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Velocity False Target Identification Based on Random Pulse
Repetition Interval Compressed Sensing Radar
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Abstract: When the random pulse repetition interval (RPRI) compressed sensing radar suffers from the jamming of
active velocity false target,the sparsity of target echoes will be destroyed and the RPRI compressed sensing radar’ s superior-
ity on target detection and velocity measurement will be limited. In practice,due to the random modulation,the jammers can
hardly update precise parameters such as the random PRI in time, which will induce the echo signals of true and false target
to be sparse in different dictionaries. By utilizing this factor,a velocity false target identification algorithm is proposed within
the frame of compressed sensing. The echo signals of true and false target can be sparsely presented and separated by build-
ing a joint dictionary. Also,to present application limitation of the algorithm, the autocorrelation of the joint dictionary under
different RPRI signal’ s random mode is analyzed as well as its influence on the separation results. Computer simulation veri-
fies the effectiveness and superiority of the algorithm.

Key words; random pulse repetition interval signal ;compressed sensing;false target identification; moving target de-

tection

1 5|8

B AL K oh E 52 (] B ( RPRI) 5 %5 B 1976 4E | M
Kavech #1 G R Cooper YR L R P IR
FH A BE S T2 B F g3 SR, H AT # i
FH7% ( Correlation Processing , CP) 3590237 SR 58 15 1) 55 3
W IR, DR A BB A £ 5 AL FE TR

Wk F 1 :2014-11-28 5 {8 (3] 1 391:2016-04-20 s ST AT 44 22 55 ¢
JEGTE EK ERFEEES (No. 61401481, No. 61271442)

AR, ¥ TR 45 12 ( Compressed Sensing, CS) Bl
W BT RPRI {554 B A 5048 75 21 AS B 52 2. SCaik
(514 RPRI 5 JE45 805 SAR 254 421 1 A i AL
PRI RERAE T 58 SCHRL6 ] WI2P F 58 1 RPRI s 47 &k
RV IR JC AR 3 H A A D R Z% B il 1) i, I 2
T RS AN R K A s SCERLT o s
A7 BRIV 1 T RPRI A ] B 3k, 78 4000 1 AH 240 31



o1 M B B b7 - ST RAAL PRI 248 S8R TR 12K A o A1 H A b O i 99

1] PS8 JO AR AR 55 A ) 5 AR

SR, AR IR I AL I FL P X LA H 25 R 4%, L
R M 55 580 A 4 %% ( Digital Radio Frequency
Memory , DRFM) (13225 iU IR BL S 1 2 Fl i T DRFM
SEIRHT B AR T T PR, T P A IR A bR
AR AN TP A ) ) B Ak T S B PR s A R
ETRIERAAE" " BB, CTF RPRI 45 50
IR QRO 40 P AR H AR X — [, i R A 3 A R
FER.

AT, A BB TP B0 T E2E A, W
DL P — o 32 B A A A W () B T R A, T
B 3o X6 7 35 A5 5 AR 7 3 ] 55 7 T A i, HG L
FEI TR 6 2805 WS SRR, m
RPRI 75357 & 5f 3t 7T LLXF {5 5 19 PRIt iR 45 2
RSt FERLAE A2, I8 2 T HLxE DA AH A7 3 ] 1l 25 3
UK i R A B 2, B P AT — B BT PRI [P
SR, PRI TIe AL 0 4 G 12 R a4 ffy b B8R T 107 ¢ 1) 42
FRET IR S, T BOH AR AR H AR ]I el R 1) B 2 2
B sk 5 55 H bR T 4 & 1 BEAIL 2 80 TR BRI 22
L RN % e (o N i e T S T e )
2 S L AT — AR BB B AR E S AT R R
75, IR B AR5 5 FE 58 B AR E 5 76 A 6] 5 it
g X AR R 0

AR SR TR AL i A FE A H AR R 79 RPRI
G5 K I AE T HEAT R R, SR 5 TE e 45 I HITHE 22
L R EE TR R R B AR R TN Oy
B 7 AR B AL 20 XSk s, 45 1 T R i ik
FHYEH.

2 HEFREHE

2.1 RPRI{EE 555 HizEHER

BB RPRI {5 54 M ASEE N T TRk, 45 m
AT RKOIGE G %] T, A 85 15 0 20 mT, (Horbr 7, 3
Sifkof PR) [ 7, W) T, =mT, + T, (m =0,1,
e M= 1) Hd, T, g BERLEE S, RPRI {5 51 PRI 7]
TN, =T, =T, =T, +T,., - T, REHESATLL
FRN

s(t) =

M-1

t-T
z rect( T"”)exp(ﬂ’n’fot +j @)
m=0

(1)
ﬁ*ﬁﬁﬁﬁmﬁw%WMﬁmﬁﬁmpﬂ:

T
1, -TR<i1<T/? )
{’ SISV Akl W TLT = 15
0, else
SR RE(1>0).

B[R] — B T TN K A H AR Y 52 58 R 8005

A, S EIBZ B PG EE B 000 R, , B s> 5 LAAZ )
I v, SJ H 2 8l (I 9 10 T kO IE) , H AR 13
ZRME R -

0= % T o
S = rec exp( = 2mfot, +
' m=0 kol /]W T ) p J ol TJ Po

(2)
Horfr 1, =2(Ry, = v,0) /e =y, = 20,0/c. XERIUR 9 [l 3
23T RE B F R AL R BRI %0 1, = T, + 1,
(', =2R',/c) ,WIHEAINL @, =0, W) H A7 1] RFE(E 5
A LARIR A
s,[m] = ; /A]%exp[ —27f, (ty, =2uv,t,/¢) ]

(3)
2.2 EEHEERESER
B TR R — RS TN 2 T AR B AR,
B RE 0N A, SRR Z BRI WIREE 550 50 R,
HAp AR 3 BE v, 53 Bz 8, W T M5 5 4R
WG N -
s, (1) = g 2[‘ A cpt(t_T"” _tk)exp( —2mfot, +j @)
s T e
(4)
Hrp, =2(R, —o,mT' ) /c=t, =20,T", /c,T. JyTHHL
XIS E S PRI BYA T, 2R G B T Il {5 5 ) 5=
RN

I

A, .

s[[m] = 2 : eXp[ _quTfO(tui _zviTms/c)]
it MT

(5)

3 ETHBERNEERBIRRA

sE AR H bR T, TIRHLT A T 5 6 5 247K
A, FUHBSEAGTHBan PRT SEZ B4 AR A7 86 il 15 5 %)
BARAF = BEAT IR, 29 il 1 B H AR T 15 5 5 15k
FUBR 1A 5 — B ik A WSOL , DA T 522 Wi R 328 o B 5
FUAR AR I BR . SR, X3 8 34550 RPRI 5%,
P LM HARE 5 5 5 HAR(S 78 PRI SR E & f —E
255 FETR IR HEAT (55 AL B, DL PRI %0 2 50k
HE/ B H BRI T, o L H AR R TR S
IR RIS AR IE NI LU S B R koo R (9 RPRI
SRS 5 10 57 B H AR 0 % 5 L U2 A 3
o7 3L M) FET T B S 18] 4 11 PRI SP-24E, AT AT LA S DT
Pl HARTHUAE 5. Pk, B/ FAR 5 S 7E i & 7
TR A BB AR 5 MR TR I A , AT S B
B H bR, A ERR AR 1 FR.
3.1 E/BREWRESHRRIRTEE

H(3) iT5



100 B *

¥ W 2017 4

y v 1 '
] ||£Hﬁ TR [T el
vkl | |l ) [ g [t ]2

[ H bt |—s] izl }-—|WQH$;‘<% B

P 1 LT RPRIA S5 8R40 735 FREE BEAR FAR U S0 i

K
s,Lm] = z A'exp(j4mfyT, v, /c) (6)
=

, A, . . .
HipA, = /ﬁexp( - j2mfoty,) exp(jAmfou,ty ) &5 m T

A

K ALLS, A SCF 25 18 H bn i 5 s e AL 5
SC - EBASKR )17 0 , BRSO 2 B A 0 0, = A/2T,
N > M) B33 B EE 43 R OT V, = ndv,n =
0,1, ,N—1,Av=A/2NT W HF5EREAE 5 AT R 8
s, =Uda (7)
Horpr U™ & —A> M x N (37 i 357 Bt AL 08 D00 6 2 , B[ Ry
Hbrfign £n 58, HoTR A U, =exp(j4nf, T, V, /),
HAREEE SRR F M T RaR N a = (ag,a;
ay_)" BV @IS 5 5 H bR RS S R B R
He AL WAV TG SRR N
s, =Ud (8)
Ut E2— M x N (WL 5, e % o U, =
exp(jdmfyT,.V,/c) U A8 B ARFS 8 28 730 {5 H br
TG SIELF I T RN a' = (ap,a,a)_,) "
3.2 EFHBRRENRBBERRANEZ
FIRFEE S Ry

s=s +s,=(U Ui)(a:):Ua (9)
a

HH B/ H A8 L 1 S B A J ) — AN B 5 i U
PR BAE S MBRoR h a, 38R SR T T i g A )
T B A 22 0 49 050358 1) A O A, S5 B L/ H R 1Y
I3

a=arg rnain”a”1 subject to ||s - Uall<e  (10)
3.3 HiEKBHEREEDH

N T RS T U AR g UL
) B A MR HT 42 T ST IS 5 B AH 5 R AL
i p, It p 5 w4758 v 9] (1 <u,v<N) TH p, &
XF

| <U (u),U(v) >
R TN PN ()
Hp U (u) U (0) 5038 U U RS w5, H 1<u,v

<N, <+, » >FRWIIRERNHNMR,p,, e[0,1],H
P, JBINFE R P B 2 T 8 AR S B, K U (w)
U (v) HEATT 15 2

! jaAmf, AV
Puv = —expl—— —u
c

( Tms - LT/’ns) :I
u

(12)
Ly =u/v,y WIBETEE AT
’y:{lﬁ’ﬁ’...’l’...’N_l’N} (13)
Wy T, K T ARAK(15) 155
M-1 1 4 OAV
"Z:g) MeXP{J il ulm(l —y)T. + T, +’yﬁm]}
(14)
He B, =ml, —mT, =m(T, - T,),F B, N PRI fif
R
B (17) /AL p, ,—1 B — DT 52

4mf. AV
%u[m(l )T +T, +y8,]1 50  (15)

Puy =

c

PR, Y uw *H%Hﬂ‘,pwiﬁ?j{,ﬁﬁ% ()
LT, R ,p, /N
4

hEER5SH

AR MATLAB #EAT 0 BLS2 56, 8 TARAE X
BB, BT ES B 1.
®1 ESHRER

fo 10GHz CPI 6. 4ms
T Tps M 64
T, 100 s N 128

4.1 HEBIMERIE

I T S 7 3 AR AR B S Sk (3 ] e SOk
[ 14 ] 4E SR #E X RPRI 55 19 Ab B L AT X L. 15
HINBLRGEAFAE 15dB {19 = 7 FL M A 52, B RPRI {5
SRR N B O ST REPL O A BBEAESS 45 A
BRI EAFAE 1AL AR, [R] I 7E5 33,66 .88 .99
ATEPE ICASATAE 4 B AR, F/ABCH bR E (3
Lo BRI = Fh 07 3 0 [ 5 5 5 B A7 AL B, 25 5 n ] 2
. B 2(a) (b) MRUCH R AT CP 535 DLRCR I 74 U7
X IR S BEAT RO AL BRES 2R th 1] 2 (a) ATRUE A8
CP FEX L HARHEAT 1 R VRS2 5 U0, (H 2 H™
AT ANER B AN B 55, T AR T 2 B
AR LL , B T A I S e NI 2. (0) Wl LI
2, BRI KA X —F-BE B AN U 7 gt Ay
H/B HARMRE 5 R IE R, B H AR 2P
B HARME SR 5 LRI AL BERRE,L B 2(c) 5



LA P TP B TREAL PRI T4 /B0 o 31K 13 Ml B AR R 3 Jr ik 101
. FEELAR LT FTLAF IR XA 5 B IR S AN A7 A 1 55 0 i i
21 * ’ =1 : BN, 228 W ()45 e EL AR B B T H bRk
Fos A | WA T LR H AR 02 80 2 80K SR
04 TR 4.2 BRI
% il JLWW“"W‘V\‘ ; AT WA B R PE R 5 0 R4
D suum D Swue HEATITAY A5 O 20T A S 6K RPRI {35 5T REARM 19
@ cPsiit ) FIU ARSI T LA L AR PR < B — 1L AL ~10,10] 2
Y e B e P BRI 50 53 A s B0 g 4 LR - 50,50]
Sos =0 PRI 51 50K 3R RPRI f35 5 (4 3 A 408
g0 o AR CPLI WL B M AR, B 7, B (O,
02 02 6400 ] () B HLIA 5] 53 AT
% 50 100 % 50 700 4.2.1 H*xEHSH
EA P 2

(0> ARICHLHEACRET (92T F AR () AICELBEALILT MR F AR
P2 RPRIH & [ — Pk A B 45 1

B 2 (d) R A ST $2 A 3% RPRI s 45 B0 77 0%
AR A E AR PR B A AR I 2 () (d) 2331 R
S /A8 AR AE 2235 B AR A4 23 A 0, e 2

(a) BE—

50 40 60 80 100120
u

TN = AR I A5 81 2 R A 5E R R
R REAT O FR AR, 48405 FOR ISR 2 J7 i (1000
) RZSRBCFIMSCAE. 18] 3 O =Ff RPRI {5545
PRI R B p,, —u — v 204, 2 2 AR R
BEAFIX[0,0.37, (0.3 ,0.6] LS F A% X [6] P4
AR TE 2 AR 2 R B0 T o L R

(b) B (o) BEX=

K3 =FRPRIfG SH FICA FIAM KX REL £ -u-v 4

£2 ZFEXTHEXRYZITER

X Pt Bl — - =
[0.0,0.3] 0. 9766 0. 9844 0. 9960
(0.3 ,0.6] 0. 0084 0. 0086 0. 0031
(0.6 ,1.0] 0.0150 0. 0070 0. 0009

Z5a 3 AR 2 o 3 O =MELT , S48
i 97% WIRH R R BAE L AL 0.3 LIR , AA 2 1% 1Y
FHOR R BUE R 0. 6, B W77 it 4 KR 73571 22 [
MR FH A HER AR, 1o B/ B0 2 H AR IS A2 73 B 1)
Bt ; @ =R BT ARG R BBRME I BUAE w — 0 F
AT b AR A A 4R b R LR A DX, SR ] T AR ST
3.3 WORTAOR R BN M £14518 s @ AR R A G it
IATEN R E R = JE T LAY, A —
75, X2 TR Y B S, 5CH: T i ok i B AL
R R AT 5 B8O 5 2 80 3k A1
4.2.2 AREERILTEEREEEED T

N T X ML REHEAT RE AT, B RE L — i

WrAEAR , R 220 Bl e A 1) LB A DR i
€ H AR Z 81132 3 2 800 A 56 2R BRI IR T 0. 9 1oy
IR, S22 0 R 58, A b b S A A J7 i P
TR EES L — 16 4. 1 1R 5/ B H AR K
SRULE T N H/ R HARTEA ] (5 6 LR 19 s i
WBER AT O E, WK 4 PR

HiP 4 T 45 OREH 151 LA 3§, = Fh iR 1
RPRI 55 (0 N K S AR 335 A7 P 4 715 Q)] — {5 e 1L
TR =R E MR E L TR, IR IE A TR X
— %S i TR RPREAE S RERLE 3 , B0 E/ )
bR I 19 7 i 2 () A OC BE AR, T3 T 1 20 B R
PERE.
4.3 HREREBES

N T RTEBR A RAG NS B ATk R VR RE Y
Wi EAT AR 07 K /A B BEXS DL w o (B B AR
R AR 5 AR B LU BRI B0, 5 31 = AP X
TR AR

HiE S WA 7RO HAR IR, =B s
SRR RN T [, (615 1 EE 20dB (91 00 T, 1K =
(B SRR AN 2 g 35% 3% — 5 TR 6] T A G &R



102 5] I = 1 2017 4F
1 = g0 ooy quence radar signal theory and its applications [ D ]. Nan-
. Ef&g ~ 7 jing,Jiangsu ; Nanjing University of Science and Technolo-
¥ e = ’ gy,2002. 11. (in Chinese)

5o ‘ / ) (3] X4, 5. —FhoBr A BEAL PRI K e 22 3% 8 5 3k T AR5EH)

= 04} / MTD k[ 3] T 5%54R,2012,1(1) 128 - 35.
," / / Liu Zhen,et al. Novel method of unambiguous moving tar-
02 /" = ’ get detection in pulse-Doppler radar with random pulse
0:) - -*4;—‘ - - py " repetition interval [ J]. Journal of Radars,2012,1(1) .28

(21, /dB -35. (in Chinese)

P4 AR AR BRI AN [R5 LR = RS e o M S

BOW PR NEBE 9 8201, 55— J7 ThI A %) A 5303k 19 36 3
FIREAT T 29731, AEA d vE OE 2419 RPRIJE S, 1k
WA ML 14 A 5 R RO £ 3 A R KA 23 B ik
AE, 2 N — 2 TAERE A

0.35 e
—— R
03F —— i
—— R =
% 025
§ 0.2
& 015¢ 71
= o4
0.05
0 — L
0 5 10 15 20
{5k LL /dB

Pl 5 AH 5 28 Hm N AN R (5 8 L T =R Ui o e S %

5 #ig

155 RPRT He 4 BRI 75 38 1A U A F AR U BE )
XA R s T FAR TR 9 15 S AR BCRE ) A B 2%
LT b AR A RE AT A R 2 LS RS PR 3
ARSCHR T — R 2L T RPRI T 45 J& 01 75 5 A9 2 B2 1% H
PRI AE i 5 A e R ALS 5 A BESE T B L,
PR TR L/ bR B S AN S A 1Y 55 e ik
JRRAE/IN , 2230 A 1) £ % LU B i EL Xk H s 142 2l
SRR O HER 4518, IE W] 1A 1 B A AL
AP, HLad i /B H AR5 7 L A R O 2R 8
KA, Xt RPRI A5 5 347 T 0L BT, S w15k 1Y
IR AR, st T AR PERE.

S 3k

[1] Kaveh M, Cooper G R. Average ambiguity function for a
randomly staggered pulse sequence [ J]. IEEE Transactions
on Aerospace and Electronic Systems,1976,AES - 12.410
—-413.

(2] IRBRAE. WAL Gk b i 855 5 Be S5 W TS [D .
VL3RBT : A B TR A% ,2002. 11
Zhu Xiaohua. Study on pulse-position-modulated pulse-se-

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

[5] Patel V M, Easley G R, et al. Compressed synthetic aper-
ture radar [J]. IEEE Journal of Selected Topics in Signal
Processing,2010,4(2) ;244 —254.

[6] Quan Y H, Zhang, et al. Velocity ambiguity resolving
for moving
target indication by compressed sensing [ J ]. Electronics
Letters,2011,47(22) 1249 —1251.

(7] XU HE7F 4 B i BE ALV ] 75 3515 5 A0 BE 5 12 5 0

FWFF D] WK B R EH R K ,2013. 4.
Liu Zhen. Methods and applications of random modulated
radar signal processing based on compressed sensing [ D ].
Changsha, Hunan ; National University of Defense Technol-
ogy,2013. 4. (in Chinese)

(8] /NI F kA PR A AR E T EE A5 [ D ). PO AR - 1

TR K ,2012. 6.
Lu Gang. Study of algorithms on suppression of radar ac-
tive false targets [ D]. Chengdu, Sichuan : University of E-
lectronic Science & Technology of China,2012. 6. (in Chi-
nese)

[9] Pace P E,Fouts D J, et al. Digital false-target image synthe-
sizer for countering ISAR [ J]. IEE Proc Radar Sonar Navi-
gation,2002,149(5) .248 —257.

[10] Zhang J D,Zhu D Y. New antivelocity deception jamming
technique using pulses with adaptive initial phases [J].
IEEE Transactions on Aerospace and Electronic Systems,
2013,49(2) :1290 - 1300.

[11] Soumek M. SAR-ECCM using phase-perturbed LFM chirp
signalsand DRFM repeat jammer penalization [ J]. IEEE
Transactions on Aerospace and Electronic Systems,2006,
42(1).191 -205.

[12] AKHTAR J. Orthogonal block boded ECCM schemes a-
gainst repeat radar jammers [ J ]. IEEE Transactions on
Aerospace and Electronic Systems, 2009, 45 (3); 1218
- 1226.

[13] AKHTAR J. An ECCM scheme for orthogonal independ-
ent range-focusing of real and false targets| A ]. IEEE Ra-
dar Conference[ C]. IEEE,2007. 846 —849.

[14] Zhen Liu, Xizhang Wei, Xiang Li. Aliasing-free moving



L B 4 1 - BE T RAL PRI 48 8 7 35 10 BE AR H AR TR U 12 103

target detection in random pulse repetition interval radar

based on compressed sensing [ J]. IEEE Sensors Journal,

EE BN
FEEIE 55,1990 49 H A FEmadt.
2015 4R 12 A FEB R EHEARAKREERYS
o A TR Al AR 2 0. B A (] By B 2 e R

KRBT S TR LU 4. E 20
FET7 1 T IE AL IS AR 5 Ab B TR 46
HISE.

E-mail ; nudtsjp@ 163. com

€3

2013,13(7) :2523 - 2534.

xR 31983 AR T il A TR ZE .
2013 48 6 A HL T EBIRHA AR RS2 F 8 5
{5 AR B ARG 2 0. B0 [ ) 2 B AR K
TR S LA BRI, BT 1A
WIBBIEB EIAST I R4 AR

E-mail ; zhen _ liu@ nudt. edu. cn



