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Diffusion is Essentially a Random Walk

Robert Brown,1827

Brownian motion

Albert Einstein,1905 

Derived the Diffusion Equation



Google Maps Analogy



Challenges

That

Necessitate

Machines

• Number of Neurons

• Total Length of Axons

• Number of Synapses

• High Dimensionality of data

• Need for Precision

• Visualization and Interpretation



A key paper by Denis Le 

Bihan introduced 

Diffusion-Weighted 

Imaging (DWI) in the 

French Academy of 

Science.

By acquiring enough 

data, we can find a 

normal ADC for brain 

tissue; any tumor, 

stroke, or other 

abnormality causes ADC 

to deviate from that 

norm. 

Denis Le Bihan

1985

The main idea is the Apparent Diffusion Coefficient  (ADC)



Stroke 

Imaging



Beyond ADC: 
Orientation and White 
Matter Organization

• Diffusion along X, Y, and Z 
directions. The signal in the 
left/right oriented corpus 
callosum is lowest when 
measured along X, while the 
signal in the inferior/superior 
oriented corticospinal tract is 
lowest when measured along Z.



Diffusion Tensor Imaging (DTI)

Peter Basser,1994



Fractional Anisotropy (FA)



















Aims to share 

cutting-edge 

code and 

expertise, 

accelerating 

progress in 

medical 

imaging 

research.

DIPY and 

MRtrix3 are 

global 

initiatives 

that foster 

collaboration 

among 

researchers 

across 

laboratories 

and countries.

Primarily 

focuses on 

diffusion MRI 

but also 

offers general 

medical 

imaging 

algorithms 

like denoising 

and 

registration.

Open-source 

Python 

software 

designed for 

computational 

anatomy.
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