el LUK B, RERLAIREE Sy N 482 8] P LUJR RO B G
R RALAEER, K56 AL AE B2 AR AL L0 AL ER A B e 25 20 ORI e AV E B 2 RAE N 4
(8] 3 DU GO ER G IIER N so 9 BALER B — A, MIBMELI SRR G N 4E 18] A DLz s o ER L,
§ NAEARIERAR, i AR IVELY BB L RAERR . 18] 2 DL 2 4E=F (A A0, 45 T 2RE S E S
KA. B 2(a) T, 3 MIREGHFAEMAIE, BKE Q B2, ML RN L L L 3 NMIRBIE,
M, B 2(b) 45 T 54— gL, 3 MAIREG AR, AR 2 AL 3 DNLARIBIE.
i BRI, 26 > 2 I, MBVEL AR & T DUOE 2 e B ARG &, BRI AR A2 E B 2 AR 35
TR RARUPE LI A, B RASE RISE B 2 e > Amax (Ry) I, SUEHRL AL ST LLSE
G A RE AR A, BT A5 A2 RE B 20 R BB T A A0S SR 20, RIS e A 40 SN 31 s
JRAER. BRUEZAh, MR AT DOWEE R, oI A o0, BE 200 5 M0 He A L R 2 S0 2k, T
WAL RS ETALNEL R AT REA AR, STk, wEN PUR 5kt 2RS4, DUt
B RAFAETE.
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O Energy constraint

O Similarity constraint

2 (MERFE) LREJLATXSR

Figure 2 (Color online) Geometric relations of constraints. (a) A feasible case; (b) an infeasible case

A€ so 5 er, RGLLTIACAL A Ps:

% v(Ps) N Ps BIRMAE, A4 v(Ps) ATHIIRIEE LIRS Q B2,
Zi b, ﬁ%%%‘rm#?:ﬁ’l?fﬁﬁﬁ minimax JFBETFE Y AT PLR IR N BL R 47 20 K A minimax
EFEE
max min 7wHSttH SMw
s,w t ’U)HRn’U}
P st le—toll, < lIslZ <1, ©)

s"R;s <ey, ls — s0lly < 0.

HEREEIF (9) T, BAT w R ELRBH ||t —tol, < r AMMEE, WRHESCHER [24] FEH, 0T w 1Y
IR R AT LS AT SRk, g RiE AN w* = RISt ¥ w AN (9) H, BRI )E T
minimax B )
m?xmtin sUTHR 'Ts
P st llt—toll, <r |Isl3 < (10)

s"Rys <ey, ||s — soll, < 6.

3 MMRREFMILEE

AT RS P RIRAE . B, RS MM FiEr 20 Atk v A ab R4t
P H AR E— minorizer, F|F 1% minorizer #i&— R AT minimax @ P #HATIEIT. 28
Jai, JETHoa% B H S 23] SRR T minimax 178, 2 0 EE USRS 52 42 AT /AT

fobe s,

3.1 MM &

MM 5095 EZH TR N B R R 25

max g(x),
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HEAZEMRAM g(z) ARIFE, MM A B F A — RIUCEL R EL g(x, 2(0) F TR B B
fift . H5 1 UOSACRAR AL R R

D € arg maxg(:c ).
TEX

12T I AREL R S, A
g(@.2) <g(z), Ve e X, g, 2) =y (11)

P SEMETR g, 2®) FRN g(x) 7 2O S H— minorizer. minorizer FITEFRAHLR T MM HIE7EIER
REFE A H b R B R

g(a:(l)7w(l)) — g(w(l)) < g(w(l+1)7w(l)) < g(:c(l+1)).

3t (10) H R P, PR R EER L T HARREAE s A —AS minorizer.
EE1 % g(s) = minHt,tOHQQSHTHR;lTs, A4

H H
g(s,sP)= min 2Re { (s(l)> THRans} - (s(l)) THR'TsV)

l[t—toll<r
& g(s) £ U i fJ— minorizer.
WERR XHAEZEH ¢, W] LA 3
H H H
sUTHR ITs = (s — s(l)> TUR'T (s - s(l)) + 2Re { (s(l)) THRans} — (s(l)> THR;IT.S([).
WK, THR, T 52 1L EHERE, ATt — 152
H H
SITHR-1Ts > 2Re{(s<”) THR,;lTs} - (s(l)) THRTs®, Vs,
LA
H H
s"THR, 'Ts = 2Re { (s(l)) THRans} - (s(l)> THR'TsV, s = s,
PAERAS SO 0L 10 ¢ A RRAL, PR AE 45 el AN A S w4 RN ¢ B MBI AR oz, B

g(s, sW) W2 (11) IR, 2 g(s) 7E s s — minorizer. & HAFIE.
e MM FUESEE 1, P A EE T A AR AR DL 1) RS 2

s = argmax g(s, s®)
PO st HsHi <1, s"Rys <ey, (12)

I8 = soll, <&

Ketgi e PO 5 p BEATXILE, AXERDL, —J7iH, PO 5 P HRKT ¢ Ml s § minimax 006 R,
H—J7H, P ERRRERE R T s B TIKERE, PO HFRREUR R T s BOAMEREL, KILE R S
R TR PO HIMALI .
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3.2 ETHEEAHMBRRMUEE
R 1 UGEARR R PO ) A R M ] R

min  2Re { (s(l)>HTHR;1TS} - (s(l))HTHRr_LlTS(l), (13)

lt—=toll,<r
2 SW = [Jos®V, ..., Jp_1sO], RIEX (2), ANkl (13) Rk N

min  t"'G(S, SO, (14)

lt—toll,<r

Hrh G(S,80) = (SRS + SUR;1SD — (SOYR-ISW . HE—3545 30 (14) Forldn R h s
B H BT 2C 123, 493

max y
MY
G(S,8W) + uI t
N bl -0, (15)
ut{){ ut%){to —ur? —~
=0,

Horb, w RAE |t —toll, <r RIXHEARE, v NI ARISBIAR R, dERERI (14) R T ¢ FRTIRY
R, RMERERE G(S, SW) [ IE g PEBTANI 2 , SRR B IR BATI IR L. 23
F PO R /M T R o R IE 3K, AT DS E] PO JSEAN Al )

(s %, i) = argmax ~,
8,14,y
- G(S,S8" I t
PO o | G ST T ko -0, (16)
ity ptgto — pr? —

2 > Ov ”8”2 < ]-7 SHRIS < er, ”8 - 80”2 <9

AR, G(S,80) & s MEMERE, HETRAHRES Q ~&ME. FHik, PO B—A M &, 7L
Fi CVX FEZ TR 8] Y SR AR 261, AR ARERAL I8 PO B2 WSk, FAF AR SHBIE s~
FEFFE) s* BOFEAL b, AriE T S S A PRI w:

t* =arg min t7(SH'R;'S*t, w* =R, 'S*t", (17)
lt—toll,<r

Hrp 8% = [Jos*,..., Jp_1s*]. Bk 1 BE TR BOE BT 5L

E% 1 Optimization algorithm for solving P

Input: R,, Ry, to, so, €1, 0, €

Initialization: Set [ = 0, then initialize s(°) with the optimal solution of Ps and record g(s(o));

Iteration:

Step 1: Solve P, and record g(s(+1));

Step 2: Check the condition (g(s(+1)) — g(s())/g(s®)) < ¢; if it is true, go to Step 3, otherwise, set I = + 1 and go to
step 1;

Step 3: Set s* = s(), then calculate the optimal filter with (17);

*

Output: s*, w*.

2140



HEBYEERE Bl e H 124

3.3 WHHMEESZRE

PO LR MM SRR B T 4 E bR R AE IR AR T (i 3 . AT o(P) I

P I ARAL, H54 AR AN 2T
v(P) < maxs"T R, ' Tys < e, ST R, " Tos = Amax (Ty' R, ' Th) (18)

Ho Ty = S8 to(i) iy 1 MG AL, B e MEE HAS B E I to; 9 2 DA%
S, REONRAS TP TERIERr Z0. DL o R B 1 AR A AR A B P AR B ARAE R B T — A R
WHA ERARFH, BAREE 1 2.

Fyk 1 FRIBEERE RvIga . BRI L B 28 3 H R K. BIEVIIAL T BoR R
B HERLR P08 Py, (N fTE IR 2 TR O(NS) M BT s ua 5 BT Horp ) 1 % s BUs HAROR 2
ANEE FHCHAT — VOIIE R T S A v B R AR AL B M8 S 5 AR OO IE b, AR AR
t, RIE PO BRZFHE O((L+ N)*P((N)* + (LN)? + L3N)) B3z S 8us 55 27 R Sk Rk
R My, 2B BEHEN

O(MmL+Jw“5@NV+wLNf+¢ﬁN))

FEBOE. B, A RIE R EE OL3 + (N + L)%) 28 SR AHUE. Fitk, Bk 1 KEE e 2k
JEAN IS
0 (Ml(L + N)*S ((N)4 +(LN)? + L3N>>

IEVERE DS 6o

4  SCIGSTHRT

AT 38 i U SR BT R S DL R AR B T R R AT IO AE.  TERE ORISR, P Y
KER N = 64; SUEIRALRGE 3 N2 BIRE ) E— 451, 705109 [0.3,0.35], [0.5,0.55] F
[0.65,0.75], XF LT IIAUE N 0.3, 0.4, 0.3; ZH WL so LI TME S, HEBRFEERRA so(i) =
Tlﬁexp””&l)Z; T 5 M 7 ZHE R, (p.q) = 020.8P~4l, Ik o2 HI%IN SNR = 10log,, 2 & X;
TIR K& L = 10, H—4b5E5 to HEE 1 41, EREIESHI e = 1074

4.1 BRWEIMSLIE

K 3 2 THIN SNR = 20 dB, r = 0.5 T, g(sW) KT 6 M e HEACHIL. WEHR
HMEEH, g(s©) BEIERKECR RN, ST UIEREEL, 2 DISTEREENA B BRmE,
Kl 3(a) ESFTANER) 6 HEAT T 4007, Hd ep = 1070, B IR, &% H 0 SINR B 6 I3 N2
i, LR ETET 6 R R B RAE BOU AR 29 AR5, W% T DURI A BE 2 14 3 i 23R T SINR. BRItz
A, ATLAEH 2 6 0.5 $2FH3] 1.0 B, SINR 4 K% 3 dB Tt 24 6 &8 =3 1.5, 2.0 (L5
SHEL ) B, SINR J&THAE. B 3(b) 4T 6 =1 B, AF e XF SINR AR ZE5em. 5
Kl 3(a) HAMERES, A5 HE SINR FFEREE ef FININTIHEE, 2 e = Amax(Rr) B, TS5
i SINR A 22.3 dB, B WS WRE (TR B AT 2 40 5E IS e s 200, B AT SHe 75 29 AN S
WIHRALHT].
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T 1 KWt
Table 1 Prior knowledge of ¢g
(1) t(2) t(3) t(4) t(5)
0.14ei7/4 0.35¢i27/3 0.55 0.21e~i7m/6 0.14e~i7/3
t(6) t(7) t(8) t(9) (10)
0.28¢~i7/3 0.21e~i7/5 0.28¢37/2 0.48¢I37/8 0.21¢~i7/6

99888080008 800 c ceoo - - A

8(s") (dB)
g(s") (dB)

L. —e—0=05

L. T 0=1.0

i : : : : : —o— ¢~ 107
e —9—3‘:1.5 “4F- - R R R ERRER e,=]0
P S S S S S - : j j j : (R
5 10 15 20 25 30 35 40 45 50 12 5 10 15 20 25 30 35 40
Number of iterations Number of iterations

3 (PEKERE) AMETFRREE g(s() R EhLE
Figure 3 (Color online) Iteration curve of minimal SINR g(s()). (a) SINR for different §; (b) SINR for different e;

4.2 CERMERESLIE

ANHEXF B 1 BT ORI T (AT e 25 P Rk v R AR PERE FR T 0 AT, 1 4 R0 5 3B T 4.1 /)
T S HFT A T Dy 2 g kb R 4 v e, B E 2N S E(E S so BT R I Th 2 A ik
MESESE R

Bl 4, BRI LK B FEAERR . AT EE R 4(a), RATRITELA E e = 1075 MIBHLT, A
& & i Ak i 407 BR AR N T ) —20 dB M1, HLIMT IR E L5, 6 S80E E i ERR
BB DX R D2 TR, /N 6 A4 R L R D 2835 75 A BR A0 B B 453l 2 %45 5 D 21 5
—J5 T, N 4(b) 1, BATKINAELSE 6 = 1 BT, SH ep EZRLABE AL BRAISTEL A (1) Th 2
BEFE AR, B e = 1075 PLA ef = 107% T &, FTBTHEIE I TG AE 3 BRI EL A ST B 1,
HABG SR ANE. 2 e HKF) 1072 B, REIIEL [0.3,0.35] P35 11 11 852 /s BB
[0.65,0.75] WEIMTIH 2, Bt —20, MEUHATERBLIWRG (er = Amax(R1)), FRHIZIEL [0.5,0.55] M
T 1048 )25 30 2R T 0 90 2 1 Ji DT T AR DA ATt S 2 240 SR S0 et i A PR A AR b I L e i
HATLIR, S e R L AR BRART (e 3N, BT BTN 7 B0 2 AT FR H A5 B N 1) A g i AN i
er BIFT, fEULARME R, mT RS2 HOLEE A A0E P9 TU] Y SR L.t IE S RN Wk, P2 Re s R E 2 1
H T3 HE TR L. 5T DL, PRI T AE BRI N I D238 1% 73 A E 24 e #8101,
T R A A B A M D 2R o3 AT R B2 RIS 4L 6 5.

Bl 5(a) on TANE & Frodf REARAL R ik R4 PR e, IR AHER H, S350 6 Xk R 46 1 5%
WA BN, 24 6 = 0.5 B, kP E4E55E —10 dB LT, HAkoh 4545 R 52505 5 BONMAL,
M4 6 BNE] 1.0 BLER, Bk 48 MERE A BRI R, SSBRal4a T, fEA S R A2
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Power (dB)
Power (dB)

351 —— =10
— =15
=20
—40 L L L L L L L L L T L
0 01 02 03 04 05 06 07 08 09 0 01 02 03 04 05 06 07 08 09
Normalized frequency Normalized frequency

4 (MBIRFE) RNMRRIETIIRE

Figure 4 (Color online) Spectrum power of minimax waveform. (a) Spectrum power for different §; (b) spectrum power
for different ey

() : S
. . A .
10}, Y ‘wu ﬁ‘ V.
I \ ll
LA
. _ A1 S
) ) I/
. = i |
z 20 : $ IR R . A
o . . =} .
-25 - ) _ Refere ignal -
] =107 .
30 H- | R | na 't 4
: ' —— el :
=35 ‘ 0=15 i e N
} “ =20 ¢ (R)
—40 Hl A s [N L INTNNRININT)
—250 =200 —150 —100 —50 0 50 100 150 200 250 -250 200 —-150 —-100 =50 O 50 100 150 200 250

IFFT bin IFFT bin

5 (MILEhRFZE) MR/NRAET AR E S8t 5E

Figure 5 (Color online) Compression properties of minimax waveform. (a) Compression properties for different ¢;
(b) compression properties for different ey

FEBLR (6 =2.0), S ROLRTIRZ) —3 dB. B 5(b) BT 6 = 1.0 FM4ET, RE e XL
TE KR FE4E PERE 52 m. X EC I 5(a) Hr I RK R 46 f 2675 21, BARAIRIN e 2338 RSk 46 45 SR 1)
ECARARAY, (HR R L B N T 280 6.

A VL BT 4.1 AN RIRIOGEE R, R AT, i SINR. AT M Ak oh E4E e = F 2
(B A7 AEAH LRI 2R R, SEbria FH 1 TR TE T 1% A 45 A SE BRI 6 DL 1 RE 47 .
4.3 SERENMHESLIS
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Radar minimax waveform design for extended target detection
in the presence of spectrally crowded environment
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Abstract The extension of radar frequency bands, as well as widespread applications of 5G communications,
makes spectrum resources more congested. On the other hand, targets will exhibit extended scattering charac-
teristics instead of point-like scattering characteristics, since high range resolution is achieved for the wideband
radar. This paper focuses on the waveform design problem for extended target detection in the presence of spec-
trally crowded environment, where a minimax optimization model is built up based on the signal to interference
pulse noise ratio (SINR) criterion. Our goal is to design the waveform with good spectral compatibility and
pulse compression properties, which guarantees the robust detection performance against uncertainties of the
prior known target impulse response (TIR). At the stage of waveform optimization, the idea of the Minorization
Maximization (MM) algorithm is introduced by constructing a sequence of sub-minimax problems to approximate
the original minimax problem. These sub-minimax problems are easier to be solved, and we devise an algorithm
converting the double-level minimax optimization to a maximization problem based on Lagrange duality theory.
Moreover, the convergence and computational complexities of the proposed algorithm are analyzed theoretically.
Experimental results demonstrate that the waveform designed by the proposed algorithm is the robust detection
waveform with satisfactory spectral compatibility and pulse compression properties. Compared with other algo-
rithms, the proposed algorithm will converge within several iterations and achieve a relatively higher minimal
SINR when the error of prior TIR is large.

Keywords extended target detection, spectral compatibility, minimax optimization, Minorization Maximization

algorithm, Lagrange duality
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