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Al)stract

Au absolute pha.cw algorithm is used iu an intmfcrometric  radar rllap]mr to dctcxminc  the
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absolute topography. Using a model and a

algorithm and compare it to the results for
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lfthduction

lntmferomctric sy~ltl]etic.  aper ture  radar  ( l  I’SAIL) [5] has bcxolnc a useful tecll~lology  for produc.-

illg lligb-quality topogra]]hic m a p s . “1’hrec lncasurerllmlts a r c  r e q u i r e d  t o  rcco~istruct tllc tbrcc-

dilnensiona] coordinate of a point in an 11’SAR i]nagc: tllc range, azilnuth  and elevation. “l%e firs~ is

obtained by timingtbe  return of the radar IJUISC) tl~cscconc]  by ~neasuring the doppler shift, and the

last by mcamringthe  phase difference between tllcsigllals rcccivecl  at two disl)laced antennae. I+’or

tllcclcvation coordinate, one ~oaywritc  that the signal in channel 2 is related to that in chanliel 1

byatilllcdclay and al,hascsbift:

wllerc tbc Si are tbc signals received in the two channels and 2Tjo  At is tile pbam differcnlcc  between

tllc twc) sig~ials  f o r  a  c a r r i e r  frcqucmc.y,  jo, and a corrcspo~]ditlg  tilric d i f f e r e n c e ,  At. ‘1’llis tillle

difference is given by tbc interferomctric  baseline, 13, and tlic l o o k  d i r e c t i o n ,  ii: cAt x h . 11,

where c is tbe speed of light and assulnin.g tbc pulse is trauslnitted from o~le antenna and received

si~tlultancous]y ill both. For  typical radar I)ara; netcrs, ljo At\ > 1, so that pllasc difference bctweml

tllc two cllanncls  “wraps” arid  is o~ily observed IIIOCIUIC)  27r. After l)hasc ullwral)l>irlg  [2] oIic obtailis

tllc relative phase difference between each point i~l tlic scene, so that the phase is known u]) to a

IIul[lberofcyclm  which inconstant fortllc cntireirnage. ‘1’hisconstant  is dctcrrnined by all “Alwolutc

l’llase” algorithm. Onenlayusc at lrmt one known height ill thcsce~le, a “tie-poillt”,  to dcterlllillc

this constant. Alternatively, two al,gorith~tls  prol)osed by Lfadsen [4] allow the estilnatiol] of this

constant without recourse totie-~]oints. I cvaluatc the accuracy ofoneoftllcsc,  the “Residual Iklay”

algorithm. Of tllc two algoritlllllsl)roj)osccl, this o]lc bas the advaritagc that it requires no alteration

of the sta~iclard  SAlt-proccssillg, atld has thus bcco~tke the absolu te  I)l]ase  algorithin  of c.lloic.c for

llPSAIL l~rocessin.g.

“1’lic R e s i d u a l  I)clay algoritllTn  (RI IA) cnnI)loys  tllc unwrapl)ed illtcrfm-ograln to resarnl)lc o n e  o f

tllc signals to the ot~le.r, removing the tizile  shift cxccl,t  for a residual delay of [jo Atj/-fo, which is

co~lstant over  the entire ilnage. ([z] syl[lbo]izcs tllc truncation operation on x.) ‘J’llis residual delay

~llay be csti~llated  by cross-  corrclati~lg tbe two s ignals . ‘J’lle resa~nl)lirlg  step is  acc.ornl~lislicd  witli

a 16-poilit llannitlg intmpolation filter [1] [3] with a precisio~l  of 8192. ‘J’l~c locatiorl o f  tlic c r o s s -  -

correlatioll IJcak  of tile two signals is obtained by the fc>llowir]gl~roccclllrc:  1) l)ividc tbc i]nages into

sub]) atches of 32 x 32 satl)plcs  each, 2) oversarlll)lc eac,l] sui]-l)atcli by a factor of two, 3) 1’1{”1’  each

si.gl]al,  col[ll)lex-~llllltil~ly  their spectra, and inverse F1’’rl’, 4) select a 16 X 16sa111plercgioll  a r o u n d
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the resul t ing  corre la t ion  peak, and 5) ovcrszr~l]})le tl)ispcak by a factor of 16 to ol)taill an estilnatc

of the clelay to a precision of 1/32 bit].  ‘1’lLc residual delay is thml  computed by  avcragi]lg  over the

estilnatmfor each sub-patch. in this way, the delay of 0(1/100) biu  maybe obtaiuecl;  the accuracy

with which this can be accom})lished  is the sul)jcct of this paper.

Alodc]

‘J’hc fraction of a range sarnpleto which one IIlust measure the delay due to one cycle of phase is

givellby tlleratio oftllesall-llJlil igfrc(lllcllcy,  j,, tllctllc carricrfrequenc.y, fo.  ‘1’hcu~]certaillty w i t h

which this clclay can be detcmnincd  is reduced by tile rllllllberofsalI~lJles, N, over w]lich  tile estirllate

isobtaillcd, and also depends 011 the width  of the correlation peak. One maymodel  the accuracy of

tllc residual delay algorithln, in

where -f is the total correlation

cycles, as:

(2)

Of  t]le tWO Si&llalS, ~1 iS a fUll CtiO1l  tO be dCterlllilled by SilllU]atiO1l,

and we nave asu~l]ecl Gaussian statistics for the delay cstirl]ation errors- all assull)ption which Illust

Lcverificd bycxI]erimcult. Note that this rnodcl does ~lclt account forl~llzLsc-~]rl\vraI) l)illgerrcJrs, nor

fcmsystelt,atic phase errors betwecu t}lctwo sigllalssuc], asthosc clllcto~rllilti~)atllallcl p o o r  s w i t c h

isolation.

lu order to compute the accuracy of the ltI)A, I ellll)loyed  a si~nulation to generate controlled sal[lple

data sets to which the R,I)A wasapplicd. ‘I’l~esilIl~llatio~  lco~lsisted of the followings tclm: 1) generate

asilnulated pair of SAILproc.esscd radar images, 2) al)})ly t}le RI)A  to dcter~ninc tllc abso]ute I)hase,

as detailed in tile Introduction, 3) conll)ute  tllc ~neall error in absolute })hasc  over the in}agc  and

4 )  rc]jcat tile f i rs t  three  stq)s ]nany tinles for eacl)  set of si]nulation para~nettxs to deterrnil}e tile

standard deviation of the I[lcau  error, whit.1) is iiltcrprete(l a.s tile accuracy of tllc algoritllln. }Jor the

first s~el), I]oise  w.%$ add~d t o  t]le  si~])al  f o r  c a d ]  challllcl,  .$jk =- (~ij~ ~~~j~)/@,  h gc]l~rak!  the

required dec.orrelatio~l:

(3)

w h e r e  u aud v are Gaussiau raudoln var iables  wiill zero Illcan and variauce of 1, iildcpendcnt  for

each  sarnl~le  {jk}.

Rcs[llts

‘I’liesill~l]latio~  ~wasr(lll with scvcra] I)ara~lletmscts  ofdifferillgf, /fo a]ld  N values. “1’hebcst fit to

all of the sililulation results (J’’igure 1) was obtained with a quadratic dcpendcIIce on the correlation:
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( – 7’)n, wll~re m = 0.5723 cycles, a] = 8.3703 cycles, and a2 = 38.5,589 CYCICS.h  =  ~~=oa”  1

(’1’his cr,ily applies over values of y E [0.85, 1.0]. For  lower  values of -y, phase unwrapping errors

bcco~nc  significant, and the algorith~n will fail if ~Iot suitab]y ~nodified  to halidle these errors.) II]

orclcr  to verify this result, I co~npared  the ]node]  prediction for tllc ILIJA accuracy to that ol~taincd

ill the processing of JI’L ~’01’SAIt  [6] data (jo  = 5 .3  Gllz, f, = 45 Mllz). For each pate.11 in a

given data take, the TOI’SAIL processor records tlie average correlation as well  as a series of R1)A

absolute phase estimates over sub-patches of 1024 x 256 saInl~lcs  distributed both across range and

along-hack. One of the co~nparisons used to verify tllc si~nulatioll result is shown in Figure 2. This

is for a sccnc which contaim relatively rugged tcrraili, as WC]]  as urban areas and a region over the

occall towards the end of the run. ‘1’lle laid-over slo}~cs  in the rugged terrain reduce tile average

corre la t ion  of  the  scene, and the SNR is worse over tllc ocea~l.  1’llc latter eflcct is eviderlt  ill tllc

figure as a worsmillg  in the accuracy botl) l~rcdicted  by the ~ilodcl and realized in the data. ‘1’here

arc cliflcrcncm between the two arising both fro~rl tlic systeinatic r)l~asc variatio~is in tllc ‘l’O})SAR

systcrI]  not, accounted for by the ]nodel and froll]  usi~lg only  the average correlatio~l for each patch

to drive tl]c ~nodel.  Nevertheless, the agreellle~lt  bctwccnl  the two gives  OIIC coIIfidcnc.c  ill l)redictitlg

tlIc  accuracy for other syste~ns.

l}iscussioJ1

‘J’l)c distril)ution of the Irlcan error from the silnulation is observed to be Gaussian, justifying tllc

aSSUIIl}>tiOll  of tile ~nodel.  ‘1’hercforc  orle ~nay use the nlodel value for tile accuracy to coJnllute  the

co~lfidcmce level that a given  lneasureJnent of tlic al)solutle  pllasc will get tllc right answer, i.e., the

correct value to within 3:0.5  cycles:

1
0.5

m,(%) =- ---‘-:. [10.5

-0.5 V%U’
c- ~%22  dy = crf --–

u J2
(4)

Ill l’igure 3 the accuracy scalilig  c.oeflic.icmt, ~- -&, is l)lottcd versus dccorrclation for several error

rates (1 - ~1,) as an aid to cletcrlnining  whctllcr tile ltlJA will be successful for a particular ll~SAIL

sysk~l). Five example syste~lls  arc ]loted 011 this plot, showing the lJredictccl  lLIJA lJcrforrna~Lcc  both

for current and for prol)osed  syste~ns.  (See the figure caption for ]nore detail. ) It is clear from the

figure that it is desirable to achieve
ff) 1——
j, VON” < 0“ ’

(5) .

ill order tc, ensure that the RDA  I)erforJns accurate ly . ‘1’lle S1trl’hI lrlissioll does  ~lot al)pcar to ~]leet

this criterion, nor does the Gband ‘1101’SAIL systerll. however the 1,-l)a~ld ‘1’01’SA1t  systcn[l  dots,

iln~)lying  that so]ne sort of absolute I)l)MW “bootstral~l]ing” o f  t h e  Gband  systmn by the 1,-l~and



system may bc possible. Fillally,  tllc IL1)A sl)ould ~Jerforln  very  accura te ly  for  the proposcxl  IIigh

Resolution Global l’ol)ography Mapper.
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Fi.gurc ~al]tions

1. Scaled accuracies f, u/N’/jo of the R1)A as a function of dccorrclatioli for sitrlu]atcd data sets.

‘l’lie solid line is a fit to the data using a quadratic in tile clccorrclatio]i.
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2. Comj>arison of the ]neasurml accuracy (diamonds) of tlic absc]lute phase algorithln  to the prc-

clictccl accuracy (dashed line) for the I.aurwl  Quad SCCIIC. Nok  tile  tra~lsition  a round  w~i~nuth

sub-patch 8 from land to ocean.

3. lLDA accuracy scal ing cocfllcicnts,  fo/(~, ~~”), required to obtain selected error rates as a

function of dccorrclation.  Five para~neter sets have Lee]) llotcd on this plot: “1’01’SAR  (J, =

45  MIIz, <N = 512) I.-band (f. = 1.3 GIIz) and C-band (j. = 5.3 Gllz); the IIigll-ltesolution

Global ‘1’opography  M a p p e r  (~. = 1 0 . 0  Gllz, j, =  9 0 0  Mllz, m =  1 0 2 4 ) ;  a n d  SR’1’M

(J. = 5.3 G1lz, f, = 11.25 MHz, {N = 2048) Near }Lange Swath (y = 87%) ancl Far Range

Swath (7 = 92Yo). (3111y the SR”l’M values of the dccorrclation are ~,url)oscful  here; tile o ther

syste~os  lnay have decorrelatiolls very  diflercllt frorrl  t}losc where tl]cy are placccl  o]! this figure.

Of cc)urse,  tile correlation dcl)cnds uI)on  tlie cllaracteristic.s of cacll  scene.
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