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The field uniformity of a computer-assisted Anger-camera system, and the effect of
field correction on quantitative data, have been studied. Our results show that the total
counts of a source imaged across the crystal face varies with a s.d. of only 2.0%, but
routine flood-field correction degrades the data to a s.d. of 9.4%. On the other hand,
the area of a source 1.75 in. in diameter, imaged across the crystal face, varies with
a s.d. of 9.7%. We conclude that the major source of field nonuniformity for an Anger
camera is spatial distortion and not varying sensitivity across the crystal face.
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It is usual to correct for the nonuniform response
of an Anger camera by obtaining a digital flood field
matrix, which is then normalized. The data images
are field corrected (FC) by dividing by this nor
malized flood matrix. Thus in computing the cor
rected images, counts are selectively increased
where the digital flood field is cold and decreased
where the flood field is hot. This correction method
has come under increasing criticism in recent years
(1-5). The inherent assumption in this FC method
is that the camera's nonuniformity is caused by

varying sensitivities across the crystal face. We
have carried out a few simple experiments to test
this assumption.

MATERIALS AND METHODS

The system used in this investigation was a Searle
Pho/Gamma HP Anger camera equipped with a
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low-energy parallel-hole all-purpose collimator on
line with a Medical Data System computer. A 25%
window centered on the photopeak of Tc-99m was
used in all of the experiments. The FC algorithm
used works in the following manner. A digital flood
is acquired by irradiating the crystal with a uniform
extended source of the nuclide of interest. The al
gorithm first scans the center 16 channels of the 64-
by-64 array and calculates the average count per
channel (matrix point) for these 16 channels. All
the channels that have counts between a factor of
0.2 and 5 of this center average are considered to
represent the crystal face. For those channels that
represent the crystal face, the average count per
channel is calculated. The FC factors for each chan
nel are then calculated by dividing the average
count per channel by the counts in the appropriate
channel in the flood matrix. This matrix of FC fac
tors is then stored on magnetic disk. The data im
ages are FC by being multiplied by this FC matrix,
that is, by being divided by the normalized flood
matrix.

Count rate uniformity. A 2-mCi source of Tc-99m
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was collimateti down to a diameter of !4-in. with a
l/2-\n. Iong-by-l4-in. diameter lead hole. Scattering
medium (masonite) of !4, 1, 2, 4, and 6 in. was
inserted between the Tc-99m source and the colli-
mator. For each level of scatter the source was
imaged at 25 positions across the collimator face.
These images, each containing 13,000-50,000
counts, were acquired in a 64-by-64 matrix and
stored on magnetic disk. A 3-million-count flood
employing an extended Tc-99m source was also
acquired.

The count rate at each of the 25 positions was
determined at each level of scatter. These 125 im
ages were FC and the counts in each of these FC
images were then determined. The mean, standard
deviation, and standard deviation percentage of the
total counts were then calculated for the original
and the FC images. A normalized range was cal
culated for each level of scatter.

Image size uniformity. An uncollimated, 300 /Â¿Ci
source of Tc-99m, 1.75 in. in diameter, was imaged
on the Anger Camera at 61 positions of a hexagonal
array across the collimator face. The images, each
containing over 50,000 counts, were acquired in a
128-by-128 matrix and stored on magnetic disk. The
area of the source in the individual images was
calculated from the number of channels that had
counts per channel greater than or equal to 10% of
the average counts per channel for the seven center
positions on the hexagon. The 10% cut-off was cho
sen because it was well above background and sep-
tal penetration, but included the full image area.

The total counts and average counts per channel
within each of the 61 areas were also calculated.
The mean, standard deviation, and standard devia
tion percentage were calculated for the counts
within these areas, for the average count per chan
nel, and for the size of each area (number of chan
nels).

RESULTS

Table 1 shows the data from the count-rate-uni
formity experiment. The non-FC data has a higher
precision (2.0% s.d.) than the FC data (9.4% s.d.).
The average normalized range of the uncorrected
data is 0.97-1.04 (7% spread), but it is .84-1.17
(33% spread) for the corrected data. The introduc
tion of scattering medium has little or no effect on
the uniformity measurements.

In the Â¡mage-size-uniformity experiment (Table
2), the counts within the areas varied with a s.d. of
only 2.1%, however, the image size varied with a
s.d. of 9.7%.

Another way to look at these data is by the gen
eration of computer images where the intensity at
each point is proportional to either the count rate
or the image size ofthat point. Figure la shows this
type of image. The 61 data points from the count-
rate-uniformity experiment were interpolated to
provide a smooth image representing the counting
efficiency at every point on the crystal face. The
uniformity is clearly superior to that in Figure Ib,
which is a routine flood-field image. Figure 2a is a
display of the data from the image-size-uniformity

TABLE 1.COUNT-RATE-UNIFORMITYScatter(in.)Not

field-correctedV41246Field-correctedy<1246Mean4994136074236931682113241Avg.4851536090238091688213264Avg.EXPERIMENTs.d.137956951725923441223446251815471194%S.d.2.761.582.181.541.771.978.509.5510.579.169.009.36Normalizedrange0.95-1.040.98-1

.040.95-1.040.97-1.030.97-1

.040.97-1.040.85-1.140.82-1.160.83-1.200.86-1.180.86-1.160.84-1.17

TABLE 2. IMAGE-SIZE-UNIFORMITYEXPERIMENTParameterCounts

Area (no. of channels)Mean61798 682s.d.1305 66.4%s.d.2.11 9.74Normalized

range0.94-1.04

0.81-1.17
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FIG. 1. Comparison of count-rate-uniformity image (a) with
usual flood-field image (b) shows that counting efficiency is
far more uniform than flood-field image indicates.

FIG. 2. Comparison of image-size-uniformity image (a) with
usual flood field (b) shows that regions where image size is
abnormally large correspond to "cold" areas on the flood

field.

FIG. 3. Image on left (a) has intensity inversely proportional
to image size. Comparison with flood field (b) shows that
almost all of the nonuniformity in the flood field is due to
image-size variation.

experiment, in which the intensity at every point is
proportional to the image size at that point. Com
parison of this image with the flood field in figure
2b shows that the regions where the image size is
abnormally large correspond to "cold" regions on

the flood field. Figure 3a shows an image generated
from the inverse of the image-size data shown in
Figure 2a. In Figure 3a the intensity is inversely
proportional to the image size measured at that
point. Comparison with the flood field in Figure 3b
shows that almost all of the apparent nonuniformity
in flood fields can be attributed to variations of
image size, rather than of count rate across the
crystal face.

CONCLUSION

These results clearly show that the major cause
of field nonuniformity for an Anger camera is spa
tial distortion rather than changes in sensitivity.
Whereas translation of one distortion into the other,
as is done with the usual field-correction tech
niques, may improve visual image quality, this is
done at the risk of degrading quantitative data.
Comparison of region-of-interest counts with other
areas in an image, or with standards imaged at the
same time, should be done on uncorrected images
only. Proper field correction should be done with
position shift corrections (3) rather than efficiency
corrections.

REFERENCES

/. SPECTORSS, BROOKEMANVA, KYLSTRCD, et al: Analysis
and correction of spatial distortion produced by gamma cam
era. J NucÃMed 13: 307-312, 1972

2. PADIKALTN, ASHAREAB, KEREIAKESJG: Field flood uni
formity correction: Benefits or pitfalls? J NucÃMed 17: 653-
656, 1976

3. KNOLL GF, BENNETT MC, STRANGE DR: Real-time correc
tion of radioisotope camera signals for nonuniformity and
nonlinearity. J NucÃMed 19: 746, 1978 (abst)

4. KIRCH DL, SHABASONL, LEFREE MT, et al: Anger camera
nonuniformityâ€”The source and the cure. J NucÃMed 19:
712, 1978 (abst)

5. TODD-POKROPEK AE, ERBSMANN F, AND SOUSSALINE F:

The nonuniformity of imaging devices and its impact in quan
titative studies. In Medical Radionuclide Imaging, vol l, p
67-84, Vienna, IAEA, 1977

254 THE JOURNAL OF NUCLEAR MEDICINE




