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The: b",di nc, b,-I Wl-en [l-,elVns Ihm wer~ ,,'cd for i"l~rfcrom"lrl~ imaging wcr~ I ~ mm 
I><:lwce:n I,XI "nd RX2, ,,,,d 32 mm helw"",, RX l alld RX3. 

1------1---""" ""'''''''' 

Figure -,,2.1 'I rallsducer p!alt;lITll and I!:cometry sctup 

Th~ physicol ,ehlp and geomClry orlhe ullagcd ,ec~s th~t ~rc dc,crib~d in Ihis dj,scrta­
lion ~rc !Il\l>trot~d Hl the top v·iew orthc geometry ofthc cm\llator in rigur~ 3.24 ~nd in 
thc sid~ vi~w thal ,,· a~ ~l\{lwn in I' i gUl'~ 2.9_ I'our i rlcntico I SQ R ,10 transduccrs WCre used, 
One f\rnetioning ~, Thc OUlpUi tr~tlsdueer and thl'tt lilllctioning ~, input lr~ n>d\lc~rs . An 
old-fa'hioned dOI-iHaTrix printcr was Inodified to provide thc moving plalforiH. Input ami 
output tr~nsd\lc,,1'S "ere placed on a meTal platform thaI \Va, tilTcd onto Ihc printcr hcad 
otlThe prinTcr r~il a, s e~n in Figure -',25. The printcr head mOVC' ~pproximmdy 0.'12 rnm 
for ea~h slep Thc desiiln Jedsioll was made to move the prul\er head .1 step' or 1.7 rnn' 
e~ch time ~hcr rc~orditlg each downrange profile. II t~ke> approxilHotcly 3 tnin\lICS 10 
record one ap~lture length of __ U.·1 ~m. 
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O,om 

• • 
",", '.;,.". ,'_m "",..-..0 ,,., 
P ... , ,, ,,,,,~ 

c~,,,.,, tho >'Im< " ....... 
(.)' ... "' ..... '''' '~' '' i 

--.. ' 

"­""" ,x'" 
''''''''-' " .... 

• 

C''''''''' " ""'., """" """,. 
, .*~., 
.~. 

I'igurc -' .2 '1 : Top "jew of gcotnctry of crn" Jalor 

The g~n~rjc ,ce,,,, lhat was "'ed 1(" itnaging wa, a ,eal1ered 'ton~ sccnc (with 'lOne ,izc 
o[~'n~g:e diameln ~ mm) that w", pbc~d on a A"t-surfaeed "heclcd mobilc platforiH to 
emulate a di,lrii>ll(ed sea(tcrcr sc~n~_ Thi, is ShQWll inl'igurc 3.20. 
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Figure 3.26' [)islI'ii)utcd sca<lcrcl' "on~ sc~n~ 
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3.1.7 Emulator S~·stem Output Data I<ormat and Storagl' 

Tn~ OlLlplll of tne record ing pro",,", consists onllree fi les that each comai n the ha scbanucd 
range-compressed recel,""r channel information recordings of one of (he three receiver 
"nannels respecti,dy_ Tnese Iii., are stored in a m~tri~ format in Matlab files that ~re 
s~,ed on disk The,. files ar. th enlL,.J by flLrther signal process ing scripts written in 
:.1atlab to form fo.cus,ed images_ 
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Figure 5.5, HlSlOgram Or pi,",,, histury cUff~,punding to ph"se histury in figurc 5.4 

"Dmn Or FlglLrcs 5.0 and 5,7. loc ofLcmation or the photo or bigure 5 0 corrcslxmds to 
tlK; onen,"liun presenled in Ihc [,-,,-'us.,cd images, 

• 

0,'", 

• 

Figure 5.0; Scene " , ilh fo lLr cardlx)ard corner I'cfl~c{ors oriented to tn~tch the prcsentmion 
orrcsults u[ DX'lLssillg and interfcrogram [ormation 

FLgure 5.7 lS 91 pixd, in cro" range and III pixels in ground lange, Each pi.~cl represenls 
~ coherenl SlUn ur disln blLted SC"lterers in il OJII m cro." range by 0,0 1 tn ~roullJ r~nge 
cell. 01le of Ihe fOlLr corner reTIedor, is not vct)' cI~~l'ly <eel\ milic lucussc,1 im"ge uf 
Fig"re 5.7 .• \ pussillk reason for Ihi.' low ampl itude is that til i s p~rt icu I~r COrnCr rdi ector 
".~, nut uriel\teJ in such" W"y a., to eITectively reflcct tlw lI'an.,millcd chil'p sign~1 b~ck in 
the dirccliun uflhe receiver tr"mJucer" Figure 5.g shows the magni{ut.le o!'tllc focus<ed 
extracted cornel' reHector that IS 21 pixcl< in crnss mll~e "nJ 31 pixeL, in ground rallge 
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(.j Foc""cd magniLuoc inlllgc uf "'CllC fronl RX I 

Figure S 7' Magn itude of 4 cOI'll~r reflect",'_, (on~ with 1m, amp I ituM) 

Figur~ 5,8: ~lagn il"dc orto.:uss~d ~xlract~d corner reflector 

56 



Univ
ers

ity
 of

 C
ap

e T
ow

n

According to figure 2.17. the cxpecTc(1 3 dB resolulion (m ,i~nl range) for ~ chirp band­
,,,,idlh of 2531 Hz is 7 cm with no "d"dowi"g appli~d. Th~ gw"nd rang~ lu ,lanl ]'~ng~ 
~ ,m rewll1tion ratio according to I'i !(u'" 2.16 is approximately 1.3 at mid-S\",ath. Th~ 
exrected gr<' und range resolution is tllerdore (J_l cm. The ground mngc prolilc of a range 
and cross rang~ com rressed cornet" ",fleclOt" is shown in F Lgllr", 5. <J( a) mal I b) in llIagni­
tl1M afl<l pha<~ plots ,.~sp.cti,-ely_ Tk J dB range r",ol ution ol'th" li1ou,"cd Wo""d range 
profile of the ca]'db,,~rd corner retlectnr was meaSlll'ed from the Illagnilllde of thc main 
lobe m F,gur~ 5_10(a) as I() cm after ~ Hanning winoow had heen applied in The slant 
range direction het'o]'" focu,"ing in gro und rang" ontn a flat surfac,,_ The applicaTion of 
Ihe Hannmg window rc,,,h, III ~ brn~dening of the main lo be in the d<'wn-r~nge dir""tion_ 
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Figure 5_Y: \\a!(nilllde and rilase pklts of a ground range prolile of a r~nge and cwss 
rang" C0111 press~d corner reft ector 
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Figure 5.1 0; MagniuKk an(1 p/'a,e of~ main lobe ofa gmlLnd rang" profile ofa ran!(e and 
cross ran!(e compressed corne,. rellcclor 

Tl>e crn,s range proJile of lOC c>.trllctcd corner rcftect,~ is presented in magnitude arl(l 
phas~ pluts in figure 5, 1 j, It LS llllpurlaJl\ lO nole lhal cross '~ng~ resoil1tion is displayed III 
co-ordinm~s of grl1lH1d range and angl~ from horesight, The maw lobe of the cruss range 
proli Ic of the c>.lr~cted corner reA"Cl<M' i s pre'~nt"d in a z'~1me(l- in t'1ITnat fot' magnitudc 
and pha,e in Figure), 12, The cornCr reflector cross range profile over The In ain lobe is 
cenlrcd ~t arproxlmalcly 7 dqrees off the ho!~,igh1. The Icngth r uf the ,ynlh~,is~d 
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aperture along til<: boreSl~ht i> 33.4 em, The cmss rang~ resoluiLon IS a funcllOn "fboth 
L""nge and angie, In the dirccti"n oflhe corner rdlcclor, Ihe ctleclivc symhesi",d aperture 
length LJ In the ,quint direction IS calculated as fL)lIo"'s: 

n (5 I) 

where L i., the kn~lh of the synlhesed ap..:nure Ihat i., j()rmed when fow,slng u.,ing the 
Ix"esi~lll oflhe array, and " " ihe s~uint angle Il' the target. 

SubstituTing values, gives 
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(0) \lagllltuJc ,lioo~ "",..rangc cut 

• 

Figure 5.11: Magnitude and pha.,c "f a eros., range cut as a function of angle alc,ng a 
""ll.,lam ran ge arc" f a I'ange and cm •. ' range compl'essed er>mer I'eflector'. main I"be 
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(b) Zoomed_in ph:l.ic 

Figure 5 12: Loomed in versions of a magnitude and phase of a CI'OSS range cut as a 
function of angle along a constant range "'" of a range and cm.;;';; range compressed er>mer 
rellector' , main lobe 

The corner rclkn"r in the foeuooeu image io ((mrcd at a value of grollild range from the 
conlre "flhe array to the !:Irget "" nt" (lf2.21~ m. The expected si7e of the lInwindowed 
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.l dH cro", rang, rL',;olulion u,mg angular rcwlu\ion (Ie Jt)(\ gro\lnd ri1~gc Ii-om lhe emlre 
of!hc arr~y!o Ih~ target 1'm,',." lS calculaled u"ng the foliowmg formula; 

r:;:rl'o;tr.d.'rn.<s,.,m9r,r~"i>llItion(dm,qo,rr = 1'",,,,," X (de) (5.2) 

The v"lu" of angLlI"r re~ohll ion dO is Co lculate~ using equatl on 2.~~: 

de = 

.. 

, 
2D 

2 x O:'t;H x co« 7") 
11.111 'Xi radw1I S 

Th~ cxreet~d cro" rang . ,~solution In met,-es" 

~ 2L~ x 
(1))84 

~ x O.T\1 x (""(i') 
t),I1~~l m 

The mcasured cross range resolution ell w~s slightly fin'" than IhL s appro,.illla!ion. II 
was convcrted to cross range r"solution "long th~ eonSlanl gwund rangc arc Ihatls found 
by uSing the measured angular w!llth of Il.,j' betwcen Ihe 3dB POW!> of Ihc mam lobe 
,llOwn In Figure 5, 12, It w~, tO Lln~ 10 be OJ1202 m as show'n wlhe follOWing enlcul~llOn 
th"t convc' t< tl'om ~n81e to d ISranc~ In cross range: 

eR r"ttb'. X de 
2 218 x 0.5" 

o (J2(l2m 

5.2 SAR Interferometry Emulation Using Sonar 

5.2.1 Bt'amforming using a distributed ~catt,crer ~ccne with fonr cor­
ner reflectors 

The l"")Xl>C of P'l:·,cm;n8 fo ul' foclls>cd comer rcflcctors i, to d"mon"r~Te the abiliTy 
of the cmlliator S)"tcm to compre<.S point t~l'get sign~tures in unproee&Scd dat~ . Thc 
gcomdry ~ml ~pplicabk par~mClel':\ of Ihi, scene are as .,k,nibcd In s~"lion 2.5 and 
illlL>lrated in Figures 2.9 and 3.24. Four comer reflectors wCre placed on Ihe cOmerS of 
thc ,ccne Ihat was to be imaged, 

SLgnal> rece,,'ed on rece,vcr, RXI ami RX2 wilh hasdinc 16 nun between Ihem were 
used for analysis, 

Tlw plKllograph oflhc sectle Ihal was im~gcd Can be seen ~longsiclc a loeus,c~ SAS image 
ii-om R.'\J in I;igul'c 5.13. ~ole thar the oricllIatioll of the photograph corl'espon~s to the 
orientation of FigLlr~s 'i 14, 'i 1 'i an~ 5, I 6. 

FiglLre 514 show., lhe mo un focussed image., from antennas RXI and RX21hai clearly 
look sim ilar to onc anOThc r. a, wa:; exp"eTc~ Notice thai the images contain "gnatur~s 



Univ
ers

ity
 of

 C
ap

e T
ow

n
Fignr~ _~ Ll: Photographed di,lrit..J!c,1 xa'tCI'~r sron~ ,cone with four cardb~'ard comeT 
reftectors placed alung,idl' a magnilu,lc p lot of SAS image n'om antenna II.X I 

nf lh~ pOlnL larg~b lin intcrj(,rcncc pattern is vi,ible re,ultmg [rmu conslructivc ~nd 
dc'lrucli\'~ inlcrfcrcncc of echnes received [rom h", CornCr rdlcclorS "tlnc ,ume ,lam 
'~ng" Tk jj-~' I ucncy is higher for the e.ios~r pair ure.o,,,,,, rdkcl<Jr, "ll:;laml'ange ~ 
I ~ m) Ilwnlhc [urth~r ]luir at (, Iant range'''C 2.55 m), Tin, IS bcc""sc On~ or the comer 
,,,n,,L-lor> al id~nlic,,1 ,Iant range fLDm the closer pair in ,I"nl rangc ,lid nul r~I''' 'n it str"ng 
echo 10 the roccivc l" ,inc~ it ,,'as not onentcJ Inward, lh<: rCC""'~IS a, "ell :1' the other 

llir~c C'''llC ,' re/lec'"" were 

I"gnre _~ 14: Fir,t f'lm Slun~ S~~nc: Unrocu,,~d imagcs from anfennas RXI and IL"\2 

respeCli\'ely 

f'lgurC 5 15 ,how, the m"gniludc' oflh~ SAS im~go, from I,X I atld RX2 NN1~~ Ih" 
'imLbrity oclw~~n lhcsc lWO itnag;c' lh~t ,,'er~ fncll"ed in ground range. T"k~ not~ thai 
the compk.~ S,\S Ll""ges arc ')1 pixels in crn,s range atld 131 pixds in ground r"ng~ 
Each pixel repl~:;.clll" il c-ohcrclH ~lIIIl of uH;lribul"u >I.:att~rc,o in a 0,0 I III em:;., rang,c b)" 

0,01 III gl'"und range ~el L 
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Figure 5.15 . l;bgmi llde, of SAS imlOgc, Irom 'ml~nna, RX 1 ,,,ul I{X2 rcspcdi,'cly 

FIgure 5.16" a 3 dm,en'lOm,1 plol oflile l1lagn illl d~ oflk SAS lmage from I{X I plon~d 
011" gnd Tepr",~nling Cross rang~ and gro und n1tl~~. ClclOrly. I h~ IOClmltl~ of different 
pO llll COmer rdke tors (\f1 I he comer, of \I". desm;d ar"" Lor im"ging wa, , ,,ece,,flli . even 
Ihollgh \I'e ()/1~ corn~r rd kct(l{ had, low amplit"de J ,, ~ 10 il:l orien \mion lOW"} frolll llie 
r~ee'v~r'. 

5.2.2 

igure .".16: c..1esh plot ~fm~gnit1l(k of SAS Im'g~ from ~nte nn ~ RX I 

In t1'rf1'ro!!:ra ms of a d isfribuf1'd scait1'r1'r ~f on l' sc1'n l' (Bast'li n 1'S 

16 IIUIl and 32 mm) 

Til<; gcomct'O· ~nd ' pplie,hle pil mmekr, of th is ",one arc,.., Jesnilx:d i" _eel;o" 1.5 and 
illllslwlcd in Fig1H"cs :.9 ilnd 3.:4. Th~ ,c~n~ w~s ,etup hy removing Ih e four wrner 
relkciors Iro", lh~ scene descrilx:d in senio n 5.: I 

Tlw h",dines bctwc,,, I"Cccive" Ih~t" ( re used fm int~tferol1lelry were 
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• 16 mm between RXI arod RX2. arl<i 

• 32 IlLJIl betwe~n RX 1 atl<i RX1. 

lhe hottom tran",lu~er fnn~lio""d as tk tn"",niHer ",-hilc th~ Ihree transducer, ~bovc 
it filt,ctior,ed a, recei,'ers, as indi~~lLd in Figlu'e -',23. Alllransdul'~rs wCre placcd nne 
~n top oj the other, I'ach tran,dnc~r had a ,liamekr of 16 mm The ba,dlllcs klwccn 
r~c~iv~rs th~t w~re us~rl wer~ 16 mm belwe~n 1(.'>:1 arod RX~ arod 32 mm hetween RXI 
and RXJ. Signals received on receivers RX 1 and RX2 wilh baseline 16 mm helween th~lll 
wcre u,ed I'm intCL'fcrogram formation. The recorded 'ignal un RX3 was lls~d in order 10 

jOl'm an it,tcrferogram '''ing lk ba,din~ of 32 mm between reeel,ns RXI and RX3. 
A photo oftt-,., imaged scene can k seen in Figure -',26, :'\Olll'~ in Figure 3,26 II;; seal­
t~r"d slones thal arc meant W emulate the ,h'lribllleJ ,caner~I Sl'~nC, TI;; iIlLage r~cortiJi 'g 
proc~." took appro.,imaLcly 3 JIl111ule, ILl complcte , 

LJnfoeu"ed magnilllde imag~., ar~ presenleti in hgUI\os 5.17 ami 5,18. Nutiee tll<: high 
degr~~ of'imilanl}' hetwe,n Ihe difkrenllmage" 

Fi,mre 517' Distrihuted sealierer .,Wne ,e~1"Ic Unfoeusscti magmlude imagc, jroIlL an­
tenn~, RXI and RX2 r"'peclively 

Figure 5.18: Di,trihuled ~e~tter~r ,lnne &Ccne: Ut,fOCll,,,,rl magnitude image Irom an­
Icnn~ R.X3 

High dcgr~~, ohimililIil)' between SAS images Ii'om the distributed l ~~Uer~r ,lOn~ ,c,n, 
can he oh"rwrl i1"l Ihe foeusscrl SAS Lm~ge, i,', Figures 5.19 and 5.20, Tak~ note lh~t 
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the e()mplc~ SAS im~gc>, [a"'l WhlCh mlerfcrogntms ~re formed, ur~ 91 plxds m cro~s 
range and 101 pL,d, in groum\ range. Each pL,d I~pr~'CnLs a coherml sum ()f dislribul~d 
SC"Hercrs 0,01 m cms> r""gc by 0,01 m gmLwd "nge ccll 

j 

Fib~It'C 5, 19_ Di,I,; r..n"d "C"tIercr SIone <ccnc' Magn;mde, of focussed SAS images from 
Onlcnn"< RXI ""d RX2 resped;wly 

Figure 5.20' [)lSlnblll~d ,c.111~Ia ,lone ,Celle: Magll i(lId~ ()f Ihc I"cu,scd SAS imae:c 
1,'Oln anlenn,\ ltX3 

Magnillld~, and plms~ plol, of mlCIl\;rogrmn.' funn~d lI,ing (R..,\ I ""d R X2 Wilh ha,cl i nc 
16 mIll ) and (RX I "nd R,,{~ wilh ba,el,nc.12 nlUll al ~ prcscntcd III Fig\lt'C> 5.2 ( "nd 5.22. 

L-n'Wrappcd ,md 'nloo(hcd cO"lpln JO rcrfcmg'"'m ~rc prc'cnted ,n Flgur~ 5 ~3 Tne 
SCeneS were "rnCl01hcd by 11<11\& a 4"hy-4 indcpcndent re<olnlLon cells ,\ven\g.ing Window 
ti, r millimi.,ing the effecl ofnolSe on lhe inlnferogram. Th~ wlnd()w ,iz~ \\i'" 40 pL~ds 
in f(round range and iO pix~b in Cross range 

A rang~ proJik al()ng Ihe burni!;ht ol-lh~ amlY (i,~. al Cru", range po,ilion ()r 0 In) IS 

pre,emnl.,ilowing inlnkromelric' ph1IS~' belw~en IltXI and RX2 willI h~,clinc 16 Hjjjl) 
and {RXI and ItX3 wil h b",dine 32 nlIn) In Figllrc 5,24, The plot "how, IhM the 12 mm 
ba,elin~ hdw~~n R,X 1 and R,XJ rc,ull, in ~ phas~ <lope Ih "1. i<. "' predIcted, approx i­
maldy l\\iic'~ lil<; slup;; ofllJc pIJa,;c ,lope for Ihe (RX I ~Ild RX:2 Wilh ba.,e1ine H, mm) 
ca,e. 

Fig:ur~ 5.25 ,))ow" plo t, of the silll" I aled phase c, Iculated accordi ng 10 E'lnallOn 2.20 lIS­
ing gro und Iang~ spac'lng: idefllk:allo Ihrll of SAS im"gc<, .'l.' well ~, meu.,ured pha.,e, 
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i"J M .gllltuJc of intorfcmgrHl fmm RX I 'llld RX2 (b) ~b:?UlI"dc of inlcrfcmgrn 'ti l,,,m RX 1 "nd RX3 

flgul'c 5.21 Dislr'ihllted scalle'-~r ,tonc scene: Magnilmk' nfthc lln'm(tmh~d complex 
int~'-fcrogr"m~ (RXI and RX~ with ba,dine 1(, mm) and (J(XI and RXJ Wilh 3~ mm 
ba,c1ine) 

, 
3 
1 " 

(.) lntcrfcmgl.1ll from image, frum R..'.:l and RX2 

figul'e ),22: Di.mibUlc<l SC"ll~'-cr <toile scen~' Phase pints (trthe unsmnnth~d wmplex 
inlcricl'OgL'" mS (RXJ "nd RX~ with ba,~line 1(, mm) and (RXJ and Rx3 wllh ha,dine 
.12 mm) 

tal SmooLhcd inLcrkrug"'l1lll,in~ RXI and RX2 

Figure 5.23: Di>lrib"lc<l scattcrc .. _,t()]W scene: lJnwrapped 'm()(llh~<l complex illlerfcJ"O­
gram, (RXJ "nd RX2 with basdin~](, mm) and (lI.Xl and RXl wilh b,,,eline.1~ mm) 

"blamed ",illg" 4_hy_4 indcp~lIdent res(tiLLlion ~db ,moothing \,,-indow 
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• 'I 
" ,-,-"--",-",, --~".",,-,-, 

'~'M ~_~~, 

h~lI": 5.24. Ui,l"b,,]cJ ""nl~r~r SlOn~ ""ene- R,mgc proJilc "long. borcsigil1 ,,1- "Tray 
c.()mpanng simlLlal~J phase> wilh SLnc'l'lhLd (4-l>y-4 ulllcpcmknl r",OiUjlOn ~dls ,,\icr· 
aging- WlllelOW) Ullcrlcromclric phase, oblaIlled ,,],'ng ~orcsig:hl lor intcricrogrmm Ulade 
lLSmg (RXI and RX2 wllh ba,dlllL 16 111m) amlJH.Xl ami RX3 "'Jlh ba,dmc 32 lUllL) 

u.sing (RXI "",I RX2 wilh 16 mm ha,dme) and (R.-Xl ,mel R.,'O wllh 32 mm basdinc), 
Simulations s~~m 10 ellSag";" Wilh m"aslLn:d inlcrlcr,'g:rmm. Th~ dilkr~ll~cs in ph"s~ 
slop<: arc ml'Sl prommcnl. Th~ S~CllC w"s lln,,~cd "g,nn ",jug idctll1c,,1 conclilions. This 
rqx;"l~d d,lla reel' rd ing is referrcd 10 as li-.c "second on ,a.,ure", .m" os orrmed to t~ li t'sl 
,1"1,, recording which is I-~k,-rcd 1,'"S the "jirsl mcasllrcm~nC The se~ond mea.,ut'emetll 
W"S pcrlol'mccl in OHlel' to cfled' whetfler or no! the .lift;'ren"e in phase slope meo,ure­
meIll from the expectccl simulated result is a rypic"llcollJ['e oftllC ~mulalc'r system. The 
,econd mea.,urement wo., mode approximotely 3 minutes aJier th~ firs! m~''''!remenl \vas 
mmpleted_ 'J'k lime lo c,'mplete data rewrding for the sewnd m~",urelllcnt was approx­
Imately 3 minules . 

" 

. _ _ ~ .·~~'''·M . ,. __ , "._. 

" -, '.' -, "" .. -".,,- " 
!» Ila"2.L r ,ofi l< of ;'K"fcromctr;c ph"'IL ",illg 
!LX! ,nu RXl COInl"""" "';" ,inlCd,,'"u ;nlOrlCr­
un;c1 r;, 1'1",.0 

" 
" 

, '.' 
i 
i." 

... ,J -.. , 
•• 
" " " " " 

(OJ hnge pro~le or ;llte,]Cromctrtc ph,,,,, U'lLlg 
RXI .. "lllX) C,"np,,,e" [O;t> <;"."1,,<,, "",0(,,_ 

"'''''',;, pl.\« 

Figure 5_25: Di,trihukJ ,""nerer ,lone '"~ne: Range profile along. horesLghl ,,1- '''T''Y 
comparin!! Slmubn,,,l ph,,,"s wHh snwolh illlcd;:romdrL" ph",c, ohl '''''cd "I"lll~ oon"i rhl 
r,H' inte tiel','gm,m made using (RX I ond RX2 with h"dine I ri mm) ond ([,XI and [,X3 
with baseline 32 mm) 
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'1 h~ ""hc r~nn' il" "g<: 1(>, Ihe fi r.'1 mcas~n-me l)[ fvr (I{X J ;"1<1 RX 2 "ith baS-Cline 16 mm) 
,,"ii,' g~ll~mll y al\{l,c 0.'1. wh il ~ .Iightly I"wcr ,'uoc",nee carl be >C,"11 I<} I~C c "l1"r~nc~ 

image tur (RX I :uln llX 3 Wi!]1 ha",l ine 32 \1111\~ TJm wa" ,till gC'l cT~lIy ntx>". ox 'i'r.e 
expcd,d c(jhc"cnc,- ~1 mi,J·swath at 1.75 m III !!-T()LULd ' L ~ tL gc for Ihc Llllngw SCe ne L" 0.9 for 

" 16 mnl ha>eIILi e ~ lIrl O. ~ 1 tor a J 2 m m f>J...:hr..: u""ur<l ing I" F 'gIl, C 2. 10. "fh" (jl1e"" l<'c 
; mab'l:~ lur lilc for<:I mC~$I,,,,,,,ent "'''~ plntll-d in r ,!;UI\: ~ .26. 

" . 

F i Sllr~ 5.21," D" lri hul cd , •• .- anele! sllllle &CC II C: Cohcrence imase, r",. (It;\ I ,HKi IL\:2) ~nd 
(RXI ~nd RX 3) \"\:, pc ... :u ,'~ly 

r '!:U"C 5.n ~I w .w~ ~<lhereoc~ 'nIagL"" u" lhe sc<:ond mC/l.<u",nu" u rh.e~" imagL"S ~hu", 
Ihal ~uln:rcu ... ' remains 3~"Ccl't:lbl~ for Ihe 'l .... -ond mC3surcrncnt o f tl,t im:lgcJ "'':'l<! II!. in 
Ihe l"3W of the f'~l m~a~urem~n1 of 1/,.. ""~'ne . ;..Iol;~e Ih311hc coh~rc,oc~s of lh~ Ji .,,1 and 

,reon<l m"a>"rcl n~n15 IO(jk id~nt ic~ l . T il .. iIll1' ];'''' n:peatabjJity of iUln{:i ng of a ""''''' as 
" """,,It uJ" ,lab']I!>' of 11>.' col",reilco im"g~ , . 

.. -~ 

•• 
(~] Cuit...-""" in'.~ .. ' """ S !tXt ""d RX! ".,0. 16 (b) (41""""", ''''''S' ... '"~ I(X I ",III RXl "·,ih J! 
""n h.""ljoe "'"' b,...,h"" 

h~urc 5.27: C(lhc'~I":c imag"" for <;ee"nd m"'J'Uh~nC'rl1 usmg tll. dl <l ribulcd ,c~llcrcr 
,lOne ,cene u f th~ r,r,1 m~a, ,,",m.lIt: \I~X I an<l RX2 wilh ha,cii n. ] (, mOl) ;m<l (R.-Xl and 
IL'G wll h f>nsc li ll~ 32 m m) ro"Jl'<clivd~' 

~" j£llL'CS 5.28(n) unJ (b) , huw histugL'nms fi-om \he fi", 1 recording ufcuhe,~ n ~e ,~llles I()]' 

Ihe regiun dc(i 'IClt b> crn,~ rang~ "aluc;; vary ing from (LOS III to 0, 58 m AIId gr(l llnd·range 

" 
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val\lCsv~fying fWIllI.34m lO 1, 84m Lor Ihe palrs IRXI and RX2 with baf,Cline Ih 1J11Il) 
an~ (RX I a,Jd RX J wI,h b~seli"c 32 mill) f.'I",dlvdy_ Take note thal Figure, S 2H(a) an~ 
(b) have dill"rent srans, A.' ,een fL'(~n lhc,c iigllrc,. a IOllgcr basdllle r~",lis in lower 
lIlCidmc", ofl"~h COhCTcn~" 

I 

(", Hi>lo~r"m of colo';:1'o<>;;e ,."lue, for le\ 1 ,11'ld 
!lX, imo~"" 

"j l 

(oi Ili""~"",, "I' <'UO"",,,,," vLrlu"> !,.,- 1L'l:1 
arKl RX3 im .ge! 

I'i,gures 5_29(a) and 5_2Y(h) dcpiel 1bc smoolhcoc(1 ooresighl inlc-rfc-romet,.i~ p",11les (at 

ero." ra nge = () 111) for 16 1'11111 and J2 n11n basdinc-, l'Ollllh" JLrsl measurement. Compar­
isons hetween interferometri c phas~, <hll';ng the two pa"c\ 0''''" the di,llibukd ,eatterer 
,tone scene are shown to remain almost ;d~nl;ca1. 11 thcl'du[c seem, thai the deviation of 
mca,urcrl pl.ase from expected phase" a t"aturc of the cm\ll~tor ,y, tcm and rem",ns a 
conslanl factor. 

~'~-""""",,- , -. , " '~M "_' __ 

i.j Cump.:m><J" u,rn~ (RX I ,,00 RX2 "itll h,,<1 in" 
I" mm) on,·, ,,,,",rl" Tll: 

" 
, 

1 
~, 

-"' -

" " ''''''''" o-, ~ ~ .. 

(t) C'''''r",,'un 'r,i,, ~ (RXI "'lei RX) ",ilb ]mc' ­
iiI'''' 32 mmi "ft" ",>oo'hltl~ 

riglilc 5,29: Colllpan,on uf ml~T I(;rume.(ll~ phase, obtain~d along hores;ghl t<w intc l'_ 

krugrallls taken dUl'in:;- l wu recordings of the distriblll~d sealterrr slOne scenc I"i n g (a) 
(RXI ami RX2 wlth baseJille 16111m) and (h) (RXI and RX3 with hascl;ne 32 mm) ali")' 
smOOlhing U,il)£ a 4-by..t ind"ll<:lldenl resolUlion edl Willdow 
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scene mm 

int1erfc::rometrv were: 

• mm nelWf~en 

• mm ,",,,,1,,,,..,,," 
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Figure 5.30: Distriooll'J ,e~tler<T ,lOnC ,,-'OnC \\lith n Hllll 'l~p '" seCn from the ~rmLlalor 
lral"k 

Figurc 5 . .11: Protile ofdislrihutcd ,catlerer stolle scene with 7~ mm step as seen from The 
lcti hand side ofthc ,ccn~ when looking aT the scene from hehit1d the emulator track 

(i) 
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fromRXl (b) Unfocussed fromRX2 

....,.g ........... "' ... scatterer stone scene mm antennas 

Unfocussed fromRX3 

............ ,"' ... scatterer stone scene mm 

Magnitude of SAS Image 2 

fromRXl fromRX2 

mm 
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Magnitude of SAS Image .2 

Focussed fromRX3 

scatterer stone scene 

'''U'5U'ltu",,;; of Intl~rlf~rn'Yralm from RXl and RX2 

andRX2 

mm 

jnt,~rlf~ .. n''''rlt·m from RXl and RX3 

com­
mm 

mtlert<lrOIi!:ram from RXl and RX3 

com­
mm 
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5.2.3 Ilistribulcd scatterer stone scene with step (Baselines 16 mm 

and 32 lum) 

The pUfT"J,e of Ihi, rnl''''Ul':lncnl " t[) e,tah lish the effect [)f adding ~ step t[) the scene by 
~omp''''ng: the pha,e I,'om a >cenc with a step to a scene ,hat docs nOl I,,'l'-~ a slep, Thc 
phy,i~al ,"luP alld g:wfll<"lry of the di>trihuted >Calterer >tone >cene as dcscrit>cd In ) , 2.1 
"''''' lefllh" "mIl' ex~ept f[)r Ihe additioll ofa Sl"p hy ll<tdill!( (hree 72 mill high box~~ (0 

Iii<: ,~ene unto), ofwlll~h ,tones were placeci. 

The gwrn~try "nJ "ppli~ahle pmamelers of this secne me as de>crii>cd ill section 1 . .". 
and 1Iinstmted m hgure> 2') alld .1.24, The scene was sel up by placing lhc pre'l(l<"ly 
menl iun~d Ilm'e 72 mm high hoxes ont[) tr.: >cene thar. wa> used ill secll"n ~.2.2. 

The basel ine~ belween rc~,,]Vers that were used f[)r interf emmetT)' were: 

• I~ 111111 bd"ecn RXI and R,X2,and 

• 32 l!llll b~lw~~n RXI and RX3 

The ootlOm Iransducer runclioned ", th~ Inm'l!litter while the three lnm,ducers ahove 
t( hHlc![oned as receivers. as H,.ticaleJ in Figure 3.~3 , l\lltIamdu~ers were planJ one 
011 t"p of 1 he other, Each (ransducer had" J",n1<: t'" of I 6 mm. The ba,dm~s hct w~en 
receivers lilat were used were 16 nun bc l", ~en RX I and RX2 ami 32 rnm helwL'Cn RXI 
and RX) Signa ls rece\ved on rCCelVl'rS RXI and RX2 wlib b",dnw 16 rnmlxlw~m 
thelll wer~ u'ed for in(erkrogram forma!lot], The recorded Slgnalun RX3 waS "j,o u,,,J 
in [)rder to form an illterfcrogralll uS in g the bas<: Ii ,I(: 0 r )2 m m belween receivers R X I ,Hid 
RX3 A 72 mm high Sl~p wa> intmduc~d int" TlX' part nf (he scene fiUliles( away from 
the imaging transducers ill grnund r~ nge, This wa~ achieved by (IX' placemeill 01'72 mm 
hi gh cmdl>oard hoxes "" lOp of Ihe d iSI ri buted scattel\:r \ lone s"~ne on the cardl>uarJ Ih'H 
ill turn had been placed onto the mohile pIal form, Slon~s W"I~ Ih~n pl,,;;ed un lOp uflhe 
hoxes. The >tep was located at approximatciy 2 m HI slant rang~, The lInagc recorJlng 
process tool approximately 3 minules [() ~ornpkte , Th~ scen~ Ihat wa, im"ged" ,hown 
ill Figure 5.30 

hgul\:s 5 30 ~lld 5.31 show two views "fthe scene with the 71 mm ~tep (hat was illl~gcd. 

Fig:",~ 5,3 1 ,hows ~ profile oft~ di,tribmed scmlerer ~to ne scene with the 72 mm ,tel' 

Fig",e, 5 ,32 "nJ 5.33 ,how dal" that is ltllColl>pre."ed (llnf{lCll"ed) ill cros> rallge for the 
dislrihuleJ '~'tllerer ,lone SeTlle wilh the 72 mm .,Iep. The .tep is l{lCaled at approxim~lcly 
2 m m slanl rang~, 

Flg",es 5,)4 anJ 5,3~ show lhe m"glliludes of the fo,,"s.,cd dala correspollding 10 the 
aforern~ntioned UllpH-,,,~,,eJ dala. Take note lhal Ihe c[)]npkx SAS image>, from which 
Hllerfemgram~ "rC fonned. ,"'~ 91 PIXel, in no" mnge ,Hid 101 pIxels in gruund mngc, 
Each pixel repres~nts a eoh~rent sum uf di,lnbulcd ,nHkrcrs HI a 0,01 m Cm" range by 
(l.(jl m ground range cell. The ~imilari(y I>ctw~~nlhe differeill images is clear, 

rigurc ).36 sl1(lwS (he magnitll<ks of Ihe i nlerfcrograms lhal wc..., tonned uS ing the I>cam· 
forming algorilhm, Both (h~ magnitude, of Ihc intcrfcrugmms ,how a cil" urba'lCe in cross 
range 01 1,8 m in ground range. Thi, would be caus~d by th~ perpcncilcular ,Io~ pro· 
dueed by th~ placemenl of the cflrdboard boxes on ll", slone SC~'l<:, Strung rei urns from 
lhe bo.~~s were ~xpeeleJ a ncl well' ,"hs~<["~nlly r~~orded. 

rigure ),) 7 shows lhc phas~ plOIS of l h~ compk.~ HIlerfcwgrarm lh~t w~rc produced, As 
with lhe magnitude "n~gss In Figur<: 5.36. a Jdini l~ dumge in ph"", is nOlieed al 1,8 111 
in ground range, 

68 



Univ
ers

ity
 of

 C
ap

e T
ow

n
I'igll],~ 5.32. Di'lnbuleJ 'CaLkre, sUm~ sccnc with 72 Illill SICP: Image, Jium anlennas 
RX I and RX2 re,pc"llv~ly 

figure ).]]. l)i'lnbuI~d scattcr~' stCllle I;CCllC wilh 72 Illn> step: L·nJocllssed imagc from 
allienna RX] 

\.) FocLl,,,·d image fronl RX I (b) Focu,,,,d im.gc from RX2 

Figure 5.34: Disiribllled sc"lterer SIOll~ scene wilh 72 mm 'lep: Magniludes of SAS 
images Irom ulllClIllaS RXI alld RX2 respectivdy 

70 



Univ
ers

ity
 of

 C
ap

e T
ow

n
Figure 5.35: Di,lribu!cJ SC"II~rcr Slone SCeJlC Wilh 72 mm Sl'p. Magnilud. 01 th. SAS 
llllag:e Irom RX3 

Figur~ 5.36. Dimibliled ,callcrer Slone SCeoc wllh n nun Slep: Magniludes Oflhc cOm­
plcx inlcrkrogmms (RXI and RX2 Wilh 16 nun hasellllc) and (RXI and RX3 "illl 32 "'rn 
baseline) 

{>Il Phase ofOl\INfe ro ~,,"m fmm 1(\ I .nd RX2 (b) Ph,,,, of inwfcTo;<ram from RX I .,.J RX3 

Figure 5.37; Di'lribul~J scallcrcr , lone SCene wilh 72 nUll 'Iep: Phu,c plot, olthc COIll­
plcx mlerkrogmms (RXI andRX2 ",Ih 16mm hasel""') and (RX I and RX3 wIth ,,2 mill 
b",cline) 

71 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Figure S.3g sl)ows I' lots of tile ph","s oftl-.c n)mplcx inlerf ~rogr~ms "fter 'moothing u",ng 
a 4-h\ -4 LnJqxmJc'nl «'SollLtion ce II smoothing winJow iJ~nlic~1 to the 0"" JescrikLi for 
FigLLr~ 5.23, The effect or the step ~ner 1.9 m in groun<l rangco lxcom~s T!lOr~ obvious 
with the smoothing '" c~n be OO",ne<l by tl-.c d~rhr colour in the lmagcos, 

(.) Smoorl",d I"'"'" of IIltcrfcmgr,m fmm 11Xl 
a,," R..Xc 

(Il) Smoot),ed r),,"· 0) """rk,"~,"", I ~)", RXl 
and R..'X3 

figurc 5.3S: DIstributed :;c~lll'rcor :;Ion~ SCell<' wilh 72 step: l'h~ses of smootl-.cd coomplu 
Ltllcrl(;rogram, (RXI ami RX2 wilh !6 mm busdinc) unJ (RXI and RXl with -'2 mm 
bu:>elLncl 

Figurcs ."dQ(a) and (h) ,how> coherence images onhc SCCnC wirh Ik 72 mm st~l'. Tl"'se 
imagcs show that "ol,,'ret\~c rcmnons ahov~ 0.8. This is acc~rtabk Ii" the m"a'LLr~lJlconl 
ofth~ LLn~g~d ,c~n~ a, 11 "as in th~ case or'pr~viou, r~'u lts in figurc 5.27 

(.-. Cohere'"e" i",, ~c U>l"~ R..XI """ RXc ,,;1'), 16 
mill b,,,,-,II>1" 

• • 

\bJ Coi>c-n;",,' ;",a~,· u",,~!lXI ,,,~1!lX3 "'Llh 32 
,,,,,I Ix,,,,I,11 0 

Figur~ 5.39: Coheren"~ image, for lne~sur~menl lLS111.,- the Lii,tribute<l ",alterer ston~ 
s~ene with 72 mm step: (RX! ~nJ RX2 ",·ith ba,din~ 16 mm) ~nLi (RX! and RX3 with 
bas~lLn~ 32 mm) rc·,pc~llvdy 

Figure, SAO(a} anJ 5AO(b) ,how compmi:>om ofsmootk<l interferomcotric ph~,e, ob­
l~ineLi along the Ix>re'ight fin interferograms tak~n JlIring two mcoa>uremenl" the li"t 
bdor~ the ,tep wa, adlkLi, anJ tk sewmi allcr the slep was aJJed. Th" was don~ for 
111tnf~rograms lortn~d USlllg (RXI ami RX~ with 16 mIl> ba:;dine 11\ Figure 5.4O(a)} and 
(RXI and RX3 with 32 Illm b~,cline III Figure 5.40(b)}. TIle r.,nlts ~re clear: the pha,~ of 
thc scene with the step ~Vlal~S T!l,,,l su b;,lallli~li} at the location of fhe ,tcp. namdy frolll 
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1.8 m in gWllIl<i r~ngc onw~rds. ThlS sect10n would naturally C01TC'l"lOO to Ihe s~ct ion 
',n ",hil'll Ihe 72 mm high S t~p waS ultr<.><iuced into thc ~cene, The phase of the ,cen" 111 

thi, sal lon can be secn at "rrroxlIlMtdy I.X m as a dark low e()herCJ1Ce b~nd. The hand 
"M;es Itllh~ range witn <lighl varialion in range \Tr'US ew,s-range bcc~usc the ,tcp w~s 
positioned at a ,light angle III no," range V~r'uS range, 

" ----""""'-~ •• """""'-""'i-",,,~-, '"¥-

.. 
" I ", , 

} .. 
" 
-" . .. 

, 
t ' 

, .. 
" , " " " ""~.".-'.' " " 

10) )(X i on d RX3 with J2 1\11\1 b"IOChnc 

" 

Figure 5.40' Co mpari,on of smoothed interferometric rna,e, taken dunng two mCa,urC­
me)l\S 

F igme S.4 I show, a l.otll pari son "f nalLened pna,es f,'r ,m()Olheli inicrfcromctric phascs 
ohtained along b,'re,ighl f()r intnfcwgrmTI' laken during t wo me~,uremenrs uS] ng (R X I 
and RX 2 wilh 16 mm ha,eline): lile Ii"t bcfOre (hc step waS added, ~ml the ;econd ~fier 
the srep was added. The reglOn wh~re the 'iep lS round can ekarly be 'Ccnli-()lll the region 
of grollnd range extending rrom 19m to 2. I III , inl'e the pha,e dearly devJa ie, largdy 
frolll the flat scene's rha,e hy "rrroxim,nely O,Cl6l'yl'ie" 

0.0·, 

.~. ,." I \, 
" , I '\, ~ ,,/( F , , 

" 
, , 

I \' .:./~" '\,j , 
" "," , 
" , 

-0.0·, ~ 
, 
\ , 

. 0 06' 
, 
\, 

-0.", 

" '-, '-, " '-, 1.0 " , , " 
, 

" Gm.,~ R ... OO r"" 

Figurc 5.41: Comp~ri <on ot flanened ph,,~e., for Sill oOlhed i nterferomelric pha,e, ob­
tained along bmesighr t<)]' intCl'terogj'~Ill' mhn during two Illea.'llrem~nt' "sing (RX I 
",xl RX2 with 16 (nlll b~scline)' the lirst before the ,tep was aJcied, and the ,e<:()nd after 
rhc step was added 
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In order to verir" Ihe phase ohiained along lx)resight as a re,ult ofinuooucing the 72 mm 
,tep i() the scene, "p pm"im alions or the c~ peeted phosc' nf twn rni Ill ' P I {()n Ih~ 11 m parl 
of Ihe ,lone s~ene) and 1'2 (on ihe euge ortllC 72 mm ,tep) werc cakulm«]. TIllS wa, 
oomo hy calcuiating the c"p~cted pha'e ktween IlX I "nd RX2 (wilh 16 !Illll ba,dille) '" 
,ccn in Ihe siue view geometry depicti on oflhe n ml11 stcp ,nnc shnwn in I'ig"re 5.42 
rur Ihe' ca>c's or 1'1 and 1'2. Using E<llLaiion 2.20 for single-pass. the exrecteu pha,~s t()[ 
p I ,mu 1'2 '" ,,'en by Iransti lleerS \{X I anu RX2 were cakulaierl as' 

Lpc~lerl phos~ j'ur P 1 _ _ "· ",' 'i! = l.M 1 mdml1S 

Therefore. Ihe ~,pedcd phase di neormtT wa, -I, 84-{ -2.22)-0.3 g raui am. Ih" cii tTerence 
()j'O.3R ,,>dians represents (1,(1(; cycle, that tilt' pha,e ofthc Hal S~Cne i. e"lXeled I() drup 
by wilh II", introdlLction oj' lhe ,t"p. Tilis impl i cs [hat the <lPl'l'U.'.!Illald y 0.06 cycle, phase 
drop Ihm i, fOlLnd in th~ reg ion Irom I ,9 111 to 2.1 III <l, wa, ,em ill Fi ~ure 5 4 I \"i,,, 10 he 
e~pecled 

1.27 m 

, 0.072 m 

• 
1.8 m 

liigurc 5.42: Side vic,\, geomctry used j'or cn\culalion or expected pha,;e difference he­
twccn PI nno P2 <IS seen hy R.c,\1 and R.c,\2 

5.3 Analysis of Results 

The lirsl mailer Ihal i, obvi",,, in the synthetic apettllfe menSl1l'emCilts is Ihe matte!' of 
lhe rha,e j'rum inlerj'erugrallis tiiITering from the ,imulated phase valuc, as i;; sccn in 

Figlll'e 5,25, II ,eem, ihal (he tiJfrerenc~ In phase" a problemlhal p~"i'ls, ,irlCe Ihe uir-
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rercn~c lx;tw~~l1 ,imulalcd and rn~asurcd illl~rfcrornetn~ phil ,;C r(malll<;d aprn",matciy 
~nl1'("Lli "ncr (alei,,!; " se~otld ,e,rling of the nat ,ji , tribukd ,c"ll"r~r ,(ULIC "~nc 

Thc shili In the ~rea ,,·he re lh~ ,Iel' wa, mlnxluccd is ck"ly seen i l1th~ mterferograms 
that are produced. CIc"rly the SClnar inl~r1cromctry is s~,,,i t ive to changes in height in lhe: 
,",ene. 
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Chapter 6 

Conclusions and Future Work 

The lll'T'ilgmion into 111l' pos,; Inl it y oj cLTIlIlalmg SAR micrfc[()lllClry " 'mg: it lahoralory­
,cak '0""[ transdllcer 'y,lcm rn"akd that clllubl;on wa, imb:d [c"Slhk 

['ocll,sed oon,1[ 'nlcrfcrogrmns were p,wiuccd <1nd ""1isr~clOry resolutions were (lbl~iIl"(1 

lIsing 1hi, 'yS1Clll. 

In,crsc lillCI"jng W~, shown To pmd"cc ,1 oign~ l [h~l <IispbycL1 sll\~l l \,,1rj~lion over tlw 
m~ III lobe of the J I~n n i ng windowed r~ngC-COrllprcsscd ,ign~ I , TIw Ch,1r~Clcristic of ph~sc 
v,1ryi n g by ks, IIl,11l I i~ of ,1 cycle is des I r,1bk for regisl r~ti(lL1 oj iln~gcs in ,on,or inrerfet'­
omett'y 1[1 rhe l~oor~I(It),-,c,1k cnv imnmcnt, 

Incrc~sing The b~sclinc [",tween il l\ ~ging tt'~n,ctllCcr' prmjtJccd ,1 dccrcm,c in coherence~' 
w,1, predlcied. 

The proccs, or chirp oi:;n~ I prodllClion w~s ~ Iso rlcscribcd ~t ,",1t'1011S ,t~g~, "tthe i"' ~ging 
pt'Occsse'. l11~ c~,~ w ith which th~ 'O llar system allows Ii" param~let" '"ch as chirp re­
shnp ing and dcbyLllg th~t resllit in pl""sc (I itlercncc nlC~SLlt'cmen[s to be re"w,kd de"'on­
'trmc, irs u,ctillne" w; a kaching TOol 

The Guil[ ,on,or mC,OSllt'CrlWnr 'ysT~m is nlll lti-lilnCl i on~1 sinc~ [ransduc~rs C~1l \", plac~d 
in many e!itlercnt pmitions Th~ only limitation, ar~ the physi~allengths of thc cable, 
conne~t~d to the tran.<e!uc ers and the nlLmhcr of transe!lL~n, that can be lLs~d for input to 
rile I (, channc I si Ll\o' It~ncolls sampling care!. 

Fl1lur~ work ~olL le! indlle!e app ly ing reconstruction algorithm., to inlerfet'Ograms ",,,I in­
ve.,t igm illg similariTies and dilrer~n~es hetween sonar and radar il1lerf~rlHnelry g~ome­
tric,. l:ll'1h~r in,·~stigation' into d~"ialions ofmcasumncnts from pr"Jicl~d phas~ ",1Iues 
can be pursllee!. 
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