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Abstract

Based on the mutual coupling mechanism between the target, clutter, and frequency-controllable
array radar system response, this paper incorporates the influence of frequency diversity on clutter
scattering characteristics into the detector design framework. A first-order detector is derived,
which can complete the entire detection process using only the echo data of the unit under test.
Numerical simulation results verify the effectiveness of this detector.
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ISR, 0B ] 5 B0 A S [ 1) R G S 25 1) R FH 98 00 1 R 4 52 B [ P9 A0 2 R SR DO [2]-[4]
Antonik [5]1% AT 7 —FEET T SUBUAR LUAS 36 (GLRT) AE I R0 75 15 5 N B0 R B A I 2%, B8 J5 K5
BT FEF(FCA) 2N 2 i (MIMO) R4t Y e B AL, R T AHSLA 73 . BT FCA IEEE
WA, AHATER B B e AR G S8 T T EME LA o BRI, Cui [6]55 AT Wang [7]-[9]55 A4 5l 4 tH
T T GLRT #1 Rao-Wald #EMI TGN ZR B AT I ZS . Wang [7]-[9]15F A3 T =F%T GLRT. Rao fll
Wald U () DU I 88 . bbb, 454 FCA-MIMO [0 858 7 $ R Re M, Wang S5 AT T 045 50 H b
RN 7325 0 AR GBI 1015 NBR Y T — Pk AR 2 B Akl 55002, HHAE G2 TAE 32t 1 76 E I TP 3%
st E R B ARFI T ECG 77 %8 . Wang [11155 N Beit 1 SAATR A B bR 25 8375 AR R 3 & B
R Ts % AR INGEIERI KT, Gao [1215F AWTFT 1w A 5 N 2E T GLRT N — B w2 A
W77k, Wang. Liv Qiny Xu [13]-[16]5% NWFFE 778 LI A0 s e 5 A58 R 1 — D M2 GLRT £
DA HEAT H AR, Horh TP B R TR A i AR B br e Li [14)52 AR T 2 & m i ik
BRI H AR, R AR SO B A M DS An, B s B S s A,
3T WP GLRT. Wi Rao AP Wald #ENHR H T =Fks 2% . Gui S NHBJE T2 Z 483 m R &
SREC R B B ARSI e, S8 ARG T R B S BN B R e SR RIS S, R TR R
KrIORERY, FE(EH GLRT A1 Wald #EMIHE S H T AH S B &R IIES . Huang R T BT SEBR AT FH 0046 %0
PR AR B 278 /N T AR5 G U S £ 2 5 (B DGR R A 1 5 W 7 22 0 e ) T 5 ORGP e S B B I il A, 94y
S5 GLRT 1 Rao #ENITETE T FHSL AR 4 AEAS I 25 o
2. EXigiEE

T T 4% B B A H ARSI (4K 22 BT FE BRI AE G {5 5 AR R SR A SRR . AR SO SRR AR
iF R G O e R A e ) R, R e A I Y AR 8 R T R AE H AR AR E(H, BRI B ARAAEAE(H,
R B)X AR e [ T FEAS AR AN R 1) BT MIER @ G R e iy 2) FE TSRk
PR, ST AN B (5 P 2R 0 Py | H)) R P(y | Hy ) s 3) ARAE— 2 A 0 28 15 -
PRSI GE TR T (y) « 4) AR T I 1 P S DU 2 A L P DR SRR 5 5) S8 I LR B0 B vt 5 AL
DT B B SRS I PSR, BRI T (v)>n, WM H, WRT(y)<n, WHBCH H, .

3. OS-GLRT H#S:

Y :[AT (Ho,yo)(xf,xf)}aR (6,)+n, :[AT (6y,70 ) az (60)}()( +x,c)+n,,l =12,--,1 (1)

He, nyp C™WFREF . A.(6).7,) 5 ap(6) WARQ), ARG, x°, CY B RINE ARSI
AR R B REUR . RN R ki R
Ar (90370):diag|:ar (€0a70):|€CMN (2)

Jj2n d sin G Jj2n d (N l)sinH !
N 0 PR 0
% %

ap (6))=|1e Lo, e eCcV (3)
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iﬁgﬁ’ ﬁ:

Y, =B(65,70)x" +B(6y,70)x; +my, 0 =1,2,---,1 @
bt B(6y.70) = Ay (6,70 ) ag (6,) o TEVAPEMOR 208 x MO, I BRI 0 105 R0 b6
B A7 -

x; CN, (0,R.) Q)
Forb RO FIRAR BB IR J7 ZE 56K, L 75 IR I D9 0 1) e i AL 23 A -
m~C Ny (0,071, ) (6)
Horr 1,y R MN JERT AR, o RRMRAE T WA
31~ C Ny (B(6y:70) %" R), 1 =1,2,0-+,1 (7)
;H\:EPR:B(HO’yO)RCBH(6057/0)+O-2[MN (®

F HASAAEAE BB SO Hy B8 HARAEAE RS e SO H B . 18 B=B(6,,7,), WA:
{HO 2y, =Bx) +n,l=12,-,1

‘o pe ©)
H :y,=Bx"+Bx; +n,[=12,-,1]
2%, OS-GLRT 4iil Rk N:

H}%XPHI (yls""yL |xTaRC) H,
*he > N, (10)

H}ea‘XPHO (yla'”syL |RC)

r}[}%xPH, (yl’”'9yL |x79Rc)

<n, (1)
H}?XPHO(yU'”’yLlRC) Ho %

e, PH () B PH, () FoR H RV H, FIOBCE MRS R 7, FORRTTRR . B8, A

lnPHl(yp""yL |XT:RC)_IHPH0 (J’p"'syL |Rc) > Nog (12)
lnPHl (yp'"ayL |xr3RC)_1nPH() (y]su'ayL |RC)[fO nog (13)

A R I s o A, 78 oo B BRA MR 2% FE 0 A R 2R -
L 1
1=1 ﬂ'MN det(R)
1 e—Z,Lzltr(R"yLy/')
7" det(R)
1 e*tr(Zf:lR’lyLyﬁ )
7' det(R)

H p-1
Vi Ry

PHO(yl"”’yL |Rc):

(14)

1 *tr(LR’I%ZILZI vt ]
7" det(R)
1 ethr(R*‘ZO)

7' det(R)
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L 1 H el
T _ —(yp—u)" R™ (v —u)
PHl(yl’...’yL|x RC)_,:IWet(R)e L ”
_ 1 kel bem)n))
7' det(R)
1 ~or(SER ()00
_ 15
7N 4t (R) ()
I B e TRy
7' det(R)
B 1 e—Ltr(R’lZo)
7' det(R)
N EF] ’ ﬁ‘
1
Zu :zzf:l(yl_u)(yl_u)f[ (16)
1
Zy =L Loy (17)
u=Bx (18)
R=BRB" +5°I,, (19)
FORTBUASR B HN «
In PH, (R.)=—=MNLInz - Lindet(R)—Ltr(R"'Z, ) (20)
In PH, (x",R. ) ==MNLInz - Lindet(R)— Ltr(R'Z,) (21)
ATRAZR A3 3] H o BT R, S R AR A T AR 8L o) B BR H -
R,=BRZ,B" ~o*(B"B)" 22)
In PH, (R, )=~L| M +MNIn 7 +(MN = M )Inc” +Indet (B" B)
(23)
+07m(R°Z, ) +Indet(B'Z,8™ )|
R=B"ZB" -o*(B"B) (24)
=By (25)
_ 1
y= 2L (26)
1 _ -
Z, =ZZ,L:1(yz -37) (3 -7) 27
In PH, (%, R, )= ~L[ M + MNIn 7 +(MN - M ) Inc”
(28)
+Indet(B"B)+ 0 1r(R*Z, )+ Indet(B*Z,5" )|
B
Indet(B*BB™") = Indet(B" XB)~2Indet(B" B) (29)
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A
H,
Indet(B"Z,B)~Indet(B"Z,8) > n,, (30)
H H

Indet(B" Z,B)~Indet(B" Z B) < e 31)
1 _ _ _

=YL= -7) =2, - 5" (32)
—H H 1oy
y'B(B"zB) B"y >n, (33)
— 71 —
7"B(B"2,8) B"3 <n, (34)

FIFHHEAUE BB TIAE, HEBEHESHWE | fror. KPR ITHX T FHiASH Tk
FRA(60°, 10 Km). 5 A5 4% Hi(Signal-to-Clutter ratio, SCR)A:

' 2
SCR = [+ (35)
tr (RC )
=W Lt (Cutter-to-noise ratio, CNR) A :
ong < 7(R) (36)
- 2
o

4. KWHE
LI IR AR 3 P, 43581 100/ P, A1 104 S MC RIGAF 8. B R BE N 107,

Table 1. Simulation parameters

= 1. hESH
ZH g ol
A fo 1 GHz
At Af 1 MHz
9 B, 1 MHz
ik & T,, 20 ps
i 2 55 A PRF 1000 Hz
R TR M 16
FE o N 2
R AN 7 ) B d 0.15m

Kl 1~4 B8 TIEA A CNR 5 RSk P4 L F, OS-GLRT (¥ H bl 52 P, B SCR AL 25 .
ML 1~4 v LLRIL, BE%E SCR 3G, OS-GLRT B MIMEZRIZHTE T 1. & 4 %8, £ CNR = 15 dB,
L=50 I}, OS-GLRT 7£ SCR ~-16 dB [t 1d 90%. Ff HAEAIRIK CNR T, 52 1R S kb4
AT LA R = 0 H ARG 2. BhAh, BE#E CNR M0, OS-GLRT M IIPE e ZHE T . X 25T
FE AP B, AL TR, AR SO E S AR AT A A R AR R . 14 5 B 6 el T
OS-GLRT HJFEWAL L E 4 (Receiver Operating Characteristic, ROC) 2k, FH A& 5 ) SCR=-15dB, CNR
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Figure 1. Curve diagram of detection probability of the next-step detector with different pulse numbers and CNR as SCR
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Figure 3. Curve diagram of detection probability of the next-step detector with different pulse numbers and CNR as SCR
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Figure 2. Curve diagram of detection probability of the next-step detector with different pulse numbers and CNR as SCR
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Figure 4. Curve diagram of detection probability of the next-step detector with different pulse numbers and CNR as SCR
changes (CNR = 15 dB)
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Figure 5. ROC curve diagram of the one-step detector under different CNRs (CNR =5 dB)
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Figure 6. ROC curve diagram of the one-step detector under different CNRs (CNR = 10 dB)
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