
Features mathematical formulas and descriptions

Volume density (axis-aligned bounding box) 

Volume density is the fraction of the ROI volume and a comparison volume. Here the comparison volume is that of the axis-aligned bounding box (AABB) of the ROI mesh vertex set Xvx or the ROI mesh convex hull vertex set Xvx;convex. Both vertex sets generate an identical bounding box, which is the smallest box enclosing the vertex set, and aligned with the axes of the reference frame.


Where V is the ROI volume and  is the volume of the axis-aligned bounding box (AABB)

Area density (axis-aligned bounding box)
Conceptually similar to the volume density (AABB) feature, area density considers the ratio of the ROI surface area and the surface area Aaabb of the axis-aligned bounding box enclosing the ROI mesh vertex set Xvx. The bounding box is identical to the one used for computing the volume density (AABB) feature. Thus:




Volume at intensity fraction and Volume fraction difference between intensity fractions
The volume at intensity fraction Vx is the largest volume fraction _ that has an intensity fraction of at least x%. This differs from conceptually similar dose-volume histograms used in radiotherapy planning, where V10 would indicate the volume fraction receiving at least 10 Gy planned dose. El Naqa et al. (1) defined both V10 and V90 as features. Volume fraction difference between intensity fractions is the difference between the volume fractions at two different intensity fractions, e.g.V10 - V90.






Gray Level Size Zone Matrix (GLSZM) Features
A Gray Level Size Zone (GLSZM) quantifies the gray level zones in an image. A gray level zone is defined as the number of connected voxels that share the same gray level intensity. A voxel is considered connected if the distance is 1 according to the infinity norm (26-connected region in a 3D, 8-connected region in 2D).

In a gray level size zone matrix P(i,j), the (i,j)th element equals to the number of zones with gray level i and size j appear in image. Contrary to GLCM and GLRLM, the GLSZM is rotation independent, with only one matrix calculated for all directions in the ROI.

Let:
· Ng be the number of discrete intensity values in the image
· Nz be the number of discrete zone sizes in the image
· Nv be the number of voxels in the image
· Ns be the number of zones in the ROI, which is equal to 
 and 
· S(i,j) be the size zone matrix
· s(i,j) be the normalized size zone matrix, defined as 


small zone low grey level emphasis (SZLGLE)

This feature emphasises zone counts within the upper left quadrant of the GLSZM, where small zone sizes and low grey levels are located. It is defined as:
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Intensity-based statistical features
The intensity-based statistical features describe how intensities within the region of interest (ROI) are distributed. The features in this set do not require discretisation, and may be used to describe a continuous intensity distribution. Intensity-based statistical features are not meaningful if the intensity scale is arbitrary.
The set of intensities of the Nv voxels included in the ROI intensity mask is denoted as: 


Intensity-based quartile coeffcient of dispersion 
The quartile coefficient of dispersion is defined as:



P25 and P75 are the 25th and 75th percentile of Xgl, respectively.

Intensity-based energy 

The energy  of Xgl is defined as:


