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Abstract: Synthetic aperture LADAR ( SAL) is an active laser imaging system. It has much higher imaging resolution
than the microwave synthetic aperture radar and can realize the refined imaging for a far distance target. Due to the extra
large bandwidth of laser signal the hardware of SAL is difficult to satisfy the requirement for Nyquist sampling rate. A new
signal sampling method based on the compressed sensing ( CS) theory is proposed to reduce the sampling rate of echoes in
this paper. In the method the echoes are randomly sampled by using an optical heterodyne process and then the high—
resolution range profile is recovered by using the orthogonal matching pursuit algorithm ( OMP) . The 2-D image is
recovered by using frequency scaling algorithm. Simulations demonstrate that high—quality images can be reconstructed even
though the sampling rate is much lower than the Nyquist sampling rate.

Key words: Synthetic aperture LADAR ( SAL) ; Radar imaging; Signal sampling; Compressed sensing

20 50

:20104042; :2011-01-03
(60971100)



2396 32

o SAL
3-5
o ( Synthetic Aperture Ladar
SAL) . .
o 20 60 A
SAL o D L
SAL p. = AR/L. SAL
o 2002
° 2006 ° SAL
( DARPA) D SAL
6
SAL 1.2
N o SAL
A/D SAR
o ( Compressive .
Sensing CS) o
e SAL
CS SAL
I
SAL
s T T, m
( Frequency Scaling FS) t, =(m-1)T
RO) = Y re" ) (1)
- m:]rec T’p
o rect(t) =1 —-1/2<t=1/2;rect(t) =0
1 s SAL t<=172 1t >1/2
tk t = tl"
1.1 SAL ‘e v “



11

b . 1
7) exp(]Z’n’(t + j,u,tz))

P

s, (2, t,) =rect(

13
= rect( Ti) exp( 2w(f, +ut,,) &, +

P

jmuty + jm(2fit, +pt,)) (2)
(2)
A t) ==L an(s )i+ muit +
kE "m 211_ dtk c m k k
w(2f.t, + ;)
=fc + b, + ub, (3)
m Mr
f(t) = [ +ut,
R,
t, —2R,/c
st t,) =rect( Tp )
2R,
expl iz, + 1) (1 =20

2R
s, ~ 27+ j(2ft, + i) ) (4

Rref
t, —2R ./
Ser(ty t,) =rect( ’Lifc) .
T,
2R,
exp(jz’ﬂ(fc +ut,) (T, — T’”) :

2R
=2 4 (2, + ) ) (5)
T T.

b= 2R /e
T

p

Sif( Ly tm) = rect(

R 2R
exp( - 21, - )

2

exp( . %fc( o) )exp( i %) (6)

2397
R, =R -R_,. (3) 3
1
.2 R,
C3
( RVP)
12 . (6)

se(ft,) = Tpsinc( Tp(f + 2”“%) )exp( —jdm I%Af) .

R R}
exp - jam " 27(0,) oo 2) ()
c
f =
- 2uR,/c 1/T,  sinc o
B = 500GHz T, =10us
RO - Rmax RO + Rmux Rmu_\' = Sm
4uR,. /c
8uR,,. /c 8BR,,./( Tpc) 6.65GHz.
CS o
1.3
K N-K
o K
“ ”( Adaptive)
Candes~ Donoho
13
X e RV
el Yy =Pw =11 o
v X 0=v'x
® Nxl K o
X M ( Liner

Measurement) @ ¢ R"" X
Y = X = oveE.



32

2398
o 1.4 CS SAL
min| @], VO =Y.
min|Y - @w 0|, + ] 6l (8) L1
)
n N 7 =
1. o (7) f
K K - 2uR,/c sinc o
K
o D
v o K
¢ Sif(f tm)
U4 M °
sif( tL tm) X =
{xi} = Slf( tk tm) o ‘-p X
- ~ 00 -= {ek} = Sif(f tm)
1—5<M<1+5 (9) X = w0 =D;'0 (11)
lel, D;' IDFT
o | ol 1 1 1 g
' M x N Bl W W2 ;(N-l) B
&d( M < N) X Dy - LDI W2 W\—'4 W&z( N-1) [J
Y Mx1 . NO , , O
0: : : 0
Y X D N-1 2(N N-1)2 D
X 01 W;(i-) W;(z‘-l) WW-Y(:-)'D
o b x Y ( Restricted W, = exp( — i ZW"T)
Isometry Property RIP) 1
L
O = argmin| @], st Y =owO (10) o.
X oY &
v U .
K o D
34 RIP SAL
D o SAL
v oY
RIP b Y
v RIP . Y
{1} {v.}
13
RIP



11 : 2399

CS o T ={a} = ®W
¢:{d)ab} MXN ( (1) g()
d)() 0) H0 l — 1 é
1 b=m
b,, = “a=01 - M-1: N x 1 r, =Y,
0 b 7é m, (2) 8[ = arg max._g ... y-g ‘ < rl—] o, > ‘
b=01- N-1 (12) & =4, U{8} H = H, Qs s
& Yy D, v (3) X = arg
RIP ° L ¢u minx ”Y - H/tz r, = Y _Hli.;
m, ! : () l=1+1 [<LL
¢, = Dy'Dyop, (13) (2): 1=1L (5):
D, DFT n
al 1 1 1 g (5) (11) (0] X
anow W ' X.
D, = Bl W2 W WA V—l)g oMP L/
D E : s D M OM o
D V— N-— 12 D M 4
01 WQ 1 Wz\(\ 1) W(x\ N2 .
T -1 -1 M 4
¢a = D,e‘\“ (Ds\’¢u) = DN DN( ma) SAL
- %DA_*’] LWy Wit e W0 T (14) o
Dy(m,) D, m, o Rank( Di‘l)
=N D)a = M ’
. SAL
¢([l
| 1 :
o = W 1 W::IJ“ W%\ma e m<:( N-1) T ( 1) K
¢u {17[/(‘} o CS )
o v . (2) P
Y;
(3) OMP
o
( Frequency Scaling FS) !
o FS
Slf( lk tm) Slf(f tm) ©
Y

( Orthogonal Matching Pursuit OMP)

. OMP



2400 32
L i WA @ fis X% SAL CS
d 1 ° 1 o
m 2 2
[] !
= X m, 1} 1
| | g == a
[ [ [ ‘ m, 3 H H
1 m, m, m, N ﬂEg,, o 95.:. )
N 5 |Lm—) E
a1k -1
MX1 MXN NX1
2 22 . . . . '
H W B -| e 0 20 40 an:':lﬁgﬂﬁ 80 100 120
(a) HCHHE AR (b) SAR g4 R
OMP &H 5
1 CS SAL
Fig. 1 The signal sampling and reconstruction of SAL 1f
i 1 (ER S |
based on CS E ! [ ! ! E
E 0 i ! -IF!HIIIHI-l } ; E
5 } g % P
i i LAk
SAL o E l i.-ni 4.1.{ Irimivinirarin H
CS SAL N
2 o 2 \ , \ ,
ﬁ 0 200 400 600 800
BV TR Doppler cells
At (c) M TZELENTHEREN AL 1R 45 1
2
AfRfrg | EEEE
OMP FEHj ! 1
S B g
Sk 029 g ol 1
FS $# &
I X ) 5
gl -1r -
SAL Hiff
2 . . . .
0 200 400 600 800
2 S SAL Doppler cells
. L (d) T CS Fhem s R
Fig.2 The imaging program of SAL based on CS
. 3
. . Fig.3  The result of 2-D imaging
Table 1  Simulation parameters
SAR SAL 3(a) -2m
A /m 0.01 1.06 x10 73 2m 285
B /H: 1G 30G
It 322 . 3(b).(¢).(d)
» s 2 2
v /(ml/s) 50 50 SAR N SAL
/m 2x2 2x2 CS SAL o
[km > > SAR  SAL
SAR
2 0.15m 3(¢)



2401

11
128 .
4
SAL . OMP
(7) 1 4(b) 4( a)
SAL 4( a) 4(b)
. OMP
1.6GHz 1016.
cS 3(d) . 4
K =12
48 . . 4( b)
cS 4( a)
4.72% . 3(d)
3(¢) CS
SAL
32
4000 g - g g g 6000
5000
3000 |
4000
% 2000 | % 3000
= § 2000
1000 |- a
1000
" .
1] 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Range cells Range cells
(a) BT RENREFEN— SRR (b) T AR — R B
4
Fig.4 The result of range profile
3
cS
SAL SAL
. SAL .
SAL
1 M .
2005:1 -3.
2
J. 2009 31(2):

261 — 264. Luo Ying Zhang Qun Feng Tong-an et al.
° Imaging and micro-Doppler extraction of targets with rotating parts

SAL GHz in strong ground clutter J . Systems Engineering and



2402

32

10

11

Electronics. 2009 31(2): 261 —264.
HeJ LuoY Feng T A et al. Inverse synthetic imaging lidar:
no targets can hide C . WSANE Shanghai China Nov 177 —
181 2009.
J
2005 42(7): 48 -50. Zhang Yun Wu Jin Tang
Yun=xin. Synthetic aperture ladar J Laser & Optronics
Processing 2005 42(7): 48 —50.
Bashkansky M Lucke R L. Funk E et al. Two dimensional
synthetic aperture imaging in the optical domain J . Opt Letter
2002 27(22): 1983 - 1985.
J.

2008 32(1): 4 -7. Wang Sheng-wei Hou Tian+in
Zhou DingHu
Technology 2008 32(1): 4 -7.

et al. Synthetic aperture lidar J . Laser
Candes E J. The restricted isometry property and its implications
for compressed sensing J . Academic Des Sciences 2006 346
(1): 598 -592.
Donoho D L. Compressed sensing J IEEE Trans. Inf.
Theory 2006 52(4): 1289 -1306.
Stephen M Colella B D Thomas J G. Solid-state laser synthetic
aperture radar J . Appl. Opt. 1994 33(6): 960 —964.
Walter F B Nicholas ] M Steven M B. Synthetic aperture
imaging ladar J . Proc. SPIE 2005 22 (5): 661 —668.
. SAL
J. 2009 39(9): 934 -938. Liu Guo—

12

14

15

guo Wu Jin Zhu Bingqi et al. Nonlinear degradation and
compensation on range resolution in synthetic aperture ladar

experiment J . Laser & Infrared 2009 39(9): 934 -938.

J. 2008 28 (6): 1183 -
1190. Guo Liang Xing Meng-dao Liang Yi et al. Algorithm
for airborne spotlight synthetic aperture imaging ladar data
processing J . Acta Optica Sinica. 2008 28 (6): 1183 —
1190.

Baraniuk R. A lecture on compressive sensing J .

Processing Magazine 2007 24(4):118 -121.

IEEE Signal

J. 2009 37(5):1070 - 1081. Shi Guang-ming
Liu Dan-hua Gao Da-hua et al. Advances in theory and
application of compressed sensing J . Acta Electronica Sinica
2009 37(5):1070 -1081.

Shi GM LinJ Chen X Y et al. UWB echo signal detection
with ultradow rate sampling based on compressed sensing J .

IEEE Trans. on Circuits and Systems — II: Express briefs 2008
55(4): 379 -383.

(1984 -)

1 14 (710077)
£ (029) 84791777

E-mail: hjelva@ 163. com



