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ABS’1’RACH’

The primary purpose of GcoSAR  is to dclnonstratc  the feasibility of in[crfcromctric
topographic mapping through foliage pcnctr:ition. GcoSAR shou]d become a commercially
viable instrument aftcrth cfcasibi]ity  tlclllc}llstr:!tio~l, 3’o satisfy both rcquircmcntsj  wc have
(ie.signed a dual  frequency (lJIllJ- and X-bancl) interfcromctric  radar. I;or foliage
penetration, a lowcrfrcqucncy  (lJIII;) radar is used. “1’o obtain bc.ttcrhcight  accuracy for
low back scatter areas, wc proposc(i  a high frequency (X-banri) intc.rfcrome.tric system. in
this paper, w c  present a possib]c  GcoSAR systcm conf igura t ion  ant i  awociatcci
performance estimation.

1. IN’l:ROl~IJCi’10N

1 ]igh rcso]ution  (iigita] topographic inforlna(ion  is ncccssary  for tnany applications such as
seismic hay,ar(is  mapping, ]anc] covcI’/Llsc  classification, an(i h y(iro]og y, ]ntcrfc.romct ric
SAR (Synthetic Aperture Radar), introciuce(i by Graham [ 1], anti Y,ebkcr and Golctstcin
[2], has (ic.monstrateci  the possibility of providing fast topographic mapping of large areas.
lJnlikc  optical instruments, intcrfcromctric  SAR is capable of mapping through fo]iagc.
1 ]owcvcr, when volume scattering is cxpectcci for imagc(i  areas, the topographic height is
not WC]] cicfincci since the true phase center is not easily i(icntifiable.  1 lvc.n  though cvicicnce
of fo]iagc pcnct ration using intcrfcromct  ric SAR has been shown using repeat pass
intcrfcromctric  ciata, true phase ccntcr loca[iorls  may bc obscured by other factors such as
tc.mporal  dccorrclation.

in order to image through foliage, opc.ration at a lower fmqucncy bami is m]uirc(i. } ‘or
GcoSAR, wc usc a 160 MI1y,  banciwi(itb  signal at 350 Ml 1~ center frequency. 1 lowcvcr,
since ti~c backscattcring  cross section of a flat area at LJ1 11; is low, tile height accuracy will
be poor. “1’hcsc areas may not be phase unwrappcxi  ciue to low correlation. 1 lcncc, wc a(i(i
an X-band intcrferomctric  SAR which will provi(ie the dcsirc(i height accuracy for n~ost
areas. “1’hc X-band data will help UIII~  illtc{-fclc)l?)etric  calibration an(i it can also aid in
phase unwrapping of the intcrfcromctric  cht a. tllrrcnt]y,  CicoSAR is in the midcllc of the
system stu(iy phase and this paper summarize.s our preliminary results.

2._ GeoSAR lNS’J’RLJMI  iN’1’  I) IXCRII’’1’ION

‘1’hc Gc.oSAR  radar is a ciual-frequency ([J] 11 ~ ami X-ban(i)  intc.rfcromctric  SAR with (iual -
polariz,ation  (111 I and IIV) capability at IJHI;. ‘1’}Ic proJ>oscd  aircraft is a small  businms  jet
such as I.carjct  35A or Gulfstrcanl-11. This systcm can image an 11 or 22 km swath
ciepcn(iing  upon the choice of aircraft. 1/or the 1.ea@ which is more commercially viable,
the systcm will have wing tip tank mountd  [J} II; antennas, scparatcci  by 13 nlctcrs (26



. .

mctm b:isc]inc  wi[h the ping-pong  schcmc). l;or the Gulf-Strcanl  11 aircraft, the [J] 11~
antennas can bc nlouJMcci  Llndcrwing  With a Ininimum Separation of 6 Jnc[crs (]2 meters
b:isc.litlc witl~tllc  pillg-pollg  schcl~lc). 130tll:lilcr:~f  tsc all support fusc]agc mounted X-band
antennas. “J’hc Lcarjct will image a single 11 ian swath while the Clulfstmam-11 aircraft can
image both left and right sides of the aircraft. ‘1’o measure the aircraft atlitudc accurately,
GcoSAR uscs a Iloncywc]l  11-764G  G1’S/lNS  and custom cicsigncd  optical at(itudc
determination systems.

‘1’hc LJIIF antenna wjll bc a sinuous (or broadband microstrip patch) type to support a
bandwidthof  160 Mll~, with a ccntcr frequency of 350 h411z,. ‘1’hc dimensions of this
antenna arc 63 cm (elevation) x 200 cm (a~,ilnutb). “1’hc peak transmit power is 4 KW
derived from a solid state amplifier. ‘1’hc X-band antenna will bc a wavcguide  fed
lllicrostri]>  alltc~l?la  whoscb:illdwidt}l  jsgrc:itcrtll:i~~  160 MfIz.. l’hc X-band antenna will bc
3.5cn~(elcvation)x  ]50c111 (ay,illlLlt}l)  illsizc. ']'llc X-bane] J)caktr:lllslllit  J>owcris 3.6KW
derived from a ‘l’WI’ (3’ravciing  Wave Tube) alnplifier.

The rcccivcd signal will bc cohcrcnt]y  down-convcr[c(i  to a video sjgnal and digiti~,cd  by an
AIX (Analog to Digital Convcrkr). l’hc digitized signal with proper headers will bc
rccordcd  by a high rate tape rccordc.r. l’hc radar hc.alth wil 1 bc monit orcd constant 1 y over
the data take period to inform any radar  problems to the pilot. III addition, a flight
corrc]ator will provide low resolution SAR image to ensure tha[ the correct area has been
imaged.

in order to bc commcrciall  y viable, a small jet aircraft js chosen as the GcoSAR  plat form.
3’WO aircrafts arc chosen as possible candida(cs. 1 ‘or lmvcr operational cost, the I ,carjct
35A was considcre(i. T]IC other option consi(icrcci  is the Gulfstrcam  I J. A comp:irison  of
two aircrafts arc shown in ‘1’able ).
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spcc(i
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“1’ab]c 1. 1,carjct 35A and Ciulfstrcam comparison for the GcoSAf< application.

4. RAl)AR llARl>WARli

in this section, wc describe the intrinsic GcoSAR radar har(iwarc which is rather
insensitive to the choice of the platform.

4.1. Antenna Subsystcm

“1’hc antenna siz,c  is cictcrminc(i  by the illuminate(i  groun(i swath size, lcfthight  ambiguity,
and azimuth ambiguity. ]n or(icr to accomplish ]arge area m:ipping,  the grouncl  swath is
required to ix larger than 10 km. IIcncc, WC. have set the swath size to 11 km for an
altitude of 10 km. ‘l’his trans]atcs  to a look an~,]c cxtcn(iing from 30 - 60 ciegrccs. To
avoid signjtlcan[  left/right ambiguity an(i multipath, tbc. elevation bcamwidth  cannot bc too
broad. ]n the azimuth direction, the antenna ]cngth  shoLI]ci ix long enough to avoici
Significant az,inluth  ambiguity for a given ])]<]; (~’ll]sc  Repetition ];rcqucncy).  “l”hc LJIII;



antenna sim is thcrcforc 63 cm x 200 cm whi]c the X-band antenna size is 3.5 cm x 150
Cnl.

The design of the lJHl+’ antcma is a cha]]cnging task duc to the large  bandwidth
rccluircmcnt.  CLwrcntly, to obtain high rcsolutim imagery, the chirp bandwidth is required
(o be 160 MHz,.  Wc selected the frequency range of 270 Mllz -430 h41 Iz. “1’hc lJIll~
antenna types under consideration arc broadband microsttip  antennas (including stacked
patch), annular ring, and sinuous antennas. ‘J’hc depth of the LJI lJ~ antenna is smaller than
11 inches. in order to install the X-band antenna on the. fusc]agc,  wc have sclcctcci  a
microstrip  antenna. 1 Iowcvcr, since a coaxial cable suffers high 10SS, the feed structure
will be a wavcguidc, The depth of the antenna is aJqwoximately 1 inch.

4.2. l<l;l  N Subsystcm

in orcicr to bc commercially viable, GcoSAR  dcvicc sc]cction was mostly basc(t on using
commercially available catalog items. Coaxial components in rack-mounted chassis arc
used to assure the harciwarc is easily serviceable.

The lJJ l}; transmitter is rcquircc] to provide 4 K W of peak power. I’hc transmitter is
composcci  of many broadband solid state. amplifims. “l’he X-band transmitter is a “1’W1’A
producing 3.6 KW of peak power. I’hc chiq) (Iincar I’M) signal is ge.ncratcd by an NCO
(Numcrical]y Controlled Oscillator) based ]XXi (I~igital  Chirp Generator). ‘1’hc chirp
signal is prc-amp]ificci before it is fcci into the lJI 1 I ;/X-band an~plificrs,  1 ~or t}~c “ping-
pong”  moctc of operation, the. signal is switchml bctwccn  two antennas.

“1’hc rcccivcd  signal from the antenna is cliplcxcd  in the. circulator asscmbl  y, and routed to
the rcccivcr where it is amp]ificcl  and cohcrcnt]y  ciownconvcrtect  to offset video. The
circulator assembly consists of a three-stage circulator/ferrite switch assembly which
proviclcs  sufficient isolation to protect the rcccivcr from transmitter leakage and is also used
to inject a portion of the transmit signal into the rcccivcr  to allow for built in test and
calibration. ‘1’hc input of the rccciver is further protected against overdrive from transmitter
leakage by a limiter. An input filter, which eliminates out-of-band RI;I and image noise,
an(i low-noise amplifkr prccc(ic  t}lc first downconvcrtcr.  }~or the IJ}IIJ reccivcr, a singlc-
stagc Ciownconvcrsion  schcmc is inyicmcntcci,  where. tile input signal is trans]atcci  to
baseband which is again filtercci,  amplified an(i routcct  to the ADC. IIigital  step attenuators
provicic precision gain control to maximiz,c  systcm (iynamic range. The X-llanci  rcccivcr
uscs an adciitiona]  stage to ciownconvcrl  the X-llan(i  input signal to an intc.me.ciiate.
frequency. ‘1’hc intcrmc(iiatc frequency signal is then translatcci  to bascban(i  using ,an
icicntical  back-end as in the lJ } 11; rcccivcl. “Ibis simplifies (icsign, dcvclopmcnt  ami
troubleshooting of the systcm.

‘1’hc systcm can bc pcrio(iicai] y calibratc(i by coupling a mail amount of power from either
the transmit pu]sc signal or an internal caliimtion-tone into the rcccivcr  by means of a
calibration loop. Variations in transmit power ami rcccivcr gain can then bc mcasurc(i. ‘J’hc
calibration loop attenuation is set such that the. calibration signal is just below rcceivcr/Al X
saturation. This assures that  any leakage through the ‘l’/J< switch is well below the
calibration signai lCVCI to assure accurate signal mcasurcmcnts.  l’hc systcm also has the
capability of mcasurin.g the system noise flool by making noise nlcasurcmcnls  ciuring  a
rcccivc only data take (transmitter disabled) or during a portion of the regular ciata take. ]n
aiiciit  ion, a viclc.o  test port is provi(ic[i  for self-t e.st, systcm calibration an(i fault isolation.
‘]’hc hal”d ware in the rcccivcr  ai]ows for the various mocics of calibration an(i self-test
cicscribc(i.  These mo(ics  arc set-up anti control lcci by t hc. radar control computer.



‘1’hc down-convctlcd data is cligitiz,cci  by an 8-bi[ AIK. l:ivc AIX’S arc rcquirui for ali
channels ( 3 lJl 11; & 2 X-band). l’hen, using lIITQ (Jllock 1 ‘Icmting  Point Quantization)
the 8 bit data is rc(iuceci  to 4 bit data. l’hc raw radar (iata is combined with the header
information which contains miar paramck.rs  such as ciata win~iow position, gain, and
PRI;. The platform attitude mcasurcmcnt (iata is combincxi  with the ra(iar data and rccordc(i
by a }ligh rate data recorder.

lt is importmt to make the GcoSAR  operation autonomous in orcicr to rc(iuce  opcratiomd
cost. lJsing planning software, before the mission, radar parameters will be gencrateci  aJICi
usc(i  for radar control. l’his information is then used for both navigation and raciar
operation. To cnsLwc  correct operation, the racial hcal[h  will bc monitorc(i during the
mission and aJIy abnormal state of the ra(iar will be rcporkd to the pilot ami atchiveci  for
]atcrinvcstigation.  lhc(lata  ratcsfo]G coSAl{:  irc172,8M t~its/sccf  orl JlIf~(3  chmnc]s=
2intcrfcronlctric+  1 cross polari?a(ion)anci  115.2 Mbits/see for X-ban(i  (2 intcrferomctric
channels).

4.4. Atlitl~(le  Dctcrlrlfil:\tioI]  SL]bsystc~l]

};OJ’ the fuselage mounted X-band system, (1IC cmbui(icci GI’S/l NS system will be
sufficient for attitude nlcasurcmcnts.  }] OWCVC], foJ” the lJIIF antennas, the basc]ine  vector
measurement bc.comcsm orccomplicatcd  dueto  wing motio~i. IIcrc,  the baseline vector is
(icfincci  as a vector connecting from the phase center of onc antenna to another. I;or the
lJIIF system, wcproposcto  uscan optical metrological systcm which iscompcmd on a
laser bascci distance measurement dcvicc and two orthogonal l-dinmnsiona]  cylindrical
lens/line array cameras. With this optical systcnlj the relative b:iselinc  ]cngth will bc
lllcasllrccl  bcttcrt})ar10.3  JllllliIl  a]] three directions. ‘l-he mctro]ogy  ciata  acqLlisition  rate is
100 IIz or higher. I’his body-coordinate baseline vector is transformed to inertial
coordinates by combining with the. GPS/l NS mcasurcmcnts. ‘l’he cxpcctcd  baseline
mcasLlrcnlcnt accLlracy  is O. 005dcg.  (oJlesiglll:\)i  tlallgica  ll(]O.Sllllll  inlcngth,



‘J’hc radar performance is summarimci with rclatc[i  miar paramclcrs as shown in ‘1’abks 2
an(i 3.

Raciar Parameter Vaillc.
l’osling 5111
Ground Swath 11 km
Baseline Lcng(h 26 m (ping-pong)
Baseline ‘1’iit o (icg.
wavelength 0.86 m (center frequency)
Antenna I.ook Angie 30-60 cicg.
Antenna Size

—.
2.0111 X 0.63111

PolariY,ation 1111 :in(i Ilv
Peak ‘1’ransmit  Power 4 KW
Ban(iwicith

—.
160 MIIz

h]sC 1.cngfh 20 }lSCC
PRI’ (Nominal) 500 Hz (1000 }Iz with ping-pong)
Duty Cycle (Nominai) 2.0 ‘% (ping-pong)
Sampling 8=it samplcci  4 bit BJU’Q (Block Floating

Point Quantinltion)
IIata Rate (per channc]) i72.8  Mbits/see
1 le.ight Accuracy I-3 meters (relative)

3-5 meters (absolute)
“1’ab]c 2. IVoposccl lJl 1 F GcoSAR  configurate ion and pcrforlnancc. ‘1’hc 1111 polarization is
chmcn to make usc of the groun(i-trLmk interaction.

Raciar l’arametcr [ vaiuc’
!

Peak ‘1’ransmit Power

I

3.6 kW
IIan(iwicith

.——
160 MI17.

]) LI]SC ] .cngth
—
20 Liscc a

PRI~ (Nominal) l’o%(~)illg-l)()]’g) ===1300 Ilz (1000 Ilz with ping-pong)
1 JL]t y ~yclc (Nominal)
Sanmlitw 8 bit sample(i 4 bit 111 ‘1’Q (Block Fl(fiting
l’- [ ~oint Qu~nti~.ation)

115.2 Mbits/sec. +
I I lcjght  Accuracy I 1-’2 meters (ml
[ 1 Ma Ra(c (per channc]) ! .-

“at ivc)
1 J-3 meters (absolulc) =

“J’ab]c 3. l’roposcci  X-ban(i  GcoSAR configuration an(i pcrfomancc.
—
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6. CX)N~l  ,[JSl ON

Wc have descrjbcd  a possible GcoSAR configLmtjon  and its assockted performance.
Ge.oSAR  is a clua] frequency (U] II; and X-ban cl) intcrfcron)ctric  radar systcm.  Clrrcntl  y,
GcoSAI<  is in the middle of the systcm stLIdy phase. ‘1’hc final configuration may bc
c]iffcrmt  from the onc ptmcntcd  in this paper. lJsing a dual frcqLlcncy intcrfcromctric
radar, wc hope to acquire topographic and JC]atCd  data uscfLd for mi] it ary, govcr’nmcnt, and
commercial USCJS.
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Space Administration.
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