Binary shape analysis

Outline

o Connected component analysis

o Morphological approaches to binary
image processing

o Geometrical shape properties
(descriptors)

Region identification

o Input: a binary image with several disjoint
regions
o Output: a labeled image

Images from Dr. Stockman'’s lecture notes on computer vision

Connected component analysis

o First pass:
Scan all pixels in the image on a row-by-row basis
If the current pixel R(i,j)=1 has no connected
neighbors that have already been labeled, create a
new unique label and assign it to that pixel.
If there is just one neighboring pixel with a non-
zero label, assign this label to pixel R(i,j).
If the pixel has two or more connected neighbors
with different labels ﬁlabel collision), choose one of
the labels; store the label pair as equivalent.

o Second pass:
Resolve the equivalencies by making another pass
through the image and labeling each pixel with a
unique label for its equivalence class.

Matlab implementation

Example

o | = imread(‘rice.png');

o figure, imshow(l)

o BW = im2bw(l, graythresh(l));

o L = bwlabel(BW);

o RGB = label2rgb(L);

o RGB2 = label2rgb(L, 'spring’, ‘c', ‘shuffle’);

o figure, imshow(RGB)

o figure, imshow(RGB2)
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Mathematical morphology

o The analysis of signals and images based
on shape (Morphology = “study of shape”)
o Uses a set-theoretic approach to modify
shapes based on local operators
o Many operations are similar to convolution
but using set operations
o Morphological approaches are useful for:
Preprocessing
Postprocessing
Feature extraction




Set Operations on Binary Images

A the image (“on” pixels)

o A° the complement of the image (inverse)

o AUB the union of images A and B

o A n B the intersection of images A and B

o A - B the difference between A and B (the
pixels in A that aren’t in B)

o #A the cardinality of A (area of the
object(s))

Translation

The image A translated by movement
vector t is

oAt={c | c=a+tfor someain A}

o pick up each pixel in A and move it
by the movement vector t

o In common morphological
applications, t is a unit vector
directed towards N, S, E, W

Dilation

o We consider set A and a structuring
element B.

ArB-=lc|lc—a  blorsomeac Aand be B)

o Express dilation via translation

AcB-|JA AcB=|]B
teB teA
Unioned copies of

the shifted
structuring element

Unioned copies of the
shifted image

Result of dilation depends on the shape of the
structuring element
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Applications of dilation: restoration of
shape continuity
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Properties of dilation

AcB=BxA

(AT B)1C—A~ (B C))

Dilation with a large structuring element can be implemented
as an iterative dilation with an elementary structuring element

What structuring element corresponds a single dilation

equivalent to two iterations of a dilation with

Result of erosion depends on the
shape of the structuring element
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Example of Erosion
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Erosion

A~ B—{x|x+be Alorevery b« B!

Informally, the result of erosion is “everywhere
where the structuring element fits completely
inside shape A”

In terms of translation:

A B (A,
=8

Intersection of shifted copies
of the image
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FIGURE 9.7 () Image of squares of size 1.3.5.7,9.and 15 pixels on the side. {h) Erosion of () with a square
structuring clement of 1's. 13 pixels on the side. (¢} Dilation of (b) with the same structuring element.
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Properties of erosion

o Not commutative
o Not associative

A-BLB-A

(A-B)~CLA~(B-0C)
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Duality

o Dual operations are ones that can be defined in
terms of each other. Duals are not inverse
operations

(Ae BB A

o Dilation and erosion are dual operations:
(A1B) = A B
(A=B)F = A°=B

o Intuition: dilating the foreground is the same as

eroding the background with a ‘flipped’ structuring
element
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Example of using dilation and erosion

o Can find all of the boundary pixels by
dilating the object and subtracting the
original:

Boundgyt{A) — (A7 B) A

o where B is a 3 x 3 structuring element
containing all 1s

o Or by eroding the original and subtracting
that from the original:
Boundjt(A) — A~ (A B)
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Finding boundary pixels
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Opening

erosion followed by dilation A:B-(A B) B

Why dilate after erosion?

erosion finds all the places where the structuring element
fits inside the shape; it only marks these positions at the
origin of the element.

with a dilation, we “fill back in” the full structuring element
at places where the element fits inside the object.

So, an opening is the union of all translated copies of the
structuring element that can fit inside the object.
Openings can be used to remove small objects, protrusions
from objects, and connections between objects.

for example, opening by a 5x5 square element will remove
all things that are less than 5 pixels high or less than 5
pixels tall.
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FIGURE 9.8 (a) Structuring element B “rolling” along the inner boundary of A (the dot
indicates the origin of H). (¢) The heavy line is the outer boundary of the opening.
() Complete opening (shaded),
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Closing

o Closing works in an opposite fashion from
opening:

AeB=(AxDB)oB

o closing fills in all places where the
structuring element will not fit in the image
background.

o Used to remove small holes, gaps, etc.

24




A B—

TV

ahe

FIGURE 9.9 (a) Structuring element B “rolling” on the outer boundary of set A {b) Heavy
line is the onter boundary of the closing. (c) Complete closing (<haded ).

25

Properties of opening and closing

o Opening and closing are also duals:
Ao By 1" 12

o Intuition: opening to remove small
foreground objects is equivalent to closing
small holes in the background

o ldempotence : nothing changes after the
first application +.n-n- 4.0
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Applications of opening and closing

o Opening and closing are basic tools in
morphology-based noise removal.

o Opening removes small objects

o Closing removes small holes

o The size of the structuring element depends
on the signal-to-noise ratio, and on the size
of holes and small objects considered as
noise.
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Application: segmentation of cells from a microscopy
image (See Matlab demos for Image processing toolbox)

original image binary gradient mask

Image courtesy of Aan Partin
Johns Hopldns University Thresholding applied to the
gradient image rather than the
initial image
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dilated gradient mask

filling the gaps in the lines surrounding the object
- The dilated gradient mask is created from two
iterative dilations:
1. Dilation using a vertical structuring element
2280 = strel('line', 3, 90):
followed by

2. Dilation using a horizontal structuring element

el = strel('line', 3, 0): 2

dilated gradient mask birary image with filled holes

r

BWdfill = imfill (EWsdil, 'holes'):
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birvary image with filled holes cleared barder image

r

Remove objects connected on border

Ellnockord = imclearborder (BWA£ill, 4);

Connectivity set to 4 to remove diagonal
connections
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cleared border image segmented image

Smoothing with a double erosion

2el = gtrel('dismond' , 11;
EWfinal = imerode (BEWnobord,sel):
EWfinal = imerode (BWfinal,seD);
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Extracting patterns from an image

33

Geometric and Shape Properties

- area
« centroid
« perimeter

: " p? o =Hr
= circularity =7 %=

= mean and standard deviation of radial distance

= bounding box

= extremal axis length from bounding box

= lengths and orientations of axes of best-fit ellipse

Which are statistical? Which are structural?
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