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The world is getting more and more visual

Image processing
Manipulating images in order to
retrieve new images or image
characteristics (features,
measurements, ...)
Often combined with machine learning
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scikit-image

http://scikit-image.org/

A module of the Scientific Python stack
Language: Python

Core modules: NumPy, SciPy, matplotlib
Application modules: scikit-learn, scikit-image, pandas, ...

A general-purpose image processing library
open-source (BSD)
not an application (ImageJ)
less specialized than other libraries (e.g. OpenCV for
computer vision)

http://scikit-image.org/
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1 First steps

from sk image import data , i o , filter

image = data . c o i n s () # or any NumPy array!
edge s = filter . s o b e l ( image )
i o . imshow( edge s )
i o . show ()
x

My environment: IPython interpreter + text editor
Ipython notebook nice for demos/trial and error
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1 Manipulating images as numpy arrays

numpy arrays as arguments and outputs

>>> from sk image import i o , filter
>>> c a m e r a a r r a y = i o . imread ( ’ camera image . png ’ )
>>> type( c a m e r a a r r a y )
<type ’numpy . ndarray ’ >
>>> c a m e r a a r r a y . dtype
dtype ( ’ u in t8 ’ )
>>> f i l t e r e d a r r a y = filter . g a u s s i a n f i l t e r (

came ra a r r a y , s igma =5)
>>> type( f i l t e r e d a r r a y )
<type ’numpy . ndarray ’ >
>>> f i l t e r e d a r r a y . dtype
dtype ( ’ f l o a t 6 4 ’ )
x

http://www.numpy.org/
scipy-lectures.github.io/intro/numpy/index.html

http://www.numpy.org/
scipy-lectures.github.io/intro/numpy/index.html
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1 Manipulating images as numerical (numpy) arrays

Pixels are arrays elements

import numpy as np
image = np. ones ((5, 5))
image [0, 0] = 0
image [2, :] = 0
x

(use matplotlib for visualization: matplotlib.pyplot.imshow)
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1 Some magics inside

Don’t let yourself be tricked by integer / float conversion!
>>> from sk image import data , filter
>>> c a m e r a a r r a y = data . camera ()
>>> c a m e r a a r r a y . dtype
dtype ( ’ u in t8 ’ )
>>> f i l t e r e d a r r a y = filter . g a u s s i a n f i l t e r (

came ra a r r a y , s igma =5)
>>> f i l t e r e d a r r a y . dtype
dtype ( ’ f l o a t 6 4 ’ )
>>> c a m e r a a r r a y .min (), c a m e r a a r r a y .max ()
(0, 255)
>>> f i l t e r e d a r r a y .min (), f i l t e r e d a r r a y .max ()
(0.031287384322526979 , 0.8560994897846772)
x
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1 An API relying mostly on functions
sk image . filter . g a u s s i a n f i l t e r ( image , s igma , outpu t =

None , mode= ’ n e a r e s t ’ , c v a l =0, m u l t i c h a n n e l =None)

Mult i - d i m e n s i o n a l G a u s s i a n filter

Paramete r s
----------

image : a r r a y - l i k e
input image ( g r a y s c a l e or c o l o r ) to filter .

s igma : s c a l a r or s equence o f s c a l a r s
s t a n d a r d d e v i a t i o n f o r G a u s s i a n k e r n e l . The

s t a n d a r d
d e v i a t i o n s o f the G a u s s i a n filter a r e g i v e n f o r

each a x i s as a
sequence , or as a s i n g l e number , i n which c a s e i t

i s e q u a l f o r
all ax e s .

outpu t : a r r a y , o p t i o n a l
The ‘‘ output ‘‘ pa ramete r p a s s e s an a r r a y i n which

to s t o r e the
filter outpu t .

mode : { ’ r e f l e c t ’ , ’ c ons tant ’ , ’ n e a r e s t ’ , ’ m i r ro r ’ , ’
wrap ’ }, o p t i o n a l
The ‘mode‘ pa ramete r d e t e r m i n e s how the a r r a y

b o r d e r s a r e
hand led , where ‘ c v a l ‘ i s the v a l u e when mode i s

e q u a l to
’ c ons tant ’ . D e f a u l t i s ’ n e a r e s t ’ .

c v a l : s c a l a r , o p t i o n a l
Va lue to f i l l p a s t edge s o f input i f ‘mode‘ i s ’

c ons tant ’ . D e f a u l t
i s 0.0

m u l t i c h a n n e l : bool , o p t i o n a l ( d e f a u l t : None)
Whether the l a s t a x i s o f the image i s to be

i n t e r p r e t e d as m u l t i p l e
c h a n n e l s . I f True , each c h a n n e l i s f i l t e r e d

s e p a r a t e l y ( c h a n n e l s a r e
not mixed t o g e t h e r ). Only 3 c h a n n e l s a r e s u p p o r t e d

. I f ‘None ‘,
the f u n c t i o n w i l l a t t empt to g u e s s t h i s , and r a i s e

a warn ing i f
ambiguous , when the a r r a y has shape (M, N, 3).

Retu rn s
-------

f i l t e r e d i m a g e : n d a r r a y
the f i l t e r e d a r r a y

”””
x
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1 Images and dimensions

>>> data.camera().shape
(512, 512)

Most functions suitable
for 2-D gray- or
color-scale images
Some functions work
with 3D images as well
Check out
scipy.ndimage for n-d
functionnality.

>>> coffee.shape
(400, 600, 3)
>>> red channel =
coffee[..., 0]

(d0, d1, d2)
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2 Filtering: transforming image data

skimage.filter, skimage.exposure, skimage.restoration
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2 From very simple/classical algorithms

from sk image import data , filter , c o l o r
from sk image . morpho logy import d i s k

l = data . l e n a ()
l = c o l o r . r g b 2 g r e y ( l )
l = l [230:290 , 220:320]

n o i s y = l + 0.4 * l . s t d () * np. random. random( l . shape )

g a u s s i a n d e n o i s e d = filter . g a u s s i a n f i l t e r ( n o i s y ,
s igma =2)

m e d i a n d e n o i s e d = filter . r ank . median ( n o i s y , d i s k (3))
x
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2 To more advanced/recent algorithms

from sk image . filter import t v d e n o i s e
from sk image import data

l = data . l e n a ()
l = l [230:290 , 220:320]
n o i s y = l + 0.4* l . s t d ()*np. random. random( l . shape )

t v d e n o i s e d = t v d e n o i s e ( n o i s y , we igh t =10)
x
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2 Mathematical morphology

skimage.morphology
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2 Extracting features

skimage.feature, skimage.filter
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2 Geometrical transformations

skimage.transform
scale, zoom, rotate, swirl, warp, ...



Principle Some features

2 Segmentation: labelling regions

skimage.segmentation
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2 Feature extraction followed by classification
Combining scikit-image and scikit-learn

Extract features (skimage.feature)
Pixels intensity values (R, G, B)
Local gradients
More advanced descriptors: HOGs, Gabor, ...

Train classifier with known regions
here, random forest classifier

Classify pixels
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2 Measures on images

skimage.measure
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2 Visualizing images and more
matplotlib, mayavi
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2 Development of scikit-image

Mature algorithms
Only Python + Cython code for
easier maintainability
Hosted on GitHub
Thorough code review by others:
readability, PEP8, efficiency, ...
1-2 releases per year
Core team of 5 persons (+ GSoc
students)
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2 Getting started: installing scikit-image

http://scikit-image.org/docs/dev/install.html

Packaged on Ubuntu/Debian

Shipped with all major Scientific Python distributions:
Enthought Canopy, Anaconda, Python(x,y)

http://scikit-image.org/docs/dev/install.html
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2 Getting started: finding documentation
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2 Gallery of examples
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2 Conclusions

scikit-image

An image processing Python module relying on
NumPy arrays

Trade-off between performance and usability

More and more features

Try it out!
http://scikit-image.org/
https:
//www.youtube.com/watch?v=SE7h0IWD93Y
(and others)
http://scipy-lectures.github.io/
packages/scikit-image/

http://scikit-image.org/
https://www.youtube.com/watch?v=SE7h0IWD93Y
https://www.youtube.com/watch?v=SE7h0IWD93Y
http://scipy-lectures.github.io/packages/scikit-image/
http://scipy-lectures.github.io/packages/scikit-image/
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