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Moire interference effects have been noted in gamma camera images for some time. Recent 
work has shown that the effects are stilt prevalent with the current generation of cameras, 
though apparently dependent upon collimator design. All previous work has been related to 
bar phantom images only. This paper also demonstrates a variety of moire effects using the 
Anger "pie" phantom. Some of the principles underlying moire interference as they apply to 
gamma cameras are given and possible uses of the effects are discussed, as well as the 
limitations they impose upon the use of certain test objects in routine quality assurance 
testing. 
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M oire interference in gamma camera images was 
first recognized and reported in 1971 (7), with further 
observations on the effects in 1972 and 1979 (2,3). At 
first it was thought that the moire effect was at its most 
prominent in systems of poor spatial resolution, and 
with the larger holes and thicker septa of medium 
energy collimators. Other work at this time (4,5), how­
ever, suggested that the moire effect should be visible 
using low-energy collimators as the intrinsic spatial 
resolution of gamma cameras improved. 

This has recently been confirmed (6), with the further 
observation that the effect is dependent upon the design 
of the collimators being used. Currently moire fringes 
are only seen with "hole-array" collimators, that is, ones 
constructed as a hexagonal close-packed array of holes 
in a solid lead block. No fringes have as yet been 
observed with the other routinely used type of colli­
mator, constructed using folded "zig-zag" ribbons of 
lead separated by lead strips. The reasons for this have 
been discussed elsewhere (6). 

Previously published work has dealt exclusively with 
effects arising from the use of bar phantoms in quality 
assurance images. This paper, as well as demonstrating 
the different types of moire interference present in bar 
phantom images, will also show how such effects can 
be seen in Anger "pie" phantom images. It will give 
some of the theoretical background to the effects, dis­
cuss the way they may best be utilized and the 
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limitations they impose upon the use of certain test 
objects. 

The Nature of Moire Interference (7,5) 
Moire interference arises when one family of curves 

is superimposed upon another. The loci of the points 
of intersection of the two families of curves form a new 
family of curves known as the moire pattern. 

Any regular curvilinear pattern may be used for the 
two interacting curve families, usually known as grat­
ings. Unlike most interference effects, that only occur 
over distances of the same order of magnitude as the 
wavelength of the radiation, moire effects can be ob­
served using relatively coarse gratings at centimeter 
level and above. 

In practice, many different types of grating are used 
ranging from radial and circular gratings to arrays of 
lines usually orthogonal but infrequently hexagonal. 
The most common type of grating, however, is un­
doubtedly the line grating, ideally composed of parallel 
equispaced opaque bars of constant width separated by 
transparent slits of equal width. The distance between 
the edge of a bar or slit and the corresponding edge of 
the next bar or slit in such a grating is usually known 
as the pitch of the grating. 

Two types of moire interference are commonly ob­
served. The first and most common is where two grat­
ings of equal pitch are angularly displaced, when the 
gratings will be traversed by a number of equidistant 
fringes, the pitch of which decreases as the angle of 
relative displacement increases. The fringes make an 
angle which bisects the perpendiculars from the two 
interfering gratings. 
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The second type of moire interference occurs when 
two gratings of slightly different pitch are aligned par­
allel to each other. In this case fringes occur in a 
direction parallel to the gratings, the pitch of the fringes 
increasing as the difference in pitch of the two gratings 
decreases. 

Although in both of the above examples the pitches 
of the two gratings are approximately equal, both kinds 
of moire effect also occur if the pitches of the gratings 
are to a close approximation in the ratio of two small 
integers, i.e., 2:1, 3:2. 

The mathematic analysis of moire interference has 
been extensive, and formulae have been developed for 
most of the commonly used gratings to give the inter-
fringe spacing and fringe angle over all possible 
circumstances. 

For two line gratings of pitch p and p(l + X), where 
A is a small quantity, that are displaced by an angle 0, 
the interfringe spacing f is given by: 

f = p(l + A)-(A2 cos2 6/2 + (2 + A)2 sin2 6/2)'l/2 

and the fringe angle <p is given by: 

sin 0 = sin 0-(A2 cos2 0/2 + (2 + A)2 (sin2 0/2))"1/2. 

If the two gratings are identical, then A = 0, and the 
equations may be simplified to: 

f = p/(2sin 6/2) and sin $ = cos 6/2. 

From these equations it can be seen that small changes 
in the angle 6 can result in larger changes in the inter­
fringe spacing, and that the fringe angle does indeed 
bisect the supplementary angle of angle 6. 

For two parallel nonidentical gratings, the angle 6 = 
0 and the equations reduce to: 

f = p(l + A)/A and sin tf> = 0, 

and hence such fringe systems will be parallel to the 
direction of the gratings. 

The Effect of Moire Interference 
Moire interference can readily be observed in both 

bar and Anger phantom images using high sensitivity 
and general purpose collimators of the hole-array type. 

Bar phantom. The bar phantom used in the images 
here was a transmission-type consisting of six sets of 
parallel lead bars with unit bar width/space ratios, set 
in perspex. The sizes of the bars were 5.0, 4.0, 3.5, 3.0, 
2.5, and 2.0 mm. 

Figure 1 shows an image of the phantom with tech-
netium-99m (99mTc) containing 106 counts using the 
high sensitivity collimator, with the bars angled at ~45° 
to the principal axis of the collimator, which in this and 
all subsequent images runs vertically down the image. 
The first two segments show real bar images, the third 
has a mixture of real bar and moire interference, and 
the last three segments show clear moire fringes only. 

Bar phantom image with high sensitivity collimator, bars 
45° angle to axis of collimator. Segments of decreasing 
size labeled 1 -6 

This interference, of the first type, shows how the fringe 
angle increases as the sizes of the bars decrease. 

Moire interference of the second type can be seen 
clearly in Fig. 2, this time using a high sensitivity 
converging collimator, again with 106 counts. Here the 

FIGURE 2 
Bar phantom image with high sensitivity collimator; bars 
parallel to axis of collimator 
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bars are closely aligned with the axis of the collimator 
and hence the fringe systems will lie in the same direc­
tion. The first and possibly second segments from the 
right are real bar images, but subsequently moire effects 
take over, with sharp fringes of increasing size as the 
bars become narrower. 

Anger phantom. Two different types of moire inter­
ference can be seen in the Anger phantom images below 
(Figs. 3-5). All the images were made with a cobalt-57 
flood source, 106 counts, and a standard design phan­
tom with six sets of holes from 4.0 mm down to 1.5 
mm in 0.5 mm steps. The hole spacing is four times 
the hole diameter in each segment. 

The first image, Fig. 3, taken using the high sensitivity 
converging collimator, shows segments one to three 
with the correct hole pattern. Segment four apparently 
shows some holes correctly, but with an overlaid moire 
interference pattern of larger hexagons. Segment five 
shows generalized destructive interference, but the sixth 
segment has lines of holes of incorrect size and align­
ment, recognized because the holes no longer run par­
allel to the edges of the segment and are larger than 
would be expected. This is a moire effect analogous to 
the first type seen in the bar phantom images. 

The next image. Fig. 4, again with the high sensitivity 
converging collimator, has the phantom rotated to a 
new position. In this position, -78° from the position 
of Fig. 3, only the first two segments are free of moire 
interference effects. Segment three has holes again ov­
erlaid with the larger hexagonal fringes. The fourth 
segment shows severe distortion over its entirety, and 
segments five and six are composed of incorrectly sized 

FIGURE 3 
Anger phantom image with converging collimator 

FIGURE 4 
Anger phantom image with converging collimator, rotated 
-78° clockwise with respect to Fig. 3 

and aligned holes, increasing in size as the holes in the 
phantom decrease. These are again interference effects 
of the first type. In fact, the fifth segment has a faint 
overlaid hexagonal fringe pattern of the same size but 
different orientation as that in the third segment. 

Figure 5 shows the phantom used with a general 
purpose collimator. The finer holes permit four seg-

FIGURE 5 
Anger phantom image with general purpose collimator 
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ments to be resolved, though with a faint hexagonal 
fringe in the fourth segment. The fifth segment is com­
posed entirely of small hexagonal fringes, with the sixth 
segment unresolved. 

DISCUSSION 

The preceding images show the extent to which moire 
interference effects disrupt both bar and Anger phan­
tom images. These effects are most evident in images 
using the different types of high sensitivity collimator, 
though are still visible with general purpose collimators. 

In bar phantom images line fringe effects result from 
interference between the lead bars and the "lines" of 
lead forming the septa. In the Anger phantom hexago­
nal fringe effects are seen from interference between the 
two hexagonal close-packed arrays of holes in the phan­
tom and collimator. A secondary, more subtle, interfer­
ence effect also occurs between the lines of holes in 
both phantom and collimator, thus producing a fringe 
also composed of lines of holes, the size and alignment 
of which are dependent upon their relative orientations. 

It can be seen that the moire effects range from the 
subtle to the very obvious, depending upon the colli­
mator being used and the relative orientation of the 
phantom. Some of the effects may be misleading unless 
there is a thorough understanding of the conditions 
under which the images were taken, together with care 
in their analysis. This must in turn place some limita­
tions upon the use of test objects composed of regular 
patterns in standard quality assurance programs. 

Although the overall effect of moire interference in 
these images is disruptive, there are nevertheless some 
ways in which it may be used in the fields of both 
quality assurance and performance testing. Three 
examples are given below. 

1. The continuing visibility of moire fringes and 
assessment of their sharpness may provide an indirect 
check on the constancy of the intrinsic spatial resolution 
of the camera, and would be particularly effective using 
the 'type T fringes arising from a bar phantom aligned 
parallel to the collimator axis. This is based on the fact 
that small reductions in gamma camera performance 
which may not be observable from direct qualitative 
assessment of the spatial resolution should produce 
greater changes in the moire fringe pattern, thus making 
it a more sensitive indicator. 

2. The segment(s) at which moire effects are first 
noticeable will provide an approximate measure of the 
size of the hole-array in what may be a closed collimator 
system. This could be used to determine the effective 
resolution limit of the collimator for any imaging ap­
plication, a figure which may not be obtainable from a 
single phantom image. 

3. Perhaps the most useful aspect of moire interfer­
ence effects however would be to provide an initial and 
continuing check on the physical integrity and quality 
of collimators. A parallel-line-equal-spacing (PLES) 
phantom or similar test object would be the method 
best suited to the qualitative and possibly quantitative 
analysis of the fringe pattern. It would have a bar size 
sufficiently small to allow easy visibility of interference 
fringes. If the phantom is of good quality and the 
collimator free of defect, the fringe pattern will be even 
and uniform over the entire field of view. Any damage 
or defect in the collimator will then produce distortions 
in the fringe pattern around the area of the defect. A 
minor example of this can be seen in Fig. 3, where the 
fringe pattern at the left hand edge of the fifth segment 
shows slight distortion centrally. This type of applica­
tion in fact accounts for the major usage of moire fringes 
industrially (8), and should reveal both superficial and 
internal defects resulting from manufacture or usage. 

In addition, moire effects have been used in the past 
(9) to provide a bar phantom of continuously variable 
size, by interfering two parallel line grid sources. 

Moire interference is clearly seen using low-energy 
collimators of the hole-array type with the present 
generation of gamma cameras. Any further improve­
ments in their intrinsic spatial resolution would be 
expected to result in an increase in the visibility of 
fringe systems, and may also see the beginning of inter­
ference effects in cameras with "folded-ribbon" type 
collimators. 
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