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Theoretical investigations have made it possible to derive an algorithm of 3-dimen-
sional tomographic reconstruction for a cylindrical gamma-ray camera with a pin-hole type
collimator. The optimum number of the pin-hole collimators has been found providing the
image formation on the whole surface of the cylindrical detector. Formulas have been
derived correlating the tomographic projections in the planar and cylindrical geometry. A
precision tomographic system has been designed and constructed basing on an annular
scintillation detector and a Multi Pin-hole collimator. The space resolution of the system
amounts 1 mm.

ITpoBemennbie TeopeTHUYeCKMe MCCIELOBAHUS II03BOJUJIN CO3LATh AJTOPUTM TPEXMEPHON
ToMOrpaduuecKoll PEeKOHCTPYKIIUHU [IJd [MUJINHAPAYECKON ramMMa-KamMepbl ¢ KOJJIHNMATOPOM
tuna Pin-hole. Haiizeno onTumanbHoe KosmyecTBO pin-hole KomammaTopos muas ¢opMupPOBa-
HHUSA U300paKeHusd HA BCeH IJIOCKOCTH MUJIHNHIPUUYECKOIO AeTeKTopa. BriBemeHbI (hOPMYJIBI,
CBSIBLIBAIOIME TOMOrpaduuecKre IPOeKIHM B ILUIOCKON U [IUJIMHAPUYECKON IeOMeTPHH.
CopoeKTHpOBaHA M M3rOTOBJEHA MMPENU3MOHHAs ToMorpaduuyecKas cucremMa Ha 0ase KOJbIle-
BOI'0 CHMHTWIIALMOHHOrO ngerexTopa m Multi Pin-hole koamammaropa. IIpocrpancrBerHHOE
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paspelleHre IIPeru3uoOHHON CUCTEMBI COCTaBJsIeT 1 MM.

The radionuclide diagnostics takes today
stable fourth place among the medical visu-
alization methods after X-ray, ultrasound,
and magnetic resonance diagnostics [1]. Its
unique feature consists in that it is the only
method among the above-mentioned ones
providing the data collection on the funec-
tional state of the organs and systems being
under study. All other medical visualization
methods provide an image of the organism’s
morphologic structure. The essence of the
nuclear medicine consists in that a pharma-
ceutical preparation connected with a ra-
dionuclide label is administered to a pa-
tient. The radiolabeled pharmaceutical
preparation (RPP) is accumulated in one
organ or other, depending on its nature.
The label bound chemically with the phar-
maceutical preparation emits gamma quanta
and thus is the indicator of the preparation

206

distribution [2, 8]. The gamma camera is
intended to register the gamma quanta
emitted by the label, to recover the RPP
distribution in the patient’s body using
those data and to provide a necessary in-
struments for processing of the medical im-
ages and making the diagnosis [4, 5].

A low resolution is the main drawback of
the radionuclide method [6, 7]. It amounts
3 to 4 mm for commercial gamma cameras.
Such resolution is sufficient when human
organs of those of large animals are to be
studied but is unsatisfactory when the
study of small laboratory animals is in
question that have the overall body size of
several centimeters (e.g., mice). That task
is actual in clinical investigations of novel
pharmaceutical preparations. The pharma-
cologists should have as much information
as possible on the state of the experimental
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Fig. 1. Pin-hole collimators and flat detector.

animals, including the function of their in-
ternal organs.

Thus, the development of a precision
scintillation system to investigate the action
of pharmaceutical preparations onto small
experimental animals takes a significant ac-
tuality.

To solve the problem of low resolution, a
pin-hole type collimator is used in the de-
veloped system. Such a collimator is similar
to a camera Obscura in its operation princi-
ple. The collimator is a small diameter hole
in a lead plate. The plate absorbs all the
gamma rays hitting it. Thus, the image will
be formed only by the rays passing the col-
limator hole. Such rays form spatial cones
having the vertices at the hole and propa-
gating towards the image [8].

However, the use of a pin-hole collimator
results in a sharp drop of the system sensi-
tivity as compared to a common type one,
that is, of the gamma ray intensity that
forms the image in the detector. In order to
compensate that loss, several pin-hole colli-
mators have been proposed to be used simul-
taneously. However, if a standard flat de-
tector will be used in that case, we will
confronted with the problem of crossing im-
ages from different holes at the detector
surface (see Fig. 1) [9].

To solve that problem, a cylindrical de-
tector was proposed for use. The cylindrical
shape of the detector surface makes the al-
gorithm of the image reconstruction more
sophisticated but it provides the simultane-
ous use of several pin-holes without over-
lapping. Moreover, only the collimator but
not the whole detector should be displaced
in the cylindrical camera to obtain a new
projection. Thus, no errors connected with
the detector positioning will be made when
using a common camera with a flat detec-
tor. However, it is to keep in mind that the
projections obtained with a cylindrical de-
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Fig. 2. Scanning scheme.

tector will differ from those provided by a
flat one. To take into account the specific
geometry of the cylindrical detector, the set
of cylindrical projections will be trans-
formed in a set of planar ones.

Fig. 2 presents the geometric scheme for
development of tomographic projections in
our case.

The solution of the tomographic problem
consists in derivation of a 3-dimensional
distribution function of an RPP within the
object under study. Using the mathematical
analysis of the system, it is possible to ob-
tain a formula for distribution g(¢,s,z) from
the measured projections RB(p,Q).
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Here, RB(p, €) is the projection of the

object being studied onto a flat detector;
w

hp) = I lole’®Pdw, the reverse Fourier trans-
-w

formation from the Ramp filter; D, , the

distance from the coordinate center to the

pin-hole.

It is to note that the formula (1) is simi-
lar in its structure to the classical formula
of convolution and reverse projection. The
main distinction is that Eq.(1) expresses the
3D function of the object in terms of 2d
functions of projections while the classical
formula associates the 1D projections with a
2D object. Moreover, the derived formula
comprises complex geometric factors.

The Eq.(1) makes it possible to solve the
tomoghraphic reconstruction problem basing
on planer projections. A cylindrical detector
is used in our system. Thus, the projections
collected by the cylindrical detector should
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1
Fig. 3. Scheme of a multi-pin-hole collimator.
P,—Pg4, pin-holes;, I,—I4, the corresponding
images.

be transformed into those collected by
imaginary flat one. The problem of projec-
tion transformation was considered by us in
a preceding work [10]. The transformations
result in the following expressions:
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Here R is the cylindrical detector radius;
r distance from the pin-hole collimator to
the detector center; (x, y), the flash coordi-
nates in the cylindrical detector; (x', y'),
those in the corresponding flat one.

As mentioned above, several pin-hole col-
limators are used in the system to improve
the sensitivity as is shown in Fig. 3. In this
case, a problem is to find the optimum
number of pin-hole collimators forming si-
multaneously image in the detector with the
proviso that the images formed by different
collimators should not overlap. The solution
of that problem resulted in the expression:

. Y
Count _pin-hole= AB+VAZ —BZ+1 3
arcco.
A%+ 1
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Fig. 4. 3D model of multi-pin-hole collimator.

Fig. 5. The main assembly of multi-pin-hole
collimator.

&

Fig. 6. A 3D image of a variable pitch helix.
The diameter of the tube bent into helix is
1 mm.

Here A is the ratio of the object radius
to the distance between the object center
and the pin-hole collimator; B, is the ratio
of the object radius to the distance between
the object center and the detector. Since the
number of collimators is an integer, the in-
teger part of the value calculated using (3)
should be taken.
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Fig. 7. Signal profile I V.S. length of transection line.

The obtained investigation results made
it possible to design a multi-pin-hole colli-
mator for a gamma camera with a cylindri-
cal detector. In Fig. 4 presented is the de-
vice drawing and Fig. 5, photo of the main
assembly.

The developed software provides visuali-
zation of the reconstructed 3D structures.
Such an image is shown in Fig. 6. The sig-
nal profile can be also analyzed. In Fig. 7,
presented are the helix transversal section
and the profile along a line perpendicular to
the tube.

To determine the resolution, let Fig. 7 be
used. The signal width at half-height is
1/9 mm. The diameter of the tube of which
the phantom is made is 1 mm. Thus, the
broadening of the tube image with the
phantom as compared to its real size is
0.9 mm. That is just the resolution of that
device [11].

To conclude, a tomographic reconstruc-
tion algorithm has been developed for a cy-
lindrical gamma camera with a multi-pin-
hole collimator. A precision tomographic
system basing on the multi-pin-hole collima-
tor has been designed and constructed. The
new system will contribute to studies of
functional state both of moderate size ani-
mals in combination with the classic parallel
collimator and of small animals in combina-
tion with a multi-pin-hole collimator. The
space resolution of the precision system is
less than 1 mm. Thus, the system developed
provides all the necessary radionuclide in-
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vestigations on laboratory animals in phar-
macology.

Authords are thankful to CDRF for par-
tial financial support of this work.
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IIpenusziiitna Tomorpacgiuna cucrema
Ha OCHOBI KiJIbI[€EBOTO0 CIMHTHJIAIIMHOTO JEeTEeKTopa
ta multi-pin-hole kKoximaTopa

O.B.[vomin, O.I1.Ckubin

Bukonani TeopeTuuHi AOCHifKeHHS MO3BOJUJIM CTBOPUTHU AJTOPUTM TPUBUMIPHOI TOMO-
rpadiuHoi peKOHCTPYKIIil ANA INUIiHAPWUYHOI raMMa-KaMepu 3 KoJimarTopoM Tumy pin-hole.
Busuaueno onmrtumanbHY KinbKicTh pin-hole KosgimartopiB mna ¢opmMyBaHHA 300paskeHHSA Ha
Bciif moBepxHI MWJIiHAPUUYHOrO AeTeKTopa. BuBemeno dopmynn, AkKi moB’sA3yoThb Tomorpadiuni
MIPOEKINil y IJIOMIWHHI# Ta NMIiHApUuHii reomerpii. CIPOEKTOBAHO Ta BUTOTOBJIEHO IIPEIU3iHTHY
ToMorpaiuHy cucTeMy Ha OCHOBI KiJIBIIEBOTO CHMHTHJIAIINHOrO gereKTopa Ta multi-pin-hole
KojaimaTopa. IIpocTopoBe pospimnieHHsA NTpelnusiiiHOI cUCTeMU CTAaHOBUTHL 1 MM.
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