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Comparison and analysis of the imaging properties

between circular SAR and linear SAR
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(College of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; With its intrinsic characteristics, circular synthetic aperture radar has lately become a particular interest to the radar community.

The differences of imaging processing between the circular synthetic aperture radar and linear trajectory synthetic aperture radar were compared and

analyzed. The detailed comparisons containing the size of the observed area, the properties of the point spread function, and the properties of echo

spectrum were carried out. It was learnt that the difficulty of the imaging processing of single-pass circular synthetic aperture radar lies on its space

dependence. To overcome this difficulty, the plane circular synthetic aperture radar and multi-base line circular synthetic aperture radar imaging

models were analyzed. Simulation test was carried out and the corresponding results prove the proposed analysis is valid.
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Fig.2  Spectrum support domain of linear SAR

B HRUE Y
B, 4w

kpe 2k, 2k, ] = [“(:i(ﬁ B pmgy +§)]

hoe -47“(1 +Jff)sin(2"’,4;(1 +J]:)sin(zw]

(9)
Ho A BRI o DA 8 1] A A ], HoA
YNGR . SET R EL AR A 7 e
B AR5 Ry sine KA, BIVEE 8 1) 0 HCA
BRECH sine[ wBe ], 3X R WIHE B 0] 73 BER A5 5
W9 B A O, T A AT BK % ( Point Spread
Function, PSF) XJ 5 AU S5 LG R0 25 0 L 55
By sinc sRECRFPE D E o UM AT LA 2T
37 1) 53 A PR R L TR R, b
SAR Xof b7 (14 [8] 96 431 1% < #5 WUB AR A 25 Bl & H A
A AR AT AZ A, PRI B e BSOS M — 1
Bf Xt o ot R S SAR, % kL k2 B3
AHEBSPAE x, y J7 1 K, i (4)
3 51 B A SAR M L B RN @, =
-2k +/(x —=Rcos@)” + (y —Rsing)” + H* , 1| k., k,
LA IR

do x — Rcosf
k. === -2k
dx (x —=Rcosf)” + (y —Rsing)* + H’
k, _do _ ok y —Rsing
Y (x =Rcos®)” + (y —Rsing)” + I

(10)

SE XK AR PR p = ks + k), sk
EWoR

(¥ =Rcosf)” + (y — Rsing)’
(x =Rcosf)” + (y —Rsing)” + H
(11)
p WIBUE YL T 15 JE SAR 75 1 S 17 i 5057 4
AR . W (1) 1550 p AIBUE ] H b 25
()57 AR G, BRIV I e 430 3 S 4 3 1) SR AN P 1
FE M) T2 28 19 o |yt a] 0, Bt [ S SAR

p: —2k

Xof IO AL 1 S A S AN i BT T AN HLH
FUBICA BRI FI R 2 25 8 1Y

XFFEhL AL A e (1) KaU(12) , HA
TR IR R k, =2kcos.cos0, k, =2kcosf.sind 7K
-1 A2 ) L p = 2kcos, o JUIHBLP- ] ZE A5
TS A A A B ERE, HG b [ R B AR
Puin =2k i cos0, IR R E AR e = 2K 0 €080, 6
BT Hankel pR0T (8 LR SRR, 2B AR N
T 0 0 140 [BEL TS A3 S 43 S00XGT 7 114 08 L b 28 i 45

. Sy (Puas?) Sy (puinf) .
é}%uj\j pmax%iﬁ] pmin%s :/H\:EF' f j‘j7k

SR S P T R AR S
S IR 5 BT B

of W
PSF(x,y) = py, 2t Lel) - . minijl(p;“" i

(12)
KA J, (- )R 1B — A DUIE IR R B, Ff
TR, Y TR IR A LEM {55 145 58 %, Bl
BT 5, S vt S5O IO A3 S 4 35 e
WA RA S, B4R p, =4mf.cosh./co [AIFEFRET
Hankel pR%R {8 BL AR S0 R 0, 75 0 G I 37 5% oh
O SRS I P AR pREICH
PSF(x,y) =p.Jy(p.1) (13)
K 13)H Ty () FIR 0 Bires — 28 U1 € R pR B
A0 (12) A= (13) AT RAFS 13 JE] SAR T AR
T, BAR 4R B [l B IR RO, BRI R F ik &
SF VLR B A RN A S P4 O TS FEA SO
TAFZ 98, X2 B ] SAR 6% 4R HUH 5 43 BE R
THEEURM IR o BEAh, B SAR X N ) S A
PRECRAPE LR WA 55 I L B0 55 I LE 5, 1l D
FEIR BRECRFPETRE 1T P2 sine pRER
SR, X TR R 0 i, ATTHE RIS B 5
A PR B A b 22 8 2, AR AT AR R 43 BT 19
I ARSI F AR SO g . 7E R JE SAR B
SEBR N, A B R st A T RO
PRBCHIBUE T, LR A o0 3 5 v B H
s ELA A RLRY A ECA bR BRI o
2.3 B EE SAR =4 & EEN
BRI BAA I £R M SAR AN H £ = B 4k 1) 43
f 47 TR JE SAR , 52T B 5 5 B A g A
DIRICH bR 9 5 B A B o Hokih, 2 +20(10)
AT LA 2B J SAR TAERE N K- He i L H Ax
P A= BEAE 2 A 43t

k, = - J4K K -

= 2k "

(x —Rcos®)” + (y —Rsing)* + H’




- 164 - EZ VIS AN 4

537 &

= —2ksind,(0) (14)
Her 6,(0) Fm Bbr P XA E AR Mo TER
) 6.(0) WM Ff 0 1) A%, HAR LT AT LA an
B3 i

7

AP_C/,_R’— APC

B3 [ JE SAR G LAT A
Fig.3 Side-view of the imaging geometry of CSAR
B3 45t 1 Bpiad (5 5 SAR T a5 ALY
AL, B 3w H AR P 5RO AR 1] BE

1, HORE R A 5 R K S5/ INTR TR A 53500 6,000
i‘:ﬂ 9zmin :
91“]&])\ = arCtan( H_ )
15
. . =arctan( H ) e
zmin R +r

S SCHR k. 1A 5E ok B, WEEC(14) , ATAL
B, = |2k, sin(8,,,,) =2k,,sin(8,,,) [ (16)

A (16) KW, XTI PO 8L B, IHi& R
T MO TCIE 5 kR G o i (E B
WSS, it B SAR Xt R R0 S A
R BEAESIPRRE T o X T R bl R, HOW LAY T
AN 0.0 T IBEHE T S0 E
S HATTE A B, W75 v mORE LY R R 4 i 5L
FiBEA 4mBsing./c, WL B ] SAR X H HA = i
Yoy Prae Sy . A RRAHE 5O BAE S, g R
O iR IO Y 1 P AR PRSI %, B J] SAR X H:
AN EA S PrRE T o

GRS H, TS B LU 458

1) FERIR AT BE S A S i e s oL T
[ J& SAR TAEREAAR H T2tk SAR HA B/
WL ] 5 2t SAR %) G AL B AT DR AR T
AT BB SAR RS R T R AR
FTHT, S E S AR AL T

2) M SAR XN Y g EA BRBCRAT — 2K
P, SO B ECRE P e sine pRUBCRGE ; [ J] SAR
XoF I ) e HBCATT B SR 25 722 11, LR oy DL ZE 7K b

ok

3) Ltk SAR R 45 i LA < 7 1R g
™ T 2 A AT — B b P DA
15350 % B L 5] ) SAR A 7KV Hb TG X5k o7 8 4 i
ST e A Y R T ST 1 RO 1
QAR A T PRI

4) MRS 5 R TR T AL
JE SAR Fufi 0 5 160 4 EAE 7 (L3532
B A LB 5 43 B AR

3 [EE SAR RERGEE S

FEIRIJE SAR (¥ BLAZ R v, G o] o AR 2 A5 4
TLASR = [ JE SAR B8 5 Ak R AR €
SAR FUH AW IE AT . KR JE SAR 1) Bl 45 5 7Y
HEATRRE | BV A AEAR A T — SR AL 3, R T4 55
ST AR TR AL AR A M T R [
SAR BUIG BRI AL T % o
3.1 TEEE SAR

£ H =0 W5 00T (5kE %328 3 F 45 A F
H bR AT AE 18 ), 55 SAR (5] 98 AH A 7 s Al LA
A

®, = -2k v/(x —Rcosf)” + (y - Rsin6)”  (17)
BERT o,y F7 B b, k, AT AT A
PR x — Rcosf
' (x —Rcosf)” + (y - Rsing)’
k= 2k y — Rsinf
(x =Rcosf)” + (y — Rsing)

(18)

LR A5 01 1M s 7K SF- i T 79 4 1) B 5 o, = 2k
JE—AMEE A, BRI ULAT [ JE SAR 78 #h-F 16
[ JHE A% S P 3 — AN T IR 1 [ 3R, AN T2
23 AR, DR B [ R SAR ) R A% Ak B S T v
a3 AR A B, AT DLFE AR E A T — BT AR AL B
R 5] S SAR NP5 HL & 5 BE 0] 3 BERE 1. B
MIRE, H =0 Z5/4 T 1[5 J& SAR HA A [ 1) A5
HOA R L RE S 7R AR A 7 B AR A B, B
RIS E Lo ZBURBRAH] T I RS
6 DA SEE B K DX 38 A5 0 T, L 7 R S AR 4
B H R S, WS 2 AR A S e o B 2 kit
I
3.2 EBFAEEETFEMNSAEERE SAR

Ty —FP o B SE PR R S R ] SAR A5 R
it (7 JE SAR, B 4 45 T Z it [ JE SAR
1 BEILA

Kl 4(a) N2 Wil JE SAR s B E, K



I

%5 4 B, 45 - [ A SAR S SAR BUR R/ S5 0] L - 165 -

7Z
X
e
X
Y
""“““-u:.}.’. ......
(a) ZMiatl )5 SAR =4k LA
a) 3-D geometry of multi-pass CSAR
g ry P
7
H+AL/2— \ Radar
AhI:I AN
N
H-AL/2—
\\ \\
\ \\\‘
\
\ \\\\
\ LN
AN NN
N N
v -
B \\ Mo
\ \ O\
\\\ \\\\\\
\ N
\ X | ¥
R R ) R r

(b) Zfiitid B4 SAR ML P
(b) Side-view of multi-pass CSAR

K4 ZHidEfE SAR g LA
Fig.4 Imaging geometry of multi-pass CSAR
4(a) hZfue LAE 1 —2, RERBPIT&EEA
PRSI EE H, T2 A2 AR HES 1) AT 80
AR — e I B AR P AR (v, y,2) o B
4(b) R 4(a) AL, = BE4EFLAR K AL,
AR HEL = B [l IR Ak, BT (4) 0
oMt IE g Srh o S B P(x,y,2) , 2t
Jil SAR X7 FR A IR AT LR 7R 2y -
S, (k,0,z,)

=exp —j2k /(x, —2)" + (v, =y)> +(z,-2)" ]

=exp[ —j2k \/RZ +1° +(z,—2z)* =2Rrcos(0 — ) ]
(19)

TSI R HEAE 2 A LI
S.(k,0.k,)

= fexp[—j% \/Rz +7 +(z, —2)" —=2Rrcos( — @) -

jh.z, 1z, (20)

ST R AL, o] DI 2 .

z" -z k,

\/Rz +1° + (z, —z)" =2Rrcos(0 - ¢) 2k

(21)

(21) 2" FoR i JE B e AL R, T = A
BRRCATR, 3 (21) AT RIAB TR -

) z° -z k.
sin| arctan = —=
( ( R2+r2—2chos(0—<p>)) 2k

(22)
AT LAAS B9 AR
k
2" = ————— /R +7 =2Rrcos(0 - ¢) +z
4k -k
(23)

H M A 300 28 o 40 LR S 155 -
S.(k,6,k,)

=exp[ —j \/4k2 —k /R +1° =2Rrcos(0 — ) —jk.2]

=exp —j /4 K2/ (x, —x)> +(y, —y)? —jk.z]

(24)
HARH, 7T AT k. RBIEAh
ko= —2k S
V(=0 + (5, =) +(3,-2)°
= —2ksing, (25)

0. R it 7 JH SAR B H bR PARXS
LA ER IR A LTI 3, aT LIS 3] 6, 1972 1L

JEE, A 5 iR
/.

H+AL/2

H-AL/2 E

K5 ZMtad A SAR &k ASH s =R

Fig.5 Incident angle according to multi-pass CSAR
KIS b, HAR P RARENARERATIN 1\ 60,0, 1 6,5,
SRR IR 0 KN 5
B 50, 1 00,0 A e T B
JBEMEEAR S AR (15) 7T LRI

AL SAR AT 3535 A A1)

H-AL/2 H+AL./2

Trer ()]
(26)

0.e [arctan(



- 166 - B BE K 2= 2 i

537 &

H AR 2 22 fi ok [ J5 SAR S 07 f e 85 20 9%
RGN -

B, =

H+AL/2
kaaxsin(arctan( +AL/ )) -

-r

2k, sin ( arctan (

Xt (27) FIEC(16) , FTRIZ i 54 SAR
X L ) Ry JEE 2 9 0B EE — LR T L o B
SAR, HICIE KSR 5 i (5 5 ik i AR =,
Zfd 185 SAR X W & 5 AP AT TS AL B A H A5
YR e WERE ) o

WL (27) , T AAS A7 5 10 G A o o B
P e 2 AR R O JE , A 0 B S LI 7 v v
JRE Ak IR T JEE AR B R AR N -

Bzmax =

H- AL/Z))

(27)

. H+AL/2
kaaxsm( arctan( 71) ) -
R-R,

. H-AL/2
kainsm( arctan( R+R, )) (28)
RS LB g E 4 R L AL B O 200/ B,,,. , i
Pem BEAERIR B, X T Z M 7 A SAR, Lk
SR 8] Bl 75 19 A2«

Ah<2m/B.,. (29)
R F(10) , BT LAAT 51 28 15y 5 4 e HE A
o J (BT AT AE x 1y 1] (A8 0350 R

— Rcosf
ko= - JAK -k X
v/ (x = Rcosf)? + (y — Rsing)?
k, = — /4K -k

y — Rsinf
(x —Rcos®)” + (y — Rsing)’
(30)

WG, 7K SP- T8T A% Tl AR p T8 AR O /AR - k2,
Xof FAN [ ) g BEGESR A ke, AR 0] P p SR E Y
X BATE i AT, BT AR &, REAS TE /KT
T —BUbAb R, X P2 R R B B
=

B 0 aC(24) {5 5 E T A B IR 4
LA A DA )

S.(k&k.)

= jexp(—j VU - /R 47 = 2Rrcos(60 - @) -

jk.z —j£0)do
(31)
Forp & Fn M IR, 6T 9 A AL UL, m)
PAIE SR AR (32) RAT BB & AHA A o
sin(f-¢) _ 3
R® +1* =2Rrcos(0 - ¢) 4k* — K Rr
(32)

ST, A DA RIS E E A LA, 20 0 -

. , 3 : 3
0 =m +amsm(R e —kf) +arcsm(r m) +¢

(33)

0, = arcsin( - arcsin(

4%) to
rJ Ak -k
(34)
¥ (33) 2 (34) 47 A (32) W LAFRF]
S.(k,€,k.)

=exp| /(4K —E)R =& —j/(4F k) ¢ -

4k’ —kf)

iém - ity —jfarcsin( ]Mi_k) -

+

jgarcsin( \/44%7) —jk.z
exp ~j /(W -RIR - +j /@ -IE)r -€ -

i g ) 4

jfarcsin( 45’;) —jkzz]
r A -k
A(35) 45 T Z M [ 4 SAR ) =ZEBiHE
ik, B K LA SAR = 4435 i 946 43
BTN XS T 180 J5] SAR ffy 2 B0 A2 45
HO L P AN S AR L 3 A o X (35)
1 D JE 308 6 PRI -
H (k& k)

- exp| - W_jgmn(wfyﬁ)]
(36)
WA S Bk (36 ) T UG ik O o6 4 1) A
P X, R 2 A8 ) A ) T 51 B
EL AR, R AR ) . G UL EIE NS,
1.
S (h &k

=exp[ i =) -¢ —jfarcsin( wik%lf) -
jh.z ~jgm —jf¢) +exp(j JE@ )P ¢ +

(35)

Jfarcsm( ; \/41027—153) —jk.z _]§€0] (37)
TS 2k, = /4K — IR (3T) AT
i HL e i, 45 5]
S,(k,8,k.)
=expl j2k,rcos(0 - @) Jexp( —jk.z)



%5 4 B, 45 B SAR 52 SAR JRARFFE BT S5 X 1L - 167 -

= exp(j2k,cosOrcose + 2k sinfrsing — jk.z)
0e[0,27] (38)
ESCHTHY o,y T EEK
k, = —2k,cos
{k = 2kpsin0

y —

(39)

EEXE S, (k,0,k,) TG 3T 2k, = /4K — I L)
T3 (39) WA T HERR (L, ARSI AR e b Y
by by b, ST RPER IO 2
Sy (k, k, k) =exp( = jkx)exp( - jk,y)exp( = jk.2)

(40)

20(40) Hh S AMEBOT ST IR E T H bR E R
{RALTIG AT . R S, Ch, ok, b)) JEAT = A fl
ERLO g, BT B0 o0 1 [ JE SAR =4k 1%
L5

b KT A (10) AT, 2 it A
JI SAR LI 47355 b AR ] L 9 24 B0 B K07
I o FLAE S FE AE A0, 00T LA e — S Al
VLREIEDE X KIS T U
3.3 SHCER SAR (FHER

Y F LAt B SAR RSB BA B Y
SR IR (AL, 3 B 3 HL 7 20 R AR 3
TR0 AE . = 4E R AL IS R+ A E K,
W/INE S, VB /N R B I8 J SAR B 1%L,
ARSHOLFE 1.

®1 ZMITEESAR TESHIKE
Tab.1 Parameters of multi-pass CSAR

2 HH
iiprylidt P Bt
I 600MHz
LFM #5 5% 100MHz

KRR 200MHz
HIKIBITER 20m
o B AL AR K 4m
[B8] Ji 305 2 [ o 0.2m
PURILIEZRTIY €8 21

TEYyS5A B 7 10, A6 I 57 57 N A B =R
S = 4EAR 5390 (0,0,0) , (0, -0.5,1)
(0,05, = 1), BiE 0 mo FIHT3. 2 45 Bk 1Y
BAGAEFR T 5, 7T AR BN AL 6 P G 45 R o

K6 25t 1 Ziad [/ 4 SAR X 5 H b 59 1%
BER . K6(a) 45t T = s HFRi =i

ORI T = HERR N B 08, B A H AR (0,
0.5, = 1), J0ilifs y — 2 V1 &« — y P I £ 47 1)
DI A2 7 H RO R y — 2 P M x -y
T TP, 2l i 6 (b) KI8T 6 (¢) Pike B
PE— 2 H, AT AAS 21 G B B8 B0 o 18],y 1] % 2
I 4 AT, 73 5 An 6 (d) (B 6 (e) (P 6.(F) T
o FLARH NS AT BB R AT T A
BT NS 2 Fron By IR 4

100-
80-
%60
40
\”%20
0~
500
e 1007 N
03 s 0 s 100 120
(a) =HERURESR
(a) 3-D imaging results
35r
L%
4ot
e .
O
. 55 9 0
#®ooof O e
Wl o SO
70r / B
A
801
O
85t " L L
10 20 30 40 50 60 70
(b) y =z -1 i) i 4]
(b) Profile in y —z plane
1.2
1.
0.8F
0.6
]
> 04}
0.2
oF
-0.2¢ ) ) ,
-0.5 0 0.5
x/m

(c) x —y VIl Al
(¢) Profile in x —y plane



- 168 - [ B B K 2 2 9§37 %

L D SAR BLE S A I SAR fSU R (R 5
ﬂ SRR o {5 E SRR o, S 2 i
U SAR IR LS 2R AL
ey L WL e 5 TR 2
10 o HRRIRIACC R A I ), 1
ST S LA LA A B
Lsﬂnn(_llﬂ[m

-0.5 0 osn{\ﬁﬁﬂn . P

x/m AN 1B SAR {5 SRS, LT iy
(d) i ) i HrXt LT 1B SAR [W] 4tk SAR 7 AR AL L ()
(d) Profile in x 225, T SAR B USRI, (G T 4E
v : : : - TR AR URBE S5 15 R0 T IR JA SAR X
‘ V7 F) s HACATT BB 5 788 1, A A A P 1 e
FIE T2 RS AE T AT — B AL B, U5 5
_ MG, M T CSAR RIZALT CSAR BRI
12 4 B, B B ™ M UERA 1 3 W b A A
-14; 1 TSI — S A B, UGRS3 HT
9 Mmﬂ NMH | DT TR SAR BURARHEIE ¥ — 5 M TF &
ot A Mo, esmmmaom A SAR sk ig k.
-1 -0.5 0 0.5 1 1.5 2
y/m
(e)  ri ] P
(e) Profile in y [1]  Soumekh M. Synthetic aperture radar signal processing with
matlab algorithms [ M ]. USA. Wiley-Interscience, 1999 .
486 —552.

Of 3
/\~ [2]  Ishimaru A,Chan T K, Kuga Y. An imaging technique using
confocal circular synthetic aperture radar [ J ]. IEEE

H—1k/dB

&

-15

_z_q

H—1k/dB

&

22 3k ( References)

Transactions on Geoscience and Remote Sensing, 1998,
36(5): 1524 - 1530.

-10
[3] Lin Y, Hong W, Tan W X et al. Extension of range migration

H—1k/dB

=
H

algorithm to squint circular SAR imaging [ J ]. IEEE
Geoscience and Remote Sensing Letters, 2011,8(4) : 651 -

15 ]
655.
20/ /\/\ /\/\' (4] [BL LA SAR =4ERIGII BOGHARBIGI D).
AL / .10 TR ¥ 2008,
6 -4 2 i 0 2 4

MIN Rui. Research on airborne SAR three-dimensional

L

(1) 2 [ 2 imaging theory and key technology[ D]. Chengdu: University
of Electronic Science and Technology of China,2008. ( in
(f) Profile in z s
Chinese)
= (51 Xige. marPe lopikizl SAR UGB LR [ D]. 7%
6 AL SAR R4 s £ L oo
. . ) P92 TR ,2012.
Fig. 6 Imaging results of multi-pass CSAR LIU Yan. Study on high-resolution SAR and new type SAR
imaging[ D]. Xi’an; XiDian University,2012 (in Chinese).
F2 HBHir=EH RSN (6] X, Roc,#eA, 4. AL SAR Pl i ab P[]
Tab.2 Quantitative analysis of point target 5 R B 51,2013 ,35(4) « 852 - 858.
LIU Yan, WU Yuan, SUN Guangcai, et al. Fast imaging
PSF AN [A] 3dB #9E/  WEHEMRELL, BUrSSmeLL/ processing of circular SAR [ J]. Journal Electronics &
Yl m dB dB Information Technology, 2013, 35(4): 852 - 858. (in
Chinese)
U 0.963 4 -13.3 -10.07
i 2 i [7] Frolind P, Gustavsson A, Lundberg M, et al. Circular-aperture
T x 1] 0.090 3 -8.23 -2.229 VHF-band synthetic aperture radar for detection of vehicles in
. forest concealment[ J|. IEEE Transactions on Geoscience and
Wy ml 0.090 3 -8.24 -2.229

Remote Sensing, 2012, 50(4) :1329 -1339.

AT oA BB BRI g b H =0 (F#% 198 1)



- 198 -

(FE TR SR S AN S

537 &

[10]

[11]

[12]

[13]

operating range of a IR system for stealth aircraft[ J]. Laser &
Infrared, 2013, 43(11) : 1243 —1247. (in Chinese)

207, R, IS ST RN AT AR RN LL RS 2040
FERS eid i AR R S AE R BB R [ )], 527244z, 2010,
30(12) ;3481 —3487.

LI Li, QIU Su, JIN Weigi,et al. Operating distance model of
near-infrared range gated imaging system based on minimum
resolvable contrast[ J]. Acta Optic Sinica, 2010,30 (12)
3481 —3487. (in Chinese)

BIPIE, . ERDEHR RGBT T]. 4050 53
JE T #E,2008,37(s2) :501 —503.

ZHAO Miaojuan, CHE Hong. Analysis of the efficient
distance of O — E system for military[ J ]. Infrared and Laser
Engineering, 2008,37(s2) :501 —503. (in Chinese)

B, HOR, MRS RN R T LA A F AR R AL R A
BOTT. AL B a5 A K KR % 2 4k, 2011, 37 (11):
1429 - 1434.

MAO Xia, CHANG Le, DIAO Weihe.

detection probability of infrared point target under complex

Estimation for

backgrounds[ J]. Journal of Beijing University of Aeronautics
and Astronautics, 2011,37(11) ;1429 —1434. (in Chinese)
BPRTE XSSO 2L AME MR GE RIS LT ] 204b

[10]

(11]

(k4% 168 1)

Palm S, Oriot H M, Cantalloube H M. Radargrammetric DEM
extraction over urban area using circular SAR imagery [ J].
TEEE Transactions on Geoscience and Remote Sensing, 2012,
50 (11): 4720 -4725.

Ponce O, Prats-Iraola P, Pinheiro M, et al. Fully polarimetric
high-resolution 3-D imaging with circular SAR at 1-band[ J].
IEEE Transactions on Geoscience and Remote Sensing, 2014,
52(6): 3074 -3090.

Ponce O, Prats P, Scheiber R, et al. Study of the 3-D impulse
response function of holographic SAR tomography with
multicircular acquisitions[ C]//Proceedings of 10th European
Conference on Synthetic Aperture Radar, EUSAR, 2014
1-4.

Ponce O, Prats-Iraola P, Scheiber R, et al. Polarimetric 3-D
reconstruction from multicircular SAR at P-band[ J]. IEEE
Geoscience and Remote Sensing Letters,2014,11(4) ; 803 -
807.

HESC B SAR R BARBIFEHERE) ], k244, 2012,

[14]

[15]

[16]

[13]

[14]

[15]

595% TR ,2011,40(10) ;1856 — 1861.
JIA  Qinglian, DENG Wenyuan.
calculation of infrared warning system[ J]. Infrared and Laser
Engineering, 2011, 40(10) ;1856 —1861. (in Chinese)
2T, kA AR, . —FR A TR S VN BRSSO
Rl [ T]. %24, 2010, 30(2) : 445 -450.

LI Kexin, ZHANG Wei, CONG Mingyu et al. A streak detection
algorithm of space target in deep space background [ J]. Acta
Optic Sinica, 2010,30(2) ;445 -450. (in Chinese)

AR, UK, BRI BTN 2 RUBE AR R AR R Y 41
SMEARERILT]. Ja2#41z,2009,29 (12) :3404 - 3409.

LI Chaohui, WANG Bing, CHEN Ming.
detection based on wavelet
likelihood[ J]. Acta Optic Sinica, 2009,29 (12):3404 -
3409. (in Chinese)

B A SC, I R i, 7 5. — BT 2R ' v 50 i g B ) A5
PRIAESE A KRG T]. JemEAR N ,2008,23(1)
38 -41.

SHI Chengwen, SHI  Biyan.

automatic test system of reaction time and detection probability

Detection  probability

Infrared target

multi scale and maximum

SUI Qiangqgiang, A new
for electro-optic equipments[ J]. Electro-Optic Technology
Application, 2008,23(1) :38 —41. (in Chinese)

1(2): 124 -135.

HONG Wen. Progress in circular SAR imaging technique[ J].
Journal of radars, 2012,1(2) ;124 —135. (in Chinese)
ARBE, AR YT, S, SF IR SAR AR Ak AR A 5 L BF
FELT]. BF5(E B4 ,2010, 32(12) . 2802 -2807.

LIN Yun, TAN Weixian, HONG Wen, et al. Polar format
algorithm for circular synthetic aperture radar[ J]. Journal of
Electronics &Information Technology, 2010, 32 (12 ).
2802 —2807. (in Chinese)

e RIS, T REBIREORIM]. JEat 5Tk
th At ,2005.

BAO Zheng, XING Mengdao, WANG Tong. The technology
Publishing House of
Electronics Industry,2005. (in Chinese)

of radar imaging [ M ]. Beijing;
Prats-Iraola P, Rodriguez-Cassola M, De Zan I, et al.
Efficient SAR
kernels[ J]. IEEE Geoscience and Remote Sensing Letters,
2014, 11(9) : 1489 - 1493.

evaluation of fourier-based focusing



