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Introduction

+ Electromagnetic spectrum
* Human vision

+ Color systems

+ Sensing illuminated objects
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Electromagnetic spectrum

X-rays Visible light Radio waves
— _—

Ultraviolet Blue Green Red Infrared

400 500 600 700 800

Wavelength (nanometers)
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Human vision

Human eye:

+ Bars for gray values
+ Cones for color, one type for each primary color

* Blue
« Green (most sensitive)
* Red
27-aug-18 Color image processing
Color systems
» Additive:

the primary colors of light are individual red, green and blue
light sources that are projected onto a common region of
space to reproduce a colored light.

Example: RGB monitor.

+ Subtractive:
the primary pigments are magenta, cyan and yellow. A
primary pigment subtracts or absorbs a primary color of light
and reflects or transmits the other two primaries of light.

Example: white light on yellow object: blue is absorbed
<subtractive>, red and green (= yellow) are reflected <additives.
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Mixtures of light (additive primaries)

<
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Mixtures of pigments (subtractive primaries)
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Sensing illuminated objects

\O illumination
/ source

reflection

object camera
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Sensing illuminated objects

The sensation, or perception, of an object’s color depends upon
three factors:
+ The spectrum of energy in the various wavelengths
illuminating the object surface
+ The spectral reflectance of the object surface, which
determines how the surface changes the received spectrum
into the radiated spectrum
+ The spectral sensitivity of the sensor irradiated by the light
from the object’s surface
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Sensing illuminated objects

White light contains all colors in equal energy

Domino stones illuminated by equal amounts of red, green and
blue

Note: both domino stones and light source do not have pure colors

27-aug-18 Color image processing 1

Sensing illuminated objects

white light green light

- green -> green
« yellow -> light green (yellow = green + red)
* blue -> dark

* red -> dark
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white light

*red -> red

* blue -> dark
* green-> dark

Sensing illuminated objects

red light

+ yellow -> red (yellow = green + red)

* blue -> blue

* red -> dark

27-aug-18

- green -> green

* yellow-> green

Color image processing
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Sensing illuminated objects
white light green/blue (cyan) light
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Color spaces

- RGB
+ HSV
YUV (*)
* Not treated:
+ nRGB (rgb)

« HSI
+ HSL
L [e]
« CMY(K)
+ CIELAB
« CIELUV
27-aug-18 Color image processing 15
RGB space
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RGB space

RGB
+ Is used for displaying in CRT and LCD screens
* Non-intuitively,

“where is yellow in the cube?”

* Non-uniform,
“which 3D shape should threshold values have ?”

VisionLab implementation RGB888Image and RGB161616Image:

+ 8 or 16 bits for each color
+ Result of 8 bit operations are clipped

27-aug-18 Color image processing 17

HSV space

Value

Green Yellow
AP o
120 = 60

‘ /THue

Black 0 Saturation 1
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HSV space

HSV:

* Hue: dominant color

+ Saturation: relative purity (or the amount of white light mixed
with the hue)

+ Value: the amount of light (maximum of red, green and blue)

Note:

+ Saturation is not defined when intensity = 0
* Hue is not defined when saturation = 0
Other related spaces:

« HSI and HSL
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HSV space

HSV versus RGB
+ More intuitively
* More uniform
« Extra conversions

VisionLab implementation HSV888Image and HSV161616Image:
+ 8 or 16 bits for each component

* Hue: 0°.. 359° is mapped on 0 .. 255 for 8 bits and mapped to
0 .. 31416 for 16 bits

+ Operations on Saturation and Value are clipped for 8 bits

» Operations on Hue are modulo 256 for 8 bits and modulo
31416 for 16 bits
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YUV:

« U:0.493 * (blue - Y)
. V:0.877* (red - Y)

compression

YUV space (*)

* Y:0.30 *red + 0.59 * green + 0.11 * blue

Used as basis for PAL TV signals and in JPEG and MPEG

VisionLab implementation YUV888Image and YUV161616Ilmage
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Extract and merge channels
RGBImage
Extract
Intimage for red ‘ ‘ Intimage for green ‘ ‘ Intimage for blue
Merge
RGBImage
27-aug-18 Color image processing 22
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Example split RGB channels

« Open image dark_flower.jl

« Splitin red, green and blue channel,
useExtractRGBChannels from Color menu

« Merge the three channels using 3 and 2"d select with MergeRGBChannels

27-aug-18 Color image processing 23

Example split RGB channels

¥ visionLab ¥3.28 7-9-2002 {c) Yan de Loosdrecht Machine Yision  www.wdimy.nl =101 |
File Cperator Camera Server Options Window User Help

o (Ropomman TR [7_red G tormoney REEE

{

, S
P -

T green(Intl6Image) I blue {Int16Image) |

[r.481us I [
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Typical schema for enhancement using grayscale operations

RGBImage

Convert
HSVimage
Extract
‘ Intimage for hue ‘ ‘ Intimage for saturation ‘ ‘ Intimage for value
Enhancement Enhancement
‘ Intimage for hue ‘ ‘ Intimage for saturation ‘ ‘ Intimage for value
Merge
HSVimage
Convert
RGBImage
27-aug-18 Color image processing 25

Example contrast enhancement HSV

Use script contrast_hsv.jls
« Open image dark_flower.jl
« Convert from RGB to HSV

« Split in hue, saturation and value channel,
use ExtractHSVchannels from Color menu

« Histogram Equalize and Contrast Stretch value channel
« Merge the three channels

27-aug-18 Color image processing 26
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Eile Operator Camera Server Options  Window User Help

Convert and split HSV channels

¥ visionLab ¥3.28  7-9-2002 {c) ¥an de Loosdrecht Machine ¥ision  www.vdlmy.nl

=1oj x|

T org (RGBB8BIMage)

¥ hue (Int16Image)

|32‘557 us ‘ |

File Operator Camera Server Options Window User Help

v

27-aug-18 Color image processing 27
Enhance value channel and merge

¥ visionLab¥3.28 7-9-2002  {c)¥an de Loosdrecht Machine Yision www.vdimv.nl =101 x|

P val (Int16Image} |

il

T res (HSY888Image)

T val_enh (Int16Image)

33,507 us
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Exercise enhancement

Shoot color images or use image dark_flower.jl and experiment
with :

+ Gray scale (contrast enhancement)

+ Modify color by changing hue and/or saturation

27-aug-18 Color image processing 29

Segmentation

Segmentation on three channels
Most intuitively using HSV space

Tools in VisionLab
* ThresholdHSVChannels
* ThresholdRGBChannels
* ThresholdTool

Note for HSV thresholding:

+ Saturation is not defined when intensity = 0
* Hue is not defined when saturation =0

27-aug-18 Color image processing 30
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+ Open image domino.jl
« Convert to HSV888Image
« ThresholdHSVChannels 140 210 70 255 70 255

Example ThresholdHSVChannels

27-aug-18 Color image processing 31
Example ThresholdHSVChannels
T visionLab ¥3.28  7-9-2002 _(c) ¥an de Loosdrecht Machine ¥ision  ww.vdimy. B [ 3
File Operator Camera Server Options Window User Help
T domino.jl%83 (H5VEE8Image) I [ 5]
sied dorino. 83
dest dormin 31
channel_type -
hue_low 140 —
hue_high 210 A
saturation_low 70 —
saturation_high 955 —
walue_low 70 =
walue_high 255 =
Ok
Ioixi
<< {0 us} ;I
>» delete domino.jl%go
<< {0 us}
| I— ] oy
4635 us I [ .
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Example ThresholdHSVChannels

I visionLab ¥3.28 7-9-2002 {c) Yan de Loosdrecht Machine Yision  www.vdimv.nl 3 =] 3]
File Operator Camera Server Options Window User Help

¥ domine.jl%es3 (HS¥888] 3 IS [EIESIN - domin.jl?eo1 (Int16Image) g [ |

—ioix]

<< {4.892 us} ;l

»» *displavimage domino.jlssl 1

<< {0 us}

| g
4.892us [ I #
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Example using ThresholdTool

« Open image domino.jl

« Convert to HSV888Image

« Select ThresholdTool
* Note: “wrap around red should be off”
« Select with mouse click all blue pixels
« Click on accept

« Do the same for the red domino stone, but then it goes wrong, ask why ?

« For selecting red domino stone, set checkbox for “wrap around red”
after “reset” parameters

27-aug-18 Color image processing 34
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Example using ThresholdTool for blue stone

I visionLab ¥3.28 7-9-2002 {c) Yan de Loosdrecht Machine Yision  www.vdimv.nl B =] 3]

Fle Operstor Camera Server Options Window User Help

T Threshold Tool domin:

-O=]| =
 Thresholded image

Image name: doming %92
e Int1ElImage %

?  domino.jl%ea3 (HS¥888Image) | I ] 3

- Coordinat el wall
w [ 2
v [ = (165,95,161)
Hus
Low 160 =
High 173 =
¥ auta update
™ “wiap around Red I et

Satraion———————————

Low 9% =
Resat

High 122 =

—— Upclate

Low 144 =
Cancal

High 184 = -

Accept

I [ stayontop 5
Ous | 4
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Example using ThresholdTool for red stone
I visionLab ¥3.28 7-9-2002  (c) ¥an de Loosdrecht Machine Vision  www.vdimv.nl I [ 55
Eile Operator Camera Server Options ‘window User Help
¥ domino.jl*83 (HS¥888Image) =lolxl) =
— Thresholded image
Image name: domino %32
Image type Int1Elmage e
 Coorcinate il value
y [ 2
. B = (249,141 158)
rHue
Low 240 =
High m "
v auto update
92 (Int16Image) i ] [ 1% “Wiap rourd Fed =
i Saturation——————————————
Low 115 =
_ Reset
High 162 =
e Update
Low 136 - i
_ Cancel
High 168 =
I I stayontop _ tocept | =
b | \ Y
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False color image (*)

ConvertToFalseColor (srcimage, LUTImage, destimage, stretch)

This operator converts an Ordimage to an image with false colors.
For this conversion an image is used as a LookUpTable. The
stretch parameter specifies whether first the Ordimage is
ContrastStretched before the LUT is applied. The first pixel in de
LUTImage has index 0.

Usage:

« for displaying images with more contrast then possible with
grayscale values

« for displaying measurement of temperatures
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Example using ConvertToFalseColor (*)

« Open image hand.jl (infra red image)

« Open script gen_lut_rgb.jls

« Execute script to generate LUT

« ConvertToFalseColor hand lut FC_Stretch (from Color menu)
« Open script gen_lut_hsv.jls

« Execute script to generate LUT

« ConvertToFalseColor hand lut FC_Stretch

« Open script gen_lut_hsv2.jls

« Execute script to generate LUT

« ConvertToFalseColor hand lut FC_Stretch

27-aug-18 Color image processing 38

Jaap van de Loosdrecht, NHL, vdLMV, j.van.de.loosdrecht@nhl.nl 19



Computer Vision: Color image processing operators 27-Aug-18

Using LUT hsv2 (*)

¥ VisionLab ¥3.36  22-8B-2006 (c) Van de Loosdrecht Machine V¥ision  www.vdimv.nl

Eile ©perator Camera Server Ophions Window Userl Userz Userd Userd UserS Usert Help

Irtemnal sorpt Search Line number Indentatiary
name ‘ Sitore | Find 23 Jump

Create lut H3VS888Image 1 130 R
§h = 170
§2 = 255

T hand.j%15 (HSVBBBImage Default)  [H[EE3

6.220 us
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Robo Challenge
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Robo Challenge

27-aug-18 Color image processing 41

Exercise find balls
+ Use image robot_balls.jl
* Try to find the balls in:
+ Grayscale
- RGB
« YUV
« HSV
27-aug-18 Color image processing 42
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Find balls in grayscale

«  Open robot_balls.jl
«  Convert to Int16lmage
« Use ThresholdTool, select bottom of black ball, set low to 0 and increment high to 140
« Conclusion:
« Finding yellow and green ball is difficult

27-aug-18 Color image processing 43

Find balls in RGB color space

«  Open robot_balls.jl
«  Select yellow ball with ThresholdTool
«  Select red ball with ThresholdTool

«  Select bottom of black ball,
still problem with reflection

« Select green ball,
if top part with wire is selected, the black ball is selected
« Conclusion:
« better then grayscale
- very sensitive for lighting variations and shadows
« change in light condition is change in R G and B
« lows and highs for selection are very critical

27-aug-18 Color image processing 44
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Find balls in HSV color space

«  Open robot_balls.jl
« Convert to HSV888Image

+  Select yellow ball

H: 40-50, S: 150-255, V:80-255 (even 0-255 works, just thicker)
« Select red ball, (no wrap around red needed!)

H:235-255, S:10-255, V:30-255
«  Select black ball, start at bottom side,

(still problem with refection)

H:0-255, S:0-255, V:0-52
«  Select green ball, start at bottom

H:80-100, S:140-255, V:0-255
«  (Filter on Formfactor en Eccentrity using LabelBlobs and BlobAnalyse)
« Conclusion:

« much more robust then RGB

27-aug-18 Color image processing 45

Exercise change yellow to blue

Change the color of the license plate (image 23VKF8.jl) from
yellow to blue without changing the colors of the car and the
background

Answer: yellow_to_blue.jls

27-aug-18 Color image processing 46
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Exercise change red to blue (*)

Change the color of the screwdriver (image screwdriver.jl) from
red to blue without changing the colors of the domino stones

Answer: red_to_blue.jls

27-aug-18 Color image processing 47

NormaliseRGB

NormalizeRGB (RGBImage)

This operator normalises a RGBImage by calculating for each
pixel the relative amount of red, green and blue compared with the
whole image. The relative amount is contrast stretched.

27-aug-18 Color image processing 48
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Demonstration NormaliseRGB

« Open image blood_sample.jl (image of dried blood sample on paper)
« NormaliseRGB image
« Note: on places with blood, the red color is amplified

27-aug-18 Color image processing 49

. Visionlab V344  17-8-2014  (c) Van de Loosdrecht Machine Vision BV www.vdimv.nl

File Operator Camera Server Options Window OpenCL Userl User2 User3 Userd Help

Open

S 8 blood sampleji%32 (RGB8B8Image D.. _ |11 X| lood_sample %33 (RGB888Image ... _ | 1| X|

New Script

Close Al +

Select 2nd -

Edit / \

Pixels

Histogram

Snapshot

Setup

Exit

Threshold Tool

Threshoid

Threshold lsoData

Remove Biobs 4 Edit blood _|of X[ | | @ Edit blood_sample;i%33 (RGBSS.. | =

Remove Border Blohs [246 [2a7 [228 [229 -] [246 [2a7 [228 [249 To|+]

Label Biobs 110 [(10069.64) (96.73,63)  (100.69.68) (103.68.67) 110_[(200.115.70) (186.137.63) (191,108.84) (204.100.77) (¢

Bloh Analysis [111_[(102,67.68) (103.7068) (104,66.72) (103,69.71) [111_|(201,96,84) (198.107.76) (203.78.97) (194,98.90) (

Craecae Ao s [M2(103.65.76) |(107.70,7%) |(106.70,76) |(106,71,68) [112(192.73,112) (195.89,96) (190.89.101) (204.106,73) (2

e [ueenie (es7ize (07174 (1066571) 113 |(173,107.102(185.95.101) (186,99,95) |(210.76.91) (¢
[114_[(106.70.77) (1067075 (105.72.71) | (106.65.72) [114_|(188,87,104) (192.91,97) (193,107.63) (208.75.94) (1
115_[(107,64.79) (106.64.76) (103,68.71) (101.75,65) 115 |(199.58,117) (202.64.109) (195,94,91) |(188,136.64) (¢

Add [116_(105.71,68) (0a.6770) (10270.69) | | | [116_](201.105.74) (203.121.61) (203.89.88) (193.107.83)( |

Subtract 117_|(101,76,64) (107,65,67) | (104,66,70) 117_|(188,142.59) (196,131,59) (222,81.76) |(205,85,89) ('

And [118_|(100.72.66) (102.72,68) |(107.7167) |(104.73,67) [118_|(189,124.73) (191,117.77) [PAT RG] (197.119.70) (*

& 119 [(103,7265) (102.7268) (10272.67) (103,67.70) 119 (200,120.66) (191.117.77) (193,118.73) (200.91,89) ("

— 120 [(103,69.67) (104.69.67) (10270.66) (101,64,72) 120 |(202,104.76) (206.103.75) (199, 12,73) (196,78,103) (
121 [(103,70.66) (104.73.65) (104,69.67) (103,69,62) 121(202,110.71) (201,123.63) (205,103.75) (213,113,58) (
122_|(103.67.70) (104.70,66) (104.72.65) (103.72,61) 122 |(200,91,89) (205.108.70) (203,118,64) (209,127.51) (¢

Convolution 123_[(102.65.74) (100.69.70) |(100.68.68) (103,69, 123 |(193,78,107) (167.104.91) (194,104,85) (202,104,76) (

ROl Ed]| | Bl 19411101 AR 1181 (101 82 A0) (179 124 AR (184 138 5R)

Sobel [~ stayontop fieldwidth [go Dane Ell ]

Erosion [ stayontop feldwidth [75

Dilation
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NormalizeHue

NormalizeHue (srcimage, destimage, imageType, hue, minValue,
minSaturation, notNormalisedValue)

This operator has as source image a HSVxxxlmage and produces
a destination Reallmage of the specified imageType.

For all pixels with a value >= minValue and saturation >=
minSaturation the normalised distance of the hue of the pixel to
the reference hue is calculated. All other pixel get the value
notNormalisedValue.

Note: where NormalizeRGB normalizes only red, green and blue, NormalizeHue can
normalise any specified color.

27-aug-18 Color image processing 51

Demonstration NormalizeHue

« Open image normalizeColor.jl

« Convert image HSV888Image

* NormaliseHue image Doublelmage 0 100 100 0 // red = (0/360)*255 = 0

+ NormaliseHue image Doublelmage 170 100 100 0 // blue = (240/360)*255 = 170
* NormaliseHue image Doublelmage 43 100 100 0 // yellow = (60/360)*255 = 43

27-aug-18 Color image processing 52
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Demonstration NormalizeHue

;.bvisﬁmhny&u 17-8-2014 (<) Van de Loosdrecht Machine Vision BV www.vdimv.nl
File Operator Camera Server Options Window OpenCL Userl User2 User3 Userd Help

Open
= @ normaliseColorjl%21 Defa.. _[00|X|| @8 normaliseColorji%27 (Doubleimage FloatL... _ |1 X|

New Script
Close Al @\ e ——
BN YR

Select 2nd
Edit

Pixels
Histogram
Snapshot
setup

Exit

Threshold Tool
Threshold

Thieshold lsoData =
Remove Biobs

Remove Border Biobs

Label Eicks #8 normaliseColor1%29 (D Floatl.. _ |0 X| lorj1%25 (D Floatl... _ |01 X|

Blab Analysis
Graystale Blob Analysis
Remove Labels

[
= YR

Add
Subtract
And

or

ExOr

Convolution
ROI
Sobel

Erosion
Dilation
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Exercise find balls

+ Use image robot_balls.jl

» Try to find the balls using
NormalizeHue
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