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Introduction 
 As more Radiation Oncology centers move to providing more CT-based Image Guided 
Radiation Therapy (IGRT), new and more rigorous quality assurance tools and techniques must be 
developed and incorporated to ensure safe and effective clinical use of this important treatment 
modality.  Because of the reliance of this technology on the coincidence of kV and MV isocenter, 
image quality, laser and MV isocenter alignment, and registration software, a comprehensive QA 
program should incorporate daily checks of each  these components.  
 This white paper describes the use of a QA tool developed by Standard Imaging Inc. to 
address the challenges of providing routine and efficient QA for the components involved in CT-
based IGRT. The QA device described here is the Multiple Imaging Modality Isocentricity (MIMI) 
Phantom. This paper specifically addresses the use of this device with the Elekta Synergy Linear 
Accelerator’s X-ray Volumetric Imaging (XVI) System. This paper is intended to provide a 
prescriptive step-by-step guide to daily quality assurance tests using the MIMI Phantom with the XVI 
System. 
 
 The MIMI Phantom 
 The MIMI Phantom has been developed by Standard Imaging, Inc. specifically to provide a 
simple tool to quickly perform daily QA tests to help ensure safe and accurate implementation of 
IGRT. This device is ideally suited for doing routine Cone Beam CT (CBCT) enabled linear 
accelerators. The phantom is shown in Figure1. 
 

 
Figure 1 Standard Imaging's MIMI Phantom. 

 
 The MIMI Phantom is a 14 cm cube composed of acetal copolymer. The phantom includes 5 
bone-equivalent rods that cross the entire phantom at different angles to aid in visualization during 
imaging tests. In addition, the phantom contains six 1mm stainless steel BB’s on each face of the 
phantom. These BB’s allow alignment of the phantom both with the room lasers and on radiographic 



images. In addition to the BB’s, there are visible alignment marks on the phantom to ensure that the 
phantom is placed squarely on the treatment table and the laser rotation is minimal.  
 
NOTE: 

The BB’s and visible alignment marks on the MIMI phantom serve to define two 
isocenters in the phantom. There is the true isocenter, which is defined as the 
geometrical center of the device and the offset isocenter. This offset isocenter is 
located at a point 10mm inferior, 12mm lateral, and 14mm posterior to the true 
isocenter. The stated precision of these dimensions is .13mm. The true isocenter is 
found using the central BB on each face and the major visible indicators along the 
edges of the phantom. The offset isocenter is designated by a single BB on the face 
and a set of two smaller visible markers next to the BB. 

 
In addition to the BB’s and the visual markers, the MIMI phantom has letter markings to ensure 
proper orientation of the phantom on the table. On the anterior surface of the phantom, there are 
letters to designate the Head, Foot, Right, and Left orientation of the phantom. On the lateral sides of 
the phantom there are letters to indicate the Anterior and Posterior sides of the device.  
 
Finally, the MIMI phantom includes 5 bone-equivalent PVC rods that pass completely through the 
phantom. These rods aid in verifying the alignment of the phantom on radiographic images. In 
addition, as described later in this report, the rods can be used to evaluate automatic registration 
algorithms.  
 
Obtaining a Reference Scan of the MIMI Phantom 
 Prior to using the MIMI phantom for daily QA, a reference image set must be made. It is 
preferable to obtain this image set with a CT scanner that is capable of diagnostic image quality. If 
possible, the same CT used to generate treatment planning CTs should be used. 
 Prior to scanning, place the phantom flat on the table in the same orientation that it will be 
used in the treatment room. Next, align the lasers to the true isocenter and scan the device. The scan 
should be such that it encompasses the entire phantom with a slice thickness small enough to allow 
the visualization of the BBs.  
 Next, transfer this image set to the treatment planning system. Import the images and create 
a new plan for the phantom. Contour the phantom outline as you would a patient’s body and create a 
beam with its isocenter located at the phantom’s true isocenter (as defined by the BB’s on the 
radiographic image), see Figure 2. 
 

 
Figure 2 Transverse view of the MIMI phantom showing the plan isocenter at the phantom's true 

isocenter. 
 



 After the isocenter has been established, save the plan and export the CT images, plan, and 
structure set to the XVI computer. At the XVI workstation, import the phantom data as a new patient. 
At this point, you can set the clip box such that it completely surrounds the phantom in all 
dimensions, as shown in Figure 3.  Finally, accept the reference image. 
 

 
Figure 3 Reference image setup in the XVI software. 

 
 
 
XVI Registration Algorithm QA with the MIMI Phantom 
 
 Once the reference image set is accepted for use in the XVI software, the device is ready to 
use. For daily clinical QA, place the MIMI phantom on the treatment couch and align the phantom 
with the room lasers centered on the offset isocenter, as shown in figure 4. Next, extend the XVI kV 
source and detector placing the desired collimator (e.g. the M20) in the source and adjusting the 
imager panel to the correct position.  
 



 
Figure 4, Photograph showing the MIMI phantom setup to the offset isocenter prior to imaging 

 
 Using an appropriate preset, acquire a volumetric image set with the XVI. Once the 
acquisition is complete, accept the reconstruction. The registration window will open automatically. 
The screen should be similar to that shown in Figure 5. 
 

 
Figure 5 XVI registration window prior to registration tests 



The design of the MIMI phantom makes it ideally suited for performing quality assurance 
tests on the automatic registration algorithms. The presence of the hollow bone-equivalent tubes 
provides an excellent density variation to allow testing of the “Bone” match algorithm. The 3-
dimensional variation of the tubes in the phantom requires the algorithm to match the structures in 
all three dimesions. Any post-shift error will be readily visible and easily identifiable. To test the 
algorithm, select “Bone” from the alignment drop-down menu and then click “automatic”. The 
alignment should be nearly instantaneous. After it is complete, verify that there are no large 
rotational shifts present, since the offset is purely translational. If not using a 6-dimensional couch, 
click the “Convert To Correction” button to create the actual table shift that would be applied. The 
screen should appear as the shown in Figure 6. Verify that the calculated shifts fall within your 
center’s tolerances, which should include uncertainty in laser alignment, uncertainty in offset 
isocenter location, and the manufacturers uncertainty in registration. 1 to 2mm is typically an 
acceptable range. 

 

 
Figure 6 Screen showing resulting shifts following automatic bone match registration. 

 
 Next, test the grey value match algorithm by first clicking the “Reset” button to load the 
original offset and clear the calculated shifts. Then select the “Grey Value” option from the alignment 
drop-down list and click automatic. The unique design of the MIMI phantom also is ideally suited to 
providing quality assurance for this algorithm. The variation of the CT-numbers in the phantom 
provides a sufficient variation for the algorithm to function. The three dimensional arrangement 
forces the algorithm to find a solution in all three planes. The alignment takes longer than the bone 
match algorithm, but you can easily observe the grey value match algorithm working to converge on 
a solution. Once a solution has been found. Confirm that the calculated shifts are within your center’s 
tolerances. Again, if applicable, click the “Convert To Correction” button to calculate the actual table 
shifts. The screen should look like Figure 7. 
 



 
Figure 7 Results of the XVI automatic grey value match. 

 
 Finally, test the XVI’s manual match alignment by again clicking “Reset” and then choosing 
“Manual” from the drop-down alignment list. You can then drag the localization image around in all 
three dimensions to obtain the best possible match. Once again, the design of the MIMI phantom 
makes it very easy to identify any small offset between the two image sets. Once you are satisfied 
with the alignment, click the “Convert To Correction” button, if applicable. The screen should look 
like Figure 8. Again, verify that the calculated shifts fall within the established clinical tolerances. 
 



 
Figure 8 Results of the Manual match alignment method. 

 
 
Testing the Automatic Table Move Assistant 
 
 The final component in testing the XVI’s registration solution is to test the Table Move 
Assistant. This function allows the calculated shifts to be applied to the table to correct the patient’s 
alignment remotely. The test can either be done such that the order in which the alignment methods 
tests (described earlier) are done and the shifts calculated by the last alignment are tested, or the 
maximum shift for each direction found by any of the algorithms can be entered and those shifts 
applied. If you choose to enter the maximum values, manually type them into the appropriate box in 
the “Position Error Translation” section of the window. Again, click “Convert To Correction”. 
 

             
Figure 9 Images showing the Table Move Assistant window before (left) and after (right) applying 
the shifts to the table. 



Next, click the “Accept” button from the VolumeView Registration window (for example in 
Figure 8). This will bring up a window requiring the user to enter their initials to confirm the 
registration. Next, the table shifts will be shown in a window with the shifts highlighted, as shown in 
Figure 9. On the function key pad of the linear accelerator, hold down the <ASU> and <+> keys to 
cause the shifts to be applied to the table. Once all motion has finished, release the keys. Enter the 
room and confirm that the lasers are aligned to the MIMI phantom’s true isocenter to within the 
clinic’s established tolerances, see Figure 10. 

 

 
Figure 10 MIMI Phantom alignment after imaging, registration, and shifts have been performed. 

 
Recommended Test Frequency 
 It is recommended that at least one of the alignment tests and Table Move Assistant tests be 
performed each day prior to any patient treatments. All alignment tests are recommended to be 
performed at least once per work week. 


