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Abstract

It is well known that resolution varies as a function of distance and gamma
camera’s characteristics. Frequently, however, manufacturers provides
only few pre-calculated values of resolution and typically obtained
in non-clinical like situations. From a diagnostic point of view it is useful
to know which is the expected resolution of a gamma camera to decide
whether it is worth scanning that patient with a “little lesion” or not.

A reliable way to calculate the theoretical resolution of a gamma camera at
different distances (Analytical resolution) and compare it to real-data-
obtained FWHM (Experimental resolution) is presented.

Analytical resolution

As in [1], |6], the System resolution Ry depends on the collimator resolution
R_. and on the intrinsic resolution
Radiation profile R’L .
Using the convolution theory, see
1], we get

R,=\/RE+R2. (1)

Collimator

JAN
The similitude of triangles PAB
AN
and P'A’B gives

RC:D<1 | $+C>. (2)

Ley

The parameters D, ¢, Lerr, R;
are provided by the producers of
the gamma camera.

P Point source

Three Methods for Expe

Data obtain from a static scintigraphy of a line source is a N x N
matrix. The user selcts a N x J submatrix, where the width of
the line seems constant. For each j-th row of the chosen submatrix
data, FWHM,; was calculated from data (x;,¥;);=1,.. ~ using one
of the three methods described below. The FWHM value was as-
sessed as average of FWHM, (j = 1,...,J). As estimation of the
absolute and relative errors the standard deviation o and the wvari-
ation coefficient vc were respectively calculated.For each method a
quadratic cost has been defined case by case, to quantify the accuracy.

1. Direct calculation: The maximum pixel value h = max(y;) and the
relative argument T were found. Two points z; < ¥ and 2z, > x, which
are the closest to 2, were used and their distance FWHM; = |21 — 23].
were determined. For this case the following cost was defined:

(y(z1) — h/2)2 + (y(22) — h/2)2 .

Ci(21,22) = ;

(3)
2. Global interpolation - Gaussian: Data (z;,y;) are modeled as a
deterministic function with a small level of noise. The nonlinear least-
squares approach is used, see [5|:

—k . — _ . - N : 9
a" = arg min J(a) = arg min ly: — falz;)|]“.
The cost used in this method is
J(a*
Ca(a) = 2. ()

The gaussian function was used as in |7]: faz(z) = a1~ 2% which has

resolution FWHM; = 2~ 10g(2).

a2

3. Local interpolation - Splines: Cubic splines s(x) were chosen
for their well-known approximation properties, see [3|, [4].

As in method 1 the algorithm searches two points z; and z9 whose dis-
tance from the half of the maximum is minimal:

z; = argmin |s(x) — h/2|, 1=1,2

x€el;

where I; and I are sets of 5-10% equispaced points of the intervals (z1, %)
and (Z,xy) respectively. The distance of these two points gives a good

estimate of the FW HM; = |21 — z2|. The cost is defined as in (3).
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Results of the three met

The direct method, although very simple and fast, demonstrates an elevated
cost as compared to the others. Results obtained using local and global
interpolation are nearly identical in terms of FWHM, ¢ and vc although
different dealing with mean cost. This highlights the higher reliability of
local interpolation.

Experimental FWHM
radius (mm) | 134 164 194

fwhm (mm) | 7.31 8.13 8.96
o (mm) 0.80 1.19 0.87
ve (%) 10.9 14.6 9.7
mean cost 147543 | 137062 | 83423

fwhm (mm) | 7.53 8.20 8.88
o (mm) 0.24 0.22 0.22
ve (%) 3.2 2.7 2.5

mean cost 3.7 3.11 2.33

fwhm (mm) | 7.50 8.23 8.92
o (mm) 0.26 0.27 0.26
ve (%) 34 3.3 2.9

mean cost 1.55 0.95 0.79

Analytical FWHM
fwhm (mm) | 7.70 8.50 9.33

Direct Met.

Global Int.

Local Int.

Results with different sc

The local interpolation method was used to calculate the FWHM in three

different

conditions:

- In air

.- in water
in water -+

activity

11.2 £ 0.3 mm 12.1 + 0.5 mm 13.6 £ 0.6 mm

284 mm
10.4 + 0.3 mm
254 mm

scatter

11.4 £ 0.5 mm 12.5 + 0.6 mm

9.7 0.3 mm 10.5 = 0.5 1 11.4 £ 0.5 mm

224 mm

8.9+ 0.3 mm 9.5+ 0.4 mm 10.6 £ 0.5 mm

194 mm

8.2+ 0.2 mmn 8.7+ 0.3 mm 9.6 + 0.4 imm

164 mm

75102 mm 8.0 £ 0.3 mm 8.6 + 0.4 i

SOURCE TO COLLIMATOR
DISTANCE

134 mm

WATER WATER + ACTIVITY

Analtical curve and datainterpolations

e Apalsdical Curve
4  Experitnental FHb; air
Experitnental FywHR: waker
0 Experitnental Pt waker + activity

The aim is to check the
reliability of the Analytical
formula in clinical-like con-
ditions.

Analytical formula offers
quite accurate values of
resolution in case of low
scatter. On the other hand
when dealing with high
scatter conditions, it gives a
significant underestimation

of the real FHMM.
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