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Este trabalho e uma contribuição ao desenvolvi mento de ínstrumen-

taçáo baseado em pesqui-s;i c uni auftwíire do processador 8085, Em partícu-

lar, foi ilcüenvolviJu software" ctim objetivo especifico de gerar sinais,

Laís como triangular, senoidal. quudradcï, trapezoidal , dente de sena e

pulsos. KsLes sinais poc-lem íiprpsentar varia^ílo dp f i pquencifl r de amplitu-

de, ilef íiUtJíis pelo uyuariü.

Foi utilizada a porta 2211 do circuito integrado 8155 (PPT) e por

esta razão houve a nrcüüs í(.l?ide Je prog raiiLi-l p inicialmente coiiio portei de

saí da.

A interface Digital/Ana l ó g i ca é constituída por dois ci-rcuitos in

tegrados SN74LS08, uma malha de resistores R-2R e dois amplificadores ope-

racionais BTMOS CA31i'»0 de alto slewrate e impedãncia de entrada da ordeia

de I W.

Os circuitos integrados SN7;<LÏ08 foram utilizados como cbavps en-

tre a parta 22iï do 8155 (PPI) e a entrada dú conversor Di^i tal/AjiaïógÍ.co,

Estas chaves desempenham a função de isolar a porta'Ue saída do

circuito integrado 8155 (PPI), a qual é ligada á entrada do conversor Di-

gital/Analógíco, fornecendo assim, ura nível de tensão de entrada COTH mcno-

rés variações.

Este trabalho recebeu apoio institucional do INTEC.
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AESTRACT

Previous work of Petrovic, Síebert and Rieke(1) demonstrated the D^ssibiïitv pf

using X-ray transr=ission compuceá toraography (CT) scanning for soil bulk deniicv a-

nalysis in soil. Vê show in the present uork thac CT can also be useá for th& raças-

urement of water conrent in soil. In our csss vê also show that CT can be applied to

measure and foliou dynamícally i:he nnotion of wacer ir. soil in 3-ci~ie"síons. Furt-her.

a. .-e i-nhoTROgeneities of water contÈntand motion in SDÍI ^an be observed wich chis

techniqus. Using a chird generacion CT scanner sevfcrsl aiffer&^i; techniques can be

applied such as dlffÉrential, real timÊ and spatial cistribution scanning -];-dé£. A

linear dc-psndsnce uas demonscrated for the Hounsfielá Units (W) used ir, CT anc ^-a

ter contenc. The use of CT for uat-er content and motion in soiï in 3-dimension? o-

pens new possibilities in this área of investigations

INTRODUCTION

The study of water content ana motion in soil is of fundamental importance in

ïOil science. In the pasE^several iDfcthods have been applied for t1ie measurenents of

uater conrent in soíl such as gainma-ray absorption neucron probâ technique, áirect

wauer contem; evaïuation by weíghting ana drying and others (see for instance refs.2

and 3). Only gamma-ray absorption and neutron probe methods may be used for dvnarai-

cal studies of water in soil. AH of these mechods do not take acccunt of soil ín-

homogeneities and do not evaluate three dimensional profíles of water cont-en; and

rootion. Recently^Pfctrovic et, at{1962) demonstrated the use of CT scsnning for soil

bulk denslty analysis in 3-àimensions (1). CT scanning proviáes excellent possibili

ties for spatial and time stuáies of wster concent in soil

una bi e

Petrovic et at menticn that they have been

obtain consiscent Tesulcs for measuremen t s of

SPÍL mc.isturé by CT. By using a third generation CT scanner IGE CT / Ttí8o0)and using an

^dvanca^eously appropriate c-hoice of parametËT-s such as extended scale, differential

levei scaiming and judícious choíce of windov-value we have been able to obtain re-

prc.dncible and quantitative information on 3-d space and cime scaTining of water i-n

soil .

A cüïïipletfc review of ali the aspeccs of CT scanning can be found in reference

(4). A very interesting and inscrucci-ve introduction to CT may be found in the Nobel

Awará 'Address given by A. M Connack (5). Essentialy the problÈin of CT scanning i-s

thfc rollowing; Penetratins eletromagnecic radiation such as X or gamma-rays are ab-

sorbed and/or s^acnered by matter and the expression:

1=1 exp - ij x

mav be used to evaluate the emerging intensity ^ of che radiat.ion beam of incoming

inccnsitv I- after traversi-ng a sample of homogeneous macerial of absorption coeffi-

cient T. and chickness x. ?eu the material is not homogeneous, such as the case of

a sampie oï. real soil OT a psrt of the huroan body, the more general expression

I = Io exp f ds

mav be used where f is now a distribution funccion for the varying absorti-on coef-

ficient along any directLon s across the sample. The central problem o£ CT is the

obtention of the distribucion funccion f (as a function of positioTi for any direc-

tion in the sample) when a sufficiently Urge number o£ absorption measurements

along different scanning direccions S hás been performed. The image of .the objecc

is then obtai-ned as a nap of absorpcion coefficients v- for any desired section

(slíce) of th& sample. This process i-s perforraed mathematically with the tielp of

coin-outers and i-s called i-mage recoTistruction technique .ITI his original work Cormack

demonscrated ali che necessary machemati-cal theorems for image rÊConstTuction. He

was also able to build a very simple CT scanner, whi-ch inci-dentally may be "rsvived'

for soil science applications as -we propose in chis work, G. N. Hounsfielá devel-

oped independently the reconstruction theory and also fche fi-rst commercial CT scan-

ner for medicai use (6). Essenti-aly in rhe vídeo o£ a CT scanner a plot of the at-

tenuation coefficient \i is shown on a gray levei viewing syscem i-n the só called

Hounsfield Units (HU) usually taken to be the following (4)

(v - v,.)

H ï 1000
H.

wtiere ^,,, is the attenuation coefficient o£ water. For •Lhe plotting a relative scale

is SGmeEimes used where ^ is taken as a reference levei arbitrarily considered as

-l— -2-



AB5TRACT

Previuus uork of Petrovic, Si&bert and Riekeí1) demonstr&ted the oossibilítv eí

us.ng X-ray transaission coraputed coracgraphy (CT) scaücing for sail bulk düriïicv a-

nalysis in sc.U. ^e shov in Ehe presenï vork chac CT can also be useá for the in.as-

ijrüment of warcr concent in soil. Iri cur case we aïso s^iou nïiai; CT car. bsapplieü to

TEtôasure anc foliou áynsraically the aotion of uarer ir; suil in 3-clne'-;sions . Furïher,

va.-•& inhomsgeneirieï of water coi-iE:t;nL and motion in sc'U can be pbs&rved uish chis

E&ci-Lniqu&. Usi.ng a Lhirü gfencras:ion CT ïcanner sevfcral aifitíi-6a: tech",ÍQues can be

applieá such as di. ífcreníial., real EÍTÍË and spaciai cÍBïribuïion scanr,in2 ^cide?.. Â

linear dependcnce uas deB.cnscrsteá for the Hour.sfield Units (HU) us&d in CT &'.€ vs

ter coacenc. The use of CT for valer cop.Eent ana raotion in soil in S-di.uróï-.sion? o-

pens new possibilicíes in this área of ÍuvestigatLons.

INTRODUCTION

Ïhe SEuáy of water conEent ana morion in soil is of fundaBiental inportancfi iïi

soil science. Ïn ïlie pasíjSeveral ffi&Ehüds have bsen applied for che moasurenentÊ of

wacer contenE in soil such as gaeaiia-ray ab&orption neutron probe Èechnique, direci;

uaner coíittínc evaluation by weigïiting ana drying and others (si3e for instance reí'ïs.2

ana 3). Only garaiïia-ray absorptíon ana neuLr^.n probe meinods rasy b6 usad for dvnarai-

caí studies of warer in soíl. Ali o£ shese meEhoás do not ï.ake acccunï of soil in-

ïiomogeneicies and do no£ evaluate Ehree áimensi-onal profiles cí yater concen: sná

motioa. Becenely Petrovíc ec a^(1962) deiaonstrstied the use of CT scgnníng fur soii

bulk density arialysis in 3-dimensions (Q. Cl' scanning prouides excellenC possibili

cies for spatíal ana ^irae scudies of vot^r concsnï in soil.

unable

Petrovíc e í

obf: ain cons i s !:enl

ïsents.on rhaí ïhei' Ïiave been

resulcs for EseasureigenEs of

.oi-i ^istvrc. by CT. By .sing a thirri generation CT sc.ann.r róE CT / Tsgo0)and using an

.dv^ra.eouslv appropriace choice of parameter. s^h as extended scale, differential

l£v^ sc^nína and judícious choice of windo^-value we nave been able £o obtain re-

^-;.ducibl& ana quancitaLÍve inÊormatior on 3-d space and time scanning o£ water in

A ^1^ r^.i^' of ali Ehe aspects of CT .canning can be found in reference

(4). A very i^er.snng ana instructive introductior. to Cï ^ay be found .1. the Nobel

Award Audress giv.n by A. M Cori.ack (5}. Essentiialy tí-e prublei. oí CTscanm^g is

ti,^ foilo.-in^ Penecrating eletromagueric radLaLÍon such as X or gsuuna-rays are ab-

sorbed and/or scaEEered by raatter ana Üie expressi.on:

I = !„ exp - -j x

n.v be used to evaluate the emerging inie.sUy ^ of rhe radia.Íon b.^ of i«coming

or tiornogeneous motÈrial of aosorption L:oeffi-

Ene case of
int<2nsity T-y after traversj-ag a samp.

cienL •„ anc chlckness x. ^en the roatenal is not homogeneous, sucn as

i-esl soil ar a pa^t of rhe huraaü body. che more general c-xpressiun
S .3THP I fc

ï ^ IQ exp - | f ds

mav be used where f is now a distribution fun.cion for the varying absor^ion c°^-

ficier.t along any direccion s across the sample. The central problem of CT is the

obtention of ^e dis.ributio^ funct.on f (as a funccion of position for any d.rec-

tíon w the sample) wh.n a sufficie.Lly large number o£ absorptÍon ^asur.m.nts

alon^ áxff^en, s.anning direccions s ^as been performed. The image o£ -the obj£c£

.s then obLâined as a raap of absorption coefficients TI for âny desíred sect.on

(iilice) of chfc sample. Thia process is perfcmed m.themaE ic.illy wíth the help of

.om^ters and is cslled L.ag. reconstruction cechniq^.ln Us original work Cormack

de^nstrated ali the ^ecessary matihematical theorsms for imags reconstruction. ïïe

vás also abU to build a very simple CT s^nner, ^.xch iucid.ntally ^ay be "reviveá"

for soil science applications as vê propose in this work,

oüe:

for soil sciBnce applications as vê propose i.n this work. G. N. Hounsfield devel-

op.á indep.nd^.ly the reconstruction theory .«d also the first commercial CT scan-

ner for medicai use (ó). Essentíaly in the vídeo of a CT scanuer a plot of the a£-'ideo of a CT scanner a plot of iitie a£-

te.nuatlon coefficient U á-s showi on a gray levei viewing syscem ÍTI the só

típunsfield Uni-ts (HU) usually taken to be the following (^i)

c al l ea

H » 1000
(, ~ ^)

v,,,

vhere v,,, is the atteimation coefficisnt o£ water, For U^ plotting . relative scale

i. .0^'ir.es used wh.re ^ .. take. .. a refere. l.vel .rbÍ.r.rily considered a.

zero.
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indiçaï-ed oy mimbers l, 2, 'ï-, ^ from toü LO oui.njm u*., ^^.....^---

/ljg^^ ..... - . . ...
/e sr.t.-.v g pídt oí th? variation of wateï conïent ás a funccioïi oí ti-me for the dí.f

ftíïeac rcgi.oTis. In ).'i-g. 5 j for the s ame systsm and ^onfiguïratíori we show a very

'.'-isr.r-.K-cive ci;ïve obEaï.ned írom thç dafca of experi-menL of fíg. í by ploLting fche

diffe^ences o£ vat^r conces-at £or di-ffprünt regions 1 , 2. 3 aiïd 4 as a function o£

time. Tt; is s&en tbiâ!: in Rül-box&s ïiuniber 1 i:h6 water '.-oni.ânc reniains consLanï

quíckly (in aliout 15 sec,) for ROI-boxes 2; 1netero-,"ei.ni£ie5 c:an be seen from the

CT-scaü buL the averag& wafceï- conceni; increasës witls t-Lme. and atrai.is a SToalleí

average value. For region 3 T:here is a continuai iïicrease in water contanc t^itï^ a

ffioïe drasti-C relative changEi Piïially; like region 1, whi-ch aCfcained a conssant

valus in regi.on 4, whes-e Che water díd nat; yet acïi-ve, í.hsr& was rio change in aí;-"

tenuati-on .

DÏSCUSSÍON Af;D CO^iCLUSíO^S

Froia tïis. previou? results it is seen thai; CT scaTiriing 1-ias igany potentialities

for sviï pcience. Froa tTiese preliminary results it is also se.srí tïiat: iiianv aspects

stíll need co be âevelopeá. Oïie of che fi.rsl- is connected witb inptruffientaciori n:

self. We are performing soil scÍÊrice i.nvescigacioTis ^i-th an. íïistruTnent thai: •was

specíficaUy designed to b& used foT Neáí^al purposes for ^uíaan beings , T-n priïici

pie. s ïïiuch more símple insHïUiaeüL can be d&veÍDpsd. FDI- medicai CT tbe lí-aitations

o£ dose to the patient impose seveï-s rcsrrícfLÍüns on thR mods of operacions of cïie

s y SÉ em.. For í.ns lance Ehe ríidíafcioR ÉXposui: e ana thus cube condití.ons of operatioü

lU;s kv and mAs&c sre coz-ïRsponái.gly limit-ëd. Pat-iens; moï.i-on aiid púsi.tionlng is

anofche-r lï.mi.tafcioa whi.cb 4;igaí.n iigposes parcícular e-speccs ori Lhe desígn and ïus.ic-

i:ioTiing o£ CT"sc&imeïs . Oïiviously for fche case 01 RO i'!- sc.ience. sucti rescri.ccions

are no;; necsssary. Alsü íiaaga recoTisïruiïtion áoüs nofc n6ed to bi; siade on line lik.e

in OUY ç.a.se. AfLOther -LmporLarLt: aspect is connected yifcSn r.he cadiation quality íe-

sei£> Mosi; CT-scanners for medi-cal applït.-.ations havü a supporï,i"p sofcware fyr Í-TO-

age reconsrrucEÍoR bassd on a suiall range oí.' ï-arfíáni.on quality (spec.ïruLi) . ÏÍ '-'hf-

kV co fche tu'be is cïiange-d the spsr-cruoi i.s ''Jiansed s.ïtá i:he só í twa rs áuss no £ cuï-'

reci; einy longsr Íoi- G'ar;y art.xfacts k^oi-rtï "ro ba presij'nt. in C'T, For instauce ic

mighi; pTO-ve to be advantageous to uss 'ingï'n'r k?, In our case ye nave used 120 kV

and in fact in inaïiy cases i-'s ïróvri vorked at- tïie ÍÍH,ÍÏ. cif powe.ï oï ï;ïie syâiiem,

Hi^heï kV raighE allow largsr foluïnns ;;o b-:: ustíd tïncl evünCuan-y prov.i-dâ beï.ter cc'n-

t rãs i: Ln iSiages . Ano ch e r pï'?l im.Ln.ary ï iiai i-aí;L;';ïi a f oyr KXpericiení is thac wí' dia

noE pet-iorm c1 a s si cai soil sci&nce eyp&rr.Tients uith scü.s.ic.arü coluïims aTia accs:sso

r i es but improvi-sed dai:- io l i-miiiëd expíirim&ri!:?;! cortai i-ions in r.ne itcspitai .Hoye--/er

in ïhis prelinunary study varJ.uus bas^.c c.onclusions could be obrai.nec, aTid c.re sw,

manzed below;

ïi~) CT scanni-ng can he used for dynainical lïtícii L-^u^^ ^~___-

in soií, i.ncluáí.ng the rc^asureraent '.~f waïi.T sp^fads as large as 1,6 nmi/sec.;

c) CT scannuig can be used for th? obt e-LïnoE; oí ini:onnacion OQ betero geneities

of -uaCeï conten; and 3--á inforïnat ÍOH bv r ti & use o f £'he slicíng technique

as used in Uri-s work or h\' chiï obteriLÍ Oi-i of coTnpïete 3-á reconstructlon

from that dat.a <not presented in thi;i püper);

d) Si-niulrarieous spatíal and címe: dís tribu E.i.ontí of water content can bc-- obcair.-

ed by thfe use of appropri-ate CT techuic;ues as demoRstrar&d in this work.

Mini CT scanners costi-n.t; less tïina US 70ü0 ï^íive been built £or dedicated ap-

plicat.íons líke archeology and wood atí^Iysis (7) ana ws are starting co con.struct

g simple systeiïi in Barretos ,SP , Brazil,íor soil science applications in yhich many

o£ t'he l i-mit.ati.onïï meTitioned above wilï no t be príisenfc. Of course tí-ie ideal Tasthod

for wacer observacion woulâ be ?ÍB. CÏ scannia^ and ue are presencly ínvesíigating

this problem i-n our Lab. at the £nst. or. Ph^s. Cbâm at S. Carlos witb the hyl^ of

H- Paneüucci ana co 11,
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7. Cesáreo E. (privaCe coimniinication)

Figure 1 - Appropnai^eness cí the use of CT £or water content

measurement,tíe shou che differences of two sasnples

with uater s.nü withouL us.tsr and tbe associate

values oí the uaEer coFLt-ení: measured in H.U.

(Hounsfield Uni ts).

o ;^
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Figure 3 - Dynamical experi.ment made with a horizontal col.umn

showing a £ix:ed slice where sequential scans (abso
lute scale in H.U.) as a function of ci.me after the

introduction o£ water in the c.olumn. The number 1

r&presents the position o£ the slice and the size

o£ £he área.

Figure 4 - Ëpatlal ana real time (dynami.cal) measursmenC

made with a vertical column (left side) at
different cime intervals. The attenuation was

measured in different regions with the EOI
(Region of inEerest) boxes indica ted by num-
bers 1, 2, 3 and 4 from top to bottoni of cal-
uran. •ou the right side we plotted the •uari.a-

tion of water content as a fun.ct.ion of tí-me

for the different regions.
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FÍ; :> - With che s ame system áescribeá in r.íg ^ we platted

above che differences of wacer content for differ-

snt regions 1, 2, 3 ana í, as a runccion of í-.ime .

In che region 3 for instance, we see s con£inual

increase in water contene with a more drasti-c rela-

Eive change.
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