
The Bead Phantom
Object variability plays a crucial role in the objective evaluation of an imaging system. However, measured variable

backgrounds are difficult to obtain, particularly in the small-animal imaging realm where extensive patient data do not
exist. The bead phantom, shown in Figure 1(a), is capable of producing multiple realizations of a random, textured
background. The phantom consists of a solid plexiglass base upon which a hollow plexiglass cylinder has been
bonded. To generate random backgrounds, the phantom is loaded with non-uniform, ellipsoidal polystyrene beads.
The negative space surrounding the beads is filled with a dilute radioactive solution, and tomographic data are acquired.
The beads are then stirred to create the next realization of the background. Slices through two example bead-phantom
reconstructions are presented in Figure 1(b)-(c).
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Bead Covariance ! Theta = 0 degrees
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Bead Covariance ! Theta = 4 degrees
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Bead Covariance ! Theta = 8 degrees
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Bead Covariance ! Theta = 12 degrees
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Bead Covariance ! Theta = 16 degrees

20 40 60 80 100 120 140 160 180 200

20

40

60

80

100

120

140

160

180

200

(e)
r
1
 (pixels, 70 microns per pixel)

r 2
 (

p
ix

e
ls

, 
7

0
 m

ic
ro

n
s
 p

e
r 

p
ix

e
l)

Bead Covariance ! Theta = 20 degrees
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Figure 5.7: Covariance was measured as a function of two radial distances, r1&r2,
and the angle between those distances θ. The 2D bead phantom covariance is shown
here for r1 vs. r2 as a function of θ for (a) θ = 0◦, (b) θ = 4◦, (c) θ = 8◦, (d) θ = 12◦,
(e) θ = 16◦, and (f) θ = 20◦.
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Figure 1: (a) The bead phantom. (b)-(c) Slices from bead-phantom reconstructions. (d) Example CT slice from the
bead phantom. CT data were used to calculate bead-phantom covariance matrices. (e) Bead-phantom covariance as a
function of radial distance and angle for θ = 0◦,4◦, and 8◦.

The bead phantom has been successfully employed in a signal-detection study examining observer performance as
a function of exposure time in a variety of background types [1]. We also desired methods for analytically computing
bead phantom covariance expressions similar to those methods previously developed for the lumpy background. We
were able to use measured CT data (acquired on the dual-modality system) and take advantage of the radial symmetry
of the bead phantom to successfully evaluate the covariance between any two points as a function of radial distance
and angle as illustrated in Figure 1(d) [2]. Covariance matrix values as a function of r1 and r2 are displayed for
θ = 0◦,4◦, and 8◦ in Figure 1(e).
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