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2-D Neighborhoods

e 4-point neighborhood
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e More generally, d\eighborhood System is any mapping
with the two properties that:

1. Foralls € S, s ¢ 0s
2.Forallre S,r € 0s = s € Or



C. A. Bouman: Digital Image Processing - January 12, 2009 2

Boundary Conditions

e How do you process pixels on the boundary of an image??

e Consider the following example using a 4-point neighbor-
hood
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e Free boundary condition

ol = {h,p,k}
dp = {l,0}
e Toriodal boundary condition (asteroids)
ol = {h,i,p, k}
dp = {l,m,d, o}

e Reflective boundary condition

llzha l2:k7 l3:p7 l4:k
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Edge Detection

e Edges
— Edges naturally occur in images due to the discontinu-
ities form by occlusion.

— Edges often delineate the boundaries between distinct
regions.

— Edges often contain important visual and semantic in-
formation.
e Edge detection:

— The process of identifying pixels that fall along edges.
— As width any detect process subject to a trade-off be-
tween false alarm and missed detection rates.
e Performance Metrics:

— Evaluation of edge detection scemes can be difficult.

— Correct labeling of edge and non-edge pixels often re-
guires subjective interpretation.

— Best choice of edge detection scheme usually depends
on task.

— Performance metrics exist and usually use synthetic
data input for evaluation.
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Gradient Based Edge Detection

e Compute local estimate of gradient
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e From these, compute gradient magnetude and angle.
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e Apply threshold to the magnitude of gradient
edge |Vf|=T
noedge|lVf| < T

Viz,y) =

0 = tanl(

e Choosingl’

— Too large= missed detections
— Too small=- false alarms
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How to Compute Gradient

e Directional derivatives can be computed by applying a
spatial filter.

e Conventional (off center)

ool |10

e Roberts (off center)
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e Prewitt (on center)
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Edge Thining
e Thresholding of gradient magnitude generally produces a
thick edge.
e Edge should be thinned to produce most accurate result.

1.SetS ={s: |Vf(s)| > T}
2. SetD = () (detected edge points)
3. Foreachs € S

(a) Compute) = gradient direction at.

(b) Select outP = all pixels in directiond starting ats
within maximum distancé,,,,, from s.

(©) If [V £(5)] > maxyep {|V £(p)]} , then
D — D+ {s}

Search performed
along gradient
direction

A
\__ Thickline

detected using
threshold



