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Goal:  

The system we will be improving consists of a single disc shaped PZT element mounted 

to the tip of a 14G lumbar puncture introducer needle. The system creates a B-mode image by 

pulsing the element while sweeping it through tissue and tracking its angular position. The goal 

of this project is to improve three elements of the real time ultrasound imaging system. By the 

end of the semester, I hope to integrate the beamforming algorithm and scan conversion for real 

time imaging, improve the speed of the system by basing the whole system on C++, and adding 

depth tracking to the device.  

Importance: 

The lumbar puncture (LP) is a clinical diagnostic technique involving the collection of 

cerebrospinal fluid (CSF) from the subarachnoid space in a patient. In order to successfully 

collect CSF, clinicians have to blindly yet accurately navigate a needle through the L3-L5 

intervertebral space, epidural space, dura mater, and arachnoid mater whilst avoiding nerves, 

blood vessels, and bone. More than 400,000 LP’s are performed annually but nearly 23.3% end 

in failure due to the myriad of challenges. These failures lead to misdiagnoses, treatment delays, 

and subsequent unnecessary and dangerous follow-up procedures. Patients with abnormal spinal 

anatomy and excess adipose tissue between skin and target structure, namely scoliotic and obese 

patients, suffer a significantly increased probability of LP failure. 

Technical Approach: 

As this is an improvement on a device rather than the creation of one, the technical 

approach is dependent on what can be integrated into the current instrumentation. In addition, 

this project largely software based and as such will consist mostly of algorithm creation, 

language translation, and cross correlation for depth tracking. The algorithm will be used to link 

the beamforming and scan conversion parts of the software. Mechanical or optical solutions to 

the depth tracking problem will also be explored in the event that cross correlation is not well 

suited for this application.  

Deliverables: 



1. A C++ translated script which can perform faster than the current Matlab one. 

(Minimum) 

2. A real time beam formed, scan converted image from the system. (Expected) 

3. Ability to track depth and overlay position of needle onto initial B-mode image. 

(Maximum) 

Estimated Dates of Task Completion: 

1. C++ integration (In parallel with below code) 

2. Beamforming and Scan Conversion 

a. Understand the Code (3/1/17) 

i. Beamforming (2/27/17) 

ii. Scan Conversion (3/1/17) 

b. Able to implement Existing algorithm (3/6/17)  

c. Study Literature (3/13/17) 

d. Add real time scan conversion visualization in matlab (3/17/17) 

e. Backprojection reconstruction (3/24/17) 

3. Depth Tracking  

a. Take images of wire phantom (3/31/17) 

b. Attempt to use cross correlation to discern depth (4/6/17) 

c. Fabricate needle with side shooting element (4/13/17) 

i. Or mechanical tracking (4/20/17) 

ii. Or optical tracking (4/20/17) 

d. Integrate side shooting signal into algorithm (4/30/17) 

Dependencies and Resolution Plans:  

The largest unknown in this project is if depth tracking can be accomplished through 

cross correlation of the current A-line with the previous B-mode image. If this isn’t possible with 

the spinal anatomy, then we will explore other methods of depth tracking. These options will be 

considered in more detail later on in the semester but include integrating a side shooting element 

into the device to better cross correlate with the B-mode image or at least give feedback on the 



proximity of bone when in the interspinous space. Other possibilities include tracking depth 

mechanically with a linear encoder or optically tracking the needle.  

Management Plan: 

Weekly meetings with Kai and/or Younsu, weekly meetings with the rest of the 

undergraduate team (Saturday, 3hrs).  
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