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Distance and Hough Transforms

Overview:

« Distance transform
+ Pixel distance
+ Exact distance
« Vector distance (*)
* Euclidean distance (*)

* Hough transform

« Circle
* Line
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Computer Vision: Transforms

Distance transform

DistanceT srclmage destlmage connected

This operator works on Binary Image (= source) and initialises a
greyscale image (= destination).

Each pixel in an object is assigned a pixel value equal to its (eight
or four connected) distance to the nearest background pixel.

Usage:
+ Fast alternative for repetitive erosion
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Demonstration Distance Transform

« Open image circles.jl
« Threshold 0 100
« Distance transform EightConnected
« Analyse image with Edit (pixel 116,11 = 1)
- Distance transform FourConnected
« Analyse image with Edit (pixel 116,11 = 2)

« Fast alternative for repetitive erosion:
« Use script dt_speed.jls, use single step mode to show timer results
« Apply threshold 5 100 on EightConnected distance transform

« Apply 4 x Erosion with full 3x3 mask on thresholded image,
note time needed for operations
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Computer Vision: Transforms
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Computer Vision: Transforms

Fast alternative for repetitive erosion:
Threshold 5 100 on EightConnected distance transform
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Exact Distance transform

ExactDistanceT image precision

This operator works on binary image and converts it to a greyscale integer
image.

Each pixel in an object is assigned a pixel value equal to its exact distance
from the nearest background pixel or border of the image.

The distances are calculated with floating point precision. The final result
for each distance is multiplied with the precision factor (2nd parameter)
and converted to an integer value.

Usage:
» Fast alternative for repetitive erosion
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Computer Vision: Transforms

« Open image circles.jl
« Threshold 0 100

- ExactDistanceT 100
« Explain scaling
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Demonstration Exact Distance Transform

Demonstration Exact Distance Transform
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Computer Vision: Transforms 27-Aug-18

Vector Distance transform (*)

ExactDistanceT srclmage destimage

This operator works on binary image (= source) and initialises a
complex float image (= destination).

Each pixel in an object is assigned a pixel value equal to the
vector with the smallest distance from the nearest background
pixel or border of the image.

The vector is represented as a complex pixel.

27-aug-18 Distance and Hough Transforms 1

Demonstration Vector Distance Transform (*)

Open image circles.jl
Threshold 0 100
VectorDistanceT 100
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Computer Vision: Transforms 27-Aug-18

Demonstration Vector Distance Transform (*)
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Euclidean Distance Transform (*)
EuclideanDistanceT srclmage destimage mask result precision
ydivx

This operator works on Binary Image (= source) and initialises a
greyscale image (= destination).

Each pixel in an object is assigned a pixel value equal to its
Euclidean distance to the nearest background pixel.

Implementation restriction:

blobs should be at least n pixels distance from the border of the image. (mask3x3:
n=1, mask5x5: n=2, mask7x7: n=3)

27-aug-18 Distance and Hough Transforms 14
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Computer Vision: Transforms 27-Aug-18

Euclidean Distance Transform (*)

Implementation notes:
+ calculations in “41 base number”, 58/41 = V2
« accuracy can be increased by using bigger mask

+ vydivx gives the ratio of the pixelsize = 1 for square pixels

27-aug-18 Distance and Hough Transforms 15

Euclidean Distance Transform (%)

0 148 130 0 130 148 0

130 92 58 41 58 92 130

[) [) a1 | o affo [)
3x3 mask
130 || o2 s8 | a1 | s8 | 92 [J130
5x5 mask
s | o 92 | o 92 | o [1as
o |148 [130 | o | 130 |148 | o 7x7 mask

» Masks for square pixels and base humber 41

« Maximum blob diameter for Int16lmage: (215/41) * 2 + 1 = 1599
pixels
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Computer Vision: Transforms

Euclidean Distance Transform (%)

148 0 92 [ 92 [ 148

130 92 58 41 58 92 130

0 0 41 [ 41 [ [

3x3 mask

130 || o2 s8 | a1 | s8 | 92 [J130
5x5 mask

s | o 92 | o 92 | o [1as
o [148 [130 | o [ 130 | 148 | o 7x7 mask

» Sensitive to rotation of the object,
maximum errors: mask3x3 = 7.9%, mask5x5 = 2.5% and
mask7x7 = 1.2%

+ Example: distance knight move with mask3x3: 58 + 41 = 99.
Error: (99/41) / sqrt(5) = 1.079
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Demonstration Euclidean Distance Transform (*)

« Open image circles.jl

« Threshold 0 100

* (EuclideanDistanceT EDTMask3x3 NoScaleEDT 41 1 (*))
* EuclideanDistanceT EDTMask3x3 ScaleEDT 41 1

« (Explain scaling (*))
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Computer Vision: Transforms
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Computer Vision: Transforms 27-Aug-18

Exercise 1 Distance Transform

oo

+ Use image connectedballs.jl
+ Calculate the number of balls in the image

answer: connectedballs.jls

27-aug-18 Distance and Hough Transforms 21

Exercise 2 Exact Distance Transform (*)

+ Use image city.jl
+ Calculate the average shortest distance from the centre of the
cities to the highway

answer: city.jls
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Computer Vision: Transforms

Exercise 3 Exact Distance Transform (*)

oo

+ Use image connectedballs.jl
» Calculate “the watershed” between the balls

+ answers: watershed_conballs2.jls , watershed_conballs.jls and

watershed_conballs3.jls
Note: alternative solution is using “SeparateBlobs EightConnected 20”
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Exercise 4 Exact Distance Transform (*)

+ Implement script for SeparateBlobs using Watershed
+ Test on image connectedballs.jl

®e o %

®
@ @ ®
oo oo ¢°

Answer: SeparateBlobs_with_Watershed.jls

27/08/2018 Segmentation 24
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Computer Vision: Transforms 27-Aug-18

Hough Transform

* Hough Circle Transform

* Hough Line Transform

27-aug-18 Distance and Hough Transforms 25

Hough Circle Transform

Task: find the best match for a circle

Image space Hough space
(x-a)2 + (y-b)2 = R? (a-x)2 + (b-y)2 = R?
a,b,R: known x,y: known
X,y: unknown a,b: unknown, R: fixed
T
T Transform
Yy Q ﬁ
x > a —>
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Computer Vision: Transforms

Hough Circle Transform

Algorithm:
+ Initialise Hough space to 0

« For all object pixels ‘draw’ in Hough space a circle with
radius R by incrementing all pixels in circle.

* Find maximum for position centre

This can be repeated for all radii R to be searched,
maximum over all Hough spaces will give the answer
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Demonstration Hough Circle Transform

* (note: log mode should be normal, not CSV)

« Open image circles.jl

« Threshold 0 100

« Erosion with full 3x3 mask

« Subtract eroded image from thresholded image in order to get a border image
« Hough circle transform on border image with radius 55

« (use gamma correction in point menu with factor 0.25 for better contrast in
display with beamer)

« Analyse result with edit pixels
« Use Hough best circle with radius 55 to find position of circle

« An unknown radius can be found with
FindBestCircle borderimage 50 58 0.1
(result = centre of gravity radius nrofhits)
For animation use script HoughAnimation.jls
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Computer Vision: Transforms

Threshold Erosion Border

¥ Visionlab V3.32  24-9-2003 (c) Van de Loosdrecht Machine Vision  www.vdlmy.nl

Fle Operator Camera Server Options Window User Help
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Hough Circle Transform with radius 55
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Computer Vision: Transforms

Hough Best Circle with radius 55 to find position of circle

- BEE|
0 X" X CEX)| :
Did you see the result ?
Cancel
267,534 us (118,945,65.1525) 55 192
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Animation Hough Circle Transform
Open script HoughAnimation.jls
»o | e[®
R=55
® img (Int16lmage Stre... [ || & [ :.\mgThrs;hc-VdeM_lEl o l@[=
4@ imgFastHough (Int16... [ | & |[52 ] | [ 4@ imgHough (int16ima... [o | @ [
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Find Best Circle 50 58 0.1

Did you see the result 2

-]
2,059.811 us (118.945,65.1525) 54.9 192
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Find Best Circle

findbestcircle imageName minR maxR deltaR
findbestcircle is intended for a binary image

The operator searches in the image for the best match for a circle
with minimum radius minR and maximum radius maxR and with a
resolution of deltaR pixel.

The operator will give as result the following string:
(centre co-ordinate) radius numberOfHits.

Note sub-pixel precision.
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Find Fast Best Circle

findfastbestcircle imageName brightness edgeMin minR maxR
deltaR

findfastbestcircle is intended for a grayscale image.

findfastbestcircle has two extra parameters:

+ brightness: determines whether the circle is dark or light or
can be both relative to the background.

« edgeMin: the border of the circle is found using the Sharr edge
detection method, all edge with a magnitude higher than
edgMin are considered as candidate for the circle.

Note sub-pixel precision.

27-aug-18 Distance and Hough Transforms 35

Demonstration Find Fast Best Circle

Open image circles.jl
findfastbestcircle DarkOrBrightCircle 500 50 58 0.1

27-aug-18 Distance and Hough Transforms 36
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Demonstration Find Fast Best Circle
¥ VisionLab V3.32  24-9-2003 ::J Van de Loosdrecht Machine Vision  www.vdlmv.nl
¥ circl.as.}_'_‘l%iunt“ﬁ...gu\gl I
Did you see the result ?
Cancel
70.278 us (119.010,65.0026) 56.1 20 —
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Find Fast Best Circle using widget FindEdgeCircleTool

T vyisionlah V3.39  7-5:2010  (c) Van de Loosdrecht Machine Vision BY. .. (2 |[B]]

File Operator Camera Server Options Window Userl User2 User3 Userd UserS Users Help

1 (int16im... [EE|

ize inner circle

resize outer circle
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Demo Find Fast Best Circle using widget FindEdgeCircleTool

« Open min max circles tool from menu Operator | Widget tools |
FindEdgeCircleTool

« Drag landmarks to desired position

« Select FindFastBestCircle operator from menu Operator | Transforms
(minEdge = 500, deltaR = 0.1)

27-aug-18 Distance and Hough Transforms 39

Demo Find Fast Best Circle using widget FindEdgeCircleTool

VisionLah

Did you see the result 7

|116.405 us (112.019,65,0926) 56.1 30

(x,y) radius nrHits
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Implementation FindFastCircle

« The border of the circle is searched with an edge detection
opeator

» For each border pixel the magnitude and direction of the edge
is calculated

+ With the direction the tangent of the circle is calculated
+ The position of the center of the circle can be calculated

* For each candidate pixel only one point (the center) is ‘drawn’
in the Hough space

27-aug-18 Distance and Hough Transforms 41

Hough Circle Transform

Explain difference in found circle radius:
+ FindBestCircle: r = 54.9
+ FindFastBestCircle: r = 56.1

27-aug-18 Distance and Hough Transforms 42
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Demonstration Find Fast Best Circles

« Open image circles.jl
« findfastbestcircles DarkOrBirghtCircle 130 3090 12 40 8

27-aug-18 Distance and Hough Transforms 43

Find Fast Best Circles

*_VisionLabV3.35 512006 (c) Van de Loosdrecht Machine Vision  www.dimvnl [ O]

¥ Find Fast Best Circles EHEE\

soUICE circles. %2

objectbrightness
edgebdin

mink

maxF
deltaRl
niCircles

minDistance

minHits

Cancel |

311.649us
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Find Fast Best Circles

™ circles. jt BEE

VisionLab 3]

Did you see the result ?

|279.213 us 2 (119.052,65.0747) 56 28 (119.733,175.067) 57

27-aug-18 Distance and Hough Transforms 45

Hough Line Transform

Task: find the best match for a line

Image space: Hough space:

y=a*x+b b=y-a*x

a,b known x,y known

X,y unknown a,b unknown

all lines through (x,,y,)

T Transform b

X, Y2)
Y ﬁ

Xy, Y1)
X = a —
all lines through (x;,y,)
27-aug-18 Distance and Hough Transforms 46
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Hough Line Transform (*)

Task: find the best match for a line
Algorithm:

+ Initialise Hough space to 0

+ For all object pixels ‘draw’ in Hough space all lines
(draw = increment pixel value in Hough space)

+ Maximum in Hough space gives a and b for best match

Problem:
« If line is vertical then a = infinite

Solution:

* Represent line in Hough space by polar co-ordinates:
x*cos@+Yy*sing=R

27-aug-18 Distance and Hough Transforms 47

Polar co-ordinates (*)
A line is represented by a normal vector with:

+ lengthR
+ angle ¢

T

Y R

¢
X =
27-aug-18 Distance and Hough Transforms 48
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Polar co-ordinates (*)

Hough space of all lines through two points

—all lines (x1,y1)
——all lines (x2,y2)

phi

27-aug-18 Distance and Hough Transforms 49

Find Best Line

Task: find the best match for a line
findbestline srcName minR maxR deltaR minPhi maxPhi deltaPhi
findbestline is intended for a binary image

This operator searches in the image for the best match for a line. The
normal vector of this line (r,phi) and the number of hits are returned as
result.

This line is searched for in the area of the image with the following
limitations (in polar co-ordinates): r in [minR..maxR] and phi in
[minPhi..maxPhi] in degress. Limitation of phi: -pi/2 <= phi <= pi, due to the
fact that a normal vector can not be in the fourth quadrant.

The resolution of the search is determined by deltaR and deltaPhi.

27-aug-18 Distance and Hough Transforms 50
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Demonstration Hough Line Transform

Open image circles.jl

Threshold 0 100

Erosion with full 3x3 mask

Subtract eroded image from thresholded image in order to get a border image
findbestline borderimage 0 200 1 -1.5 3.14 0.01

27-aug-18 Distance and Hough Transforms 51

findbestline 0 200 1 -1.5 3.14 0.01
(c) Ll
T circles. b7 (int16... - |~ [X] |7 2nd circles.it8 (1. [ | [X] |7 circles jBis (intt6...[_ | 1 [X =
Did you see the result ?
Cancel
28.642 us (6,-1.04) 68 ~
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Find Fast Best Line

findfastbestline srcName minR maxR deltaR minPhi maxPhi
deltaPhi edgeMin

findfastbestline is intended for a grayscale image.

findfastbestline has an extra parameter:
+ edgeMin: the border of the line is found using the Sharr edge
detection method, all edges with a magnitude higher than
edgMin are considered as candidates for the line.

Implemention with an edge detection operator which finds the
orientation of the line segments. For each pixel in the image only
one pixel in the Hough space is incremented

27-aug-18 Distance and Hough Transforms 53

Demonstration Find Fast Best Line

Open image circles.jl
findfastbestline 4000200 1 -1.5 3.14 0.1
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Demonstration Find Fast Best Line

T VisionLab V3.32  24-9-2003 _:_: ) Van de Loosdrecht Machine Vision  www.vdImv.nl

Did you see the result 2

Cancel
7.265 us (104,1.2) 31 _
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Find (Fast) Best Line (*)
Question:

Why is the result from Find Fast Best Line different from Find
Best Line ?
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Scharr with minEdge = 400 (*)

¥ Visionlab V3.32  24-9-2003 (c) Van de Loosdrecht Machine Vision  www.vdlmy.nl

Fle Operator Camera Server Options Window User Help

5.761 us
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Demonstration Find Best Lines (*)

« Open image circles.jl

« Threshold 0 100

« Erosion with full 3x3 mask

« Subtract eroded image from thresholded image in order to get a border image
« findbestlines borderimage 0200 1 -1.5 3.140.012100.3 5
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Find Best Lines (*)

¥_ VisionLab V3.37 8-11-2007 (c) Van de Loosdrecht Machine Vision  www.vdimv.nl
File Operator Camera Server Options Window Userl User? User3 Userd LUserS LUsere Help

* " circles.ji%5 (Int16lma M= ETIW r i pect Lines
FOUICE circles.l%5

mink

marR
deltaRt
minPhi
maxFhi
deltaPhi

niLines

minADistance

minPhillistance

rinHits
O
| 4
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Find Best Lines (%)

T_ VisionLab ¥3.37 8-11-2007 (c) Van de Loosdrecht Machine Vision  www.vdlmv.nl

File Operator Camera Server Options  Window Userl User? LUserd Userd UserS Useré Help

¥ circles.jl%5 {Int16ima... |8 n[ﬂ

VisionLah X

Did you see the result 7

6914205 2(6.15356,1.04007) 68 (105.982,1.18982) 67 | A
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Demonstration Find Fast Best Lines

Open image circles.jl
FindFastBestLines circles 7 400 0 200 1 -1.5 3.14 0.052100.55
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Find Fast Best Lines

200 an.de.loosdrec R MAC I Ne.ISI0 0 e NV NANTIN.]) L]

source ,W
edgeiin ,4007
minR 107
maxR ,200—
deltaft
minPhi [rs
maxPhi 214

deltaPhi pr
nilines e

minFiDistance o
minPhiDistance s

inHits F
i Cancel
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Find Fast Best Lines

" VisionLab ¥3.37  B-11-2007 {c) Van de Loosdrecht Machine Vision  www.vdlmv.nl

File ©Operator Camera Server Options ‘Window Userl Userz Userd User4 UserS Useré Help

VisionLab 3

Did you ses the result ?

" Server ... |EHE”X|

I12.469 us 2 (103.987,1.21919) 31 (20.2089, 0993109 19 | 4
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Exercise find balls

» Use image robot_balls.jl

* Answer: ht_robot_balls.jls
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Computer Vision: Transforms

Alternative for finding lines and circles

Alternative operators to find lines and circles are based on the
Edge detection, see the chapter about Edge detection

Edge based:
+ Fast
+ Search area must contain only edges to find
+ Can find only 1 line or circle
+ Outliers cause problems
Hough based:
+ Slower
+ Search area can be whole image
+ Can find more then 1 lines or circles
* Less problems with outliers

27-aug-18 Distance and Hough Transforms

65

Jaap van de Loosdrecht, NHL, vdLMV, j.van.de.loosdrecht@nhl.nl

27-Aug-18

33



