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Introduction 

Optical coherence tomography (OCT) is a relatively new optical signal acquisition and processing method. 

It captures micrometer-resolution, three-dimensional images from within optical scattering media (e.g., 

biological tissue). Data acquisition and processing for getting 3D volume data can be done almost in real-

time [1]. OCT has been widely used in retinal imaging, and segmentation of retinal layers from OCT 

images has been a fundamental to diagnose the progress of retinal diseases [2-4].  

Recently OCT has caught its attention to hearing researches with its capability of vibration measurement 

inside animal cochlea for physiological studies [5]. In this research, it is important to provide a reliable 

measurement of vibration of the basilar membrane (BM) distributed along the spiral-shaped cochlea 

chamber, resonating at different frequencies in different positions. The vibration measurement steps 

are as follows: 1. take cross-sectional images (2D) which are orthogonal to the chamber, 2. direct the 

beam to the region of interest (e.g. BM) using a scanning mirror, 3. measure the vibration. The most 

challenging part is the first step because it is difficult to decide whether the 2D view is cross-sectional to 

the chamber or not. Therefore one usually has to shift the 2D view in and out of the page to make sure it 

is normal. Due to this limitation, people have done the measurements only at a single position of the BM, 

while access to the multiple positions is crucial to better understand how the cochlea works. 

The 1st specific aim is to segment the spiral-shaped cochlear chamber from the 3D volume dataset of the 

cochlea, and find multiple image planes that are orthogonal to the chamber at different positions. The 

2nd specific aim is to perform an automatic detection of the BM in each 2D plane. 

Project milestones are as follows: 

1. Obtain 3D volume dataset of the mouse cochlea with OCT system 

2. Apply speckle noise reduction algorithm (removal of salt & pepper noise)  

3. To compensate decreased signal intensities at larger depth, apply normalization algorithm along the 

depth by using Beer–Lambert law. 

4. For each sliced images (2D) perform segmentation for the cochlea chamber with gray-level 

thresholding. 

5. Reconstruct the cochlear chamber in 3D by connecting the sliced images together. 

6. Fit the chamber to the 3D model for spiral-shaped curvature line and create multiple 2D planes 

which are normal to the line.  

7. For each plane develop an automated algorithm to detect the BM based on its unique shape. 

8. Return the position vectors of multiple BM positions in 3D and view them colored in volume images. 
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