
Binary image processing



Issues

¥ How to demarcate multiple regions 
of interest? 
ÐCount objects
ÐCompute further features per object

¥ What to do with ÒnoisyÓ binary 
outputs?
ÐHoles
ÐExtra small fragments
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Dilation

Neighborhood is defined by a “structuring element” (SE)

1 1 1

1 1 1

1 1 1

Dilation: “I should turn on if any of my neighbors are turned on”



Example: finding borders of objects

Image Dilated with 3x3 mask Dilated - Image



F (x, y) = max
(u,v ) ! SE

I(x + u, y + v)

Grayscale dilation



Erosion
“I should turn off if any of my neighbors are off”

F (x, y) = min
(u,v )! SE

I(x + u, y + v)



Opening
¥ Erode, then dilate
¥ Remove small objects, keep original shape

Before opening After opening



Closing
¥ Dilate, then erode 
¥ Fill holes, but keep original shape

Before closing After closing
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Application: blob tracking

Absolute differences from frame to frame

Threshold

Erode

Application: blob tracking

• Background subtraction + blob tracking

Application: segmentation of a liver

Slide credit: Li Shen

Region properties

Some useful features can be extracted once 

we have connected components, including 

• Area

• Centroid

• Extremal points, bounding box

• Circularity

• Spatial moments
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Uses of Distance Transforms
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Different Distance Measures
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L1 Distance Transform Algorithm

! #$%&'())&*+,-&(./%01234&5%0&!6&7 ! ,%04
+89)2&:1)2(,;<&(,:&,%2&)%90;<&'%1,2-
!= >,121(.1?<@&A%0&(..&8

6B8C&! ! PB8C

"= A%0$(0: @&A%0&8&50%4&!&9'&2%&,D!
6B8C&! 41,+6B8CE6B8D!CF!-

G=H(;I$(0: @&A%0&8&50%4&,D"&:%$,&2%&J
6B8C&! 41,+6B8CE6B8F!CF!-

" 0 " 0 " " " 0 "

" 0 1 0 1 2 3 0 1

1 0 1 0 1 2 1 0 1

1 0

0 1



15
!"

L1 Distance Transform
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Distance transform

¥ Image reflecting distance to nearest point 
in point set (e.g., foreground pixels).

4-connected 
adjacency

8-connected 
adjacency

Distance transform

Edge image Distance transform image

Distance transform (1D)

Adapted from D. Huttenlocher

Distance Transform (2D)

Adapted from D. Huttenlocher

Chamfer distance

¥ Average distance to nearest feature

Edge image Distance transform image

D. Gavrila, DAGM 1999

Chamfer distance

D. Gavrila, DAGM 1999

Edge image Distance transform image

More on this and 
other distances 
later


