DeskCATTM: a multi-slice optical scanner
for teaching CT and SPECT imaging physics
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Computed tomography (CT) is a 3-dimensional (3D) imaging technique used routinely in diagnostic medicine and treatment planning. Laboratory exercises are important for experiential learning, but they are difficult to implement on clinical equipment. In addition to potential radiation hazards, modifications to clinical hardware or software are risky. An analogous optical CT scanner offers advantages for instructional purposes because of safety and portability. Translucent test objects are relatively easy to fabricate and the visibility of light allows students to observe the image-formation rays directly. We describe a commercial optical cone-beam scanner (DeskCATTM) that models both x-ray computed tomography and single-photon emission computed tomography (SPECT). This educational tool is used in over 50 universities and colleges around the world. 
Introduction
[image: ]Computed tomography (CT) offers a good starting point for learning any form of 3D imaging, because it is an intuitive extension of 2D radiography [1]. Synchronized lectures and laboratory sessions have been used for over a century in teaching basic physics. However, in CT education, implementation of laboratory exercises is “easier said than done”. Access to hospital scanners is generally unpredictable, interruptible, or simply prohibited because of liability issues. Furthermore, clinical equipment uses ionizing radiation and is a “black box” with limits to manipulating the hardware or software for educational demonstrations. Using a model of clinical scanners is therefore worthwhile to complement lectures[2], computer simulation[3] and web-based learning[4]. In this article, we describe an optical CT system dedicated to educational purposes[5]. The scanner is used with a set of progressive laboratory exercises with lab specific test objects (phantoms) for individual self-paced learning or group activity in a classroom or laboratory. Originally developed for senior undergraduate university students, these lab modules have also been tested with students from secondary school level to residents in medical imaging.
optical ct scanner design
The scanner is shown in Figure 1.  It uses an inverse cone beam imaging geometry, with a digital camera and planar diffuse light source for modeling x-ray CT scans. A diffusing white screen reflects light from a rectangular array of light-emitting diodes (LEDs). To study spectral effects, red (λ = 625 nm) and green (λ = 525 nm) LEDs are switchable. The measured attenuation coefficients are normalized through a pre-scan of a blank phantom containing a reference material. This is similar to optical spectroscopy using a pair of cuvettes containing test and reference liquids. Also it is analogous to CT numbers relative to water (Hounsfield units). The image pixel values reported are the local differences in linear attenuation coefficients (Δµ, cm-1) relative to the reference. For emission computed tomography (SPECT) imaging, the light panel is switched off and an ultraviolet LED illuminates a small fluorescent rod which emits green light to mimic radioactivity. Fig 1, Optical CT scanner hardware.

I. SOFTWARE
[image: ]The scanner is controlled through DeskCATTM software that runs on a standard Windows computer. No specialized hardware is required. The scanner with a laptop computer can be placed on a cart for ease of portability and laboratory/classroom instruction with video projection. Figure 2 shows a silicone “mouse” phantom and the main software interface with four views.Fig. 2, Software interface showing a radiograph of the mouse phantom (upper left), sinogram (bottom left), reconstructed transverse slice (upper right) and 3D rendering of the mouse lower right).

[image: \\lhdat12\vol4\users\KACIL\Windows\Desktop\RED green.png]Pull-down menus allow for user control of data acquisition parameters (e.g. number and angular spacing of projections, pixel size), image reconstruction filters, artifact simulation (e.g. defective or noisy detectors), and 3D display mode (e.g. maximum intensity projection). 
[bookmark: _Hlk518029226]The full list of laboratory exercises is shown in Table 1. The labs are presented in order of progressive learning. Early labs focus on basic measures of image quality followed by more challenging concepts common in advanced CT scanners. Data sets can be exported for off-line analysis (Excel or MATLAB) and inclusion in student lab reports.
Fig. 3 Line profiles through multi-coloured phantom (top) and corresponding image (bottom).


Table 1. Lab modules

	Number
	Description

	0
1
	CAT Scanning of a Mouse 
3D localization

	2
	System Linearity

	3
	Spatial Resolution

	4
	Modulation Transfer Function (MTF)

	5
	Contrast to Noise Ratio

	6
	Detector Artifacts

	7
	Fan-Beam Imaging

	8
	Dual Energy CT

	9
	SPECT-CT Imaging


sample Lab Results
Dual-Energy CT (Lab 8) - In this lab, CT scans are performed of a multi-colored phantom using either the red or green LED light. The change in wavelength inverts the contrast of each colored specimen. The projection sets are acquired sequentially at red or green wavelengths and they are then combined using off-line software to form a simulated dual wavelength projection data set. Image profiles show the contrast differences with red, green, or combined wavelengths. See Figure 3.

[image: New pahanotm 1.png][image: C:\Users\battistj\Dropbox\DeskCAT\JACMP\FiguresTables\IMG_8340_rot.jpg]SPECT-CT Imaging (Lab 9) - In this lab, emitted radioactivity is simulated with visible light emitted by a phosphorescent rod embedded in a phantom. The rod is illuminated by an ultraviolet (UV) LED located in the cap of the phantom. Two small gray absorbers are also embedded in the phantom to provide surrounding attenuation. Emission images of the phantom are acquired with the normal scanning lights switched off. Subsequently, the phantom is rescanned with the UV LED off and the green LEDs on. Students derive attenuation corrections at the wavelength that matches the phosphorescent emissions. Typical results are shown in Figure 4.
conclusions 
[bookmark: _Hlk518033729]Experiential learning through lab exercises is generally lacking in current pedagogy for 3D medical imaging and needs to be re-instated for enhanced and efficient learning. We highlighted the use of an optical CT scanner in lieu of X-ray devices for safe and flexible learning in a lab or classroom setting. Optical methods also offer the possibility of exploring new clinical imaging techniques to improve image quality and reduce imaging radiation dose for diagnostic or image-guided procedures. 
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