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•  Design an imaging phantom that can be used to assess 
the accuracy of the ViewRay software in calculating the 
deformation of moving organs in an MRI scanner 
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Project Scope 
•  Design an imaging phantom that can be used to assess 

the accuracy of the ViewRay software in calculating the 
deformation of moving organs in an MRI scanner 

•  Capable of: 
!  Translating in 3 dimensions 
!  Deforming in 3 dimensions 
!  Rotating in 3 dimensions 
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Project Scope 
•  Design an imaging phantom that can be used to assess 

the accuracy of the ViewRay software in calculating the 
deformation of moving organs in an MRI scanner 

•  Capable of: 
!  Translating in 3 dimensions 
!  Deforming in 3 dimensions 
!  Rotating in 3 dimensions 

•  In a Way that is: 
!  (Binary) controllable 
!  Precisely known 
!  Able to operate in an MRI environment 
!  Able to be imaged by an MRI 
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Project Specifications 
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Translation Deformation Rotation Volume Change 

x, y, and z 
directions 

x, y, and z 
directions 

about x, y, and z 
axes 

Known pre and 
post deformation 

volumes 

5  ± 0.5 cm 2 ± 0.5 cm ± 0.5o   25% 
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Motion must be: 
•  Reproducible and stable 
•  Precisely known 
•  (Binary controllable) 
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Project Specifications 

Translation Deformation Rotation Volume Change 

x, y, and z 
directions 

x, y, and z 
directions 

about x, y, and z 
axes 

Known pre and 
post deformation 

volumes 

5  ± 0.5 cm 2 ± 0.5 cm ± 0.5o   25% 

Physical Characteristics: 
•  Weight " 150 lbs 
•  Dimensions: " 50x30x50 cm 
•  Maximum price: $10,000 – $30,000 
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Plan of Action 
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Final 
Design 

Materials 

Pattern of 
Motions 

Motion 
Mechanisms 
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Materials 
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• MRI Compatible 
!  No metals 

• MR Imageable 
!  Tissue-like relaxation times 
!  T1 – time to become magnetized in magnetic field 
!  Thermal interactions 
!  T2 – length of transverse magnetization in a 

perfectly uniform magnetic field 
!  Static internal fields 



Materials 
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Gels 

Pure 

Paramagnetic 
Doped 

Semi-
Solids 

Inflatable 
Balloon 

Foam 

Biological 
Tissue 

Liquids 

Aqueous 
Solutions 

Non-aqueous 
Solutions 



Gels 
• Agarose 
• Gelatin 
•  Zerdine 
•  Polyvinyl Alcohol Cryogel 
 (PVA-C) 

•  Silicone 
•  Soft Polyvinyl Cholride (PVC) / Plastisol 
• Carrageenan gel 
•  Polyacrylamide 
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Gels 
• Agarose 
• Gelatin 
•  Zerdine 
•  Polyvinyl Alcohol Cryogel 
 (PVA-C) 

•  Silicone 
•  Soft Polyvinyl Cholride (PVC) / Plastisol 
• Carrageenan gel 
•  Polyacrylamide   * paramagnetic ions 
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Liquids 
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• Water 
• Aqueous Solutions 

Aqueous 
Solutions 

T1 Equation T2 Equation 

Aqueous Nickel T1(s) = 1/(632 [Ni (mole/L)] +0.337) T2(s) = 1/(691 [Ni (mole/L)] + 1.133) 

Nickel in 10 wt % 
gelatin 

T1(s) = 1/(732 [Ni (mole/L)] +0.817) T2(s) = 1/(892 [Ni (mole/L)] + 4.635) 

Aqueous Oxygen T1(s) = 1/(0.013465 [O2 (mg/L)] + 
0.232357) 

Aqueous 
Manganese 

T1(s) = 1/(5722 [Mn (mole/L)] 
+0.0846) 

T2(s) = 1/(60386 [Mn (mole/L)] + 
3.644) 

Aqueous Copper T1(s) = 1/(606 [Cu (mole/L)] +0.349) T2(s) = 1/(850 [Cu (mole/L)] + 
0.0357) 
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• Oil 
• Silicone Oil 
! Low T2 relaxation times 
! Add small amounts of 

non-ionic paramagnetic 
compounds (gadolinium 
beta-diketonate) to 
reduce T1 
! Dissolves with vigorous 

stirring and/or gentle 
heating 
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Liquids 
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Non-Imageable Materials 
• Shells 
!  Commercial Diagnostic Thoracic Phantom 
!  Polymethyl methacrylate (Plexiglas) 
!  Polyoxymethylene (Delrin) 

• Tumor Insets 
! Rubber 
!  Plastic 
! Glass 
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Motion 
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Original Designs 

Telescoping 
Canisters Fluid Pump Drum Head Stacked 

Disc Elastic Box Compressed 
Foam 

Existing Solutions 

Annulus Gel Cylinder Compressed 
foam K’nex Model 



Motion – Existing Solutions 
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Drangova (1996) Kee (2010) 

Foam 
Foam 

Kashani (2006) K’Nex Model 
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Stacked Disc 

22 



Drum Head 
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Elastic Box 
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Telescoping Canisters 



Fluid Pump 
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Design Choice 

Fluid Pump –
Imageable Liquid 
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Fluid Pump Elements 
• Materials 
!  Elastic membrane (Silicone Membrane) 
!  Imageable liquid (Silicone Oil) 
! Non-imageable casing (Plexiglas, Delrin) 
!  Flexible tubing 

• Fluid Pump 
• Motion Actuators 
!  Translational/Rotational stage 
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Fluid Pump Analysis 
•  Material 
!  Membrane 

!  Membrane elastic properties 
!  Maximum stretch and strain 
!  General equations for deformation of a membrane (displacement) 

!  Calculate relaxation times for Silicone Oil 
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Fluid Pump Analysis 
•  Material 
!  Membrane 

!  Membrane elastic properties 
!  Maximum stretch and strain 
!  General equations for deformation of a membrane (displacement) 

!  Calculate relaxation times for Silicone Oil 
•  Pump 
!  Provide back and forth motion (Modified Syringe Pump) 
!  Slow speed and appropriate volume 
!  Equations to describe volume pushed into phantom at every time 
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Fluid Pump Analysis 
•  Material 
!  Membrane 

!  Membrane elastic properties 
!  Maximum stretch and strain 
!  General equations for deformation of a membrane (displacement) 

!  Calculate relaxation times for Silicone Oil 
•  Pump 
!  Provide back and forth motion (Modified Syringe Pump) 
!  Slow speed and appropriate volume 
!  Equations to describe volume pushed into phantom at every time 

•  Motion Stage 
!  Equations to describe motion of motion stage (position) 
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Fluid Pump Analysis 
•  Material 
!  Membrane 

!  Membrane elastic properties 
!  Maximum stretch and strain 
!  General equations for deformation of a membrane (displacement) 

!  Calculate relaxation times for Silicone Oil 
•  Pump 
!  Provide back and forth motion (Modified Syringe Pump) 
!  Slow speed and appropriate volume 
!  Equations to describe volume pushed into phantom at every time 

•  Motion Stage 
!  Equations to describe motion of motion stage (position) 

•  Motor 
!  Previous designs (Zhou 1999, Kee 2010) 
!  Calculate safe distance for motor 
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Team Responsibilities 
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Jacie Sales' Leah Laux'
Mechanical drawings, Pump analysis,

Calculations for silicone 
oil relaxation times,

Motor analysis,

Calculations for 
Membrane Deformation,

Part numbers, prices, 
lead times,

Calculations for 
Translation/Rotation,

Assembly/Manufacturing,

Final written report, Final oral report,
Poster project,
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