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Development and application of the millimeter wave SAR
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Abstract ; Synthetic aperture radar (SAR) is a microwave remote sensing radar with capability of all-day and all-weather
imaging. Millimeter-wave SAR has become important for development of SAR with the advantage of small volume, light
weight, and high resolution. The basic principle for high resolution imaging of millimeter-wave SAR is analyzed, and
the advantage of millimeter-wave SAR is present. The state-of-art in the development of millimeter-wave SAR technolo-
gies and systems are illustrated with some typical millimeter-wave SAR systems. The application prospects, some issues,

DOI:10. 11972/j. issn. 1001-9014. 2015. 04. 013

and future development trend of millimeter-wave SAR are also discussed.
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Fig. 7 High-resolution images from the Ka-band airborne
SAR of Sandia National Laboratory, USA (1) C-130s on
flight line; (2 ) missile launcher static display

ML . DEBUE S EBE R 700 km. RGE5
TRV PR DR E UK (TR) FEFI 20, 2445058 £ I
15 B 70 BEARALRT, AT OCHR 43 TR ALk &
¥ SAR HYFLAE, DAZEREER 14 10 = R0% Rl st g
AR ZE IR TR . SAR 1 B B3 1 7 37 1] 43 % %%
#B R 1m, 5& G AL BB K G TR R YRR AE
25.5 W/m’. gk FEA WIRE 555 1 Y~ ZE 4%
R, mFHR 19. 38 m’.

16 2006 4F 26 [ NASA f4 # Bk B} 2% 4F £
(ESCTC2006) |20 Jin o BT 27 g e A< 4 pE 52 6 5
(JPL)f) D. Moller 58 A#t 5 T NASA IEFEFF Y
“ KN 0 il b pK TRD b 3R T 54X ( GLISTIN ) 38 3iF T
1B, Z R G A2 Ka 3 B9 500 38 BEOF- &5 InSAR.
£ Ka W B, 10 28 B MR/ NI HLAR I T KA
FIREIR . % R SR P R B AR R R LR A
£ N TR AL . GLISTIN LR FH il 5 4 B 4 51 K
4, H 1 mx4 m WERARHESWA T4 D1 m
x 1 m AU FLE B4 S AR , LA T At & 160 x



456 a4 5 2 K % W) 34 4

160 SR ; DBF PRGN B9 w8 TiE B 19 807 ik
BL, BA i 5 2 T8 T 0 B, R P G SRAE 1
HHELRE R BIAR /B R . i TAEAEIED] T
GLISTIN RGEH AR MERE , B 401 T %4> DBF
A

olas S8 e

S .
interferometer
e,
om——l

AN
‘ AN
Nadir A
Altimeter .~ /|
/ WV Ng // /) \

interferometer

Intrinsic
SR esolution
Surfece Water; -
Topegraphy#

Ocean Topography'ﬂ
H-Pol interometer  Nadir
Swath 10-70 km Altimeter Path Swath 10-70 km

V-Pol inteferometer 0 2m*10m

K8 SWOT T 45l /R i
Fig.8 SWOT mission concept configuration

2007 4E7 H ,RE KA T H— DA KRR
FIREFH A9 - 4F 25 (8]0 31 1), SWOT ( the Surface
Water and Ocean Topography ) J& H: Hi 45 5 M 2 7K 1
VY (1 — D RHERF ST E T 2016 4F & 41
. SWOT 1y T3 fif Z — K Ka P B9 InSAR, H TAF
iR 35 GHz, {5 %54 98 200 MHz, B B ] 43 HF %
0.75 m, MM S m SWOT REKMH 4 m x0.2
m A RERL , T LK N 10 m. FIHIZR
&5, T S SR TET F) v A PR AR 0 2 I g DT X v
/N Y E AL HEAT RS 5 ] st vl 00 62 ol 1 7K
AR JBE X i b 7K AR P A A AR O 2 3 ) 25 ) I
] 73 A1 HEAT IR

2008 4, MRZS JE ) M. Ludwig 6 AN45 T —4>
FETF W AR (Scan-on-Receive , SCORE) A9 Ka
W B SAR T R BT RGEU MR
B 7 FE AR BB RE , PRI AR B I 2R FH W &
IIEIHYRURER R GE - A S I FH v 19 4 1Y B2 569 T K
2 R F 8 T 1Y) S AR RE R LR IR 2
T DBF Ryl AR . R X R RO 4E4  fETE
REARRRT 2 S T 238 75 5K % TR] B, DRIE D 2R 254 1) 1 2K
RHEFEEE RN E LE AR . b, R
FHAREFE S A S B3/ INFR 7K 14 J ) A % A4

AEM T .

2010 4FRR %5 ) LEAT T Ka BB SAR S
SIBERTWIIGIE TAE™ . o Ka B BE SAR BEMS
FEf—F-& L SCB I, B AR SR 2R T
A5 T N, FHAR B ) . Z R G FREREH T3 5
B85 KR MU A . Ka 35 BE InSAR A fif
BLELSHANPE 9 FiR . % &R G TAEM % H 35.75
GHz, K57 % 300 MHz, A 2 m x0.35 m A%
PR 2,25 m HAEMHECREZR, BEAZERTS 1 m x 1
m A HER . R X ESEA 2m T RLK
B SCERAE R, Ka BEBEAY 12 m LR A EH
LERIEVE

TE 2012 41 EUSAR 2 18 I, 78 [ 5= fiip ot
(DLR) Fl Astrium A Al 3 T 7ERKZ SR %I T Ka
Bt InSAR RSB . Z ARG LIRTIA M. Lud-
wig 28 N TAE M B, TR BB 2 550 km, 12
HETE 12 ~ 15 km, R DBF B . 705 1] ¥ & W U,
KHZ LR AL FE (MAPS) J5 i, B A bk b 2 4 431 %
[ s} R A5 56 I 22577 5 4 35 0] R FH SCORE AR 3RAS =
s RPIRE 2 mx0.4 m, WKL 2 mx2 m,
IE(E )R 3500 W, FEZE K 20 m (HIAFF45 10 m).
Syt FHPERE , 25 R LI = E R R 550 km
PLT, AT DL M s S5 300U 1] BT R 80 NESZ F
/N BERORT

MK B3 SAR 1 E PREFS LR, R4S
WA LR ERIE AT I R 32 K SAR,, {H 32 F Al
WK B ER A AH DA A TR, I 1E AR S 3 Bl & e .
AT LA, 74535 [ SWOT T H #5451 Ka 3B InSAR
£ 2016 LG T2 5, 32 oK% SAR I & J8
WA — A 00 ), (L 3R 2 oK SAR B Ak
X b XU 0 5 358 L 11%) e e T

RX subreflectors

Nadir(z)
y

)
RX reflectors
(d=2.25m)

B9 TLE LR E 25

Fig.9 Satellite configuration
4 ERESARHNANRELZRES

4.1 NHAR=
K SAR JiERAG R AR A i A A2 R R



e TR BRI A LR R A 2 R B 457

PRI EA T R A= 2

(1) ma PR ifs . T 22Kk SAR B ™A=
T HEREMR (HLEE Ka BB SAR M #ERE LT
0.1 m) , 1 H R A% 22 (FMCW ) A4 il i ] fiff
SAR ARGt —A /N dEH W AT ARG
. B, 2Kk SAR FEZEF iy | [ SR BT IR A
e W) S Se AT A EEEENF

(2) Z KW T AR =415 . Z K In-
SAR W] AF 1) i £ AR A5 5 vRn 1) b I g R o
JE (AR ) iz sl B AR A0 EORS B (AR ) |
FIFH B 2R InSAR AT LU WS AR i g2 BE 71, A
TR K=& H bR B LR 45 B B, A iRy
HEWR I ZE R i, VRIS EWRT S 4R 1713h
PEAL T RLAL Y b B ER B AR 7 S S 5 L b Ah 22
K55 1 28 485 e T 22 K SAR 5 1) 1 TR K
MRS B, 7ERIBOGR M = skl 9t 5 B, T8
U 1 AR A B LA B N i) | it T 000 22 5 4
HBELA T I 4 g AT

(3) Z KPR 51k . SAR 38 & T AE7E M #E
WAy 2, (HXT b A SRS LA 2 b S 00 i AR
/AT TAE A BT oK . ZERS BT b X
Jr T, 25 M S A 2K D% SAR AR 513k KRR
P, 2R W SAR 12555 Ry 1 DA% G A5 1 0T 2% 1)
W T H R AR U R .

(4) ZRUEARHTTT . HLER R R 2K I R
St PR m, S R R ARt T A
BFBL, A MK SAR N AE— B RS, AT
IARGF R SRR . InSAR 45 AR AT A 2 &
ORGSR ST 0 23 8] oy He e a8 1 L RSB,
4.2 TFEHEIE

R =K SAR 7E SZPR I FH AT 2238 IE I 3
BT HARA M R X IR R B K SAR
SR BE . HAT, 2K 0% SAR AR JE A7 — 8k
AR A A R[] R

(1) ARG BAFAE A ™ 5 W KA, BT LA
RGBTSR KSR K B2 5 >

(2) ZEKUE SAR HEICHE 300, R R4 Fn Ak
PRI BLAS A 5

(3) =KL RGNS R REFEES (EMC) ATy ik i)
BRI

(4) ZAKUE SAR (0 HERI SN B 4

(5) BB B E PR 122K 0% SAR SR 19T 25
FEIEY R BAE RS (EIK) , 1 B A7 E KN EIK
R AP T S Ath 0 555 5

(6) ZEAKUE SAR 78 T AN 2R Sk BE 17 &
BEAMERMR LI AR R A AR E N R
T 75 A A3 058 2 TR M 5 2 405 U0 ) B 5
TE H PR B 152 22 K, 5 Wl 25 5 /e R g J L]
RE . VB @AE 1T 2K SAR REEMKE
TR ITN B R
4.3 KE#EH

T 0T [ B AR G 220K SAR F& 48 K ) H]
RIS M AT LU Y BB B2 oK I SAR 1K J&
PEBAFE LU LA

(1) MHLER ) B3 6 k R . &dil 20 41
K, 2K SAR BYFRIE | QB EEE AR KT lfs i 428
AR EAEALERCE & B3RS T 0 M RE, H s F e
RN Ka P BCE] Wil Be I HLER SAR R 58, I HL
157 2 KRG e o BE . T, 38 R XoF
Ka P B2 SAR AYIEIE T AR B 4838 58 1L, 78K
o 3 AE PN SEBLAE RIS AT, 3K 04 ik A 3 [ B
B #RZKIE SAR RSN ERE .

(2) N4k = HE AR R T . H R SAR JE IR
B Ik vh R 45 5 07 0 1) A AL B HRB AR 2
YV TR B, EDAS AR 2K B 1A ) 5 B 45 U8, . InSAR
FARE L LA P SAR IS A9 AR 457 45 B AT LAFR B
KGR A B i b 26 = A5 B 5 B A5 A
TN S TA]X6] 4 SR Ml 3R A7 B[] 3 51) ) Al ol oy ]
8. TR A, AR A AH R0 = A o 75
T 85 2R 5, DR G AR HEAIG 0 B TnSAR, 222K %
InSAR ML H B .

(3) AT HERTEM e Z K% SAR BUSH A .
K SAR EMGH T A & A0 15 B, DR T i 2
B, T B SAR HA TER UK RE JT 5 53— 5, AE
TR 5K FE VAL 5 B R IR R 44T &
SRR TP o SRR TR X BT A 1 DX S A 7 o0
A . PIBLEE R SAR 43 B R 5 0 2235 S 6 S PR L
MAEAERMES . T2 KREMEKE, &5
SAR IR MELE & LAY iy Hh D K B3RS K
W2z 58, PR I 75 2Rk B IO BU( DBF) H0R.
TR 18] 5% F 8208 (SCORE ) 7 R R4S 1 25
AT T SR FHASE /N B & Bt R 2R AR A5 A R R 2235
IF i e {5 e L AN sk /DN R 7K AR RIS O 7 1) SR FH 22
FLARALHE ( MAPS) J5 ¥, Al FEAR ok v 25 &2 508 F g
Jen] H 24 5 . R, SR A DBF AR S HiT 2K
P SAR (FrBIJE 30 SAR) R4 K R H EH

(4) FBUE S (FMCW ) JC ABLEL SAR. i T
TEAMLEL SAR RGAE R ZHCN DL T B B 3k g oA



458 AN RS S g 4 34 %

it — AR SRR TT, RIFE LR 4ATT, B bR ko
M 1 A — N HE B 4 BE BT 22 N — AR HLZR, T LIS
E SN ST E N AR RSV I SL BN NN
WD 5 — 5 T SR FH R E S2 3 (FMCW ) A il J5
WEE D)5/ 55 A BT 5 5 /N, R AR R
EHFEANES . BHAEl,X BB FMCW SAR (1)
HiFC AR 2 kg LI .

(5) H/NRIZ KDY SAR. #H/NE SAR R4 BAH
RBUN Hf e i 28 AR & S RIS RN )
S — R AL T HRE RIS PR H R R 25
D IR B VA N Sy &= g [V L = S
VA ) & R AN FH A 5% . AR oK B, th TR T
VR AT LB /NI R R 11 42 [R) s i BR 43 3 R
(R4 3 T LAREANR 22 G % i) IR 22 0 1) 7 Z0 2K, AL
RES/IMAI IR R G R i — 20 e R S /AL
PRI 22K SAR 76 58 B 2R G/ LAk )y T e B0 1S A
MR . L, B s AN I R AR )
/NI K SAR FRBIE T 2S 450

(6) T A SN A A e

SR BUAR AR S HS B AATTHE 2 2 1 S A B ik
SRR 2N (HLSK R 3k o SR e Ak i B3k LAl /b iz
g T 47 AP O D PRI P G 2 s [ 88 oo S e
. RHIL, 2K SAR RS TBRIE (A SE T AT,
BV TE R R B SR . BR T 25 IR AN ]
I S 5038 b PR A, R BRI D0 IE 75 2[RRI Y
TR . R, R S AR kY
SAR R4tk R CHE .

5 it

XFZEAYE SAR 1Y A e B L AT T A T
. TR, E AR SAR HR I & R AR H
H IEFEMBLEGE 2 8V . 28T 22K SAR AL
1G4 AR A 2235 RN B P 8 SR AT A R R T,
ARG, AR R Z KL SAR B & BRSNS
WA HER TRl 2t ZMIE A
T3 I AR A 4T e L0 S A

VAR | [ N AEZE K SAR F RSt T 1
—SBRESY T AR, A BB f T AE 2012 AR D)
TR ETE AP B AT R AT R
LR InSAR JEHEEAL . (B EACKE IR E 2K
SAR M52 1 b T A0 B B, 4 0l 2 R k22 K Ui
SAR ST M AR TT Sk . b, A7 b B RIT
BEEE AR SAR MIF5E S5i80E TAE .

Brigt

VR I B2 e W T2 T T 3 TLAR WS
PO ASCHE T A 5L

References

[1] Curlander J C, Robert N M. Synthetic aperture radar sys-

tems and signal processing[ M]. John Wiley & Sons, New
York, 1991, Chapter 1.
[2]DENG Yun-Kai, ZHAO Feng-Jun, WANG Yu. Brief
analysis on the development and application of spaceborne
SAR [J]. Journal of Radars( X3 =8l, X%, TF7. &
# SAR IR R RaFH K HIENT . T|IXFIR) ,2012,
1(1):19.

[3]Ludwig M, DAddio S, Perez P S. Ka-Band SAR for space-
borne applications based on scan-on-receive techniques|[ C ]
. Proceedings of Tth European Conference on Synthetic Aper-
ture Radar ( EUSAR2008 ), June 2-5, 2008, Friedrichs-
hafen, Germany, pp. 1-4.

[4]TONG Wu-Qin, FAN Xiang. Millimeter wave synthetic aper-
ture radar imaging[ J | . Fire Control and Command Control
(RIS, B . K P G AL TR R A . KA
S¥8#E#EH) ,2006,31(3) :78-81.

[5]Hughen J H, Baker A B, Sullivan D J. Demonstration of a
SAR mode for a lightweight 35 GHz MMW radar[ C]. Re-
cord of the 1994 IEEE National Radar Conference, 29-31,
March 1994, Atlanta, USA, pp. 23-28.

[6 ]Novak L. M, Halversen S D, Owirka G, et al. Effects of po-
larization and resolution on SAR ATR[J]. IEEE Transac-
tions on Aerospace and Electronic Systems, 1997, 33(1):
102-116.

[7]Schimpf H, Essen H, Boehmsdorff S, et al. MEMPHIS - A
fully polarimetric experimental radar. Proceedings of 2002
IEEE International Geoscience and Remote Sensing Symposi-
um( IGARSS2002) , June 24-26, 2002, Toronto, Canada,
pp. 1714-1716.

[8]M. Edrich. Lessons learnt from the design and flight-testing
of a highly miniaturised MMW SAR sensor system[ C ] .
Proceedings of 6th European Conference on Synthetic Aperture
Radar( EUSAR2006) , May 16-18, 2006, Dresden, Germa-
ny.

[9]Fu L, Alsdorf D, Rodriguez E, et al. The surface water and
ocean topography (SWOT) mission[ C]. In Hall J, Harri-
son DE, Stammer D (eds) Proceedings of OceanObs’ 09 .
Sustained Ocean Observations and Information for Society,
vol 2, Sept. 21-25, 2009, Venice, ltaly, ESA Publication
WPP-306.

[10] Magnard C, Meier E, Ruegg M, et al. High resolution
millimeter wave SAR interferometry [ C]. Proceedings of
IEEE International Geoscience and Remote Sensing Sympo-
sium ( IGARSS2007 ), July 23-27, 2007, Barcelona,
Spain, pp. 5061-5064.

[11]SONG Wan-Zhong. UAV millimeter wave synthetic aper-
ture radar technique[ J]. Telecommunication Engineering
(R . RAPERZA YA AL TR IA AR, B
&) ,2002,42(6) : 4-7.

[12]REN Pei-Hong, YU Guang-Zheng, SONG Wan-Zhong. An
8 mm high resolution airborne synthetic aperture radar[ J ].
Telecommunication Engineering (1T 15 7%, Wi Y6 15, R



43 TSR AR LA TR IR Y R SR

459

A8 mm A HHLEAS ALAR H IS . BIEEAR)
2004 ,44(5) :77-79.

[13]SHI Xing. Application and development of millimeter-wave
radars[ J]. Telecommunication Engineering ({12 . ZK
PRI A AR . FRIREIAR) ,2006,46(1) :1-9.

[14 ]Stanko S, Johannes W, Sommer R, et al. SUMATRA-A
UAYV based miniaturized SAR system[ C]. Proceedings of
9th European Conference on Synthetic Aperture Radar( EU-
SAR2012), Apr. 23-26, 2012, Nuremberg, Germany,
pp. 437-440.

[15]Ruegg M, Meier E, Nuesch D. Capabilities of dual-fre-
quency millimeter wave SAR with monopulse processing for
ground moving target indication[ J ]. IEEE Transactions on
Geoscience and Remote Sensing, 2007, 45(3) . 539-553.

[ 16 | Riiegg M, Meier E, Niiesch D, et al. High resolution milli-
meter wave SAR for moving target indication[ C]. 6th Eu-
ropean Conference on  Synthetic ~ Aperture Radar
(EUSAR2006) , May 16-18, 2006, Dresden, Germany.

[17]Sadowy G A, Ghaemi H, Hensley S C. First results from
an airborne Ka-band SAR using SweepSAR and digital
beamforming[ C]. Proceedings of 9th European Conference
on Synthetic Aperture Radar ( EUSAR2012 ), Apr. 23-26,
2012, Nuremberg, Germany, pp. 3-6.

[ 18 ]Doerry A W, Dubbert D F, Thompson M E, et al. A port-
folio of fine resolution Ka-band SAR images: part I1[ C].
SPIE Defense and Security Symposium, March 28-April 1,
2005.

[19 ] Tomiyasu K. Conceptual spaceborne Ka-band spotlight
synthetic aperture radar with reconfigurable aperture[ CJ.
Proceedings of 2003 IEEE International Geoscience and Re-
mote Sensing Symposium ( IGARSS2003 ), Vol. 1, Jul. 21-
25, 2003, Toulouse, pp. 539-541.

[21 ]Ludwig M, D’ Addio S, Saameno-Perez P. Ka-band SAR
for spaceborne applications based on scan-on-receive tech-
niques|[ C]. 7th European Conference on Synthetic Aperture

Radar ( EUSAR2008 ) , Jun. 2-5, 2008, Friedrichshafen,
Germany.

[22]Ludwig M, D’ Addio S, Aguirre M, et al. Imaging Ka-
band SAR interferometer [ C]. 3rd International Asia-Pa-
cific Conference on Synthetic Aperture Radar ( APSAR) ,
Sept. 26-30, 2011, Seoul, Korea.

[20] MollerD K, Heavey B, Hodges R, et al. The Glacier and
Land Ice Surface Topography Interferometer ( GLISTIN) .
A novel Ka-band digitally beamformed interferometer|[ C ] ,
6th Annual NASA Earth Science Technology Conference
(ESCTC2006) , 26-28, Jun. 2006, College Park, MD,
USA.

[23 ]Moller D K, Heavey B, Rignot E,et al. A novel Ka-band
digitally beamformed interferometric synthetic aperture ra-
dar for glacier and ice-sheet topographic mapping: concept
and technology[ C]. Proceedings of Tth European Confer-
ence on Synthetic Aperture Radar ( EUSAR2008 ), Jun. 2-
5, 2008, Friedrichshafen, Germany, pp. 14.

[24] Schaefer C, Dekker P L. Interferometric Ka-band SAR
with DBF capability [ C]. Proceedings of 9th European
Conference on Synthetic Aperture Radar ( EUSAR2012 ) ,
Apr. 23-26, 2012, Nuremberg, Germany, pp. 7-10.

[25]QIAO Ming, PAN Zhou-Hao, LIU Bo, et al. Analysis and
compensation method research on the channel leakage error
for three-baseline MMWInSAR[ J]. Journal of Radar (F%
W XD, 45 . 2K = 2R InSAR 1 15 it #2
RET AN IEAT S . BIEFER) ,2013,2(1)
68-76.

[26 ] Capsoni C, Guarnieri A M, Riva C, et al. Impact of at-
mospheric propagation in a Ka-band space-borne sar for
imaging and interferometry[ C]. Proceedings of 2012 IEEE
International Geoscience and Remote Sensing Symposium
(IGARSS2012), Jul. 22-27, 2012, Munich, Germany,
pp- 3815-3818.



