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Last session ...
We studied DVR. Let’s review it with a couple of exercises ..

What is the intensity of light at a point  P located in voxel V of value 
130  taking into account the following rendering conditions:

- nearest-neighbor interpolation

- emission + absorption volumetric shading (see TF below)
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Exercise 

What is the intensity of light at a point  P located in voxel V of value 130 
taking into account the following rendering conditions:

- nearest-neighbor interpolation => value(P) = value(voxel(P)) = 130

- emission + absorption volumetric shading (see TF at right)

130

alpha = 1.0, E =(1.0, 1.0, 1.0)

Answer: I(P) = (1.0, 1.0, 1.0)

Last session, we studied DVR. Let’s review it with a couple of 
exercises ..
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Exercise  2

Same exercise with the following transfer function and voxel value 1500:
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Exercise 2

Same exercise with the following transfer function and voxel value 1500:

1500

alpha = 1.0,

G, B = 0
R interpolated between 0 
and 4095 at 1500

R= 1500/4095 = 0.37

E= (0.37, 0, 0)

Answer: I(P) = (0.37, 0, 0)
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Exercise  3

Same exercise with the following transfer function and voxel value -1500:

x= -2200
x= -1000

x= -1000
x= -2200

y= 0.5
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Exercise  3
Same exercise with the following transfer function and voxel value -1500:

x= -2200 x= -1000

x= -1000x= -2200

x= -1500

Alpha:  (A-0) / (-1500- (-2200)) = (0.5-0)/ (-1000- (-2200))
             A = 0.29
Emission: (0, M, M) where  (M-0)/((-1500- (-2200)) = (1-0)/ (-1000- (-2200))
                (0, 0.58, 0.58)

Answer: I(P) = (0, 0.17, 0.17)
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Direct volume rendering (DVR) 

Need to compute the transport of light through volume 
media (volume shading) and on embedded surfaces 
(surface shading)

Volume media 

Embedded  (implicit) surfaces
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Emission + absorption +  embedded surfaces reflection
Surface + volume shading

I n=∑ ( Ei + LSurf i )α i li∏ (1−α j l j )

LSurf i =I a ka Od+∑ I k (kd Od N .Lk +ks O s (Rk .V )
n)
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Shading

• How to detect surfaces? Searching significant variations of 
the property value. 
• How to compute the normal vector at a sample point? As 
the normalized gradient vector.

• Nx = Gx (difference in  x)
• Ny = Gy (difference in   y)
• Nz = Gz (difference in   z)

Emission + absorption +  embedded surfaces reflection
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Gradient

Forward difference

Backward difference

Central difference 
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Gradient Opacity Transfer Function

This transfer function defines the opacity in relation to the gradient value. It is 
used to get special effects of glass-like transparency.

Y: opacity (0-1)

X: gradient norm value 
In a range of 0 to 255

Default value



This document is distributed under Creative Commons Attribution Share Alike unless stated otherwise

       MUEI/MUNR. Medical Images- 2023-24 Q1- D.Tost

Exercise 4

What is the intensity of light at a point  P located in voxel V of value 130 and gradient 
vector G=(1, 0, 2) taking into account the following rendering conditions:

- nearest-neighbor interpolation

- minimum significant gradient: |G| > 1

- emission + absorption volumetric shading (see TF at right)

- diffuse only surface shading (see props at right)

- a unique direction light source:

 vector LF= (1.0, 0.0, 0.0)

 Intensity IF = (1.0, 1.0, 1.0)

 Viewing vector V = (0.86, 0.5, 0)
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Practice
Turn on/off  surface shading and play

Put it on

Practice with the 
optical properties.
Od = E
Os = (1, 1, 1)



This document is distributed under Creative Commons Attribution Share Alike unless stated otherwise

       MUEI/MUNR. Medical Images- 2023-24 Q1- D.Tost

Indirect volume rendering
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Indirect Volume Rendering
Goal: to extract a polygonal model from the voxel model and 
to render it.
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Indirect Volume Rendering

Skin and skeleton of the “visible woman”
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Segmentation

Voxel model

Labelled voxel model

Surface extraction

Polygonal model

Indirect volume rendering 

Polygonal 
rendering

Mesh cleaning
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Surface extraction 
Methods

– 2D :
• Contour extraction + tiling 

 
– 3D :

• “Block-form ” models: cuberille method
• “Beveled-form” models:  marching-cubes method
• Point-based models: dividing-cubes method
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Marching Cubes
 2D: Marching squares

Boundary surface: V>= 5
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Marching Cubes
 2D: Marching squares
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Marching Cubes
 2D: Marching squares

Boundary surface: V>= 5



This document is distributed under Creative Commons Attribution Share Alike unless stated otherwise

       MUEI/MUNR. Medical Images- 2023-24 Q1- D.Tost

Marching Cubes
2D: marching squares

Break contour

Ambiguous cases

Join contours
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Marching Cubes (Lorensen i Cline 87)

Typification of the configuration of the surface 
inside a voxel (256 cases = 14 +1 case) 
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 Marching Cubes (Lorensen and Cline 87)
Complementary cases

Case 6.1.1

Case 6.1.2
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Practice



This document is distributed under Creative Commons Attribution Share Alike unless stated otherwise

       MUEI/MUNR. Medical Images- 2023-24 Q1- D.Tost

Explore CT data
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Explore the skull
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Use segmentation tools

In the menu segment editor create a new 
segmented region 
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Use segmentation tools
Open the menu segmentations and create a new 

segmentation and a new segment called skull
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Extract the skull surface
First segment by value. Edit the segment skull and in the segment 
editor panel choose the threshold
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Indirect Volume rendering 

Create a segmention made of one or 
more segments with segment editor

Export the labelled model with segmentation 

Create a surface with model maker

Original
Voxel model

Labelled
Voxel model

Tools
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Extract the skull surface
Next export the labeled volume
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Extract the skull surface
Next, create the surface model

Name of the labeled model
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Render the surface model
In Segmentations export to Labeled model. In Volume rendering turn of rendering of 
CTBrain and on rendering of the lebelled voxel model. 

In Segmentation export to Surface. Turn off volume rendering and in Models, play with 
shading parameters.
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Analyze the surface model
In the menu model, select the created surface and analyze its characteristics
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Render volume and surface 

Find a suitable transfer function and render the volume 
and the surface. Use the clipping planes for the surface.
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Save the surface model
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Clean and simplify the surface

Other software
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Create animations views
Try screen capture module

Change the animation mode
Save images individually or in mp4

You may need to install ffmpeg. Check in :

https://slicer.readthedocs.io/en/latest/
user_guide/modules/screencapture.html#setting-
up-ffmpeg
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Crop
When dataset are huge crop them and work with a subset. In 
volume rendering press on Display Roi (Region of Interest). Move 
the planes (by pressing and moving the small balls) in 2D (faster) 
to define a smaller region.
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Crop
Select the module Crop Volume. Check the parameters. Apply.
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Explore more 
segmentation tools
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Manual segmentation

Define contours on a slice.

Use  LevelTracingEffect
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Manual segmentation

Define contours on a slice.

Use  LevelTracingEffect

Move fast from slice to the other using:
 f -> move to next slice
 b -> move to previous slice
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Manual segmentation
Define contours on a slice.

Refine the segmentation manually with Draw and Paint 
Effects.
Select the Erase Color to erase while painting 
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Manual segmentation

You can change the name and value of a label any time with 
edit selected map. This is useful to merge structures
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Manual segmentation
You can use Erode/Dilate to expand/reduce a segmentation intra slice and between slices 
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Manual segmentation
In the menu segment editor use the scissor tool to 
segment only what you want.  Then remove the islands.
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Semi-automatic segmentation 
Method:

 Put some fiducials in the region of interest

 Try Simple Region Growing  segmentation 

 Refine with manual segmentation
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Add Fiducials
Create a new fiducial list

Define the visual aspect of 
the fiducials (or markers): 
color, glyph, size....

Add fiducials and modify them. Move them interactively.
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Simple region growing 
segmentation

List of fiducials used.

Region growing 
parameters
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Look for a suitable extension
In the extension manager, you can find many extensions that may be useful for you
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Example

The airway segmentation extension by Pietro Nardelli.

Install it with the extension manager. You will need to restart Slicer

Follow the tutorial at: 

Test it with CTChest (see next slide)

https://www.slicer.org/wiki/Documentation/Nightly/Modules/AirwaySegmentation
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Example
Select the new module. Select the CT chest as input module and create a new 
segmented volume. Create a new seed putting a fiducial indide the traquea. 
Select linear reconstruction kernel and apply. Set the transfer function to make 
the segmented region visible.
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