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S1 MODEL ESTABLISHMENT STEP: ESTABLISH A SIGNAL SPARSE
MODEL WITH ARRAY GAIN-PHASE ERRORS

S2 JOINT ESTIMATION STEP: USING THE SPARSITY OF CLUTTER AND
TARGET POWER SPECTRA, AND BY ADDING CONSTRAINTS TO
ARRAY GAIN-PHASE ERRORS, PERFORM ADMM-BASED JOINT
ESTIMATION OF THE ANGLE-DOPPLER IMAGE OF ARRAY GAIN-
PHASE ERRORS AND CLUTTER OR CLUTTER PLUS TARGET

S3 TARGET DETECTION STEP: DETECT, USING A DETECTION
WINDOW, THE ESTIMATED ANGLE-DOPPLER IMAGE OF A UNIT TO
BE DETECTED, CALCULATE THE TOTAL POWER OF THE TARGET
AND THE AVERAGE POWER OF ALL THE REFERENCE UNITS, AND
DETECT THE TARGET USING A CM-CFAR DETECTOR

(57) Abstract: Provided is an ADMM-based robust sparse recovery STAP method. The method comprises a model establishment step:
establishing a signal sparse model with array gain-phase errors (S1); a joint estimation step: using the sparsity of clutter and target
power spectra, and by adding constraints to array gain-phase errors, performing ADMM-based joint estimation of the angle-Doppler
image of array gain-phase errors and clutter or clutter plus target (S2); and a target detection step: detecting, using a detection window,
the estimated angle-Doppler image of a unit to be detected, calculating the total power of the target and the average power of all the
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reference units, and detecting the target using a CM-CFAR detector (S3). Also provided is an ADMM-based robust sparse recovery
STAP system. The method and the system of the present invention can overcome the problem of severe performance degradation caused
by array gain-phase errors, thereby improving clutter suppression and target detection capabilities of a radar system.
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Ch&TEMF| AR E T &= -F &,

BEREHRF NP, AT FELIL, ATx=Pa+n', T = Iy®diag(t), t = [ty, -, ty]>
tm=cnl, 1<m<M, #BEFr=Tx— Pa.

BTS2, ReFHTH. AR kD 8 Ardh Rgeitsirt, @it 5] remiz £
NL R, FIRRT R F O RT RO TS 84837 £ 5 Rk S 22k e Bl 4769 /A & -
% -9k,

BEREHRFG T, TRIRAET T RER 1%

My AL ) 2

Ming, e, Tiallells + 25 2 InlI3 — RS A (e + 1~ Tx)} + STh,l|lda; +
n-Tx 2 Ry CM_ t,, — )} b, BBIKALL = 1), A € CMEFE [ AFapr
AR BT, B> 0RTET ALK, p> 0RTREHHAL B H iR LG ENIA
H, nARTE IR RGHNTEE, ¢ € CRFEZFZTH, yATE4H 1T,

Y = [ag,ay, -, 0, ],T =[r, 1,1, A =[A, Ay, -, AL ], X = [X1,Xp,7,X,], 25
RAFFFERACLTE R £ T E Fay, 1, ty, AR A a1, ty, A 49 BRIE,

FEARFEHRF X, BROEES p RKEKRERIFTYL, AP, TP, 1

#—, HhAFEA

; 1 B
mmmM%MZLmaMy+5Zhﬂmné—mQKqM%¢ar+n—TX0}+;th¢ar+

) * ). B 14
n—T&M—mwﬁﬂﬁﬂw—dﬁﬁfnﬁﬁbﬁwxrmlzﬁ%x%—qu+wm)
% =, 4RI FEA
. 1
mmmMMMthamy+gZhﬂhm%—mﬁiqﬁq¢ar+n—TX0}+gth¢ar+n—
Tx |12 — Ry Moyt — )35 Faj A I ME
. 2
YP* = argming, S {llall, +5 | @ay + 177 - TPx)| )
HMH:
yp+l ft(Yp GP T) {|Yp G| T 0) Y?P — TGP
= SO - ,— ] = ma — ——,0}—
B pX * B’ |YP —1GP|
Hb, GP = OH(YP + [P —TPX — )

%=, HALEH



WO 2018/049595 PCT/CN2016/099023

. 1 B
mmmM%MZEMaMy+ZZhHMH%—mﬁiqﬁﬁ¢ar+n—TX0%+;ZLM¢arF

n — Tx |3 — Ry Gyt — O)IX T A RAMEN:

2

L M
}Lp
P+l = argmtinzg{‘ cpafﬂ n l~lp+1 _ TPx, _Fl _ m{y* (z - C)}
=1 2 m=1
KIRTIE:
~ T
P+l — [ZIL=1 bty Yieibiy + Vl
Yl a, Y, apm ,
— * p _
¢— ZM 2:l 1
~ 21 1a1m 7P — P1T _ $YP+! 4 [Pl AP
V= mM_ 1 27,25, 2] = + -
m—lz%,:lal'm

Fv9, HRALFA
mlnal,rl,tl,lez 1”0‘1”1"‘ Z 1”1'1”2 m{ZlLﬂ}\lH(q’al"‘rl Tx;)} + Z _qllPay; +

= Tx)ll7 — Ry Rt tm — QIR TN ARANMEAN:
AP*1 = AP — B(PYPHL 4 [P+ — TPHIX),
BEARE®F KT, AERBIEFTILEA 1 Fiw. b, SNFFPA4H 8 iFmd
AT, HA -5 et AR L

Ea
§
N
H
3
H
H
H
H
§
‘3.

Lol

Y S3 b, BARENFIR. AR AN T A LT AR 6 R - %R ik,

T IE R ARG o F B HIA A F AT HF, ABAUR bR B B B ARATAS

am,



WO 2018/049595 PCT/CN2016/099023
7

BRI R, L B AT S R AR 15
B R A A6 S A0 . RACTE A AR 3 A i) B i 4 R - 5
L Bdoyr, B£F, FRBNFHTaREL 3£ %%i%\#i\ﬁﬁ%gﬁﬁa
L AR A S A, S B AR BRI SE AN T AE,
m

ﬂm#ﬁ@&%ﬁm%mg%m—m@mmm@)fﬁaﬁ fraam, P,
%

Jeur = Twil@cvriils 91 = Tiil@ui|> 1= 1.2, L, ERFKRAM TR, median(y)k =K
By ¥ATAAEN T, HoRTRATRALE, H ARTH B A TRAE.

BEARZHRF XY, E2H ERATE 9 -5 S5 AT B A, Haenidigde
B2 Fraw. HT8% B AR, ARG AERFLNE LR EE LA, 25/
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O, AR IR AR T AL TR D P ARIR £ AT R MR8 E T Ee)Th, Mk g

AT AT G RT QB FEMN A STAP B AFem e thst, RETLRALKIFH L B 47
HmEe 7 .

VAT ¥ 2t AR U BT R 6 — A IR T A & R TR a9 AR AR SRR B STAP 2 e gt AT am
L

HARE 3, Brw A RE Y —Ek7 TR T L85 6 RT e EAHRIRE STAP %
%10 B9~ E R

BEAREHRF KT, BT RIEFTQRFHOBMEHZAE STAP 2% 10, £ 20542
SAEME 11, BRAE DR 12 vA R B AR MIAEE 13,

AR TR 1, A TRIEF AR E TETHRARE.

FEARFERG NP, PR s A2k 11 24K T

B RGERAZEZQELT, BB AXX =X, +n = Pa+nitH NM x 1 69 14
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V(fai fsi) = Va(Fa)®Ws(fs:)0c)» ¥, R THINEALYEE SR E, &
C = Iy®(diag(c)), H ¥, IyR®N X N4eagE45 4%, diag(c) R wcxd A LS a9t A 4E 1%,
®4& 7 Kronecker 2, @& 7 Hadamard #%;

FEF|18ARIEE T, BRIBA XX = Cha + nit FATHIE] 69 R4 B Arey S ot ds, L4,
CO&TAMEF| 1@AMIREE T n& 20§67



WO 2018/049595 PCT/CN2016/099023
9

B 12, A TAURZ0kS B AR Rk ey st il idat 5] w8 AR £ Ay
S AURAF RAT QR TR RIS 18 48IR £ 5 Jk S A K0 B AR4 - 35 9
#.

BARERFG KT, PR B 12 B4R T

M AAL AR

mmm”%Mthamf+%ZhJMH%—mﬁiqﬁq¢af+n—TXQ}+gz&m¢ar+
n—Tx|} - Ry Ehcrtm — O} HF, RIANHALL 2 1), N € CVVEFF [ ARAFT
SR MBS RT, f> 0ARERAMK, p> 0RFRERIE LS FREMNENLA
H, nERTEH IR EOFNEE, ¢ € CRTEBHFREFTH, yRTEALHADET,;

AY = [ag, oy, -, 0], T = [ty 1, 1 LA = [Ap Agy -+, Ay, X = [XyXp, )%, ]> F40 A
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AR P A6 —F T AT R T E QAR STAP A 4 10, 485 IRI% 5] té 48
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ARAEM ML, RETERAAFEIF S BAFEMEE S .

AT, AKX ES AR RN ALNE A -2 EHRGEXTESL B Aregiente
(PP 7 @ 69 H 2R,

B, WAE-3EHROEMRES @

AEPAET| AR R EZGR TR A = (1 +ep)e/®m, Fdm =12, M, 65 dpns
AN B0 [—€maer Emar] 5 [—Prmars Prmax] T HBMI 8 5F5 . 4o F B 4 Bi=, Casel. Case2.
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WO 2018/049595 PCT/CN2016/099023
10

0.2, Ppax = 0.2m. *FF ADM Hi%, p=0.1, p=0.01, £=10"*, FRZEKAIA 500 &;
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approach ) fi%&, Wbk K& A E ARG TAZ D THFTL07, mKEX
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o 16dB. B 4 STAF i AL IR £ R E R, 5 KAIE e U Bk SR
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MCARM #4% 2 &7 L-2 8 ( 1.24GHz ) 694 R ABIE M55 R & 3RAF (RA 22 A3k ),
T — AT A I TG4 128 AMAkod, BB 69 & 5% A 1984Hz, 5 IME S 2 #% h 120m.
4ol 8, B 9 AT, KAV EF) M40k £ 9B E Lo, sTHEI|MEARIRE T AE-3-59)
Bty R B AR A AL,

(AT EZ A, LB R, FFaENINETRAREB I RITFELATR S, 27
FERT Lifeh R4, REGRBEIANT OB T; 5o, ZHaETHERLHFELAR
ATRTMHER g, FHARATFIRA AL ORI TEE.

F 9N, RAREBHEARA T T AL F I L3R & 3645 5 ik P 69 3R R T AT A
W ITAR P R AR AR K AR R AR, AR GGAR T 5T YA B Al T — it BAUT R B EAF BT
RGN, 4o ROM/RAM. BE R LES.

VAL P AR A KK I 698 AE SR Ae ) d €, FRRADATRAI AL B, LA RL I 6457 Fa R
W2 A BT AEATIS 2. RIS it S, ¥ E O EARL R TLEZA.
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3. 4o AR B R 2 TR e T B G RF IR a9 A8 AR AR S STAP 7 3%, LR A T,
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5. — AT XA F QRT EGIMERFRI STAP A%, HAHEE T, ik 2% 645
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BB AR, B T AR 20k S B Arsh B e s, it 5] e a1k £ N R,
AR KT KB T QRTE RIS TR MaA0% £ 5 Jl X 2 dm B 4764 A E-% -5 91%,

B AR AR, A FAURAARN T SR LA P E 6 A E-2 SR, R E
ARt B h R G B AR B E R, DB A PAE e R A B 2 B AR AT,

6. de R AIER 5 ATE G T KB QR T kARG I STAP 2%, L4 1EE T,
P iR AR A 52 5 A S LR ) T

] RAGAWEAIREEZGELT, RIBEAXX =X, +n = Pa+nit L NM x 1 4 R4
B AR 20t dh, b, M RFIRP- 2 &85 EMANERE A R KA QIsHETH M, N
RATEE EREAE AT E TN LI A, xe AT RMPTE R oG o Ih, n
F R NM x 1 BB AARE, NgNg X 16 = [agq, a0, Ay oy, 2T RBAEEHF
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TNM X NgNo 469 E5 5 RAAERARR ZGH AT 2 F&iE8, OTRF4EE8M%E,
NM x 1481 V(fai, fx) = Va(fu,i)®Vs(fop ) TEMES) R A EWEANRZ 69 HF LT o928 §
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