EE 4211 Computer Vision

Lecture 8: Edge detection

Semester A, 2020-2021



Schedules

Week | Date Topics
1 Sep. 4 Introduction/Imaging
2 Sep. 11 Image enhancement in spatial domain
3 Sep. 18 Image enhancement in frequency domain (HW1 out)
4 Sep. 25 Morphological processing
(HW1 due)

6 Oct. 9 Image restoration
7 Oct. 16 Midterm (no tutorials this week)
8 Oct. 23 Edge detection (HW2 out, illustrate the project)
9 Oct. 30 Image segmentation (HW2 due)
10 Nov. 6 Face recognition with PCA, LDA (tutorial on deep learning framework)
11 Nov. 13 Face recognition based on deep learning

Image segmentation based on deep learning (tutorial on coding)
12 Nov. 20 Object detection with traditional methods (Quiz)

Object detection based on deep learning
13 Nov. 27 Project presentation




Lecture outline

" QOverview of Image Segmentation

" Discontinuity Detection
= Point Detection
= Line Detection
= Edge Detection

" Edge Linking & Boundary Detection



Image Segmentation

" Segmentation:
= Split/separate/subdivide an image into regions or objects
= To facilitate recognition, understand region of interest

" Challenges of Segmentation:
» The definition of a region/object is problem-dependent
" One of the most difficult task in image processing

= Accuracy determines success or failure of application




Segmentation — Categories

Edge-based Segmentation

" Finding boundary between adjacent regions
Threshold-based Segmentation

* Finding regions by grouping pixels of similar gray values
Region-based Segmentation

" Finding regions directly using growing or splitting
Motion-based Segmentation

* Finding regions by comparing successive frames of a video
sequence to identify regions that correspond to moving objects



Edge-based Segmentation

® Finding discontinuities (sharp, local changes in intensity) as
boundary of regions
" Discontinuities in digital images:
= Point
= Line
= Edges
" Techniques
= Point detection

= Edge (pixel) detection
= Edge formation from edge pixels — Edge linking, Hough Transform



ldea of Derivatives

" |ocal changes in intensity — detected using derivatives (1st
and 2nd order)

® Derivatives = terms of differences”

" |n discrete domain, there are various ways to approximate
these terms of differences



First Derivative Revisited

" Approximation:
= Must be zero in areas of constant intensity
* Must be nonzero at the onset of an intensity step/ramp
= Must be nonzero at points along an intensity ramp
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Second Derivative Revisited

" Approximation:
= Must be zero in areas of constant intensity
* Must be nonzero at the onset of an intensity step/ramp
= Must be zero along intensity ramps
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1st order vs. 2nd order

® Conclusions:

1st order derivatives generally produce thicker edges

2nd order derivatives have a stronger response to fine detail,
such as thin lines, isolated points, noise

2nd order derivatives produce a double-edge response at ramp
transitions in intensity

The sign of the 2nd derivative can be used to determine whether
a transition into an edge is from light to dark or dark to light
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Computing Derivatives

® The simplest approach to compute 15t and 2" derivatives at
every pixel location in an image is to use spatial filters.

Klmagc origin
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Point detection

" Point detection: detect an isolated point

® |aplacian filter is a good choice o
" Thresholding after detection 2 os |
|R| > T T S R

N

f=imread('l.tif");

g=abs (imfilter (double (f),w)):
T=max (g (:)):

g=g>=T;

figure:

subplot (1,2,1) ;imshow (f) ;
subplot (1,2, 2) ;imshow (g) ;

w=[-1,-1,-1;-1,8,-1;-1,-1,-1];
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Line detection: If each mask is moved around an image it

Line Detection

would respond more strongly to lines in the mentioned

direction.

Expect 2nd derivatives to result in a stronger response and

Produce thinner lines than 1st derivatives
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Example: Line Detection

(a)Horizontal (b)-45 degree

original

f=imread('2.tif");
wl=[-1 -1 -1;2 2 2; -1 -1 -11;
gl=imfilter (double(f),wl);

w2=[2 -1 -1;-1 2 -1; -1 -1 2];
g2=imfilter (double (f),w2):

w3=[-12 -1;-1 2 -1; -1 2 -17;
g3=imfilter (double(f),w3);

wld=[-1 -1 2;-1 2 -1; 2 -1 -11:
gd=imfilter (double (f),wd):

(c)Vertical (d)+45 degree
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Edge detection

" Edge: The boundary between two regions with relatively
distinct gray-level properties

® Points and lines are special cases of edges

" Assumption: The regions are sufficiently homogeneous, so
that the transition between two regions can be determined
on the basis of gray level discontinuities alone
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Edge detection

" Edge: boundary between two regions with relatively
distinct gray levels

" Edge models

-

Step Edge Ramp Edge Roof Edge




Edge detection

= Magnitude of the 1st derivative can be used to detect presence of an edge
= 2nd derivative properties —

= |t produces two values for every edge

= |ts zero crossings can be used for locating the centers of thick edges

"

e |

Horizontal intensity
profile

First
derivative

Second
derivative

Zero crossing —/
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Edge detection

" The magnitude of the first derivative can be used to detect
an edge

" The sign (zero crossing) of the second derivative can be
used to detect an edge.

® The same idea can be extended into 2-D. 2-D derivatives
should be used.
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Edge Operator Enhance Noise

" Even with very low noise, 1st derivative is useless at this noise level
®  Second derivative is useless for even less noise

Original image first derivative Second derivative
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Steps in Edge Detection

3 fundamental steps performed in edge detection:

Image smoothing for noise reduction

= Noise reduces distinctiveness of edges

Detection of edge points
" |Local operation that extracts all points that are potential
candidates to become edge points
Edge localization

= Select from the candidate edge points, only the points that are
true members of the set of points comprise an edge

20



Basic Edge Detection

" |Image Gradient (1st order derivative)

= The tool of choice for finding edge strength and direction at
location (x,y) of an image, f, is the gradient, Af:

_g_

Gx 8)(
Vi=| ~ |= i
HEE

0y

* The magnitude of vector Af is denoted as:

Vi =mag(VT) = \/( G+ Gf) Vf = |G_\,| + ’GJ.|

= The direction of gradient vector is given by the angle,

)

G,
-

X

a(x,y)=tan"'(



Basic Edge Detection

" Gradient operators

g_1.=f(x+l,y)—f(X,y) -1 -1 |
g, =f(x,y+)=f(x,»)

" The approach frequently used to approximate the
magnitude of the gradient by absolute values:

M(x,y)=|g,

e,

= More attractive computationally, still preserves relative changes in
intensity levels

= No longer isotropic (invariant to rotation), but some masks make
provision for this problem
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Basic Edge Detection

Roberts (cross-gradient operators)
Prewitt & Sobel operators (horizontal, vertical and two diagonal masks)
Prewitt masks are simpler to implement

Sobel masks have better noise-suppression (smoothing)

. 2 -1 -1 -1 -1 0 1 0 1 1 -1 -1 0
24 0 0 0 -1 0 1 -1 0 1 -1 0 1
7 78 9 1 1 1 -1 0 1 -1 -1 0 0 1 1
Prewitt Prewitt

-1 0 0 -1
-1 -2 -1 -1 0 1 0 1 2 -2 -1 0

0 1 1 0
0 0 0 -2 0 2 -1 0 | -1 0 1

Roberts

1 2 1 -1 0 1 -2 -1 0 0 1 2




Basic Edge Detection

" Prewitt Operator

«[ -1 0 1]

Y

1
and HPY =1 0
1

and Hf:[l 1 1}*
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Basic Edge Detection

" Sobel Operator

—1 0 1] 1
-2 0 2 and HS: 0
-1 0 1] 1

«x[ -1 0 1| and HHS:[I 2 1]+
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Thresholding Needed

® Qutput of edge operators do not result in binary edges (1s
and 0s), thus thresholding is needed

" How to set threshold?
= Trial and Error (depends on application)
= According to edge magnitude distribution

= E.g. Assuming only 5% pixels should be edge pixels, then threshold
should be set at 95% percentile of edge magnitude
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Example: Sobel edge detector

a) Original b) sobel with automated threshold c) sobel with defined vertical threshold

d) sobel with defined threshold e) sobel with 45 degree, threshold f) sobel with -45 degree, threshold
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Example: Sobel edge detector

%% edge detection with sobel (Page 28 of 4211 _6)

f = imread(’ 3. tif ) ;

g 1 = edge(f, sobel’);

g 2= edge(f, sobel’,0.15, vertical’);
g 3 = edge(f, sobel’,0.15):
w=[-2-10;-101;01 2];

g 4=imfilter(double (f),w, replicate’);
T=0. 3*max (abs(g_4(:)));

g 4=g 4>=T,

wl=[0 1 2:-101:-2 -1 0];:

g 5=imfilter(double (f), wl, replicate’);

T=0. 3*max (abs (g 5(:)));
g 5=g 5>=T;

figbre

subplot (2, 3, 1) ; imshow(f), title(" a) Original’);
subplot (2, 3, 2) ; imshow(g_1), title("b) sobel
subplot(2, 3, 3) ; imshow(g_2), title('c) sobel
subplot (2, 3, 4) ;imshow(g 3), title('d) sobel
subplot (2, 3,5) ; imshow(g _4), title(' e) sobel
subplot(2,3,6) ;imshow(g 5), title("f) sobel

automated threshold’);
defined vertical threshold ));
defined threshold’);

45 degree, threshold’);

—45 degree, threshold’):
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Problems with Basic Edge Detection

" Basic Edge Detection
= Merely applying filter on image

= No provision for edge characteristics and noise content

" Problems of previous approaches

Cannot locate edges precisely

Ramp edges can lead to many edge pixels detected depending on
threshold T

High T — weak edges missing, Low T — detected edges too thick,
noise points falsely detected

29



Laplacian

" laplacianin its original form is not used for edge detection
because:
= |tis very sensitive to noise
" |t’'s magnitude produces double edges
= Unable to detect the direction of an edge

" To solve the first problem, the image is low-pass filtered
before using the Laplacian operator.

HX,y)—{h(x,y) —{ V? [— g(x.y)

(xz ‘|‘y2) LoG
h(x,y) =e 2mo? V2(f(x,¥) * h(x,¥)) = f(x,¥) #{[Vh(x, y)]
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Laplacian of Gaussian (LoG) Edge Detector

" Also known as the Marr-Hildreth edge detector

® A Gaussian lowpass function smoothens the image, before
the Laplacian if used to find the edges

= Gaussian Low Pass Filter

(x*+y*)
h(x,y) = ¢ Zno?

= Taking the Laplacian

V2(f (. ) = h(x,y)) = f(x, ) #|[V2h(x, )]
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Laplacian of Gaussian Operator

Laplacian of Gaussian

e
AR
AN
N

:‘\\\\ \

Gaussian derivative of Gaussian

1 _u2+v2 8 '
ho(u,v) = =€ 202 —ho(u,v) V2he(u,v) i |
210 ox

V< is the Laplacian operator:

92 92
Vi =gkt 5
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Example: LoG Filter

Original image default log

with sigma=1 with sigma=1.7

%% edge detection with log

f = imread('5.tif");
[g_log default,tlog] = edge(f, 'log'):

g_log 1 = (1) #50.02 means threshold

g log 2 = edge(f, 'log',0.02,1.7);

subplot (2,2,1);imshow(f);title('Original image'):

subplot (2,2, 2) ;imshow (g log default);title('default log'):

subplot (2,2, 3) ;imshow (g log 1):;title('with sigms
subplot(2,2,4);imshow (g log 2):;title('with



Canny Edge Detector

" More complex algorithm, but far superior performance in
general to all the edge detectors discussed thus far.

" Approach based on 3 basic objectives:
= Low error rate — all (or as many) edges should be found

= Edge points should be well localized — edges as close as possible to
true edges
= Single edge point response — only one true edge point returned
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Canny Edge Detector

Smooth the image with a Gaussian filter with @

Compute gradient magnitude and direction at each pixel of
the smoothed image

Apply non-maximal suppression to the gradient magnitude
image

Use double thresholding (T, and T,) and connectivity
analysis to detect and link edges

36



Non-maximal suppression

The gradient M (X, y) typically contains wide ridge around
local maxima. Next step is to thin those ridges.
Nonmaxima suppression:

Letd,,d,,d,, and d, denote the four basic edge directions for

a 3x 3 region: horizontal, -45°, vertical,+45°, respectively.

1. Find the direction d, that is closest to a (X, y).

2. If the value of M (X, y) Is less than at least one of its two
neighbors along d, , let g, (X, y) =0 (suppression);
otherwise, let g, (X, y) = M(X,Y)
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Non-maximal suppression

Eliminate all but local maxima in magnitude of gradient

At each pixel, look along direction of gradient: if either
neighbor is bigger, set to zero

In practice, quantize direction to horizontal, vertical and
two diagonals

Result: thinned edge image
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Double thresholding (T, > T,)

The final operation is to threshold g, (x, y) to reduce
false edge points.

Hysteresis thresholding:

O (5 Y) =0y (X, y) 2T,
O (X Y) =0y (X y) 2T,

and
gNL(X’ y) — gNL(X’ Y) ~— O\H (X1 Y)
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Double thresholding (T, > T,)

" Pixels with values greater T,, are strong edge pixels
" Pixels with values greater than T, are weak edge pixels

" Edge Linking
" |Locate a pixel p belonging to a strong edge
* Find weak pixels that are connected to p
= Append these weak pixels to p

40



Example: Canny Filter

Original image default canny

with sigma=1.2 with sigma=3

%% edge detection with cannﬂ

f = imread('3.tif'"): BW = edge (I, 'canny',THRESH) specifies sensitivity thresholds for the
[g_canny default,tlog] = edge(f, 'canny'); Canny method. THRESH is a two-element wvector in which the first element
is the low threshold, and the second element is the high threshold. If
you specify a scalar for THRESH, this wvalue is used for the high
threshold and 0.4*THRESH is used for the low threshold. If you do not
specify THRESH, or if THRESH is empty ([]), edge chooses low and high
values automatically.

g canny 1 = edge(f, 'canny',0.2,1.2);%0.2 means threshold

g canny 2 = edge(f,'canny',0.2,3);
subplot(2,2,1);imshow(f);title('Original image');

subplot (2,2, 2) ;imshow (g_canny default);title('default canny'):
subplot (2,2, 3);imshow(g_canny 1);title('with
subplot (2,2,4) ;imshow(g canny 2);title('with




Lecture outline

" QOverview of Image Segmentation

" Discontinuity Detection
= Point Detection
= Line Detection
= Edge Detection

" Edge Linking & Boundary Detection

42



Edge Linking and Boundary Detection

" Edge detection typically is followed by linking algorithms
designed to assemble edge pixels into meaningful edges

and/or region boundaries
" Two approaches to edge linking

" |Local processing
"= The Hough Transform

43



Local Processing

" Analyze the characteristics of pixels in a small neighborhood
about every point (x,y) that has been declared an edge point

" All points that similar according to predefined criteria are
linked, forming an edge of pixels.

= Establishing similarity: (1) the strength (magnitude) and (2) the
direction of the gradient vector.

= A pixel with coordinates (s,t) in Sxy is linked to the pixel at (x,y) if
both magnitude and direction criteria are satisfied.
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Local Processing

Let S, denote the set of coordinates of a neighborhood
centered at point (x, ) in an image. An edge pixel with
coordinate (s,7) in S, 1s similar in magnitude to the pixel
at (x, y)1f

|M(S, 1)— M(x, y)| <E

An edge pixel with coordinate (s,7) in S 1s similar in angle
to the pixel at (x, y) 1f
|0[(S, 1) —oa(x, y)| <A
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Local Processing: Steps (1)

" 1. Compute the gradient magnitude and angle arrays,
M(x,y) and a(x,y), of the input image f(x,y)

" 2 Form a binary image, g, whose value at any pair of
coordinates (x,y) is given by

1 tM(x,y)>1,, and a(x,y)=A=xT,
0 otherwise

g(x,y)= {

1), - threshold  A4: specified angle direction

4

I',- a "band" of acceptable directions about A
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Local Processing: Steps (2)

® 3 Scan the rows of g and fill (set to 1) all gaps (sets of 0s) in
each row that do not exceed a specified length, K.

" 4 To detect gaps in any other direction, rotate g by this
angle and apply the horizontal scanning procedure in step
3.
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Example

Result of edge linking
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The Hough Transform

" “The Hough transform is a general technique for identifying
the locations and orientations of certain types of features

in a digital image.

" Developed by Paul Hough in 1962 and patented by IBM, the
transform consists of parameterizing a description of a
feature at any given location in the original image’s space.
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Hough Transform

(x,v:): all the lines passing this pomnt y,—ax.+b
b= y.-ax,: point (x,y;) maps to a single line in ab plane.
Another point (x,);) also has a single line in ab plane

b= Yy dx;

=

a’ and b’ are the slope and intercept of the line containing
both (x,y,) and (x],y ;')- B Several points in x,y domain with
1 given a,b can be represented by
| one point in a, b domain
\ b=-xa+y MW Several lines in the xy space can
® (X %) \ be represent as a single line in ab
f / space
/ m [f we want to know how many
points exit in one line in X,y
b=-xa+y domain, we can accumulate the
Y values in a b domain with the
corresponding a’, b’.

» (x;. ¥;)
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Hough Transform

(a,,:,,2,.): €Xpected range of slope

(b,,i.Dax): €Xpected range of intercepts

A(1,]): the number of points 1n the cell at coordinates (1,J) in
the ab plane.

For every point in the image @i
plane, we let the value of a

equal each of the allowed
subdivisions and find the of oo
corresponding b from

b= yrax; If fora, we get b,

the A(p,q) 1s incremented. O




Hough transform

" The cell with the largest value shows the parameters of the line that
contains the maximum number of points.

" Problem with this method: a approaches infinity as the line gets
perpendicular to the x axis. (if a line is perpendicular to x axis, then
this line is represented x=M. a->infinity)

B Solution: use the representation of the line as:
xXcosf+ ysinf = p

ysin 6| /%/ \\ |
AN
X

9 ﬁ)f: xcos @+ ysiné




Hough transform

" A pointin xy plane is mapped into a sinusoidal curve in p 6
plane.

~ Ymin 0 Ymax .
=y Fmin il

Hmax




Edge-linking Based on the Hough Transform

Obtain a binary edge image using any techniques
Specify subdivisions in p 0 plane

Examine the number of intersects at each cell in the p 0
plane;

Bridge the gap based on continuity

= The gap in a line associate with a given cell is bridged if the length
of the gap is less than a threshold

https://www.youtube.com/watch?v=4zHbI-fFIl|
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https://www.youtube.com/watch?v=4zHbI-fFIlI

Example: Hough Transform

Yy orginal 7, <= " 0 & hough transform
X

20 -100
-50

40
0

60
50

80
100

100

20 40 60 80 100
%% example for hough transform (Page 56 of 4211 6)
f=zeros (101, 101) ;
£(1,1)=1;
£(101,1)=1;
£(1,101)=1;
£(101, 101)1;
£(51,51)=1;
[H, T, R1=hough (f) ;
figure;
subplot (1, 2, 1) ; imshow (f) ;title (' orginal image’);axis on;axis square;
subplot (1, 2

axis on;axis square;

, 2) ;imshow(H, [], XData’, T, YData ,R, InitialMagnification’, fit'));title(’ hough transform’);%hough transformation 55



Example: Hough Transform

" |norderto link a line in the original image, we use Hough
transform and identify the largest values in the accumulator,
then identify the corresponding lines

Hough transform

Orginal Image After Hough transform

-600

-400

-200

P
o

200

400

600

-50 0 50

56



Example: Hough Transform

clear all;

I = imread('e.tif'"):

figure;

subplot(1,3,1):

imshow(I); title('Orginal'):

BW = edge (I, 'canny'):;%Canny detect boundary

[H,T,R] = hough(BW) 4%H hough tranform matrix,I,R angle and radius

subplot(1,3,2);

imshow(H, [], '¥Data',T, 'YData',R, 'InitialMagnification', "fit');%hough transform
xlabel ("\theta'), ylabel('\rho');title('Hough transform'):

axis on,axis square,hold on;

P = houghpeaks (H, 3);

x = T(P(:,2)):
y = R(P(:,1)):
plot{x,v,'s"', 'color', "white'"):

lines=houghlines (BW,T,R,P):

-]

subplot(1,3,3):

imshow(I), title('Image After Hough transform');hold on;
for k = 1l:1ength(lines)
xy = [lines (k) .pointl; lines (k) .point2];

plot (xy(:,1),xy(:,2), 'LineWidth',2, 'Color"', "green');
plot(xy(1l,1),xy(1,2),'x', 'LineWidth', 2, "Color"', 'yellow') ;
plot (xy(2,1),xy(2,2),'x', 'LineWidth', 2, "Color"', 'red") ;
end
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Example: Hough

" |f we apply the Hough transform on the image below, what
would be the maximum value for the accumulator cell in
the (p, 6) space? What is the corresponding (p, 8) value?

11 u
10 m (mm
g 1 -

8 H =

7 I

6

5 EEEEE EE
4 u HE = =
5 n u I
2 [ | |

1 EEEEN

0 [ [

0123456789101

The maximum value is 8, corresponding to the horizontal line with vertical coordinate 5,
because there are 8 points lying on this line. This line has the parameter p =5, 6 = pi/2.
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Example

If we apply the Hough transform on the image below, what would be the
maximum values for the accumulator cell in the (p, 8) space? What are the
corresponding (p, 6) values.
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) 0000 (]
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0 1 23 4 5 6 7 8 9 10 11 12 13 14 15

Solution:
The maximum value is 11. There are two lines correspond to this values, with p =
13/sqrt(2), 6 = pi/dorp=5,0=0.
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Review: Edge-based Segmentation

" Finding discontinuities (sharp, local changes in intensity) as
boundary of regions

® Discontinuities in digital images (Spatial filters)
" Point (Laplacian)
= Line (horizontal, -45 degree, vertical, 45 degree)
= Edges (Roberts, Prewitt, Sobel, LOG, Canny)

" Techniques
= Point detection
= Edge (pixel) detection
= Edge formation from edge pixels — Edge linking, Hough Transform
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