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A radiotracer is injected into the
patient we wish to study.

A radiotracer is a chemical compound
designed to target specific cel ls in the
body. A radioactive material is attached
to that compound.

Introduction to SPECT imaging
SPECT (Single Photon Emission Computed Tomography) is a medical imaging modality that is used for medical diagnostic tasks.
SPECT imaging is a non-invasive imaging method.

A modern SPECT imaging procedure consists of the fol lowing steps:

11 22 The radiotracer moves to the organ of interest, and the patient is
now emitting gamma-rays.

These gamma-rays are collected on a detector through a coll imator.

Injection

There are various possibi l ities to design a coll imator. For small-animal
imaging, we often use pinhole collimators, because they enable very
high resolution imaging.

Detector

Coll imators

Each detector
produces a set
of planar (2D)
images.

33 The planar images produced by each detector
are collected, and a tomographic (3D) image is

reconstructed from these planar images, using
various reconstruction methods.
The physician general ly uses this tomographic
image to make a diagnostic.

3D rendering of a mouse bone scan. The acquisition has been done at
the Center for Gamma-Ray Imaging using the FastSPECT I I imaging
system.

Adaptive Imaging
Traditional SPECT systems are designed either to
accommodate a wide range of subjects, and a wide range of
tasks, or to be dedicated to a specific task. They usually have
a fixed geometry, and fixed imaging parameters.

Some systems can be used with different imaging
parameters, but in that case, the acquisition protocol is
decided and fixed before any image of the subject is taken.

These systems are therefore unlikely to be optimized for a
specific task. Which means that their image quality is not
optimal.

An adaptive imaging system on the other hand is flexible
and can change its configuration during the imaging
study in response to the data it is acquiring.

Different adaptation schemes exist: single-step adaptation,
continuous adaptation, learned adaptation. . .

Single-step adaptation:

Continuous adaptation:

Design and Fabrication of AdaptiSPECT
Since there is no Adaptive SPECT imaging system available, we are building our own
system. By doing this, we wish to demonstrate the feasibi l ity of building such a system, and
to demonstrate the advantages of adaptive imaging.

When designing a SPECT system, one faces different tradeoffs:
• Resolution - We desire as much resolution as possible.
However a high resolution is in confl ict with a large field of view.
• Field of View (FOV) - We also desire a large field of view, so that we can image the entire
object at once. The size of the field of view that is required varies with each object.
• Sensitivity - The sensitivity is a measure of how many gamma-rays hit the detectors.
Usually sensitivity confl icts with a high resolution, because in that case, the pinholes are
very small . A high sensitivity is very important for good image quality.

AdaptiSPECT has been designed to be fully and autonomously adaptive.

AdaptiSPECT has 1 6 detectors, mounted on translational stages to vary the
magnification of the system.

AdaptiSPECT has an adaptive aperture with 3 different diameters, and 3
different pinhole sizes to vary the resolution of the system.

Imager Configuration Low-Mag Mid-Mag High-Mag

detector distance (mm) 165.1 317.5 165.1 317.5 165.1 317.5

magnification 1.2 3.2 1.7 4.2 5.3 11.1

resolution (mm) 3.48 1.95 2.40 1.60 0.8 0.7

transaxial FOV (mm) 90 37.5 48 24 20 10.5

AdaptiSPECT is currently under construction at the Center for Gamma-Ray Imaging.

Imaging Properties

The aperture is made of interlocking
tungsten plates and pinhole inserts.

The high-magnification section of the
coll imator was recently finished and tested.

The AdaptiSPECT gantry is being populated
with detectors and electronics.

The plates are machined on a CNC, the pinhole
inserts are 3D printed in tungsten.

Adaptive Features on AdaptiSPECT
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On AdaptiSPECT, the 1 6 detectors are
mounted on individual l inear stages.
These stages enable a precision radial
displacement of the detectors. This
enables us to change the magnification of
the system.
The stages can be monitored by a
computer, and the adaptation can be
automatic. Furthermore, each camera can
be moved independently of the others,
al lowing for a wide range of adaptation.

The coll imator for AdaptiSPECT is probably the
most challenging part we had to design and
manufacture, since it is the central piece for the
adaptation process.
I t is designed as three ring-segments of different
diameters with different pinhole dimensions.
The selection of the appropriate ring-segment after
reconfiguration is done by axial translation of the
entire aperture.
A mount and a translation system for the aperture
have been designed and manufactured.

Low-Magnification

Mid-Magnification

High-Magnification

3 ring-segments

Oblique Pinholes

Motion
Control lers

Shutters for multipinhole

configurations

We have designed a shutter mechanism
actuated by compressed air that enables us to
switch from a single pinhole-per-camera
configuration to a five pinhole-per-camera
configuration. This increases the sensitivity at
the cost of multiplexing.

Single-pinhole configuration Five-pinhole configurationMid-magnification shutter in

the single-pinhole configuration.

The 4 peripheral pinholes are

blocked by tungsten blocks.

The piston is extended and

pushes the ring on which the

tungsten blocks are glued to

open the 4 peripheral pinholes.

The spring is extended and wil l

al low for the ring to come back

into single-pinhole configuration.

Tungsten blocks

Fixed base mount

Rotating ring plate

Miniature air

piston

Spring

The shutter base is machined in aluminum
and hard anodized to reduce friction.
The rotating ring is manufactured in Igus J
polymer and acts as its own bearing.

Controllers and Electronics

The shutter control lers comprise:
1 . a valve to actuate the pistons
2. a custom PCB to actuate the
valves
3. a NI-DAQ system to interface
with the control computer
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The control lers are
mounted under the
stage that drives the
adaptive aperture.

This al lows for the
shutter tubings to be
out of the way of the
operator handling the
animal on the other
side of the system.

AAppeerrttuurree PPoossii ttiioonn iinngg CCoonnttrrooll ll eerr22

The aperture positioning is done
using a position sensitive detector
mounted on the aperture holder.

The position is monitored using
IR LEDs placed along the
aperture stage.

Future Work
All the machining techniques for the aperture, pinholes and shutters have been identified
and validated. The mid-magnification and low-magnification segments of the aperture are
now in production.

We have also produced and validated all the control lers necessary to
drive the adaptive features of the aperture.

AdaptiSPECT has now entered its final integration stage!
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