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~ ABSTRACT

This simulation study examined the effect of data acquisition error including the data type of TEM image, and incident
beam intensity of the tilt series'on 3D tomograms. Simulation was performed with the 3D head phantom model of Kak
and Slaney, and the slightly modified 3D head phantom model with enhanced difference in absorption coefficients.
Reconstructed tomogram for the original head phantom model using 8-bit gray-scale image was distorted with extremely
high level of noise, while an acceptable result was obtained for the modified model. The results for the original model
using wrong formulation for the transmitted beam intensity was proved to be incorrect. The high level of noise along the
z direction was found in case of the modified model. On the other hand. the wrong value of incident beam intensity in
both models gave distorted results. In order to reconstruct an artifacts-free 3D structure from the projections with

invisible features in electron tomography, the 16-bit projection images should be used with the correct incident beam
intensity which is applied to Beer’s law.
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Fig. 1. The schematic diagram describing Beer’s law. The intensity
of transmitted beam (/,,) after passing through an object with thickness
It and absorption coefficient u 1s related with incoming intensity (/,).
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Table 1. Specification of the two 3D head phantoms*

Coordinates of

C i . Absorption Absorption
Ellipsoid the center Axis length Rotation angle differelplce 1 differeglce 2
(a) 0,0, 0) (0.69, 0.92. 0.9) 0.0 2.0 1.0
(b) (0.0.0) (0. 6624, 0.874, 0.88) 0.0 —0.98 ~0.50
(¢) (—0.22, 0.0, —0.25) (0.41.0.16.0.21) 3n/5 —0.02 —0.25
(d) (0.22, 0.0, —0.25) (0.31,0.11, 0.22) 2n/5 —~0.02 —-0.25
(e) (0.0, 0.35, —0.25) (0.21, 0.25, 0.50) 0 0.02 0.25
(1) (0,0.1,—-0.25) (0.046, 0.046, 0.046) 0 0.02 0.25
(g) (—0.08, —0.65, —0.25) (0.046, 0.023.0.02) 0 0.01 0.15
(h) (0.06, —0.65. —0.25) (0.046, 0.023, 0.02) n/2 0.01 0.15
(i) (0.06, —0.105. 0.625) (0.056, 0.04, 0.1) n/2 0.02 0.25
(j) (0,0.1,0.625) (0.056, 0.056, 0.1) 0 —~0.02 —0.25

* Absorption difference 1 in Kak & Roberts (1988), absorption difference 2 in the modified model

Fig. 2. A 3D rendering of the 3D version of Shepp and Logan head
phantom.
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Fig. 3. (a) x-y plane cross section at z=—0.25, and (b) x-z plane cross section at y=0.125 of the 3D version of Shepp and Logan head phantom.
The absorption coefficients of the ellipsoids in x-y cross section in (a) is illustrated in (c) for the original 3D Shepp and Logan head phantom and
(d) for the modified one.
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Fig. 4. Simulated tilt series for (a) the 3D head phantom model of Kak & Slaney (1988) and (b) the modified 3D head phantom model.
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Fig. 5. Cross sections of the reconstructed tomogram of (a) the model of Kak & Slaney (1988) and (b) the modified model in case of using exact

values for transmitted beam.
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Fig. 6. Cross sections of the reconstructed tomogram of the model of Kak & Slaney (1988) using (a) the 16-bit images, and (b) the 8-bit images

for transmitted beam.
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Fig. 7. Cross sections of the reconstructed tomogram of the modified model in case of using (a) the 16-bit images, and (b) the 8-bit images for
the transmitted beam. Different ellipsoids with a big difference of absorption coefficeints are recognized in both the 16-bit and the 8-bit data.
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Fig. 8. Cross sections of the reconstructed tomogram of (a) the model of Kak & Slaney (1988) and (b) the modified model in case of not using,

ln(l ) but [, for the equation (3) in text. Different ellipsoids with a big difference of absorption coefficients are recognized, but severe

0O

noise is shown along the z-axis in x-z section.
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Fig. 9. Cross sections of the reconstructed tomogram of (a) the model of Kak & Slaney (1988) and (b) the modified model in case of using
wrong I, in equation (3). Different ellipsoids are distinguished, but lots of noise is also shown in all sections.
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