New Developments of DeskCAT™- A Multi-Slice Optical Scanner for Teaching CT and SPECT Imaging Principles

Design and Technical Specification
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Conclusions
§The principles of radiography, CT, and SPECT
are easier to explain and learn using DeskCAT™.
§DeskCAT™ has been successfully demonstrated
to a variety of students from the secondary
school level to PhD graduate students
§Residents in Medical Physics, Diagnostic
Imaging, and Radiation Oncology will also
benefit.
§More than 50 Universities are using DeskCAT™
across North America and Asia.

bc – Corrected Brightness
b – Raw Brightness in Projection Image

ACT – Attenuation correction factor
– Attenuation values
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Figure 9 Attenuation correction method. From the CT data
the attenuation values are sampled along “spoke” rays
(left). SPECT projection data (right) are used to determine
the maximum brightness pixel and correct the source
intensity in projection image equations 1 and 2 below.

Figure 8 Emission phantom in the dark (left) and the
screenshot showing the SPECT reconstruction of this
phantom.
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Figure 7 Emission phantom (left) and the screenshot
showing the CT reconstruction of this phantom using green
LED on the right.
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Figure 6 Multicolor phantom (left) and the variation of CT
attenuation values µ (cm-1) measured using green light
versus red light for three specimens (green, black, and red)
at increasing concentrations of dye.
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Figure 5 Radiographic views of different color specimens
(left) exposed to a different wavelength of light (top)
presenting the concept Dual Energy imaging.
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Figure 4 Results - Contrast to Noise Ratio (CNR)
versus Noise .
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Figure 3 Contrast “pin” phantom and the screenshot
showing the 2D radiographic view (upper left), central slice
sinogram (lower left), central CT slice (top left) and 3D
display (lower right)
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Introduction

§ This is an inverse cone-beam CT imaging
system that is “reciprocal” in geometry
compared with a clinical x-ray system. A planar
light source is used while the camera aperture
defines the cone’s focal point.
§A light source is constructed with an array of
red or green light-emitting diodes (LEDs) with
corresponding wavelengths of 625nm and
525nm. The selected light source illuminates a
white screen (left in Figure 1) that backscatters
the light toward the specimen (~7 cm diameter).
§A computer controls the: rotation motor,
camera, CT image reconstruction and the
displays.
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§Clinical x or γ ray imaging procedures are
based on physical principles that are sometimes
difficult to explain and understand.
§The basic concepts are taught through
traditional lectures in a classroom or lab setting.
§Access to expensive clinical imaging equipment
for demonstration purposes is often impractical.
§The temporal and geographic “gap” between
theoretical lectures and practical
experimentation can impede the student’s
learning.
§ We have developed a small, safe, inexpensive,
and portable system that can be used to
demonstrate the principles of radiography,
computed tomography (CT), and single photon
emission computed tomography (SPECT) by
using light rays instead of x-rays (Figure 1).
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Lab Topics

§Translucent specimens that absorb light
internally are used to demonstrate image data
acquisition, reconstruction algorithms, 2D/3D
display, and image analysis.
§These phantoms are clear and hence their
surface and internal content are readily
appreciated “by eye”.
§Optical transmission is measured through or
from the samples using the CMOS camera
(Right in Figure1).
§In projection mode (2D), brightness values at
each pixel in the image represent transmitted
light intensity along each of the rays through
the specimen. (White = high transmission)
§ For CT or SPECT modes, these projections
are measured at multiple angles and
normalized to a reference scan. Local
attenuation coefficients or local brightness
values (cm-1) are reconstructed.
Beginner Labs:
Lab 1: Introduction to 3D Medical Imaging
Lab 2: System Linearity
Lab 3: Spatial Resolution and MTF
Intermediate Labs:
Lab 4: ERF, PSF and MTF
Lab 5: Contrast to Noise Ratio (CNR)
Lab 6: CT Image Artifacts
Advanced Labs:
Lab 7: Cone beam versus Fan beam CT
Lab 8: Contrast in Dual Energy CT
Lab 9: SPECT-CT Attenuation Correction
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Optical CT Imaging System

Figure 1 Hardware of DeskCAT™ optical radiography and
scanner system
(Modus Medical Devices Inc., London, Ontario)

Figure 2 Screenshot of DeskCAT™ software showing 2D
projection view (upper left), central sinogram raw data
(lower left), axial slice (upper right), and 3D rendering
(lower right).
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