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A Study on Imaging of High-altitude Slow-speed Airborne
SAR Based on Inter-pulses Interrupted FMCW

XIA Chun-yun ,ZHANG Qun ,LIANG Ying
( Information and Navigation College , Air Force Engineering University , Xi'an 710077 , China )

Abstract : Remote-target detecting and isolation between transmitter and receiver are the problems that need
to be solved when FMCW SAR is applied in high-altitude slow-speed airborne platform . A signal model of
inter-pulses interrupted frequency-modulated continuous waveform (IPIFMCW ) is proposed in considera-
tion of the features of high-altitude slow-speed airborne platform . The imaging of high-altitude slow-speed
airborne SAR is realized through the gating signal with different carrier frequency to modulate the transmit
signal to obtain long inter-pulses interval and shifting the mixing echo of sub-pulse in fast time domain to
get wide-band signal . Compared with the FMICW theory , the results show that IPFMICW not only over-
comes the problem of isolation between transmitter and receiver , but also fulfills the need of remote-target
imaging for high-altitude airborne SAR and avoids range ambiguity . Finally , the imaging of high-altitude
slow-speed airborne SAR based on IPIFMCW signal is realized through frequency scaling algorithm
(FSA).

Key words : inter-pulses interrupted frequency-modulated continuous wave ; synthetic aperture radar; high-

%5 H #A .2013-06-08
EE£WAB ERALRPFE ST HE (61172169 )
EERN BEHE s 1989 —) B LRSI At FENHFIAGF T III . E-mail :7723482539 ¢q .com .



54 23 BT R AR (AABHRO

2013 4F

altitude slow-speed airborne platform ; isolation

VAL A LR TR I8 (FMCW SAR) A
TRBUN R AL DR IR AR AN B
FHEATZRRN AR, FMCW BA 1002 5
25 H BT B B R SR IOCTE SE A AR S
WCAILTE F22 AT 224 A [ 30k %) ] P ot 2 B0 3] 2 S ML)
JERO/

LRI BT E S B IR (FMICW SAR)IR4T
Hiv g T IR A S B TR AR R S T AL LA
TR REUIN BLS T RESER R 5 R TR T bk ol
TR IR R H FMICW SAR %8 i&
FHF A AR Y 0 T e 25 1 R AL 2o 5 B
St ofe HE B AR 2 B0 H bR I RS B 1R AN
R AN — [, AR SOt A v 2 1 g ML 3
V- Eia sl S 6 7 R RAE SR ERAR AR 42
H T —Ff k] s TR AR ARUE 22 APTFMCW ) ,
HSL T IPIFMCW SAR {5 S48 3 % B A K
Jik ) TS 0] AU e T A o 5 ) sl A T
PRGSO (L L R B H AR R TR, S
SRR AR 38 A X P T T A5 Rk A T e
FEACH GRBSHF 58 A A H Y, B 2 TARRAR
PRI (FSA AN 5 B AR st A7 T LA S
TEAR SCoM AT AR A T A 1

1 5 SHA T 5 Hedse
1.1 FMICW {551&8

PEAT R T 3 S Il el T Bk g o F T
FMCW {5 5528000 LR L 1,

! 1 1
“711 1
z z
pZan Pl
a4 ! 7 !
FMCW 7 I - I
4 ! // !
z z .
»>

f— —
) P T,
L o O e s O

PR

!

NEL L

> ¢

v

IL
RS ,ﬂ’i 'W'
AT T

|

I

I >
K .

K1 FMICW {5 S mAi¢ R
Fig.1 Spectrogram of FMICW signal

TE—A BN FMCW ZIHE SR -
e jZTE( f{,t+%#zijj €D)
A o AR ] 5 7, SR 5 £ R

S (& )=rect exp

T,

1= B/ T, WG S VA ; B AE 5 58 srect (+ )N
FEIEH R0 u<<T, B} ,rect (¢/ T, )=1 M
2y o,

SR G IR TR E S g (6

- t—nTr
g )= ’;) rect( T @)

K T TR R s T, PRk EE SR P
FU RN T 18 kA5 5 FMICW SAR & 915
5H .

P—1
S (6= S()g(u)= 2 reCt( %)

%ﬁ j27r( fctk+%#tij j 3)

XFT FMICW {55, HoA% T00 285 110 34 Ui 00 4
T R TR 5 0 &S D5 Tk e T
I 12 R K @ O T R S A B AR R i A
2Ruw /[Ty —To e Ruw i HFR E TR IAHHR
B QO BIEH K WA fon = 2 pRon /¢, FMICW
SAR RGN T IH BRI 25 B0 19 38 B 4% . FMICW
SAR ELRBKMPEEIR f=1/T,>2 fuu

X F RS AL & Lt TR B 2
FH FMICW SAR BUEES 1 QAT e K 2= 3
KBk EE R R T, BN 5O, OFF XK T2
Hh IR B SO R 5 R S Ty s 4 I TR i
FMICW SAR JfAEH TR @il .5
SRl T 1 23 18 1O 15 38 i B AR Y F M-
CW SAR 55, TEA#IE FMCW SAR AFUN HH
BRGNS T SE—LHP FMICW SAR #EiE
BRI AE 22 K B RO A ) R
1.2 IPIFMCW {5 S5#&5

T2 HE 34 FMCW SAR RET7ERKY
PRF 5 5L N [RIFE BB 2 7 (07 1) SRAE ZR 2K L]
I 25 B B A [R5 05 5 0 ) 8 il 22 1k
FMCW {55 JERUKIE FWIE R FMCW 55 4%
Jer ks Z R ik 5 S A R — A KA SE ) FM -
CW SAR {55 Mk et ] Py 547 [ 35 15 5 1 2
W, A SRARAIE 2 S5 5 A2 U 5 e sk 1) 4 43
B fEDE FMCW SAR Y& R B 2 FR A 1), Jik
[T FMCW {55 (19 & ARG R LR 2,

Bk T A5 22 1R A TB) B BE A 2 (R —
Ruin ) /et To o Ruw i AR EHIBMEEE
Run Wit BbR B H B, BT HRIE FMCW
WO R 238 L kD] R B FMCW {5 5 2 50T 2 18
DU TR0 15

rect( exp



555

HFB A FET K] R BB 52 0 14 o 2 1 R B AL SAR LR 55

TO<@<2RTW+ n<r, 4)

f 4 ¢

A

Eily=

Rt
4

>
G

=

! P
1
RYHE S I 7
I
=

r—————"

> !

4
‘ g |
P 1
7, 7, —

B2 ikl b BE R FMCW SAR
— ke A e 2
Fig.2 The sketch map of interruption processing in one

pulse for inter-pulses interrupted FMCW SAR
MRIETEIBTTHE O T RIS A ML R )N
To RERARIPOR TR 7 AR UET7 7 11 SR A 5 12
ARAEHRERAE AR A ZER B 1 bk v SO [+ A A2

1
nTp>fd ®)

K n PR B, b L PRI &
X 5 S T SRR LSRN, T W LABRARAR K i 12
T RRFEF A ER

B R4 HT AT 41 IPIFMCW SAR 55 19 & T
ZHGERBUFE T (OR TS0 TAE R R

n—1
s ok) = Erect( el
k=0 To

DMRUEES NG5 R S Dy 23 T TR Ik sp 98 B To
R OR TG BE RO et B bR 1
BHE g << Tr— To ,HH TR ZS 12 HHLET- 5 X PRF
AYEERBAR AT LAME Tl Rg 7 — To 3K AN ™R
FE SR Tl A F AR BUSREER O R k] A
K A F T FE—A Bk 8 TR I P e 1
e BARIFNE R GETCH 5 A TH bR R B A1 i 158
t ERA AT 40 IPIFM CW JH T 5 25 18 AL
VB SAR MR ET 4561 6 iz ol 3 B 318 1R
BRI R BN 2O & & SRR R 0 R B8 1Y
SRS, [R) At HLe B N RE 75 TG B AR 5,

2 IPIFMCW SAR if& 7iE

el 2 A Tk o A A IR R A T
I B A THOE £. (DR RRN .

F.o=| k+%j B )
;T:tEFI :k:O 71 [ 7(n71 ) 7nﬁ¥‘ﬂ7]‘(¥l:l:]/l\§&o
IR S oM

n—1
fu) = kz;)rect( b ;,OkTP

kTr)) )
LI FN TR S W HS A0 ko
EREE S Wi

exp (G2 fo (k) (e —

exp2r(fo+ fo ()t — kT ) )expGrplt —kT»)) ®)

K o BB E] 5 To ST RKOPTERE s T, S FMCW BKIhSERE 5 o R 5 S RAR ; £ IR,
W) TPIFMCW SAR A HAREISE 7Rk bk .

n—1
Sr(&qbn,k)zz :g]rec% EAAAEI§TAAZJQLE)CXP
k=0 0

j2n(ﬁ+ﬁ(k))( w—kT»r —7) ) exp

2R

jﬂ/_,(tk_kTP —ZTR) ) D)

c

Ao R ON A BARE H SRR BRI R R = R 40 o+ 0 s O AERE] R R HAREE
BRI EE B XTIk T dechirp” 2LHE SEAF S REHON AT TUOEE RS R ALAYIETHEINSE D

n—1
i Gy = 3 rect( %(ZRM/C) exp

k=0

KT SEIRE Re NTRIE G HOZ IR,
BAG 220U S R .

sit (b ybm o) = E rect( %{W) GXP( —j !

k=0

P Ry = R — R, TF kP o 20U ] )
G FMCW 55158200 457 ko al b iy
AR ] SRR A5 Mok i [ 30t 28 0315 5 1 R i) 3
PEATAF RS RO AT 52 i IPIFMCW SAR [F]9% 22 51(5 5
B 5 A i AH 24 F5E AL T TPIFMCW SAR & 4
55 AT 9 A, 45 ik b a8 22 5501 5 i
At(k) j:’ :

o (fet ﬁ-(k))( b —kTr —

e —kTr —

4n
M

2Rt

c

zm) ‘“’)

c

—|—jrf/( b —kTr — (10)

2Rt

c

)Rﬁ”‘f(ﬁ+ﬁ<k>>m%%)) a1y

At(k) = k(T, — Tv) az)
S [ 2245115 S I RS Ab T AR LA 3,
[FIE AR 524 “dechirp” P2 J515%8] n ™5 H
PRI E BA KR IG5 X n D EIUE S 54T
R BIKE o AR S RS AT DR RS
JGEE SRR N .



56 23 BT R AR (AABHRO

2013 4F

n—1
sit Cli otm k) = Zrect( b kTOTO ZR: /C)

k=0

4m 2Reet

c/,{ tn —kTo *T)R;\"—
exp| —j 4 ) 13)
RSt fo)Ra = RS

X T8 R Y A B B 22 5 1) (] 35 26 4015
S HAH R & B FMCW SAR {5 S R4 £ W
I [l 2255 AT E— 2B 3ROR O

_ tr—2Ri/c
sir (tr 5tm ) = rect
Tr
2Reet
exp(—j%ﬂ( - ’i‘)m—j%ﬂmﬂ‘%%) 14)
c
- 41
! A
4 ¢ :
A0
o ! ==
A0 00
SR — — !
’ | 1 T I ! ! !
i s i ] ] |
A
Lo P ol
“dechirp” I i i | | !
Ak B P o) .
— — — -
' !
i
o i
] ! — RS
| i -—- Bk
i R i i - BEf
i b : a
|
i‘_ T»:”Tu_’i '

B3 IPIFMCW SAR [ {7 5 B B A0 2 i 72
Fig .3 Time-shifting process for the echo of IPIFMCW SAR

XoF 56 FCHS AE E 1E 4042 1) [ 2 (5 5ok FH e
(4 FS BRI TS AR RS R WL 4,
% IRFMCWA5 &

A ) (1)
EEfEhe)

EZ

] % 22 BA 5

KRG 5 Cr k)
BT P41
KIN GE A

(S

| mwes | [— et rorsam
SARI {4

/4 TPIFMCW SAR &b 3 12
Fig.4  Flow chart of imaging of IPIFMCW SAR

3 (HESE

st s B LR G iz s v=30 m/s,
TG s HE% o BKN 1 m R KAE IR Ry 70
km R SHMEESAH R 175 M Hz 2285554 10 km o
FMCW Bkt S8 7, =1 ms, 0] UL, ik b 8 52 4 %
PRF> fu=v/p=30 Hz JJKh e & i Al IR,
WRIZH FMICW SAR BURET T £>2 fuu 1T
3 Ty=1/f,<<5.081 6 ns ,[AIHFTHH AL 2 Ruo /=T
—To JHEH To NHUE  BIRABEIETH 2 T 5 iR
SR I HLARSE 8T IPFMICW SAR 1% MR
PEBETF IR IPIFMCW F ik o 58 B2 A 7o = 0. 33
ms , TS n=3, IPIFMCW SAR X} 5 HFRHY
IS AL FR B UL 5,

107 107 ' 0 :
127 127 7.007 17 6.85 5 oo
il — ez
T 8 T 8 € 6.80 £ = -6
< — e e < S 0. £6.75 ~
3 6 ¥ 6 6.75 = g
= 4 4 =1 6.70 iz 6.70 E-qg
2 2 6-63 6.65 “12
0 x10° 0 x10° 6.35 B 6.60 -14 : .
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5 TT40 20 0 20 40 7=3020-10 0 10 20 30 1.0 035 1.040 1.045
5] 1) /'s IR 1) /' J5 %/ m Jihi/m B SR LT

(a) BRVEDEEAT PR 5 UM (b) BOEHHE R IR ST (o) BUEPHET I IR RREE R (&) BHEDHE G 095 AR RAR 4R (o) BUEPFEEAT IS — YEbE B Lh

PS5 KB FMCW SAR £ H bR b B9 5
Fig. 5 Simulation of point target for IPIFMCW SAR

] 5 (a) AT B RS T 25 F ik v [nL i 45 5 g sk
WA B L& 5 (b)) R 5E B % 22 )5 4% Tk g i T
WS B A [ B RS 2 SR e L TR S
HI T G855 B A5 i 2 A T e 220 — 4k gk
LS (o)L (DA A DE TS i 5 H bs 2
SR LT LR GRS 22 )R e R T AR D
$2 AT LR G Hoxt o5 H FR R4 T Z4E L% 18 5 (e
B PFHERTG A H bR — IR B S e T LB
WP e — e R B R SIS D BT — 4R PR B R
= T 3 A% RIS A R T R e 5 S — 4k
EHHE B R, A T P EAIE IPIFMCW SAR

SR AR R FZ O o R S A T
1% & 6 AZBRL S B RS AL BT B

P 6 (a) Jg JEhR ) G X ek 37 5 P AR SCd
A IPIFMCW SAR {5 58BN HZ 7 b 17 il f%
B 6 (b)) AAISDEERT R 5 4 UL R LB 6 ()
AR DS B S AR R T LU Y S
PHETTI S 5 4E R By BB AR AR SE 3L
BT TRRAS X IPIFMCW SAR [l 22451 {5 5
PEA TS SE RO BFE 5 0 S5 — 2 A 1R ¢
R RS SIS TG RGO SRR
B SAR FURHEA—S, SEIE T4,



555 A A ST K] P W A

S 2 A8 UL R SAR IR 57

(a) JRHR 75

(b) AU BF 422 77 B9 7 5%k 1% 45 2R

(c) Ak PF-H Ja 1 1 1% &5 R

&6 FkiE Pl FMCW SAR it UGBS0
Fig. 6 Simulation of scene targets for IPIFMCW SAR

4 él:lln

ARSCEE A 25 18 S BT 5 % 67 ] R A R B
SRARA R o, AR T — ol 35 ik [ o DT 80 000 34 6
(IPTFM CW O 25 25 18 B IE AL 15 SAR W07
ST T IPIFMCW SAR {59858 (5 S5
Bk 7 FMICW B H T HRIEHLEE- 5 SAR
FRAG S A7 1) 326 25 R0 8 7 2 R B B AR )
REN T A HE B H An R R oK Ll stk i FS B
%ﬁ%ﬂxﬁﬂﬁﬂﬁ H A A s W A5 5 647 T 05
5 B RAE T R AT,

S Z 3K (References ) ;

(1] B 5% JRdil 5% . — AR FMCW SAR (95
ROEM A AL B T7 356 [) ], o727 40,2009, 37 (6).
1159-1164 .
LIANG Yi, GUO Liang, XING Mengdao ,et al. An
equivalent side - looking method for squint FMCW
SAR[J]. Acta electronica sinica, 2009, 37 (6). 1159
-1164 . (in Chinese)

TEAGRZT, REE , SEATHE AT . RBUESEIE SAR MRS
R[], BRI L 2008, 30(2): 20-24 .
JIANG Zhihong , ZHAO Yi, HUANGFU Kan et al .
Development of FMCW SAR [J]. Modern radar,
2008, 30(2); 20-24 . (in Chinese)
5% PELLIE SAR (RS ALB[D . P44 . P
TRHOR:, 2009
LIANG Yi. Signal processing of FMCW SAR[D ].
Xi'an ; Xidian university , 2009 . (in Chinese)
EE, HE, SKEE LS BT 2GR FMCW -
ISAR T W BRI L [T ] = TR
] HRBEN . 2012, 13(2) , 74-78..
LIANG Ying, TIAN Yun, ZHANG Qun,et al. An
extracting method of micro Doppler features in FM -
CW-ISAR based on polynomial phase transform[] ].
Journal of air force engineering university :

science edition, 2012, 13(2). 74-78.

(2]

(3]

(4]

natural

(in Chinese)

(5]

(6]

(7]

(8]

9]

[10]

(1]

BT . LFMCW A (5 SR s 8o i [0 ]. 155
AbFE , 2002, 18(1); 39-42.

YANG Jianyu. Ambiguity function of LFMCW radar
signal[J ]. Signal processing, 2002, 18 (1), 39-42.
(in Chinese)

XIFRBE , B2, R D5 55 . Stk va 0 v B 2 2 8¢
MSEOEES LA M) ] RETRSHTHA,
2007, 29(10); 1615-1618.

LIU Chunbo, CHEN Baixiao, CHEN Duofang, et
al . Parameters determining and synthesis processing
of linear frequency modulated interruptive-continuous
wave[]]. Systems engineering and electronics , 2007 ,
29(10); 1615-1618 . (in Chinese)

B s, B SC . FMICW FHFIEHLEL SAR
ARARBTTE ) ], FRIARE SHOR , 2011, 9(2) ., 115-
119.

HOU Haiping, YANG Jian, QU Changwen. Re-
search on FMICW in monostatic airborne SAR ima-
ging[J ]. Radar science and technology , 2011, 9(2).
115-119. (in Chinese)

JIANG Zhihong, HUANGFU Kan, WAN Jianwei .
A chirp transform algorithm for processing squint
mode FMCW SAR data[]J]. IEEE geoscience and re-
mote sensing letters, 2007, 4(3) . 377-381.
TR, By, KA . e R IR RS
BRI T[] ] BBk AR L 2009, 24(5) . 891
-893.

WAN Xianrong, YANG Zijie, ZHANG Jingwei.
Range aliasing and range ambiguity of HF surface
wave radar [ J ]. Chinese journal of radio science,
2009, 24(5); 891-893. (in Chinese)

Lord Richard T, Inggs Michael R. High resolution
SAR processing using stepped-frequencies[C ]//IEEE
geoscience and remote sensing symp. Rondebosch,
South Africa:[s.n.], 1997 ; 489-491.

Smith R L .Micro synthetic aperture radar using FM /
CW technology [D ]. Utah :Brigham young universi-
ty » 2002.

(h % AR AhAE )



