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Medical Image Processing
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* Filtering and Enhancement

* Three-dimensional display
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Filtering and Enhancement
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Filtering by 3x3 averaging
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* Low-pass filtering!
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* 5 x 5 averaging filter...
* 7 x 7 averaging filter...
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— SNR = si1gnal-to-noise ratio
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Adobe Photoshop = 4535 78
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* Convolution 1n the 1mage domain
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Convolution:i& & i 2
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Convolution:i& & i 2
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Convolution:i& & i 2
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— 3 x 3 averaging kernel ...

— 7 x 7 Gaussian kernel ...



— 1 LPF Kernels
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Directional LPF kernels
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* Mask s R 2 7N L

* i = FIR filters

— Finite impulse response

— 2D convolution in spatial domain

* Infinite impulse response (IIR) filterrz ?
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Filtering 1n the frequency domain
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lIR Filters

Fa b B 1 IR & - 2 IR f% %



B et In

* (G1bbs (ringing) phenomenon
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Windowing for IIR Filters
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Mean vs. Median filter
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Edge enhancement
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Several HPF Kernels
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vertical edge finder 0ol-110 11292

3x3 Laplacian kernels

3x3 Sobel kernels




3 x 3 Laplacian HPF &bt iz
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Sobel filter (operator)

Grayscale image Sobel gradient image
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Filter & Enhancement
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3D display and render
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Slice orientation

Coronal Sagittal
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* Multi-planar reformatting



Multi-planar reformatting

Original axial images Coronal reformatting
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Maximum intensity projection
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Maximum Intensity Projection (MIP)




Example: MR Angiogram
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MIP of a mouse (CT)

Courtesy of http://www.spect-ct.com/
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* Minimum intensity projection (mIP) of
susceptibility-weighted imaging (SWI)




3D Rendering
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Volume rendering: Ray Casting
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Volume rendering: Ray Tracing
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Surface rendering: Marching cube
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* Volume rendering

—Ray casting algorithm

—Ray tracing algorithm
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* Surface rendering

— Marching cube algorithm
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Virtual Endoscope
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Cortical surface and inflation

Cortical surface Cortical inflation



Cortical Inflation
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Advanced topics
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* Image segmentation

* Image registration



Given Image

Segmented Image
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— Motion correction
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— Group analysis
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* Machine learning

* Deep learning
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08 mm Z:-114.57 mm

Zoom: 1
WC: 450 WW: 900
Image size: 51

Abnormal

Metastasis (222,292,38)

Metastasis (351,240,36)

Metastasis (222,

NGTDM

Busyness 7815131
Contrast  0.0168
Strength  0.0004
Coarseness 0.0004
Complexity 0.1277

Shape Analysis

Volume 28.8572 ce
Diameter 5.0335cm
Flatness 0.7698
Elengation 0.9145
Sphericity 0.7501
SurfaceArea  60.6565 cm*2

Histogram Analysis

P10 -0.0196
P90 02814
Mean 0.1378
RMAD 0.072
Entropy 0.6261
Kurtosis 3.1186
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