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Fig. 1: The picture of the CU motion 
phantom assembly with adaptor plates and 
accessories
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COLUMBIA UNIVERSITY (CU) MOTION PHANTOM ASSEMBLY

1 Images were obtained with Cardiac CT procedure and compared against 
the stationary, gated and non-gated protocol, all protocols utilizing a 
constant rotation of 90 rpm.

2 Images were obtained with Cardiac CT procedure and compared against 
the stationary, gated and non-gated protocol, all protocols utilizing 
reciprocating strokes of 90 spm (Fig. 3).

Fig. 4: GE LightSpeed VCT heart 
rate monitor and heart rate simulator

Fig. 3: The picture of the CU motion 
phantom assembly to assess image 
quality during Cardiac gated procedures
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1.   Images were obtained using the Cardiac CT 
procedure and compared against the gated and 
non-gated protocols, both protocols utilizing 
constant rotation of 90 rpm. We did not notice any 
significant improvement of high contrast resolution 
during gated and non-gated applications. At lower 
rpms (Fig. 5). we observed less motion artifacts 
than at 90 rpm (Fig. 6).

Fig. 5:   at 30 rpm 
(non-gated) less motion 
artifacts than at 90 rpm

Fig. 6:   at 90 rpm 
(non-gated)

2.   Images obtained using the  Cardiac CT procedure were compared against the 
stationary, non-gated and gated protocols,  with all protocols utilizing reciprocating 
stroke of 90 spm

Fig. 7: Stationary - High 
Contrast Resolution

Fig. 8: Stationary - CT# Accuracy Fig. 9: Stationary – Low 
Contrast Resolution

Fig. 10: Stationary - Uniformity

Fig. 11: Non-gated - High 
Contrast Resolution

Fig. 12: Non-gated - CT# 
Accuracy

Fig. 13: Non-gated – Low 
Contrast Resolution

Fig. 14: Non-gated - Uniformity

Fig. 15: Gated - High Contrast 
Resolution

Fig. 16: Gated - CT# Accuracy Fig. 17: Gated – Low Contrast 
Resolution

Fig. 18: Gated - Uniformity
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CT # Accuracy

In recent years, numerous innovations of CT technologies have been 
witnessed, providing multi-slices, faster tube-rotation times, greater heat 
capacity and so on.  Additional image processing tools provide volume-
rendering, surface-rendering and physiologic imaging analysis for new 
applications. As a result of these innovations, the scope of clinical CT usage 
has been significantly expanded.   CT coronary angiography (CTA)
applications of volume CT are increasingly used for adult and pediatric 
patient care. Unfortunately, tools to provide for Cardiac Image assessment 
are not commonly available for medical physicists.  Without a proper test 
phantom, the medical physicist is not able to assess the image quality during 
the cardiac gating procedures. Is gating helpful to the procedure being 
conducted ? What are the benefits of gating versus using a higher dose of 
radiation to improve image quality? Can physicians or CT technologists 
utilize the gated protocols to provide better diagnostic images without 
sacrificing radiation safety of patients?  The use of a phantom would mean 
that the patient would not have to be exposed to even more radiation than 
that normally used in a procedure as the protocols can be tested on the 
phantom first.

The basic image quality assessment factors are image uniformity and noise, 
high contrast resolution, low contrast resolution, CT number accuracy, slice 
width and distance accuracy. A motion phantom would provide all the 
necessary parameters for study.  We set out to manufacture a motion 
phantom using the ACR Accreditation Phantom[1] which we deemed to be the 
best for demonstrating all these factors. Coupled with a mechanical device 
specially designed to simulate the heart motion and a speed controller to 
provide different motion rates thereby simulating different heart rates, we set 
out to test this motion phantom using the Cardiac gating protocols. 

The Columbia University (CU) motion phantom assembly consists of the 
following components (Fig. 1 & Fig. 2):

ACR Accreditation Phantom[3]

The ACR CT Accreditation Phantom (ACAP) is a solid water-equivalent 
phantom containing four modules: module 1 for alignment, CT number 
accuracy and slice width; module 2 for low contrast resolution; module 3 for 
uniformity & noise; module 4 for high contrast resolution.

Phantom Adaptor Plates
Adaptor plates which provide an identical center line (within m) were used to 
house the ACAP for the testing. The adaptor plates are also capable of 
housing the following phantoms: an AAPM CT Performance Phantom (water 
phantom), an ACR Accreditation Phantom, a Catphan 500 CT Phantom and a 
CIRS Spiral/Helical CT Phantom. The adaptor plates also lift the test phantom 
to the center of the 32 cm diameter circular plates to provide sufficient air gaps 
between the rollers and test phantom to eliminate any potential artifacts. 

Mechanical Drive Device
A high speed DC motor capable of going forward and in reverse was used with 
a precision gear head capable of rotating from 0 to 120 rpm and a reciprocating 
mechanism capable of driving from 0 to 90 strokes per minute (spm). 

Phantom Support
The phantom support is made of 1” x 18”x 24” Lucite blocks. An opening on the 
bottom support plate is for the elimination of any added attenuations. 2”
diameter polyethylene rollers generate less streak artifacts and are used 
because of its properties. Glass bearings and nylon inserts are used for the 
phantom weight support to reduce friction when the ACAP is in motion.

Speed Controller and Display
The motor speed is controlled by a solid state motor controller with a built in 
rpm sensor. Motor rpm is displayed on a LED indicator. The phantom rpm is 
measured with a hand held digital laser tachometer.  The reciprocating driver is 
part of a L-F super speed bucky which was modified to include a speed 
controller. Linkage is added to translate horizontal force to angular inertia. 
Number of strokes are measured with a pedometer. 

The Columbia University (CU) motion phantom apparatus was constructed to 
evaluate the cardiac gated capability of CT scanners from any manufacturer.   
The following method was used for the testing:

The CU motion phantom assembly was placed into the GE LightSpeed VCT[2]

gantry and aligned with the laser alignment beam at module 1 of the ACAP  
alignment marks. A preliminary scan was done to ensure that all 4 steel BBs
were visible on the image. The constant speed motor was switched on and the 
rotational speed set at 90 rpm with a hand held digital laser tachometer. The 
heart rate simulator was set to 90 beats per minute (bpm). Module1, 2, 3, and 
4 of the ACAP was scanned using the cardiac gating protocol but with the 
gating function disabled. The cardiac protocol was then repeated with the 
gating function enabled and scans of module 1, 2, 3 and 4 of the ACAP was 
repeated. All images were analyzed and labeled.

The constant speed motor assembly was removed and replaced with a 
reciprocating drive device. The linkage and shaft was installed onto the 
phantom assembly. The ACAP was realigned with the CT laser alignment 
beam at module 1 and checked for misalignment. The heart rate simulator 
(Fig. 4) was set to 90 bpm. The reciprocating device was switched on and 
adjusted to 90 spm. Module1, 2, 3, and 4 of the ACAP was again scanned 
using the cardiac gating protocol with the gating function first disabled and 
then rescanned with the gating function enabled.  All images were analyzed 
and labeled. 

A Motion Phantom System For Image Quality Assessment 
of a 64 Slice Volume CT Scanner

Because of motion, static testing of CT scanners is not adequate for CT units that are used 
for CTA applications.  No useful phantom is currently available which mimics heart motion i.e. 
one that has a high repetition rate of 50-100 bps with a rocking twisting motion.   This motion 
phantom attempts to provide simulation suitable for testing CTA utilizing a common phantom, 
the ACAP, which has noise and uniformity, low contrast resolution, high contrast spatial 
resolutions and CT# accuracy.  As seen on the images above, motion can significantly blur 
objects, and degrade contrast and spatial resolutions.  Cardiac CT using the gated protocols 
restores the image quality by reducing some of the blur and degradation that would have 
been observed.  For cardiac CTA, there are various scan modes with radiation doses and it 
is necessary to evaluate the dose and image quality which this motion phantom will allow.  
As seen by the images, cardiac motion at 90 bps can reduce static resolution from 8 LP/mm 
(Fig. 7) to 0 LP/mm (Fig. 11).  Similarly, low contrast resolution, noise, uniformity and CT # 
accuracy  are poor which is due to the ultra thin slice of 0.625 mm and the degradation of 
motion (Fig. 9, 13, 17). The point targets in Module 3 produced motion artifacts that traced 
the movement of the phantom during x-ray exposure (Fig. 14).

The  effectiveness of  the gating technique to minimize motion artifacts was evaluated. Our 
results show that gating restores the spatial resolution from 0 LP/mm (Fig. 11) to 10 LP/mm 
(Fig. 15) and CT # accuracy to less than 5% difference from the static measurements. 

In conclusion, this poster demonstrates one type of motion phantom that can be made to 
assess motion effects in both cardiac and other dynamic studies using a quantitative method 
rather than a subjective opinion based upon clinical images.


