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Project Summary 

Problem: Brain shunts suffers from high incidence of 

occlusion that the in-grown tissues block the CSF flow.  

 

Project Goal: Use external US probe, together with 

photoacoustic excitation to image occlusions and brain 

shunts inside the skull. 
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Phantom Construction 
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Two parts :  Brain & Skull 

 

 Brain part :  model the environment of the brain 

                     support the shunt tube 

 

 Skull part : model the real effect of bone on US imaging  

 

 This two parts will be assembled to model a human head  
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Phantom Construction 
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What We Did … 

 A Short Study Report For Phantom Investigation 

• Materials 

• Advantages and Disadvantages 

• Construction approach 

• Criterion ( if necessary ) 

• ( pasted on the wiki page ) 

 Several simple shaped brain phantoms has been made 

 A human skull has been created in Solidworks 
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Phantom Construction 
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Brain Phantom 

 PVA-C (polyvinyl alcohol cryogel) Gelatin and Sugar-free Fiber 

 Typical tissue-mimicking material 

 Optical and Mechanical properties can 

be modified by Freeze-thaw (F/T) cycles 

 Can be used in a permanent way under 

humidity-controlled condition 

x Construction process: complex and long 

x Expensive ( $135/kg ) 

 Materials:  easy to get and cheap($24/kg) 

 Construction process: easy and fast 

 Reasonable properties for US imaging 

x Not as good as PVA-C 

x Only last for a short period, cannot 

guarantee the same acoustic and the 

mechanical properties 

Preferred solution  Fast solution 
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Phantom Construction 
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What we did … 

• Several simple shaped phantoms … 

 

 

Pure gelatin phantom 

(Very Stiff ) 

Gelatin and Fiber phantom 

(Relatively soft,  Tissue-like)  
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Phantom Construction 
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Skull Phantom 

 Three Dimensional Printing (3DP) for complex structure 

 New material combination : ZP130TM/ZB58TM based 

 

 

 

Image from: 

Matteo Gatto, Gianluca Memoli, Adam Shaw, 

Neelaksh Sadhoo, Pierre Gelat, Russell A. 

Harris: Three-Dimensional Printing (3DP) of 

neonatal head phantom for ultrasound: 

Thermocouple embedding and simulation of 

bone. Medical Engineering & Physics 

34(2012) 929-937.  
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Phantom Construction 
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What we did … 

 

Problem: How to control 

the thickness without affect 

the curved surface ?? 

Mold for the 

brain phantom 

The skull surface 
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Phantom Construction 
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What we are doing … 

 More complex and realistic mold for the brain 

 PVA-C phantom (materials have arrived) 
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Progress: Imaging 
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 Ultrasound generation 

 laser 

 Data collection 

 SonixRP & DAQ 

 Data processing 

 Beamform 

 Image formation 
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Progress: Imaging 
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 Test with DAQ data collection 

 Turn off the beam focusing 

 Collect the raw data with DAQ 

 Process the data with MATLAB 
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Progress: Imaging 
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 Test with gelatin phantom w/o attenuation & scattering 

 Test with different fibers 

 

Fiber diameter energy 

220 μm 0.15mJ 

550 μm 2mJ 

1000 μm 10mJ 
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Progress: Imaging 
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Progress: Imaging 

16 

Project 
Summary 

Progress: 
Phantom 

Progress: 
Imaging 

Deliverables Milestones Dependencies Reading list 



Deliverables 

 Minimum – without skull 

 Design and build a ultrasound friendly brain phantom and 

insert the shunts. 

 Preliminary test of US probe for reflected PA signal detection 

 Collect and process the data of the occlusion with brain 

phantom into delayed image ( will be done this weekend.. ). 
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Deliverables 

 Expected – with skull 

 Collect and process the data of the occlusion into delayed 

image 

 Capability to distinguish shunts, tissues and fluids 

 Demonstrate PA imaging of shunts with different levels of 

occlusion 
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Deliverables 

 Maximum 

 Demonstrate realtime PA imaging through the skull of shunts 

with different levels of occlusion 

 Monitor clearing of the shunt 
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Original Timeline 
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Revised Timeline 
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Milestone Validations 
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Milestone Original 

plan 

Revised 

plan 

Status 

Phantom construction 2/28 4/8 In progress 

Preliminary test 2/28 3/27 Done 

Visualization of occlusion w/o skull 3/18 3/29 In progress 

Visualization of occlusion and shunts 

with skull 

4/15 4/22 Not started 

Real-time imaging of occlusion and 

shunts with skull 

5/10 5/10 Not started 
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Dependencies 

Dependency  Resolved 

by 

Resolved Fallback plan Influences 

Access to Dr. 

Boctor’s lab 

3/11 Yes All the milestones 

Laser system 

back 

3/18 Yes All the milestones 

 

Jello phantoms 3/26 Yes Milestone I 

PVA phantoms 3/31 No 

Skull 

construction 

4/8 No Borrow a piece of skull 

 

Milestone II 

 

Data collection 

training 

2/27 Yes Milestone 1 

Training of laser 3/27 Yes Milestone I 

MUSiiCToolkit 4/22 No Code by ourselves Maximum deliverable 
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Thank you ! 

 

Questions ? 
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