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1. 

4. 

Prof. M. R. 
Prof. lain Mason. 
Prof. M. R. 
Prof. M.R. 

current 

Ire,qmmcy """CT,O"" is a more 

antenna 

is to 

and is of the Electrical t.ingineering 
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5. 

CODlforlm to Ul""nl'5 practlCle. 

sys1Gem must 

1 

7 

L 

2. A recon-

A simlliati,on 

5. 

7. on 

1 

a 

a 
pla(~mg a traI1lsmitter two diHerellt O'OrehOJleS, 

to diHerelnt PIDsit;ioDIS. 
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utillisirtg a stej:lpeo trecIUeltlcy am:>rmtch. 

chalDter invc~stigates a Crclss-Jl1oreho,ie li)mC)grltphic lrnag;ing simulation, 

3. aIIlplltulde are 

an easy to 

pienlent cohe:rent oem,OOUlatH)n technllQue [50, recon:,tr11ction is 

Uec()mpCJSltIIJn techllllQue [20]. 

t:HllllU1,GtLJlUll DHtVea an iTnnnrt<.nt LNA 

cD1npand to an A 

to III 

to 

an un:amlbiguOlIs 50 metres or gfE~atl::r 

is 

IbIltlog;ra:(:,hic res()lut;lDn is 

is de1;enniIled 

use 

it comes to lm,age 

loC>inng at error ,,,,, "", "'"''''' 

error was gn~atl~r 

5 

is """''''''<'-U, """,,,,,,,,II,, bl~aluse the ho:mc)d:v'ne 
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ment. rATnAl'T.!:! men­

re-

consumes a lU£LAlHUlU. 

to 

from Reutech Radar Sv!.tel'lls. 
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IVICIQUle is not Imllte:d 

are ro",,,"'rorl to opentte 

reQluiI'emlen'ts statement. 

ch,aplcer covers 

ware is implElm1en1;ed 

1 

follovvinJ! areas 

dUneJISi()ns are 

"'oJ'UU,UU X "'''JlUllLl, r4~splec1tivlely 

dIalmeter b()rellOl€!s, as melltlOued user 

",,,t+,,,,,,,r,,, is eXlplained 

to 

It is Im'pOItallt 

to establish a friPnll,pnr'V to 

fre.Qw~nc:y must 

salnpHng must 

test am~lYS:IS 

is me:aSl11red to 

as 

as 

It COliLceIltraLtes on 

CnCtl)Ler tests 

is 

apJ)ears to 

is me:aslllre:Q to 

to 

to section 6.2. 
to section 1.1. 

is set to 

6 



Univ
ers

ity
 of

  C
ap

e T
ow

n

to 

aDI)earS to 

trequl:mcy to tro,n".,nro,,\, ci[)ht~reIlcy test 

is mdeed tre<lueltlcy to tre<luelncy cOherelrlt 

UL"UI".'-' can occur. 

7 

on 

COIICillSi()ns are an:iWln: 

• a 

a collenent sv~;teln is a 

tes:oilltli[)n, as proven 

h'!<I.,f<>r to section 4.7.2. 
"'J;'"I"'r to section 6.2. 

ama:ximmm error 

error is grlea1;er 

use 
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• heterodYIle s:\'ste:m is ChOIce, bec:am~e h:arnaOIncs are tacl~orEld 

out 

• error ChElCkJtng is pe]rtormled on softw~lre, as men-

l'herl~tore, error tra,nS]llmISlcm can occur. 

• 

am-

• 

• user re<luirerneltlts state-

ment cU\irered 

re<:onlmen~dat;i01lS can 

1. Qnflw,,,,rt> Pf(>tocOl must in<:orpo:rat;e error ChE!ckjing future to 

antee 

su~~gested protoclol to use is or 

2. next Pf()totytle must 

in(~orpora1;e a VV"~" 

to elil[Ilillate, or "orin"'" 

ap'pei:tr as an error volta~te 

1'>]:,,,,£,,1' to sections 
"O);!",f'" .. to section 6.6. 

to 5.1. 
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tecnnlqule's adValo.ta.ges, uses, imipl1err:leIlltatlcm are ... _ ...... " 

waves are loclkeCi 

at A is dellinled. 

tOIlnOf.!;ral)hy is Cietined, 

Im,age reclonstructi<)ll tElCn]mques are investilga1;ed: 

rem, Ha.ck:projl~ct;iol[l, 

2.2 

are to 

is 

an over 

are 

use 

or 

waves sent 

area is 
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chemical waste as chrlomj,um 

Cr(]lSS-bDlrehDle prc)ce!;s can is placea 

recei~eris m 
rp~,pivl;>r is moved 

inicornlatiDn is an inv(~rse prDlcess 

47 mm -+--- 25 res 

IbrnDg;rapthic Ima~ges are mapPings 

are rela~ted to' 

L dielec1Gric cDnstalnt Dr reillt.hre p,ernlitt,ivi1GY 
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2. 

3. 

4, 

5. 

eX<3tml)le, water a rugner dielec1Gric constant 

dlE~le(:tri,c constant or 

wave 

tre(IUenC14~s is sev~~rlv llmJlted 

freqwenc:ies means attemIat:lon de]oeIlds on 

Up1erat;ing at 

COILducthrity as 

as tre<luenclles alCtelaua~lonis 

accounts 

to 

l'he:refl)re, an to 

ob1Gailled are !;lpvj:>rlv linlite!d 

ray cov'era~l!e, 

measurements 

means 

COlnp()nents must to wit:hs'tanld extreme telnp,erabtures 

to disE.ipate 

electI'onics can ''''''uhF&> 

to ob'taln an attcsnuati()ll or veIIDci1:V wave tnl:OUgn 

obtammg varllOUS nrOTlIPI'L at ditferellt allgles, 

medhlm. Ji.aAClar 1111(:l.011.l0 is 

COI1Sl(lerllllg Dr(mH~S one COIllSld.ers is a 

trams1[orlm is 
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can 

is more 

is 

at dittereltlt allgles, 

proll1eS at varllous diHereltlt al[lgl€~s. 

note pf()Je(~tl(m or I-'.I.V' ... 10:; anf~les are lirrLited 

nrc\hl&>Q are obtallned 

or amlplitiude inti::>rnlation at 

a 

att4::muati()fi or Vel()Clt:V) 

cOIltains an t-rn!HTt> reCOll!,tfllctlon 

:Sydney. uses 

dis,er1:ation, bri€~t1y, are 

• Prc,jectiolll-~.lice Theorem or "',.,.,,1'"">1'" f{elcon.struction lec.nm,que 

• 
• 

CeIltr'i).l S(~ctJlOn or 

if a 

pr()ce!;;s can 

L 

is a 

can 

sUJmntlal·lS€~d~.I.~'V~'O 

a pr()Je(~ti(m to a 

l-rnnnrbint . .I. 0:;1:> I[.u" , bec:am:!e it means 

is a very 
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2. 

3. 

to a 

2 

teclllmqllle 0 t)tail:lS an estImate 

prcljectiOl:lS or prcltile:s. is to 0 Dt,am an eiSLlIU1.Ue bec:amie it sums 

"'U"UU1< .... ~""'u as tolloVlfS 

1. a pf()Je(~tl(m a spe(~itic 

pro]ectlon to lmaglmg or 

COI'feSpOl:lds to a 

2. is torme:d 

more or pr()je(~ti()ns ob1GaiIled 

turns out is 

some sort must 

a It can 

as 

1. is a 

waves 

2. is a constant or 

wave a at or 

a 

wave an 0:. 

set are to un-
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metnCIQ assumes stI'ai~~ht means mULiti]pat;h 

etfE!cts are UUlorea. 

2.5 

lir~JSs··Jjo'ren,ole t:;lE!ctI'OIrlagnetlc .I.luaE,uA5 tecJtlntc=lue is to 

COInplJn€:nts must to 

extreme telnpIBra,tU1~es, 

can caJ)t UJre 

amplitude inf~orIlnation tJ4V.U4vU at 

can 
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1 

... "",,,",,vn 'l'ralrlsiofln can 

wave transrnitted unl:1ergro,und, irlstE~ad 

• 
• 
• 

is an iml:tge sut>SUlria(!e can 

COlltilrlU()uS case is rev'iev{e(( 

same model di~;crl~te case. 

UtiJ.iSiIllg a steplped 

tre(IUelncy apl)ro.ach is examiIled. 
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is a op'::I.~""'l distlributlon 

l'raLnsJfoflm is 

11 COlltil[lUC)uS case, 

J:!iq'uatlon 3.1 , attemlation or wave 

arn.plltU(leortraNeltinle 

~~u~v .. l'raIlstorrncan 

wave. medlUlm'is 

a is attlenuati()n c()nstant, fJ is is is 

prc)pagationis~sumled. 

Lro • ./uo is aSS:UIIled to peI'pelldllcuLaI to 

eXDlres:sed ~ .v .. ,vno . 

. e 

J:';-lllelU as it pn)paLgates 

p=o 
to P Q 

~ it is not 

it can to obltailn: 

+ 
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j] . 

same 

COIltin,UOlllS case renldelrs 

j] . 

to 

dislcre1te nJtlvsjical model is obtaJ.nl~d same manner as C011tiJlUC)uS case 

so COIlvelrtiIlI2: J:::;,qu,ati4)ns to dislcre1te case ren,de:rs 

=W' 

Eqtlatil)D 3.12 
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I, x = 1, 

1,2.. x=I,2. 

at 

or more is eplen~Jel1t on 

metres. 

co­

a 

same 
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is 

not change 

same. 

vell::>ci1by is 

two or more tra,nslnit freqwenc:ies means 

to 

--~------- ----------

1, x 1, 

unlmow'ns now are nl are ca]:)tured 

9 

can 

two unlk:fl()WllS 

eql11atloIlS are eQtLiVBLlenlt. is km::>wln, 

is COI'fec:tly un1wrBLPped. 

3 

nHcUUll 1iransrormisrt~'·n~.rt 

wave prcipalgatmg throu~~h 

am]plitlude at 

can occur. wrllpp,ing pla,ces lim.ita'tiOIls on 

A steDPE~a frequlen(:y s}rsteJm aJ.1UY"O 

tra,veltinle can 
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UhiEtPt,er 3, 

chapter covers 

• means a 

uses "Ul.IUl(~~n;'ll to det,ermline 

• lonaograp,rucres()lut;lonislnt]~odlUCed, 

• use use 

sinluJ.ati.on is on 

to 2. 
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a more uc;'u"u.,c;u unde:rstan1diILg is nel~aE~a nl",,,,,,,, to 

assumes is 

nature. 3 were 

to the 

4 to 

9, 9 

can 

seen on 

locate!d on 
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error is 



Univ
ers

ity
of

Cap
e Tow

n

60_ Wldlh (m) 

Figllr~ ·1.2: SilJjHJaL, ~1 and Beconstructoo Au~nHation ~Ia]l (SS U = (ji.iSdB) 

30 
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filturf' -I J Simuiall'li a.lld Rtroll.~lrllC'lt~1 \',·10611 "bll (5 .\ R GT ,SdB) 
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a 

::st,:t.gElS seven to thi"o+,,&>" are diEicussed more 

to res()iutdon is 

+ 

1, 

at It is de~.ira,ble to ma1tchEld to 

is det;ennirled 

power is 

aSS11mEld to a unitorm.ly distributled pI'oba.bili'ty dEmsi1ty tuncti.:m 

thlere:tOl'e can 

b a repres1ent quan-

were sut)sti:tuj~ed 

resolultioin is 

I1JL..'''-",O are not common. 

were Utl:llSOO, bec:aUl3e to opt;lmal 
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can 
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"A\JUACLL area 
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Borehole Geometry 
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Borehole Geometry 

1 

1 

2 
0 5 10 15 20 25 

Borehole Width (m) 

=6 

5 

a at is 

a is to 

now an optinlUlm 

return is amlpli.tield, so 

variables were taken from Table 4.1. 
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over 

means 

to 

a ma:x:immm 

silllluJ.atilon assumes 

is inv·erselv pra,pOlrtlcmaJ to 

are 

it is U"<~UAl'r;. lU\l\{-l()~~. non-

to 

greate!r, or 

tnlln'llltTtna e(lUa~tiam is at 

as~lunlin.g one wave 

wave: 

v re[)r~len1ts 

'U!.;!",,,,, .. to section 4.2. 
to 2. 

Chapter 3. 
'''1'it",f •• Y' to 3. 
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, or OUlau.t;l is ..... " •. no'".,,,, bec:am:;e an un-

me:tres. or greate:r, 

metres, or gre!atE~r is more case. 

1 

am,plitu(ie are extractea 

is saInp.lea at trequlfmc:y to extract 

I, 
not ch~:mli~e over a SP{~Cltlc 

rernai,n constant over 

sarnpllea over more 

ure 

ues are lll(lIc~l,ted 

trequ1imc:y is set to 45fikHlz1
1> 

is Imrlwn as 

saIlnpling prc)celSS over a 

squ.are wave re}:lreElemGS 

at 

QnIHU'p wave int,erE.ec1ts 

i:SlIlli:\,l'~ wave. 

'''U,~J"A~ to Table 4.1. 
H) 'R ,,,,f",u· to 
~"I.I£>J""p to Ch'lI.ptl~r 

to Table 4.1. 

are ex1tract€:a 

1=1 
4 

4.3. 

-x 

- x [1]) 

wavet'orIn can 

simllsoiid on 
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I,Q for Various 10 
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N 2 
J: 
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0 0 0 
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0 
u; -2 

0.5 1.5 2 2.5 

4 x 

N 2 J: 
0 
0 0 0 
0 
0 

~ -2 

0.5 1.5 2 2.5 

x 

N 
J: 

0.5 1.5 2 2.5 
Time x 
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I, Q SannplhlQ for Various FrelquenciE~s Pathllenglth 10 ) 
4 

4 
x 

N 
I 
0 

8 
8 
tfJ -2 

0.5 1.5 2 2.5 3 3.5 4 

4 
x 

N 2 
I 

~ 0 

!fi -2 

Time x 
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The IIttellIultion. and \~Iocity f;Onsulnts ..... ere bot h recuu~tnlc\.e(l with 12 hit ADC 

n~IUlion . IUId 8 bit ADC Re!loiuliou. The 12 bit ADe's SN II is equlll to 67.78dB, 

IIl1d the 8 bit AOC'~ SNR is equal 10 .I7.78dB. Figure .1.2 shoWl! thfO IItlNIUlIlion 

reconstruction with the A[)C's SNH (!(lulIl to 67.7&113. and Figure .1.8 shows the 

KltellU"tiou Il'«Inslructioil with the ADC's SN R equal to 47.78dB. Fi!l;lIfl' 1.28110"8 

rl\irl~ good image reconstntction quality, hut Figure 4.8 shows b(/rn(\ errOl" in Ihe 

1l'(t)"~lmction pruc:~, "nd yields" poorer quality imllge. 

Figure 48: Simulated and Rrrollstrurtl'd Attenuation r.lap (SN R = .1T.i8dB) 

FiJ!,uTll 43 shmo.·s lh~ ""loci t)' I'f'COlilol ruellon wit h thp A DC's SN R equill to (i7. 7&1B, 

ami Figure .1 .9 show~ the ,· .. Iority r('cOustnlction with the AIX"s SN R t(jual to 

47.78dB. Figllrl' 1.9 show~ fniTly good lHHIjW n't'() lI slrlH,tioll '1ulllit) de;;pite the d(>­

cre..,;e m the SNJl. T his can be more del\rly lluden;;IOOd by looking 11.1 tbe error 

1,lots in Figl\re4. IO. II.nd Fil(lIrt·I. 11 III Figure 1.10, lind 4.11. the \.(II' 1"'0 plots il· 

lustrate the SVD least sqllllfr error for Illtl'lIlIlItion. IIml 'l'loch.\· reoot:lMructioD .,·ith 

"Fur nil)"" d<:1ail 011 Ih~ 5\'0 algorilhn> rl.j'rr 10 120. l>a,g~ GL . alld 621_ 

43 
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qU8.lltization noise eflual 10 zero (A DC's SNR approaches 00)',1(1. This will produce 

a very high quality Ullag'>. The SVD will a.l"'II}'S III",e an ('rror, b,i('II!1st,~, U results 

in au 1I1'1)roxillllltiol! to the tnle \"Alue [20, page 62!. 

[n Figllre 4.10. the bottom t ,,'O plots illustrate the SVD lell!>l square error for at­

tenuation, and wlodty l"(.'COilstniction wilh th,' ADC's 5./1,' R equal 10 (i7.78dB, The 

utilL~aliOIl of all ADC with a 67.7&18 SN R for bOlb tlw attenuation, fllld the wloc­

ily mall!' hfLSi nOI dl~tortCtI thp 5\'0 II'II!;I S(llIan> error values. and hellce will reliit 

in II. high quality image l"(.'ColIst.rllctioli. as:;cell ill F'igllrt':'i 4.2. and ~,3. 

III Figurp 1.11. Lhe bottom two plots il!ustral r tl", SVO lellSl square error for at.­

telllllltion. and 1!'locily n.'!'OllStnwt iOIl wi th tht, ADC's SA" R eflual 10 47. 7&iB. TI,e 

IItilisation of 11.11 ADC WiLb a -17 7&1B SNR IUIIi 1101 eff('C led til,' SVD II'lISI S([Ullr(' 

\"I'locitS rl'COII!Mllctioll error. but it bal! distol1 ed tb.' SVO [ell.>l square l.tI CUIIII­

tiOIi rt'COustruCtiOIl ('ITOr, as ~een in Figure;; 1.9, and '1.8. respectively. Helice, the 

al.telllllltiou recollstruction map will n~ult ill II [;!lOr quality imflg". 

It fiI'C1l18 thE' .... Iocity rreonst ruclloll I)COCCSll can hlludle 12 bit, or 8 bit ADC res­
olution. hut Ihe aUPlluation n.'Cou6tcuc:tioll procCSll CIIU ouly hllndle 12 hit ADG 

resolution. Therefore, t b" IIhllS<' illformnliOIl clln hflndle 8.Il AOC with a 10ll"er S8 R 

compared to the amplilude illformfltioll, ami h~·IICP. is able to prorluc(' all !lCCurah' 

v('loritS Illap image recoTl5tnlctioll f"V('1l ..... ilb 1111 iutrplISe in Doise. 

A ~ible eXI)lanatiou for I his could 1)(' \hal II" I ... n s1t'llpilig th!' trllllsmi l f"'<luency, 

a lurger pbll5l' shifl iI> crellud , OOcau:>" " hASP is tb,> nccumulation of frt'<!llPIlr.y OI'(>T 

time11 . Helice, utilising 1111 ADC II"lth II '17.7&18 SN R would rom~polld 10" slunll 

I'hllSP (>fror. nud lI(tiling n smallllhllSr error to a larsl' pbase shift 1I"0uld ha\"e 1\ neg­

IIgibl" clfret. Thr pbase error can be SC!'n in Figucl'8 4,12. IIl1d 4.13 for Ihe ADC's 

SNR equal to 6i78dB. and 17.iSdB. rcsl){.'C l jvdy. A 67.78dB SAR corrcspollds 

10 fI maximum I'hllSP (>m.)r of D.027 (t<.'gtf'Cfi. and n 17.7&1B SN R r.orrcsponds 10 1\ 

IIInxiulllJU [)hllS(' error of 0.3 drgll"C!i. HOII"el'('I", if utilisiug the ampH~ude informll­

lioll (teb. th-ely small ill magnilud,' ). Ihf" illcreasc in noise IItih~illg t he ADC "ith 1\ 

,17.7&18 SSR will clfcct the ol-cralllllnplitude I"fIllle, and hrllc", prorluC('. 1I poorer 

quality hUflge, 

Th" wloell\" reconstruction proc,'S!j clln handle a [)base error of 0.3 degrees. bUI 

",hell do"" the phase error begin to distort the wiociLy reconstruction process? This 

occurs whell thl' ADC's S,\/l i.!; l'!Jual to 12.6&lB, as shown in Figures 4.1-1. lind 

""Rpfet to Equalion. 1.2, IIIId 4.3 
11 Rcl(o, to f!<IlIalion 3 23 In Chiller 3. 
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Figure -1.11: S\"D Rl'<.V1l3trHctioll Error IS,' R "- 17.7SdB) 
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1. 1;'. The maximuill phasl' error in Fijl,ure 4.15 is 0.52 dej!;rees. In general. it swms 

Ihal "'heu the I'llas<' ,-,"rror is greater thau 0.·1 d('grees Ihe "('[Deity n.'CQustrul"lN 

illlagr will h('comc di5((lrlf~1. 

TllPrefofe. dur to the ahow ,"!.'Suits, th ... hardwar(' systeJJJ w,1I uliJ~'i(' aT] ADC with 

12 bit rf>:;Olution, ;lnd H minimulll S.\' R I'<)ual t.o 6i.iSd13, hecauSf' lhi~ rf'Sult" j1) 

high '1u"Jity itUnK" I"I'COH'lru<;tioH for hoth Llir iUlt'lIluHion. and the ,·~'IDci1.y lUal1/>. 

O.ro 

, 1'1 

-OM i 0.02 

~ 0.01 

• , 

'" f'v I" 
V If" JV 1(\ 

,00 
;O~ 

0 o • o 
Error Vect<M' Elements (Utili") 

Figure ·1.12: Pb<tM' E:rror (SN R - 6j i8dB) 

Pho ... Error PlOt on ~reu 
0.35,--_--_----'-~-'----'-__'_=C'--_--_---, 

_ 0.3 

loo~ 
~ 0 15 

l" 
O~ 

IV 
00 

~ '" Error Vector Element. (Unit.) 

F'iguH' 1 13: Phll.>ot' Errof (SAR li.i&:l8) 

<1.8 Conclusion 

111 c01)c1usiou. TomographiC rl'S0IUliQH b de],cndclI1 on [I.". uUlJl~r of Tx, aud Ih 

IJOoooltiollS. "" well ilS. the uumbl'f of jJIXI'JS. The ~I"f'ater the Humber of I'o.,itions, aud 

pL,\I'ls utili;.o->d, I.he I}ptlrr the qllalil~· or Lilf TOlllographic image. 
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a 

saIlrIpiing rate not 

the reCEHve 

as "h,r. • .,1'l is a 

rp('pi~JPr U1\.,'uu.u,,, are se,(:lar,ated 

thelrefore require a 

rec:enre IILodule is Oe1Pell0Emt on 

U1!u .......... , to actllmle a rp,c:p,i,\rp IIlOciUile, as "hr",,1'l 

Prof. M.R. 
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sents 

CPLD 

is 

to section 5.3.2. 

Tx 

SYNTHESIZER 

Rx 

SYNTHESIZER 

and 5.2.2. 

IF 

SAMPLING! 
IQ DEMODULA nON I----Q 

is <:,;HJL1.l1JL101,<:,;U 
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is neE!deci, 

errors hOInOI:1yrle alrchite(~tUl:e is elumn.ate:d 

a 

I, 

diS~tdvl:mt(tges to it requirles more cornp()-

nents 

not 

is 

one 

one 

to a 

5 

as cost ettl~ctllve. or co[np~tct. 

or 

more 

no 

user 

more 

tolJowing sys1Gem SpE!cilllCa1;ioI1S were deterrrllnE!d 

1 

it 

it 

to 

to 

user rec[Uil'errlents 

treqwenc:y is are alrleadlv i:liVUlllUU,tl;; cl~ralrnic 

svs1;em is reaUln~d to opE~ra1~e 

to section 1.1. 
lU]:t",f.,l' to section 1.1. 

to a tsUI . .,iil[Jle 

a tre(IUel[lcy uu'un.u.,u to un, ....... ,,,, 
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A lVJ.i:ILLli:l,U :::i!!HUIHtL1UH was pel:fOl:mE~d to de1;enniIle 

erate 

" ... 'HUa.".,VU was a fro,,.,,,,o .... ,,,, 

a frO',.,'lionr" 

tra,nSlnit treoqw:mc:y is '.."nr ... ·i-"'ni-

terms 

mC)lllC:':S are -xv,,,''''''''', 

next cloise~;t nannomc is .Lv'un.LJ.'" 

CnOlice is 

to section 4.6. 
to section 4.5. 

an unam-

as shlnwn 

11' - Jl< r.r. halrm,onilcs, as sholwn 
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master tre1quEmc:y must a mu.ltiple the 

Th.erefor·e, it must a mulltiple 

undelrsamI>lIrlg ITlettlod is ... ",.u",.:;,u. 

tre'qUl~nc:y is to 

chosen requir1fJs a 

U."itUU'lVJ.,Uh is 

is 

svs1~em utilises a 

-..:.\,'vu'uJ., .... ., was Ch()Selrl, bE~caluse rT1J'!'<t .. l'IJ" 

"'I1r .. f.,r to section 4.7. 

is as 

limiited to 

n"",ua,,,t alIa!,ed 01511CUO get;tiIllg too 

is mu.ltilDliEld to 

i:7VU1\.,l.Lh to 

rate error 

IVlii:l" .. li:;t,U O •. HH.ua.l>lUll was 
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to section 1.1. 
to section 4.3 and 4.7.2. 
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(Jo:ntrcol lVlOd.ule is 

di~~sertaLti()n, a nrn:"" .. ",".", .... 1" to nrclvlcle 

to 

supply a volt;ae:e a ma:Kim.um cUrI:ent 

svs1Gem is de~ngIled to opE~ra1;e to even 

vaJ:iOtlS 1I1odlu1E~s can seen 

a 

dislSer1Gatilon, no me,cha.nical st;rU(~tUlre is des:ign:ed, or im]pleIDellteci, 

""Flpff'r to section 5.4. 
<I!>R,.,f .... to Table 5.3. 
:'°J;t.,f'",. to section 2.3. 

to section 1.1. 
""'];' "f., .. to section 1.1. 

a COllerCl'Jnt sY~lteln can 
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C emb,eddled is ex))lained 

terms 

1 

scllienlatic can 

rernalln on 

noer-OptIC:S, as Qh,(\w"n 

Dr. Alan Larlgtn,an. 
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anUMler seven to 

can 

or 

is utilised to 

user reQluil:errlents s1;atf~mlent.:>" 

implements a nU)-llIOD. a ... u'uu'uo 4 cOlm1;er,'11 

"'6,"<>", as mEmtlOIled. 

synltne!SlSf~r to ± 1 

an <>",,,r<>1 <TO 

It 

resets is as 

the 

was su(~cel,sflii. 

,)0 "'pt,> .. to section 1.1. 

.,,' !-Ipt.>r to section 5.5. 
"q;'"f,>r to section 1.1. 

location on CD: 

up sequence occurs a new ;jIAJl(l,)o;t: 

same as .... '-'v •• co. 
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are cOInpare!d to ;)OUlrCe 
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u tilise,d, so can ampliJrred to 

tre(IUellCY, as melltlOued is 

A terupiera.tUlre sensor 

catlOn.s, biecause it is 

to start 

two 

to 

is not utilised 

to 

same fU11ctiorLS as 

per:rornrlS two addliticlnal tunctl<>ns: 

same as 
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events 
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user detme!d 

anotJler seven 

1. iD(lat;e 1:)1Iltt,on: enter 

button to perform lre(IUeJlcy, 

2. button to reset syDlthE~sislers. 
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5. button to 
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is 

it 

freqwenc:y is 

tra]nSDIISsion to 

pairallneters are set up to prepaI:e 

to any Java site for more infl)rrriation, 
D'H' _r. __ to section 1.1. 

to section and 5.3.4. 

is 

to 

is 

is 

on 

a 

sure it is 
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sent. 

to 

is nec:essary bec:am:;e no error ChE~ckilng is rlr.n<><>U, A m€lSSl:tge is sent 

nr(}('p!'I~ is now cOInplete, 

a to 

was is eXlplame:d 

at 

throull;h an ml1ilallLsat;ion 

sanap14E!S are stored 

a trequen1cy Ul)da'te SUlcceflstul mesisage 

re­

one 

COIn p'!1riflOn is 

1 was success-

to 

mel5saS;e is 

was a success 

sets TotallNl11D1LB~V'tE!S, ott:set mem-

was SU(:cel)sftll. 

me:ss~tge is 

2 was suc:cessful" rnlessage is displa:ved 
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on:set mE!mloer's are set to zero 

Dutton is presse1d, 

a frequen,cy u])date 

occurs to 

as soon as reset occurs. 

same seqluelnce events as ext:,lailtled ""U~'Y'G. 

S81npJLe Dllttcm is presse,d, 

to 

a me!SS~tge is sent to 

is now cOlnplete. 

same events 

to 

is 

to was sent 

a "l::)amp,ling l::)uc:cessful mel;saJ~e is dlspla:yed 

are 

displ~tyed to screen 

ott,set memb'ers are set 

to section 5.4.2. 
to section 4.7. 

p8J['anrleters are set 
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most 
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a is 
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screen. 
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3. mCldu.1us 4 counter is t:U.ttUllt:U at Do'wel:-U1D. UA\.,'UU,LU.:> 4 counter is 

as a retlereince to start 

at any cOlLmt;er, once I:::U.:lU1I:::U, must not reset. 

tre<1ueincy to tre<1ueincy coherency 
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occurs ac(~urnujlatIDrs are a.l\lVn~'1'i 

sYJlth,eslseI'S are 

is acllle~/eQ 

one mo,dulll1S 4 courlter) 
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same 
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error can occur. 

same 
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Figull' 6 I- Tl'\it St-tup 

6.2 Receiver DYllalllic (l..·lHge 

Thf' Tt'('f'in'f CQl'npn'SSion-frE'f' dYlUlmic fllngf' b measun'(l by IJllICing an 05('ilI()SI."()pI" 

1)11)1.11'11' llu- L\"A oUIl"J1 (JP9) , !lnd .hl' L:"\A inpu. (UO pin 3). lIS shown io Figure 

<\_3. TIlt' dynamic rangf' Il'quirell "''0 ml'l\Sllremems: the IdB oomprf"SSion point. 

And IIIf' noi.§(' power'. 

Thl' IdB t:ompnossion point is m"!lSul"f'd IJy Yaryillg thf' potentiometer 011 the Aut'o­

ultlion llI ..... rd 10 Iml\'idr IlII iOIMl1 ~gna.I al t.:O piu 3, <00 tlul~ th .. o\"praU gain droll!" 

hID from its hllf'ar Il'gion 129, pll,gf' 1i.61. Til., transmit fr('Clu('JlO::~' .nili-.ed fOl" this 

U'lit ili :'155kHz. and the L~A gain IS Sl't to IOdEl Thl" IdBcompn'!lSion point occurs 

when lhf' peak input \'0111<8f' is ml"3.>ured 10 be 14Om\' on the 05Cilla,.:opo', "'hich 

COITcsponds to -1O.09dBm. btocause the input impedl\llCl' of the L:XA is 100 ohms 

[26. 11.ftgf' 21. This il; d(lf.(' 10 tht' sprcifil'<l -I I<!Bm in Ih~ L\"A datil she('1 126. ragl' 

21. TJwn{Off'. Ib,' 1I11"asurrd IdB rompressiOIl POUIl IS Within SySI(,1II ~1K'(;ificlltiuns_ 

The input lIoi51' power is rneasur!'d by l1uying .hl" pott'lllioml"ll'f on the AUl'oualOl" 

Iloo.rd.!KJ that the input \'ohage ampli tude of th .. L:,,\A is mNLsur!'d to be 8m\' ~3k 

"Ref...- \0 OItCIkin 5.3.7. 
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ou t ile oscilloS(:ope. which correspond~ to -34.95<1BII1 . The spec!rum analyzer is t hen 

used to monitor w<:! l.. NA input (U9 pin 3). The spectrum analp:er indicates that 

there is a 3O.2dB difference betWeE'!l the input SuN pel\k \·ol 1.lIge nmpJit ude, lind the 

noisfo floor within t.he r«:eh'l'r balldwidth~. NOLl' thllt this system i~ generlllly not 1\ 

00 ohm sYlitem, and t herefore, the absoillte power readings I)n t.ht' ~peclrum analyzer 

will he inaccurllte, hut the relatj "e dB rlltio will be lLl·curale. Th~refore, the lIoise 

power is measuroo to he lit -J-I.95dBm - 3O.2dB = -6.'i.15d.Brn. This IS 56.81dB 

grelLter lha.n the calculatoo -121.00dBm 1I0ise power in section 5.3.7. Clearly, this 

noi5l' p.o"'er is not ,,·!thin system specificstlons. 

FurdH'r ill\'l!51iglltion shows t.hst thrre IIppears to be coupling of the 58.24i\fHz 

synthesiser dl)ck Sls llal. lind the 9.2MHz harmonic of the -I,608MHz microoontrolier 

crystlll frequency onto lhe Input of the LNA ~. The ~.21~'l lb dock signRI apj){'lIrs to 

be sitting at ·3i.02dBIll, and the 9.2M Hz harmonic is ~itting fit -60. l adBm, ",hich 

!lrl' 2.07dS, !lnt! 15.2dB lW,'llY from tlH" -3.\.9SdBm iuput signlll. respectively. 

The 1I1ea.wred COlnllression-froo dyn&rnk range for t he current SYlitl'lll ill measured 

to be -1O.09dBm + 65.15dIJm = 5.'l.06d.B. which iii i>5.9dB lC$'l dUlIl the ideal 

ClIlculatOO 110.96<IB ,'8lue in 5('Ction &.3.7. The real oompression· free dynamic range 

i~ ('X!)f'CI ('(I 10 1M' 1CS6 than lOOdUO. TIl!' ('Oll pUng of t he dock sigual~ is likely to lower 

this tll{'l\l>u red \'fllll~, lIS m('llI iOIlL'<J in set'lion 5.3.i. Thl' cOIEll>rC!ilii{)Il-fr~ dynamic 

tll,nge can be imprOl'ed by eliminating Ihl!!il! interfering signllis. Rod hy reducing th(' 

o\'~rllli noise floor 1l0Y0·erT• T he t'Oupling can hI' eliminMl'\i , and lhe inpul uoiS(' floor 

pO .... 1.!r reduced by util isIng proper RF PCB routing meth0d.5, Bnd t he introduction 

"f 1\ ground, lind pt'lwer plane in the future [47. poage 455[. The PCB boards are 

curren t[~· doubll'-~ided. and auto-routed due to time constraints. 

6.3 Transmitter Power 

Tile trallsmitter {lQwer is measured by first placing II jumper across J P25, lIS sh0"" n 

ill Figure A.2. and thell llsillg an oscilloscope to monitor the peak transmit ~-oltage 

for th~ ('ntire t.rlll1smit fre<juency TRuge on JP2:;8. T ill' transmit antenna is designed 

to!ll'e a 51 ohm load, as shown in Figure A.2, a.nd mentioned In section 5.4.2. The 

4&,{", 10 ~ion 5.3.2 
• R.fer 10 1I!<,:tioa 5.34, 
• Rerer 10 """"lou 5.3, i , 
'Rcle, Lo equation 5. t. 
'Rcft!, tooectioo ~.3.2. 
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remilB of the51' m"'ll.'lu=lu~nts can lw 6CCJl in Tahle 6.1. 

TahIr 6.1: :\[ellSlln'l\ Transmitter Pov.w VIl.lIJ(~ 

[n Tabl<l 6.1. th,: [ower transmit fre.:jueucy range l<:nds t(ll>rQ\"iu~ II. 9dBIll trans­

mit power. whi le the lugher frequency range tends to proviu,.. 9.2dBm to 9.9dBm of 

Iransmill>O"'ef, which is close to the user speci lied IOdBm transmit power". Thi!rt'­

fore, the transmit power for tile i!ntire tTlUlSmil frClIIli!ncy rangl' i.~ ar>l>rtlXima l.dy 

within thi! r<'quired 10dBm "a[ul' (O. ldBm-ld Bm drl'jation) . 

6.4 LNA Gain 

The LNA gain i~ mt'1IS1I1l'd by placing an 'l!;I.!i1Ior;tOpe IlrQix' lit the OIl!r>Ut of the 

Ll'A (JP9), IIl1d 11.1 the illllUl of thr LNA (U9 pill 3), as ~h<}\Vn in Figuf"<' A.3. The 

ratio or the LNA Olltllllt 1)('aJ,: \'oltagr OI'Cf the LNA input 1)('.JI.k l'oltJl.gr will gh 'tl 

the measul"t'd gail) of Ihl' LNA [47, page 2331. Thr LNA gain is programlllM wilh 

HklB, 2OdB, 3OdB. am14OdB. Thi~ l.e!;t utilises a transmit frellUelH:Y of 555kHz. The 

progrllilimoo LNA gRio must COrteSl>ond to the L~A mca.~urrd gain. The l"C!m hs of 

the;c IIIPIlSUrl'lIICllis can lx, seen in Table 6.2. 

Tahle 6.2 shows Ihllt the mells ured L]'\A gllin COrrelil>onds to the progra.mmed LNA 

gain. H01<-"CI"l'r, the Olltpllt ~ignllJ bceom('S di stortf'd wh<'n the programmed gain 

i.<. !let to 4OdB. This is proloably due t.o the (Olll)[iug of t he clock signals ml'ntiollt'<i 

abow, and with pTOpo:or layout t('Chniqul:S Ih(> full40dB Tl!.nge of gain can be lIChic"ed 

without di~tortion occllring ,a. In flUy case, th.:: system is able to provide up to 30dB 

t a.,r ... lo "'-""Ion 1.1. 
wR~fer to !M'CI\o" 6.2. 
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Thhle 6.2: LNA Gain Me8Sured, and Progtlll1l1111'd VRlues 

of gain without dlstort.ion, which is greater Ihan the tequir('(\ 25.4dB gain menlionl'd 

in !>E.'Clion 5.3.3. Therefore, the system is able to provide the refJuired LNA gain iu 

order to 0lwtll.l" in the environmental rOllditiO!l>1 rnentioned in S('(:lion 4.5. 

" , 0.0 B P F and ADC Harmonics 

The BPF lind ADC hannonics a re mellSured by placing the slJl'ttrum analyzer probe 

81thI' BPF output (JP13), lIud thl' ADC [ll llut (U15 piu 2), Rlishown in Figure :\.3. 

The te!lUlts of ~he BPF, lind ADC harmoni(' mel\8Urements for a 555kHz trallsmit 

frt'qllpn~y ~an I>!' !ll'en m Figure 6.2, alld ~igure 6.3, respl'<:ti'·ely. 

Figure 6.2 shov.-s lhat there is cOllpling of thl' 9.70Thm~ systPnl clock signal, and 

thp 4.G08Mllz I1Ijcrooontroll~r CryTital clock. with its 9.2M H7. harmonic, onto till' 

BPF outlml II. The 9. 707MH~, '1.608M lb, and 9.2MH"! signals are ndB, 25d8, alld 

1&18 lower than thl' 455kHz IF sigHal, remecli\'e)v. Not sholl'n in Figutp 6.2, is thp 

conpling of the 58.2I\Mllz syllth('!!iser clock signall~. This 58.2.u.iHz clock signal is 

JOdB lower thall the IF ~ignal. TheT(' alSQ a jlJlel1rl1 to be local oscill lltor feedthrough 

out or the BPF ~itullted lit I .OU,IHz. The local oscillatOr signal sill! 24dB lo ... er thlln 

the IF signal. 

Figun"' 6.3 shOWli tbat there ill again ooupling of a ll or the above ml'ntionoo signals, 

lIS ... dlm;, the local UlCiliator fl.'edthruugh on tlrl' AD(' iu\>ut. Ho ... {'ver, artl'r tire 

OUtpUt BPF s ignal h8S gOlle through ~he IF IImplifier, and then the loll' IlI:lSIi fi lter, lIS 

sho ... n iu Figure A.3, there is a considerable improvemenL in the suppl"eSliion of tbe 

coupling. Thl' 9.707MHz, 1\ .6ll8MHz, snd 9.nlHz signals lire now 45.5dB, .19.5dB. 

and 44.5dB !o1\'er than tbp reqnired IF signal lit the ADC input. The 58.24MHz 

dock signal is now 41.5(\B lo~r than the IF signal, a lthough this is 110\ ~hOWll 

II M .... It> """......, 5.3." 
'~R.efr.r It> _tlon ~.3 .. 1. 
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in Figure 6.3. The 10rnl Ql;CilJator feedtlirough ~upprelSion hlLq imprm"t'd sligh~ly 

(4.MB), it ia nQ .... 28.5dB lov.~r than the requiroo IF" aigna!. ~IOllitoring Lhe ADC 

input (UI5 pin 2) with an oscillosco[l~ probe shows a fairly clean IF signal fot the 

elltire transmit frequency range (!Sed in l' ... ble 6.1. 

111(> coupling (If these cJ~k ~ignnls can be eliminated by u~illg the tl'<'hniques men­

tiolled abm-e ill !lI'Cdoli G.2. The local osci llator is being fed through. 1~'t"ilnS4' the 

OUtput siglllll of the mixer i~ T"(>latil-ely small (:5 -&IBm.) in amplitude that the 

BPF (oplilllUlll input ~ 0<-/8111) h!:18 n(> elfect.125. VIISI' 61.136, pUJolI' &61. lflh~ mixer 

uutlm\ sigllllll~ first amplifit.'d to a sufficient magnitude ( ~ OdBm). thl.'l1 the BPF 

,,;11 J.lttenuate tbe 10<:11.1 OfiCiliator feedthrough sufficiently 125, page 61. Tid!! call be 

I\(.-bi~,·ed by placing the IF >'ullplifier stage after tlit.' mixer, aud tben till." opr stage. 

Kd <r 11 

~;' 
0" ,," 

"\ ~I S3 

'i"t '+'i" . •• N1lV'rI1 , . 

, 
V6~ 100 "Hz S,,~~o 5 

Figure 6.2: OutPUt BPF Harmonics 

6.6 System Coherency 

The frequl'"Tlcy to frequcn cr coherency ill tested for the enlire Wlll~mit frequeliCY 

rauge by usillg the PC user interacO' software lI1entioned In section 1).4.4. The test 

involl"l'S t.aking to'n ph~ samples with a. zero degM! transmit pbase shift, and 
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-

~ i ~r '/ 
~·\<tm r-W\. , ., ' "'VI' ' ., 

IJB~ lea kill s...eep 5 ,',::';1 
Figun' 6.3: Input ADC Harmonia 

theD another ten phase samples with a ninety degree transmit phillie shin for raeh 

transmit fll'Qucncy. This cycle of events is repeatoo twi~ to les~ t ill' system's 

frl)('tuCllcy to frequency coherency. The phase samples (random variables) lends \,0 

approach a gailllSlan distribut ion 11,1; ~he overall number or pbase Mmplcs beconH'.H 

large, as prow.:n by the Central Limit Theorem 148, page 4821. The test resl.l!UI arc 

!ihOWD in Table 6.3. 

[n Tllbte 6.3, !ll> and J1'l reprl!S(!nts the mean \llJu~ (in dl'grccs) of t he U.'lI sampi{'S for 

cycle I, and cycle 2, rcspecth'ely. The 0\ . and o~ represent the standard devilltiOIl (ill 

dl'gl"ccs) of the ten samples for cycle 1, and cycle 2, Te!lpectively. Finally. 1:':.8\. and 

691 represents I,he ml'all cblUlge in pba.se for cydn I, and cydp 2, respect ively_ In 

Table 6.3, it is d!'ar to S!'(' thllt by illjC'Cting II ]>OSitive 00 degree transmit phll-'I!' shift 

into tIl(' systeUl /'t.."iU]ts ill 1\ approxilllatc /legaLlv!: 90 degrte, or I",osith'c 210 dcgr~ 

chang¥: in I,hasc. This is because the mixer c reates the iF sigual by subtracting Ibe 

I.ra.nsmit signal frequency, and phllSt' from tbe lot'fll oscillator signal frequency. and 

pb.asc, as ~how lI III Thble 6.2. All tl,at is lleeded to eXlrt\('t the tnl(' phase sbift 

information is to negMI' the ('lI:tracted phase shift information in Thble 6.3. Table 

6.3 shOWll !.hal th(' system is frequency to frequency oohe:rent for the entire frequency 

ronge, hut is the change ill "hase aCGllracy III'Curste t'uough ill order to rt'(:oll st ruct 
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tbe \'\:'Iocity Ulap image withou t di;;tortion, as mentiouoo in section 4.7.27 

In Chapter 4, section 4.7.2, it was IIho,,'n that if the pha.~ error is greater tba.n 004 

degrees then distortion of the reC<llIstructoo wlot.:ity filiP image tends to occur. In 

Table 6.3, the 1.465M lh, 2.37C>MHz, 3.2S5MHz, ~.65MH?, and &.105t.·IHz transmit 

rnoquc.nci"" aU ha\'<' a Btandnrd rit.'vi ... ~iQIl for cyd ... 1, ,,,,d ~"ycl ... 2 of IlftJ 'hu.n or ctllle.l 

to 0.4 dl'gl"CCli, aud lheir o\"('rllil changf' in phas(' ror lxJth cydcs is thererore within 

the debited /UXuracy in order to llroduc:e a high qufll ity TI'COlJI;tfoctoo vdocitr map 

tmagc'3. HcrIOl'\'et, for trauj;lIlit frf'qul'ndes S5{1kHz, 1.01~IHz. l.92M Hz. 2.83M Hz. 

and 3.74~lHz. some of tbe 5t liDdard dC\illtioM are grNI.!e r than OA degrees, and 

hf'nce, the O\'erall change in phD!le for both cyclt'tl "'ill not alwaYli lie "'i thin the 

dl'sired aceurDC)-' III order to produce a high quality r('COllstructe<! \'Clocity map 

illlllgc. The excel!tion to the rule seems to be thl' tTll.Usmit fre(luem:y. ~ . I95Mlh. 

ThiS frcquf'ucy has a standard deviat ioll for cycle I, 1I1It.! cycle 2 or less thall 0.4 

dt'grees, but the ovt'rall dlall!;(' in phI\&' for hoth cyc1cs is not withiu the desired 

accuracy mentioned 1Ib(r.-e. 11,e error is 0.72 for lJ.O" and OAf! for lJ.O~'4. 

Howew'r, it should III' notl'<l that Ihf' usc of II 12 bit ADC should yif'ld a maximum 

ph8Sl' error of a pproximately 0.027 degret'S, 8.ii shown in IIl'Ction 4.7.2. Thl' actual 

pba.w error is grealer than thi~ rxpt'Cted 1"3.lup, 8.5 mentiQned above. 'This i.~ probably 

dup t.o poor PCD layollt , and b}"lJ3Sl;lng around the ADC, and ti'f'ral of thc ll}·l:It.cm 

I\Ii IIlclltioll£.'ll in SI.,"(.1.ion 6.2[27, 1>IIgc 151. II seems that poor SIIPI)ly bypassing, and 

TOuting 1001'S Clln caliS(> ADC errOl!> 127. page 151. It is II good id('a to place thf' 

~'I>lISS (:8l,a.citOIll HI! close II!I possible 10 the pins 127. page 1&1. The introductIOn 

of II. ground j)lliDe \\"ill el imlnRt.!', or noduce any potential diJrerence ill the grounds 

hctW£.'I'fl thr ADC, and thr rl'l>1. of the IUllllogm.' circui t ry, ,,·hleb alll>cRI"S 3.~ 811 rrror 

\'Ol\age in !If'rics with the ADC snslog input gigllal 127, llllgc 151. Employing the 

aI)O\'!' IUl'nl lolled t.cdllliqllffi should hf'lp impro"e the. change in phllBl' aet:lIrac.y, and 

lead 10 II. mo,." efficient, "nd 1It,,,u,,,tl' ooh",.,,111 ~t('m. 

Finally, Ihe current Mystelll. II!I it stallds, can hn prove the change in phl\.Sl.l ac<:u· 

racy by increasing the overall number of samplrs tll.kf'lI in II. plllCl'SS called coherf'lIt 

intl'gflltioll, a.~ 1Ill'lltioncd in Sl'4:tion 4.3. 

"Ref ... LO 1fICl\Qn 4.7.2. 
14f1efer 10 T..bI~ 6.3 
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Tallie 6.3: Frequency to Frequen.:y Cohere.nt)' Test Re<;ults 

6,7 Conclusion 

III conclusion, ~hp, test results have sl'(l\\'n that tI'PTe Is coupling or clock signals near 

Ihp LNA, BPF, aud ADC due to inC/fident PCB rou t ing, and groundiug. This is 

effectmg the re<:ei\'('r l'OmVre:t:lion·free dynalnic range, and the LNA gain Clll)ahility, 

However, the input. to the AOC !le(!lnli relatil'l'jy lIueffcc!f'd by this ~"Qullling, and 

the mnximuIll LN A gllin is ~ I ill " .. it hin ,11(' ""'lll i rl'd .• imu lauod gain .... Iue tn~ntiot,,~d 

in ~ction ~.5, 

The mixer i~ experielldng lOcal oscillator feE!(llhrough that reaches the ADC input . 

Thw can be elirninllted in the future by I,hlcin", tit!' IF IUlI I)lifier lifter the mixer, 

anti then the aPF after the IF IIIIlplifier. The measured transmit power corresponds 

to the transmit power !q)oofiPd in thl' us~r n!quircmenl...~ 6taten1l'ut mentioned ill 

!>eCtioll 1.1. 

The system Is frequency to frequenq' coherent for the entire t ramimit frequency 

rruJgl', whid, satisfi<1lthe main aim of this diSSt~rtation . [I avpea.t1'l that half of the 

transmit fN'quendl'l> yield a "hIIS(' ('rTOr 1e1;8 than 0.4 degrees. and heJl(:e, will result 

in II high quality iml\g£' recQrL~tructlon. The OI' .. r811 "h!lSl" accuracy cru, be imprOl'ed 

by utili!i.iug roilerent [nttlgraliou. 

Finally, thl' re((!i\'er ~ompression·free dynamic mnge, LNA gain capability. phase 

at:cumcy. 8nd o\'erall system performance call I)(! improved in the future hy utiUSlng 

efficient PCB routing tedlllicIUe6. VO'l'('r plane>, lind gTOuud plant'$. 
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Chapter 7 

Conclusions and Recommendations 

7.1 Conclusions 

BIL'!ed on the Iinding5 in this dissertation, the f.;dlowing COUdUSiQllS may be drawn: 

The PhysklLl Model of the Radon Transform CI\II he ucrived by lookiug 111 the E-fidd 

of the E:\1 ""'e, as pre»'en t.hrQugh the matbemlltics in soction 3.2. 

The utilisation of the pba:;e illformatioll )ielilil 3 much more ILCl11TIlte image re­
f()llStrllcLiou thaD 1I111lllitUlie information, 11:1 pmveu Wilh the iIIatlll.b sImulation in 

!It<'tioll .1.7.2. The \'eiocitl' map image reconstruction process utilises the phsse in­

[ormAtion , and ill able to handle an ADC with lin 8 bit. or 12 hit resolution , which 

corresponds to utihsmg all ADC "ith 8 47.7&18, and 67.78d8 SN R. resl'ecti\'ch,l. 

H<;m'E'w'r . thf' lI.u('n!l3lion map Image rcconstnn1ioIJ pJ1lCe!j8 lLtilises till' amplitude 

illfoITlIation. IUId ill only a],]e to handle 1111 ADC ... ilb 11.12 bit resohmon. and hent;(' , 

must utilise 1m ADC wilh B minimum SNR (.'(1111\1 to 67.7&18. A 67.7&18 S,VR 

rorresponds t() II 0.027 degree phll6e errQt , amI 1\ 47.7&.1B SNR oorrt'SI>om]s W 1\ 0.3 

degree [Ih<l:>(l error . Thcrefore, IItili~ing the phll6e iufonnlltiOIl J"e(hu"CI> the r"e!IOllltioll 

re<jll ireUleTits of the ADC, t.ecause i1 allows fot 1\ greMcr degree of phase ~rror than 

the 1L1U1,litilde illformali."m, ruI showu in section 4.7.2. 

TIle heterodyne llIThit.et.1 lire i~ the system of rhoke, bculUS!! the RF Silmlllillg. Bllt.! 

homodyne IIrclii\.l'('lUre!l lire morl' prOIl{> to hnrllloilic iuterferencc, liS IIIl!.lltioned III 

:;ectiml fi.2.I, find seo.:tiou fi.2.2. The RF 8!l.tupliug archil et.'ture requires II UPF "itb 

1\ ",ide Wllld \\'idlh il> order to allow the ~kHz·fi~tHz Irl\lt~mit freqnellC)' to IlI1S!! 

' Refer 10 !OOClion 4.7.2. 
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through. This is a dLwh">l IlIIl8", l.>ecauS(' mlerfl'l"ence from Ihe Olllside can full 

within this bandwidth, and mix lI'ith the roceive signal, corrupting il [4[>, IlIlgC 1[. 

The harlllonkli of the receil'e signal lire lI(}t filtered oul, and arc also likdy to JIlj:,\" 

wilb the receive siglllll, lIS ml!lltioned in section 5.2.1. TIle hOJUodyne atehiteeture 

is It. probh'm, l)ecau.'iC the hannonics lire mixed down to ha.seoond2, lind this can 

corrupt the n!quired signal [16. ]mgl' 181. However, in the heterodyne architecture the 

harmoniC8 teud to fall outside the IF bandllidth. prOVided Ihe transmit frequende;;, 

itUd OPF bandwidth are chosen correclly, fIS e)qllailled in lV'ttion ;'.2.3, IUld section 

5.3.2. 

'10 errOt: ~hecklng is ]>I'rfomled on thl' prolOool uso'£l in thl' software for the Control 

Mooull', Trallsmit ModulI'. Ra:eivc Modnle, lind the PC Modulo:>, lIS mentioned in 

sectiOn 5.4.1. Therefore, I'rror in data trllfl/imlS'>iOIl cau occur. 

The system's COmpressiM-free dynamic mug.!. LNA gain. OPF OutPlIt, a.nd ADC 

inpul I\.re all being elff'(!tf'<i by thl' nodp.sirable conpling of the clock sigrla.tr. The 

inpllt of th~ LNA is expertl'ucing roupHng of Ibl' 58.24!1U\Z synthesisl'r cluck signal, 

lind tht' 9.2~lIIt harmonic of lhl' 4.G08~I Hz microoontroller CQ'lllal frequl'nc>,'. The 

58.24i1UIA clock a.igual alld Ule 9.nlll ~ harIllonic are 2.07dD, a.nd 15.2dD from lhl' 

dcsired input siguill, res~lively. The L~A experiences distortion of thE' OUtpUt 

signal when the gaill is set to 40d8. The BPF OUtput, aud the ADC input all 
experience COli piing of I he abol'e clock sigm;ls, /IS "'ell lIS, the 9. iOnlHz ~ystelIl 
dock signal~. TII~ coupling is bE'ing caused by imJ)Toper routing of the RF PCB 

modules, and th~ fsct !.hat no POV\1!T, or ground vtane is h~ing utUiSl.-'Ii [47, page 

455[. The PCB.-; were lIuto-routa!. and ulilise tll'O layers due to time-con~trainis. 

The BPF Ollt pili. /I.lld t hI' ADC inpllt a re nlso ex]>I'riencing local oscillator feedthrough, 
"'" mentioned in section 6 ..... T he local O/I("illa1Of mgual "il.5 2,1<10, a.nd 2SdB Iaw<:r 

thllil the required IF lligtllli lit the BPF output. a ud the AI)(; input, resllCO:tively. 

The local osciliatOt: i~ being fed through. becanSf' the output signal of the mi'(er is 

re!atiwly small (5; -6dDm) ill amplitude that the BPF" (optimum input ~ OdBm) 

hIlS 110 effect [2;', page 61, 136, page 5(11. 

The system is frequency to frequency ooberenl for the enlire transmit freqneuey 
rauSt'. which satisfieli the tRbin nim of this dissertatloll~. A U'ro, and !llnNy dl'gt"ee 

'JIWo,r 10 Table 5.1. 
'Ret ... 10 ... ""ioos 6.~, (lA, and 6.6. 
'R"f.". 10 _~ioo ~.3.4. 
Incl.". 10 ~1.00!1 6.3.~, and 6.6. 
I Rrl.". 10 "-"'11011 6.6. 

93 



Univ
ers

ity
of

Cap
e Tow

n

as 1.lU:,U".lVJ."vU 

user 

2 

reCOID-

L 

is no error to a 



Univ
ers

ity
of

Cap
e Tow

n

2. next vel'SIOln 

must inc:ort)or:ate 

error vOlta~~e 

next vel'SIOln 

ensure 

4. current 

to 

can 

5. a 

must 

pre!;ent at 

to opE~rat;e effect;ivellv WII ...... 

as melrltioned 

ellI1nmiate, or reduce 

rest 

sv~;teln must restrulctllreld, so 

a 

apJ)ears as an 

ampli1tier is 

amJ)litiE~d to a sut11clent m.agnltU(le 

to attlenu.ate 

must to 

or 

map 

can 

can 
10 

Prof. lain Mason. 



Univ
ers

ity
of

Cap
e Tow

n



Univ
ers

ity
of

Cap
e Tow

n

" 



Univ
ers

ity
of

Cap
e Tow

n



Univ
ers

ity
of

Cap
e Tow

n"ln1jfOcluc1jion to tJornmll1ni(:atic)n ::;~rste!ms, 

" l 



Univ
ers

ity
of

Cap
e Tow

n



Univ
ers

ity
of

Cap
e Tow

n

I 

f 
i 
! !!! 

ff 

" i ;; 
" g tf 

~ ~ " I I I 
'" n !;l 



Univ
ers

ity
of

Cap
eTow

n

o 

c 

1115 

2-7 

ISP 1lJMPIiJIS 

B 

A 

-.... -

U3 

vee 

R3 
'Ilk 

_c...-. 
IrJDCaJNV8<1EI< 

-5'1 0, 

GND 

R'b, 

,uk, RI4 220 

1SP1N1ElIFNl' 

• • ----! ,0 

HAOWI'BWACE 

1I'18 

10 

c 

II 

~====~ ________ ~A 

d 
....... ,Jlijjj --



Univ
ers

ity
of

Cap
e Tow

n

i 

I 

I i 



Univ
ers

ity
of

Cap
e Tow

n



Univ
ers

ity
of

Cap
e Tow

n

PlotTx+ ax 
Positions 

Pixel Structure 

Vellocitv Matrix 

Atteuuation Matrix 

Path JL.IlIO ..... , ... 

'"'u ..... )I;" in Phase 
+ Bulk Attenuation 

VolltaS!!e Return + 
LNAGain 

ADC Resolution + 
QUlllUtisaUon Noise 

IF Sanlpwllg 

I Itt Q Extraction 

Velloci'tv + Atten. 
Reconstruction 

Error 

User 

....•.•.•. '>- Intersect Points + 

Path LelllgllW!l 

User 

Traveltime + 
.......... '>- Bulk Attenuation 



Univ
ers

ity
of

Cap
e Tow

n



Univ
ers

ity
of

Cap
e Tow

n

array 
VUI.UUL Pins 
L>u~".n", UART 

'-VIlU\ . .Il Module To 

Transmit To 

To 



Univ
ers

ity
of

Cap
e Tow

n

Initialisation 

SynthesiserO 

Enable..8enalWonLDDSO 

Enable Flip Flop on CPLD 

Disable Flip Flop on CPLD 



Univ
ers

ity
of

Cap
e Tow

n

_Flip Flop ... CPU) 

"pI'''JIIUIIIIIooO 



Univ
ers

ity
of

Cap
e Tow

n

r r I 
I I i 



Univ
ers

ity
of

Cap
e Tow

n

---

__ ----''--''-......:.,;..T,;..''''*,;.;",..f!lleT .. a!-Ofllytes-<--) 

T_ ... II,... 




