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Este trabalho € uma contribuicao ao desenvolvimento de instrumen-
tagao baseado em pesquisa com "software'" do processador B0B5, Em particu-
lar, foi desenveolvido "software'" com objetivo especifico de gerar sinais,
tais como triangular, senoidal, quadrada, trapezoidal, dente de serra e
pulsos. Estes sinais podem apresentar variagao de fiequencia ¢ de amplitu-
de, definidas pelo usuvario. l

Foi utilizada a porta 221l do circuito integrado 8155 (PPI) e por
esta razao houve a necessidade de programi-lo inicialmente como porta de
saida.

A interface Digital/Analogica e constituida por dois circuitos in

tegrados SN74L%08, uma malha de resistores R-2R e dois amplificadores ope-
racionais BIMOS CA3140 de alto slewrate e impedancia de entrada da  ordem
de 1 TQ.

1 0Os circuitos integrados SN741.508 foram utilizados como chaves en=-
tre a porta 22H do 8155 (PPI) e a entrada do conversor Digital/Analogico.
B Estas chaves desempenham a funcao de isolar a porta‘de saida do
3 circuito integrado 8155 (PPI), a qual e ligada a entrada do conversor Di-

gital/Analdgico, fornecendo assim, um nivel de tensao de entrada com meno-

res variacoes.

o

Zste trabalho recebeu apoio institucional do INTEC.
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ABSTRACT

Previous work of Petrovic, Siebert and Rieke(1) demonstrated the pessibilitv of
using X-ray transmission computed tomography (CT) scanning for soil bulk densit; a-
alysis in soil. We show in the present work that CT can also be used for the n;a=—
urement of water content in soil. In our case we also show that CT can be applied to
measure and follow dynamically the motion of water in soil in 3—dimension5..Further\

m: se inhomogeneities of water contentand motion in scil can be observed with this
i

technique. Usin thi & i S o
] ing a third generation CT scanner severzl different techniques can be

applied such as differential, real time and spatial distribution scanning modes 4
: n modes. A
13 & 3o 3 .
linear dependance was demonstrated for the Hounsfield Units (HU) used in CT zné wa
] an
ter content. The use of CT for water content and motion in so0il in 3-dimensions o-

pens new possibilities in this area of investigations.
INTRODUCTION

in
soil science. In the past several methods have been applied for the measurements of

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

water content in soil such as gamma-ray absorption neutron probe technique, direct

water content evaluation by weighting and drying and others (see for instance refs.2
and 3). Only gamma-ray absorption and neutron probe methods may be used for dvnami-

cal studies of water in soil. All of these methods do not take account of soil in-
homogeneities and do not evaluate three dimensional profiles of water conten:t and
motion. Recently, Petrovic ev al(1982) demonstrated the use of €T scanning for soil
bulk density analysis in 3-dimensions (1). CT scanning provides excellent possibili

ties for spatial and time studies of water content in soil.

. - :
Petrovic e? ol menticn that they have been

unable te obtain consistent Tesults for measurements of

-1=

coil moisturé by CT. By using a third generation CT scanner (GE CT / TSBOO)and using an
advantageously appropriate choice of parameters such as extended scale, differential
leve! scanning and judicious cheoice of window-value we have been able to cbtain re-
producible and quantitative information on 3-d space and time scanning of water in
soil.

A complete review of all the aspects of CT scanning can be found in reference
(4). & very interesring and - instructive introduction to CT may be found in the Nobel
Award Address given by A. M Cormack (5). Essentialy the problem of CT scanning is
the following: Penetrating eletromagnecic radiation such as X or gamma-rays are ab-
sorbed and/or scattered by matter and the expression:

I =1,exp-ux

may be used to evaluate the emerging intensity I of the radiation beam -of incoming
intensity I, after traversing a sample of homogeneous material of absorption coeffi-
cient 1 and thickness x. When the material is not homogenecus, such as the case of

2 sample of real soil or a part of the human body, the more general expression

I =1, exp —ff ds

may be used where £ is now a distribution function for the varying absortion coef-
ficient along any direction s across the sample. The central problem of CT is the

obtention of the distribution function f (as a function of position for any direc-

tion in the sample) when a sufficiently large number of absorption measurements
along different scanning directions s has been performed. The image of .the object
is then obtained as a map of absorption coefficients p for any desired sectionm
(slice) of the sample. This process is performed mathematically with the help of
computers and is called image reconstruction technique.In his original work Cormack
demonstrated all the necessary mathematical theorems for image reconstruction. He
was also able to build a very simple CT scanner, which incidentally may be "revived"
for soil science applications as we propose in this work. G. N. Hounsfield devel-
oped independently the reconstruction theory and also the first commercial CT scan-
ner for medical use (6). Essentialy in the video of a CT scanner a plot of the at-
tenuation coefficient | is shown on a gray level viewing system in the so called
Hounsfield Units (HU) usually taken to be the following (4)

H = 1000 R

w

where 1, is the attenuation coefficient of water. For the plotting a relative scale

is sometimes used where 1, is taken as a reference level arbitrarily considered as

Zexro.
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indigated by numbers b, 2, 3, 4 trom LoR 0 RERREE T
Fig.i
Fue

favent regions. In fig. 5, for rhe same systzm and configurarion we show a  very

2 piot of the yariation of water content as d funecion of time for the dif

inskractive CUEVE ohiained from the data of experiment of fig., & by plocting  the
differences of water concent for different regpions 1, 2, 3 and & 88 & funetion of
time. It is seen that in ROT-boxes number 1 the water conkani remains  constant
quickly (in about 15 gec,) for ROI-boxes 2, heterc-geinities can be seen from the
CT-scau but the averdaze water coatent increases with rime aad atvaing 2 gmalliex
average value. For region 3 there {s a continual increase in warer content with 2
more drastic relative change. Finally, like region 1, which attained a constant
vaiue in region 4, where the water did not yet aryive, there was no change ina  at-

renuation.

DISCUSSI0N AND CONCLUSIONS

From the previous resules it iz seen that T scannivg has many potentialities
for soil science. From these preliminary rasults it is also seen that wany aspects
still need to be developed. Ona of che first i5 connected with instrumentarion it
gelf, We are performing 501l science investigations with an smsrrument  that  was
spenifically designed to be used for medical purposes for Thuman beinps. In princi
ple & much move simple ingLyument C3n be deveioped. For medical T the limications
of dose to the patient impose severe estricrions on the mode of sperarions of the
system. For instance rhe radiatlon exposure and thus rube condicions of vperation,
1ike kV and mAsel are correspendigly 1jimited, Parient worion and positiening is
apother limization which again imposes parcicolay aspacis on the design and func-
tioning of ﬁT»suaﬁners.OhviO§sly for tne case of soil science, such  restricrions
Are TIOL DEn2$savy. Algo image reconstruccion dees nok need to be made oa line like
in our case. Anothev imporkant aspect is ponnected with the cadiation quality it

self. Host CT-scannels for medical applications have 2 sugperiing sofcware for ime

age reconsiruction naged on a swall vange of radiarion qualify {spectyum) . 1f the
KV to the tube is changed the spacitud is changed and the spftwars doss 1ot Care

ect any longer for many artifacts Lnown 1o he present in CT. For instance :E

-t

might prove to be advantageous Lo USE wigher k¥, In cur case we nave wused 120 k¥

age

.1
3

and in fact in many cases Ve have worked at the limir of power of the systeml
Hipgher &KV might allow largseT columns 0 be used and eventually provide bettel Lof~
rrast in images. Another aveliminary 1imivatlon of our erperiment 1s rhag we did

not perform classical soil seience experiments with scandard columns and  acoEsso-

ries but improvised due O 1imived experimentzl sioms in the heospital. Howsver
in this preliminary srudy various Lasie canclusions could he ohrained, and are suw

marized below:

b) CT scamnlpg can he used for dynpamisal t

in soil, including the weasurement of water speeds as laTge a8 1,6 mmfsec.;

¢} CT scaniing can be used for the obrention of information on heiero genelties
of water content and 3-¢ information by the use of the slicing technique
as used in this work oT by the obrention of cowplete 4-d reconstructien
from that data {pot presented in this paper);

d) Simultanecus spatial and cime disCributioss of water content cau be obtain-

ed by the use of appropriate {1 rechnigues 28 demonstrated in this work.

Mipi CT scaunevs costing less than Us 7000 have been buiit for dedicated ap-
plications 1ike archeology and wood analysis (7) and we are starting o construct
a simple system in Barretos,SP, Brazil)iur soi} science applications im which many
of the limitations mentioned above will not be present. 0f course the ideal mechod
for water ohservarion would be MR CT scanning and we are presently investigating
this problem in out tab, at the Inst. of Phys. Cham at g. Carles with the help of

H. Panepucci and coll.
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Figure | ~ Appropriaceness of the use of CT for water content
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Figure & - Spatial and real time {dvnamical) measurement
made with a vertiecal column (left side) at
different time imtervals. The attenuation was
measured in different regiens with the ROI

Figure 3 - Dynamical experiment made with a horizontral column (Region of interest) boxes indicated by num-

showing a f%xed slice where sequential scanz (abso bers 1, 2, 3 and 4 from tep to bottow of colw
luze scale in H.U.) as a function of time after the umn. <n the right side we plotted the varia-
introduction of water in the column, The number i tion of water content as a function of time

represents the position of the slice and the size

for the different regions.
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- With the same system described in fig 4, we ploctad
above the differences of water content for differ—
ent reglons 1, 7, 3 and &4 as a funcrion of time
in the region 3 for instance, we see 2  continual
increage in water combent with a wmore drastic rela-
tive change.




