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2D Radar Imaging Scheme Based on Compressive Sensing Technique
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Abstract: Compressive sensing technique has been shown to be able to reduce effectively the data rate of high-
resolution radar imaging system. A phase-preserving range compression algorithm based on Compressive Sensing
(CS) technique is proposed, after analyzing the sparse characteristics of complex base-band echo signal from a
target using chirp signal as transmitted signal. Based on this range compression algorithm, a 2D imaging scheme is
established, i.e. performing range compression by using CS technique and performing azimuth compression by

using traditional technique. The effectiveness of the 2D imaging scheme is tested through processing both
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simulated data and real radar data.

Key words: ISAR; Radar imaging; Compressive Sensing(CS); Range compression

1 3§

B AE AR R GEAE A AR F s A7 A )32 ()
F, T 4y W A IR B I SR AT T EER RS
ot G A BESE . B A R A MR I A SR A
Wrig s, DAFTARCRAE 8 B4 HE R 5 AR BRAE 0]
SR T PR AT K AR A B k2 ) S SR R sy, TRT T %
5 B IS AR 5 IR IORT AL BRI M B2 A H 2l o 34
KAT T Ak B AT P B 1) s 4 26 %1 (Compressive
Sensing, CS)ELiG4RH, {5 5 HA Wbk aln]
PRI, SRR AN R, AT DUKEEIT
ICT Nyquist TR B 1AE 5 00 58 S5 51
HER B A, BT CS BRIR AR A S AT
TIE R R, =N S5 RORHIE LA i

2009-09-15 W £, 2010-02-09 2|7l

EBER T BRI, A AARREES
(2009GQS0008) FIVT.FH 44 B |1 H (FRHE 542 (GIJ09581) ¥t By U At
WEIEE . Wt

xiexiaochun@sina.com

SLEIF T CS BN T E ISR TR, H
HUAHSG I ST TAE D4 S T —483F . Baraniuk
BlEME R T 3T CS B SAR Hifg iy ik,
Herman 5|\ Alltop J74#i& CS Tk thabitf
HRAEIRH T 2HNHTARIEIERGER CS Bk
SR Ry R BN 2 Y SRl S
ATWBRA, B T FRCHE & RS AD
R

BTG5 HARAE SN B K s TE] P A
XPIEE)n] CLZBSANTEI, THIE 2 4E g R T BL gy
il Ay B AR A ORI 7 AL 1) AR B PR AN P BRI AT . DAL
AFLUSERIH CS BRSO E7 34 [ A 1E AT 2 1) Ak
T, ARG IRAF I B B R EAT T A I AR B, DASEER
2 YRR . AR —2e PR T 1 4ERE B M 1Y CS K
GAVEBSI28 B VL BT R AT 1 R 25 B H A
HUN REUE S, AR E &Ik A i R v
73 2 A AL AS EVOR BT A M 5 B2 1K J7 A 1r) A LA
Mo



EE

RS T R A AN ) — 2 I R Sk 1235

h TR B ), AN SO R 5 ey 7 A [
BAR FRERERRELIE AT, X 1 YRR i CS Bk
G HAT T o, R T R RARTE AT CS
(PR S R4 50, JFEE T 5T CS MTRIE 2 4ERk
BHERL . FERESE T, AL Ik [RIB AR 5 I AN ik
PREGE ST CS IR 2 s 4 Y 58 PR 2 s 4
SR G A A% 58 ) B 3 AR S804 J7 A7 17 A0 B DL 3R
W2 Ak G o SOl oy FLER AL T 13 5
LIRS HCHE AT AR AL BEGAIE T AR HE SR )
AR
2 EERORESHBRESH

BT OS IS 2 YE VB HEZL AN & 1 oo 2 4k
1 G 2 T 0 7T B - 22 3 )1 1 v SR R U
O PRV EE RV 32 Sk S e I A PR A S, S 99
S L [RIBAR 0 AR I TTIRAR /N e BRI, Rl
EREEUNDSUR PE X (Er R AN IV 3 =) | 8 4 S|
PRALE K AT AN R R B B e R s s oy, A
T O R I e PR UNK R AR 5 A sy (t) = rect(t/
Tp)exp(j2rfyt + joK, ) I, Bk RGN 1 55
WA 2y (7, t) AT AR

B
P

AL IR | T gkt Wik | WAER

AR (AP S A ’

1 T A8 A ) 7 T BB HE R

zp(T,t) = Zak exp[—jdn fyr, (1) / c]rect[(t =27, (7)
k=1

/)] Tplexp{jmK [t —2n.(7) / '} + n,(t) (1)
Forbr o, BT ARk RIS ) BSOS R ) AR
KA 5 I, (7) A EUR Rk R Bk R S i
T SEIE VAN, 6, T, WL
kb A5 S R TR S8, n, (1) A A FEE IR 5 b i
GG HUR 0 T AE 55 R SO PR 7
ol 5 5 sy(t) = [rect(t/T)/(Tp | K, |)]
cexp(jnK,t*), W (1) AT LAZRIR N
K
wp(r,t) = Y {ap()solt =2n,(1) / ]} +n, (1) (2)
k=1
Koy (r) =T | K, | o exp[—jdnfyn (1) / ] o
I I AE 5 2y (7, t) 3BTV AC 8 P 28 )5 15
P25 BE B AR 5 I
K
gr(mit) =Y Tp | K, | oy exp[—jdm fyri (1) / ]

k=1

Sinc{nTp K, [t — 2r,(7)/ c]}

A PR WA AR AR, B 0 s 4 10 45 SR T AR R
INA

9r(T:1) ==§;:{7} | K, | o) exp[—jdmfyn.(7)/ c]

-O[t —2n(7) / ]} (3)
FE5F FITAT R R A [ Ak v 5 Jlee 8 H i J a7
AL 1) AL BRI AT R AT H AR 2 4EE L EE .

XA (2), X (3), ATBLE A (2) st —
2n,(7) /] MR T s(t) B IR L 2L (3) Hr oot —
21, (1) / ] AR T 8(¢) YIS 2 — 308y, T B )
FEAEE SR AL 58 A R . PRI H b i) 52
WA 5w (7,8) AT AR R A UG 5 s, (¢) BN 2 7
HTR R AN R B R,y (7, 8) AR TR B AT
Wi s, TIXAN MR R i e H bR R
zp(7,t) HIUCFC SERE S
3 BETEHRBHMEBEREERTIEK

&

(B 82 15 2R 6 A LI X 18] [,y ) o BEL 85 ) £

e 0 Ar , EEES 50N 18 H AR BUR A0 n] DU —
Y ) B o Ko
a' = [ ay - aq oy agly (4)

H oy = oy exp[—janfyr(t)/c]» o NALT n FEE R
TG IR L S O R = + AT,
Le[L:L], L=1+(p—n)/Are HEANHERITE
WEH HERI, o, =0. 1T ISAR s, Hbs
AR DR 3 AR N ) — 3B AR, oL« hEER
TCE MK N T ER B AN L

K sy (8) JEWS, RN A RR B J «

- so[t_y’_o] so[t_2ﬂ]
& C
. {Hw] s [t_Qﬁ—_Ar]
0 C 0 C
Y
so[t 26]1XL
M2 (3) 3T LLAIE
z(t) = Pa + n, (1) (5)

) FE 4 AN B G , ST [R1IBAR T (t) RO
EAN T o f0 ) R AT DA
|[®(t) — PWa, < e (6)

minllodi;,  s.t.
«

Hrb @ WML, e HEEE n, () HRE

T REfE SEILNS w(t) A SERFIN R, A LR IR
SRS, A SCR AT T Kirolos 88 N4 H
AIC(Analog-to-Information Conversion, il /{5
V) M EEAESE, 2R o



1236 BT 516G 8 %R

3245

- S B
at) —.(?)—. 1[&)&]{&;)0)( W —wﬁo—» y[m]

P2 2 ATCIH) A IA R S B HE 2

i BRI AR T () 58 5 Ko ) B
T < 1/2B [FBEHUINAUS 5 p(t) AR, 285 T8 1L fiRIE
VEVLLS h(t) » B o L RAE IR RT A /Diids
JE A 215 (I B y[m] o 455 50(5), AICH
T U

y=Pu(t) = PPa+n=Oa+n (7)

o @ Rk e 248 Jak Jan o g S50 v T 5 1O s -
n N IEIEATCS e

TEARAFMFEAL y Jo, ARHER(7), @M DL
WA LTI o () AERRBE & PR o FAE,
N SE BRI T R 4 B () B 8 e 4, #9- 2 Gn=X (3) Jir
TN LA RE B A

2 (4) 6] o 18 SCAT A, 45 58 B CSUERC 8 3
Joi, AT HIAE SR H AR 5 i IA ) AL RE TR
BIARNAR B H ARG U REUE B BT RAKE
SRAT I BB 0 2 A AT 58 IR B R A e, BRI
FER AR R, RIS G EEAE 76710
X ARAG R 5 B P 4 L 2R AT Ak Bk ] DA SE A A 2
YERifg
4 (FERINEELE

A K 02U H A7 EISAR B Ak 513
T LRI SE TS AR A R AR 21, SRS Ll AR S I DT
PE I 7 VE RN e 248 T A 7 Y PR 2 R AR Ok .
T 7 53R4T 1 2 B8 s 47 B0 5 8 1 A [R) I IS AR B
QR RAS B0 B 2 s 4 B 1 A R

SV SRR R UH AR 7 BB HEAT AR B, 47 FL
IS EnRITR. HEsEsAE sS4k, &
I A B 3Tk o g E, HbRLh v, =
—63.66 m/s, v, =3 m/s FRIHEEAE TR AU A o) T
B8, BB b A IR 5 R K 1293
Mo A AICTE B EAE 13050, FRFEZE 10,
TH Job S 4 R B 2 s 4 %, R 130 A R 3R AT
(1 T A [l 5 5 PE B T i Bl 4 (a) T s o S8 BUEE 25
FE4i I, 67 A% AL G TS AR G 50230471 3
AMEE, SRAFHISAREIZR AN B 4(c) . El4(b) Al
4(d) 2R Tl AL S 7, FIHI1293 s R AR S0
AL 5 B R 4 FIS AR AR (8 R X} L o 3
i Kl4(a), 4(b)ME4(c), 4(d)PI4LEl xS T LLE
T He A T 1) B 2 e 440 RV e AT R SE IR
XIS B S EE B R4, I HLRRA R B R
Ji i

F1 HEKESY

AT 13.58 GHz
G 200 MHz
Jik & 2.5 us
ok T A5 A7 500 Hz
PREZIES 250 MHz
A% 1A 2s
0
1
2
E3
4
5
6
0 1 2 3 4 ) 6

T (m)
I3 FARHUT s

) 220 W AR B P OROMISAR G SV EAE ] o [ A
Rl CUE S T e 40 T80 1) B 8 T 40 50 1 1d
gE, (EEEE N REE ST, KRR T
SR I 20 T 55 T SR () 5

55220 S 6 b 5 135 2R Ak S I A A7
AR, HE SR 2R, IR G R A L
TEANRE T 2 5 e Bk il AR Y B ) b A A (Rl
5 BRAE A 1600 8, £ ATCS Il & A5 A
16050, FRAEFEA10. E5(a), 5(b)PEZm SR
T I G B 7, R 160 A0 (R SE I R Ak ]
WA 5 P B I 4 5 i ek DU 8 e 773, R 1600 85
SRAFEA S I TR O (R A5 5 B B TR 4 R AR L. 18]
5(c), 5(d) P2 P b B 2 P 4 1) &5 SR SR A RD 1
T3 ) VT TC 08 38 i (1) A SR L. fr AT BUE
R R X AR BE B ) -18 mAE A, 7V i -80 m
240 mPIX AP o SRR LS 415 7EEI5(c), 5(d)
PR P A P AU R R B, T BSOS I G 20T

R2 WHINHIRESH

B 13.58 GHz
G 120 MHz
Jhk 5 8 us

[l QUGN R T S 500 Hz
PRIk 200 MHz
JSCAZ N i) 8.4




RS T R A AN ) — 2 I R Sk 1237

4]
. (.5
E
E
H 15
2
=5 0 5 10
#ES ) (m)
(b) Bl AR - PLRCIER ik
=10
e =d.3
\I,_._. q--
=10
20
=5 0 5 10
BH 1) (m)

(d) ISAR %0 - PURCHEDE Jrid:

P4 )5 FCESCHR 1 s 4 e s 475 (L P VB e S 40 BAG ACRT BE R IBOR)

%51
]
05
= LY
= L]
o 15
| | |
r |
9 N 5
-5 0 5 10
H 10 (m)
(o) BB AR HOR -C8 Jrik
-10
E - .i .
2 10
20
-5 0 ) 10
#E Em) (lu)
(c) ISAR Hef@ 4 -Cs Jrik
14
El
_E’I =18 TN A it A N
Z =20
-22
0 2 4 6 8

SERII I (s)
(=) B FRARCR -CS i ( JRpiseh)

—-14
= —16
E 18 [k . A |
H
& =20
—22
—&0 —40 0 40

JifiE 1) (m)
() ISAR AL -C8 i (SR )

—14
ERa ™ ; "
E N foor R A AR
= —20
—22
0 2 4 (i} =
SEF IR (s)
() B B8 AR - DL RED: Ty (iR )
—14
E -6 | oy . A
Tl AN i h 1 B R SN |
ﬁ r
= -2
—22
=&l —40 0 40
JifiE ) (m)

(d) ISAR FALEOH - PURCIERE T34 ( Jaiidon: )

Pl S B0 D TS 47 8 12 S 4 1 1 A 5 B s 4 PR R R0 b

S 1) S5 I P A A FH Ao 75 i P A R B Dy T
I F P AL SR BT DL Y, T R4
TR B 20 R 400 S5 R 0 DR IE T I8 LS R AN
RIATHE T, BRI A% o 75 B =, AT
RE A AT Wb B AR 15 20 26 T T8 AR R 485 Bl - 11
BR . [FIN, FEF AIC B1R10% o i HE AL BE A8 £
TP D & (P S, AN T B AR SR A S T i 1
FA Al Je P AT .
5 ZERIE
AR T HA AR 13T CS I #E B s 4
Sk, A A5 1 B A R A Rl (B el e %
H R SEILEE 2 e 4 . HL R A X 545 2 1)

ML, ER ARG SR E SO A 24 ifS
JRAGHE SR (R VAT 21 17 0 S A0 AR S i 1
UEo P2 I ATCHEZL RE NS S I Fe A5 P 2o o
RIDN B AR, RENE A RO BEAR = 0 R IR R R 4
RIECHE A, DB 2R 48 (Rl S A/ D e ) 1A 552
DUERE, X T m R IE R R AR RER B AT
B o H S H AT EAAEREA T A AR A v (R R
B4 SRR B ) A, A Bl AL SN
BRINEDR, A 5 EAE PR SAE 7 AT 5T,
DAS e i g s P
& % x #

[1] Tsaig Y and Donoho D L. Extensions of compressed



1238

LI I IS S i

32 %

2]

8]

(4]

[5]

(6]

[7]

(8]

(9]

sensing[J]. Signal Processing, 2006, 86(3): 549-571.

Candes E J, Romberg J, and Tao T. Robust uncertainty
principles: Exact signal reconstruction from highly
incomplete frequency information[J]. IEEE Transactions on
Information Theory, 2006, 52(2): 489-509.

Baraniuk R and Steeghs P. Compressive radar imaging[C].

IEEE Radar Conference, Boston, MA, USA, Apr.17-20, 2007:

128-133.

Herman M and Strohmer T. Compressed sensing radar[C].
IEEE International Conference on Acoustics, Speech and
Signal Processing, Las Vegas, NV, USA, Mar.30-Apr.4, 2008:
1509-1512.

Yoon Y S and Amin M G. Compressed sensing technique for
high-resolution radar imaging [J]. Proceedings of the SPIE,
2008, Vol.6968: 69681 A-69681A-10.

Varshney K R, Cetin M, and Fisher J W, et al.. Sparse
representation in structured dictionaries with application to
synthetic aperture radar[J]. IEEE Transactions on Signal
Processing, 2008, 56(8): 3548-3561.

Potter L C, Schniter P, and Ziniel J. Sparse reconstruction
for radar[J]. Proceedings of the SPIE, 2008, Vol.6970:
697003-697003-15.

Tello M, Lopez-Dekker P, and Mallorqui J J. A novel
strategy for radar imaging based on compressive sensing[C].
International Geoscience and Remote Sensing Symposium,
Boston, MA, USA, Jul.7-11, 2008, Vol.2: 11-213-1I-216.
Gurbuz A C, Mcclellan J H, and Scott W R Jr. GPR imaging
using compressed measurements|[C]. International Geoscience
and Remote Sensing Symposium, International Geoscience
MA, USA,

and Remote Sensing Symposium, Boston,

Jul.7-11, 2008, Vol.2: 1I-13-1I-16.

(10]

(1]

(12]

(13]

[14]

(15]

(16]

et
B 7

Lin Yun, Hong Wen, and Tan Wei-xian, et al.. Compressed
SAR imaging[C]. IET
International Radar Conference, Guilin, China, Apr.20-22,
2009: 676-679.

Lei Z, Mengdao X, and Cheng-Wei Q, et al.. Achieving higher

sensing technique for circular

resolution ISAR imaging with limited pulses via compressed
sampling[J]. IEEE Geoscience and Remote Sensing Letters,
2009, 6(3): 567-571.

Shi G M, Lin J, and Chen X Y, et al. UWB echo signal
detection with ultra-low rate sampling based on compressed
sensing|[J].

II-Express Briefs, 2008, 55(4): 379-383.

IEEE Transactions on Circuits and Systems

Jouny I. Compressed sensing for UWB radar target signature
reconstruction[C]. Digital Signal Processing Workshop and
5th IEEE Signal Processing Education Workshop, Marco
Island, FL, USA, Jan.4-7, 2009: 714-719.

Sami K, Jason L, and Michael W, et al. Analog-to-
Information conversion via random demodulation[C]. IEEE
Dallas Circuits and Systems Workshop, Dallas, Tex, USA,
Oct.29-30, 2006: 71-74.

Ji S H, Xue Y, and Carin L. Bayesian compressive sensing[J].
IEEE Transactions on Signal Processing, 2008, 56(6):
2346-2356.

Zhang Yun-hua, Zhang Xiang-kun, and Zhai Wen-shuai, et al..
Moving train imaging by ground-based Ka-band radar[C].
Loughborough Antennas & Propagation Conference 2009,
Loughborough, UK, Nov.16-17, 2009: 413-416.

, 1975 4R, AR, BT IR ON RIS 5 Ab R
, 1967 4242, BF9T 0L, RS, W57 IR R
BRI SRR, RSB

@ Y N



