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Hyperspectral Imaging operators overview

Overview:
+ 3 types of Hyperspectral images in VisionLab
+ Demo basic HSI operators
+ Normalized Difference Vegetation Index (NDVI)
* Noise correction by Flat Field Correction (FFC)
» Exercise Flat Field Correction Line
+ Analyse bands FX17 using 1st and 2nd derivative

» Short description of all Multi-Channel (MC) image
operators
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Computer Vision: VisionLab

VisionLab supports 3 types of Hyperspectrale Images

* Multi-Channel (MC) images: The pixels are stored in memory in
lines of MCPixels. Within one MCPixel the channels are
sequential stored. This is the basic HSI type in VisionLab, this
format is used by many MC operators. All pixels are stored in

one image.

+ Raw or Mosaic images: These are the raw images typically
produced by hyperspectral area scan cameras. All pixels are

stored in one images.

+ Band images: Each channel (band) is stored in a separated
image. The channels are "bundled" in an array script variable
with in the array elements the names of the band images.
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Multi-Channel (MC) image operators
+ MCViewer * MCMerge
* MosaicViewer « MCNVDI
+ BandViewer + MC(I)ReadENVI
* MC1istDerivative « MCReorder
« MC2ndDerivative  MCROI
« MCCloneNrChans « MCROI2Points
+ MCContrastStretch + MCSelectRange
« MCConvert + MCSelectChans
 MCFromBIL + MCSetChan
 MCFromBands « MCSetChans
* MCFromDemosaic « MCSetNrChans
+ MCGetChan « MCTile
+ MCGetChans * MCTranspose
* MCGetNrChans « MCZoom
« MCGetPixel « MCZoomXY
+ MCGetHeightWidth
28-aug-18 HSI operators 4
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Computer Vision: VisionLab

28-aug-18

Example HSI MCFA camera, 9 bands

Transmission (%)

CMS-V 550-830nm

Typical CMS-V filter transmission spectrum

500 550 600 650 700 750 800 850 900
Wavelength (nm)

Source: www.silios.com/cms-cameras-1

HSI operators

Type of pixel
Band 1
Band 2
Band 3
Band 4
Band 5
Band 6
Band 7
Band 8
Band 9

28-aug-18

Silios CMS-V specs

FILTER SPECIFICATIONS
Macro-pixel size

Wavelength range

3x3 bands

550 to 800 nm typical

8 colors (narrow bands) + 1 B&W
AC:553 nm /FWHM :30 nm /T : 57%
AC:587 nm / FWHM :29 nm / Tpax : 58%
AC:629 nm / FWHM : 28 nm / Ty : 57%
AC:665nm / FWHM : 27 nm / T, : 57%
Ac:714 nm / FWHM : 26 nm / Ty : 54%
AC:749 nm / FWHM : 25 nm / T, : 53%
AC:791 nm / FWHM : 25 nm / T ., : 50%
Ac:829 nm / FWHM : 27 nm / Tpax - 48%
Neutral density : T,ean = 9% over [S00-900] nm

HSI operators
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Computer Vision: VisionLab

Demo basic MC image operators

Open file with MC image tomatos-Silios-VIS.jl

Convert to Multi-Channel format with
Demosaic image 3 3

Look at Image Attributes (F11) for channel info

Options setting MC Display (OneChan or Raw) govern the way MC images are
displayed

MC Pixel layout in Raw view on MC image

MC Viewer, scroll in bands, adjust Gamma, extract one band
MCROI image 50 50 100 200

MCROI2Points LineTool height = width =0

MCROI2Points LineTool height & width != 0

MCTile 33

Extract Band Images with MCGetChans &$allBands (with &)
Band Viewer $allBands (without &)

MCReorder image (8,2,1,0,6,3,4,5,7)

View bands and observer expected darker -> brighter for plants
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Hyperspectral mosaic image
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Computer Vision: VisionLab

Convert to Multi-Channel format

Erosion

Openng

ftomato-siios- Vs 62

[lomato-siios- Vs s

28-aug-18 HSI operators

e visionLab V346

Open
save

Close Al
Select 200
Eat

Pocs.
Histogram

Erosion

Opening

New Script

Converted to Multi-Channel format

2442018 (0) Van de Loosdrecht Machine Vision 8V wwwdimv.nl

File Operator Camera Server Options jow OpenCL Userl User2 GDAL Vegetationindex Help

Cosng @ eiiog.. @ [E][]
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Computer Vision: VisionLab 28-Aug-18

Double click on MC image for attributes
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The way MC images are displayed are governed by the
Options settings

The way MC images are displayed are governed by the Options
setting MC Display:
+ OneChan: one channel of MC image is displayed, channel
chosen is specified with Options MC Gray Mapping parameter
+ Raw: the MC image is displayed as lines of MCPixels. Within
one MCPixel the channels are sequential displayed.
The raw image has the normal height, but the width is normal
width * number of channels.

Note: when MC Display is changed, all MC images will be
redisplayed according to the specified display option

28-aug-18 HSI operators 12
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Computer Vision: VisionLab

MC Display = GrayScale, MC Gray Mapping = channel 4
m VisionLab V3.46 018 Van de Loosdrecht Machine Vision BV www.vdim. — o
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MC Display = Raw (MC Gray Mapping = don’t care)
#® visionLab V346  24-4-2018 (c) Van de Loosdrecht Ma vdimv.nl = a
Open - image creaton  [rew
=
== e
Select 2nd | Max width image
e Raw had
= CER—)
Setup i Timer single -
Ext f Vislab.ini save <]
E—— Synchonise scripts [gynchronise -
= [
Stay on top Inot_on_tog v
P oLonte -]
‘Threshold isaData iz a2 =l
Remove Blobs. Server og nolog =]
Label Blobs. Auto start scrpt  [cnone>
R e S Defaut LUTs
Grayscale Blob Analysis |
Remove Labels I Cip. ~|
= o o]
[Subbact | Int32image Stretch -
= C—
» oz [rm2]
Bxor Doublemage  [Fioat near =l
s oot ]
Convolution HSVimage Defaut hd
ROI YUVimage Defaut id
= E
ot i
= =
Diation ComplexDimage  [FioatLog =l
=
Tom e ,
;
7.245us T
28-aug-18 HSI operators 14

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

28-Aug-18



Computer Vision: VisionLab 28-Aug-18

First MCpixel at left-top

Visionlab V346 24-4-2018  (c) Van de Loosdrecht Machine Vision BV wwwvdimv.nl
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Alternative use MC image attributes nrChans .

2018 (0) Van de Loosdrecht Machine Vision
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Computer Vision: VisionLab

4@ Visionlab V346 13-6-2018 (O ision BV

File Operstor Comera Server Options Window OpenCL Userl User2 User3 Vegetationindex Help
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MC Viewer, band 0
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Computer Vision: VisionLab

MC Viewer, band 4

@ Visionlab V346 24-4-2018  (C) Van de Loosdrecht Machine Vision BV wwwdimu.nl
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Extract band 4

File Operator Camera Server Options Window
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Computer Vision: VisionLab 28-Aug-18

Modify Gamma for better contrast in display

@ Visionlab V346 24-4-2018 () Van de Loosdrecht Machine Vision BY  wwwdimv.nl - o x
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Multi-Channel ROloperators

+ MCROI srcimage destlmage x y height width
The MCROI operator copies the ROI specified by x, y, height and width in
the MC srclmage to the MC dstimage.
Note that x, y, height and width are defined for MC pixels.

+ MCROI2Points srcimage destimage leftTop rightBottom height
width
This operator is intended to be used with the LineTool widget.
The MCROI2Points operator copies a ROl rectangle in the MC srcimage to
the MC dstimage.
If height = 0 the rectangle is defined by the leftTop and rightBottom

coordinates.
If height != 0 the rectangle is defined by the leftTop coordinate, height and
width.
Note that leftTop and rightBottom coordinates, height and width are
defined for MC pixels.
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Computer Vision: VisionLab

MCROI

X, Y, height and width are defined for MC pixels

File Operator Camera

wwwvdimv.nl
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MCROI
Result ROI with MCimage

4w VisionLab V3.4
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Computer Vision: VisionLab

Use menu Operator | Widget Tools | MCROI2Points

to select leftTop and rightBottom of rectangle
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File Operator Camera

Open
save

New Script
Close Al
Select 2nd
Eat

Pxeis.
Histogram

Setup
Ext

“Threshold Tool
Threshold

Threshold IsoData
Remove Blobs

Remove Border Blobs.
Label Biobs

Blob Analysis
Grayscale Biob Analysis
Remove Labels

Add
Subtract
And

or
ExOr

Convouton
ROl

Sobel
Erosion
Diation

Openng - [eE=]

Server log disabled
Closing

0us ok [

28-aug-18 HSI operators 25

Select MCROI2Points operator
(note: height = width = 0)

#® visionlab V346 2-7-2018
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Computer Vision: VisionLab

Result MCROI2Points defined by leftTop-rightBottom
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Select MCROI2Points operator
(note: leftTop from widget, height and width are specified by user,

e VisionLab V346 2-7-2018  (c) Van de Loosdrecht Machine Vi
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Computer Vision: VisionLab 28-Aug-18

Result MCROI2Points defined by leftTop, height and width

8 Visionlab V346 272018 (0 Van de Loosdrecht Machine Vision BV wwvclmul - o x
File Operator Camera Server Options Window OpenCL Userl User2 User3 Vegetationindex Help

& - E 3MC Sle=
Sove - -

New Serat )
Cosear

Seectond

Remove Border Blobs.
Label Blobs.

Blob Analysis
Grayscale Blob Analysis
Remove Labels

Openng - [ =r=T

Serverlog disabled

ous 0] [

28-aug-18 HSI operators 29

MCTile operator
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Computer Vision: VisionLab

Result MCTile

Open

@ Visionlab V346  2-7-2018  (c) Van de Loosdrecht Machine Vision BV www.vdimvanl -
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Computer Vision: VisionLab

Variable array $allBands contains names of all images
<imageName>-bandNr

4@ Visionlab V346 24-4-2018  (c) Van de Loosdrecht Machine Vision BY  wwwdimv.nl
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Variable array $allBands contains names of all images
<imageName>-bandNr
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Computer Vision:

VisionLab

Ordering of channels within MCPixel

According to Silios specifications the channels (bandnr -1) are
ordered in the mosaic sensor:

3 2 1
5 6 7
4 8 0

In VisionLab channels for a 3x3 mosaic are ordered:

0 1 2
3 4 5
6 7 8

28-aug-18 HSI operators 35

MCReorder operator

MCReorder srcimage destimage orderList
Menu: Operator | HSI

The MCReorder operator copies the MC srcimage to the MC
destimage and reorder the channels in the MC destination pixel
according to orderList. The orderList is specified as a tuple with
the desired channel order of the new channels using the channel
numbers of the original image.
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Computer Vision: VisionLab 28-Aug-18

Ordering of channels within MCPixel

According to Silios specifications the channels (bandnr -1) are
ordered in the mosaic sensor:

3 2 1
Order list:
S I (8,2,1,0,6,3,4,5,7)
. 8 o chan 8 ->chan 0
chan 2 -> chan 1

etc.
In VisionLab channels for a 3x3 mosaic are ordered:

0 1 2
3 4 5
6 7 8

28-aug-18 HSI operators 37

Reorder channels in order of longer wave lengths

fomato-siios- VIS 1%57

s
dest fomato-sios-V 1S 1%58

orderList W
Concel
6497
28-aug-18 HSI operators 38
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Computer Vision: VisionLab

Browse through channels will give
expected behaviour of healthy plant

New Script

Close Al
Select 200

Eat
Poxels

48 MC Viewer tomato-silios-VIS.jI%s8 = =]

Image

Why do
plants reflect
lots of infrared
light?

‘‘‘‘‘‘‘

nfrared is all
that's left over.

source: support. i-band-ords
T
il ] || - 3 ] |
o . [0 =

[ stayontop ¥ Live update:

ous

#® VisionLab V346  24-4-2018  (c) Van de Loosdrecht Machine Vision BV www.vdimv.nl - [=) X
File Operstor Camera Server Options Window OpenCL Userl Use2 GDAL Vegetstionindex Help

S N— —= —B]

Save

28-aug-18

HSI operators

39

28-aug-18

View 3 channels in false colors

Note all operators can be found in menu HSI

+ Open image tomato-silios-VIS.jl

* MCFromDemosaic image 3 3

* MCReorder image (8,2,1,0,6,3,4,5,7)

* MCSelectChans image (0,4,7)

* MCContrastStretch image (0,0,0) (255,255,255)
+ MCConvert image RGB888Image

HSI operators

40
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Computer Vision: VisionLab 28-Aug-18

#® visionLab V346 1. (€) Van de Loost nv.nl = a
Fle_Operstor Camera_Sever_Options _Window _OpenCL 3 Vegetatonindex_Hep
e i tomato-siios-
Sove
New Script
Cosera
Selctznd
car
Poce
atogran
setp
et
Threshou oo
S 4@ MCSelectChans X
Threshold IsoData
Remove Bobs
Remove Border Blobs. souree omin:allos: VIS 64
Label Biobs. destination ftomato-sitos-VIS jes.
SobAnass cnans | ———
Grayscale Blob Analysis
Remove Labels __Cancel |
oo
Subiact
od
or
eor
Comvouton
ol
Sobe
Erosion
Diston
Opening erlog.. | @ | & (=
Cosng [#ie e
0us Yy
28-aug-18 HSI operators 41
B gl o x
2 User3 Vegetationindex Help |
1
4@ Image Attributes. r \ X |
Name fomato-sios-vis s Ngchans [ 7
Type nt16image Height'width [[=7.c226
i Stretch (x| Rewee i =]
Connected [NotConnected <] Pontscal [ig 2
Hatary
oo SIes VE P2
“Clenireod omato. hos-VIS P2
cseinrchans omato$ios VS 63 1
csenchan omato $#0s VS 39
MCReorder tomato-siios-V1S j%3 tomato-siios-VIS j%4 (8.2,1,06,3,«
MCSelectChans tomato-silios-VIS J%4 tomato-siios-VIS j%S (0.4.7)
< >
- - Print image and history | image to cipboard |
rE— __cunce_|
Suvact
nd
or
eor
Convoutin
ol
Sobel
Eroson
Diston
Opening
Cosng
Ous Y.
28-aug-18 HSI operators 42
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Computer Vision: VisionLab

Contrast Stretch all 3 channels to range for RGB888

ém visionLal

File Operator Ca
Open

Save.

New Script

Close Al

Select 2nd

Poxels.

Setup
Ext

“Threshold Tool
Threshold

Remove Blobs

Label Bobs.
Blob Analysis

Add

And
or
Exor

Convolution
ROl

Sobel
Erosion
Diation

346 1

Eat

Histogram

Threshold IsoData

Remove Border Blobs

Grayscale Biob Analysis
Remove Labels

‘Subtract

OV

Machine Vision BV - o

mera Server Options Window OpenCL User

e MCContrastStretch X

[lomato-sitos- VIS %5
[0.00)
[(255.255.255)

cone

Opening
Closing

Ous

C)

i Servertog.. (@ 2]

)

28-aug-1

8 HSI operators 43

File Operator Camera Server Opt

Convert to RGB888

3-62018 Van de Loosdrecht Machine Vision BV wwwwdimv.nl - o

Open
Save.

New Script
Close Al
Select2nd
Edt

Pl

4B tomato-silios

Histogram

Setup
Extt

Threshold Tool
Threshold

Remove Blobs

Label Blobs
Blob Anaysis

Remove Labels

Threshold IsaData

Remove Border Blobs

Grayscale Biob Analysis

e MCConvert Xi

src ltomato-silios-VIS j%7

dest tomato-silios-VIS %38

magetyoe [Fosessmacd -
conce

Dus

28-aug-1

8 HSI operators 44
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Computer Vision: VisionLab

Result in false colors

4@ Visionlab V346 1362018 () Van de Loosdrecht Machine Vision BV www.vdimual

File Operstor Camera Server Options Window OpenCL Userl User2 User Vegetationindex Help

save

“Threshold Tool
1
1

Add
Subtract

Convoluton
ROI

28-aug-18 HSI operators

45

FILTER SPECIFICATIONS

NDVI = (NIR — Red) / (NIR + Red)

Wavelength range

Normalized Difference Vegetation Index (NDVI)

3x3 bands

550 to 800 nm typical

Type of pixel 8 colors (narrow bands) + 1 B&W
Band 1 2553 nm / FWHM : 30 nm / T, : 57%
Band 2 2587 nm / FWHM : 29 nm / T, 58%
Why do Band 3 2.C:629 nm / FWHM : 28 nM / T : 57%
plants reflect .::L‘:'a Band 4 A : 665 nm / FWHM : 27 nm / Ty, : 57%
lots of infrared Band 5 €714 nm / FWHM : 26 nm / Tay : 54%
light? Band 6 2c 749 nm / FWHM : 25 nm / T, : 53%
g Band 7 AC:791 nm / FWHM : 25 nm / Ty, : 50%
H ea Band 8 Ac: 829 nm / FWHM : 27 nm / T, : 48%
] - They're really Band 9 Neutral density : Tean = 9% over [500-900] nm
H 5 absorbing red,
i - green, and blue, to
L5 convert into food.
o Infrared is all
Moo wo 0 w0 me ko w0 e wo wo s sw +M] that's left over.
WAVELENGTH " wavelength(om)
source: support.dronedeploy.com/docs/ndvi-band-order Silios chans VisionLab chans
Select band 4 and band 8 3 2 1 0 1
Note in mosaic channel nr starts at 0
5 6 7 3 4
+ band 4 = chans 3 = chan"' 0 (red)
- band 8 = chan® 7 = chan"' 5 (nir) 4 8 0 6 7
28-aug-18 HSI operators 46
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Computer Vision: VisionLab

Demo Normalized Difference Vegetation Index (NDVI)

« Open file with MC image Silios-potato-field.jl
« Demosaic image 33

< MCNDVI image 58

« Open file BlueGreen256LUT.jl for LUT

« Select RangeToFalseColor operator from Color menu
RangeToFalseColor image lut (2" select) 0 0.3

28-aug-18 HSI operators

47

Open file Silios-potato-field.jl

e Visionlab V346 13-6-2018  (0) Van de Loosdrecht Machine Vision BY  wwwvdimvnl

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

Open
s:; @ Silios-potato-field jI%54 (Int16image Stretch) R=2
New Seript
Close Al
Select 20
Edt

Pocels

Histogram

Setup
Ext

Threshold Tool
Threshold
Threshold IsoData

Remove Blobs.

Remove Border Blobs
Label Bobs.

Blob Anaysis
Grayscale Biob Analysis
Remove Labels

Add
‘Subtract

Convolution
ROl

Sobel
Erosion
Diaton
Opening
Cosing

o0us 1

28-aug-18 HSI operators
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Computer Vision: VisionLab

Demosaic image

e VisionLab V346 13-6-2018

() Van de Loosdrecht Machine Vision BV wwwvdimv.nl

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

Open
save

New Script
Cose Al
Select 2nd

Edt
Pucels
Histogram

Setup
et

Threshold Tool
Threshold
Threshold IsoData
Remove Bobs.
Remove Border Blobs.
Label Bobs.
Blob Analysis
Grayscale Biob Analysis.
Remove Labels

Convolution
ROl

‘Sobel
Erosion
Diation
Opening
Closing

Ous 1

28-aug-18

HSI operators

49

Select MCNDVI operator from HIS menu

Open

save

New Serpt
CoseAl
Select 20
Eat

Pocels

Histogram

Setup
Ext

Threshold Tool

{ Threshold
Threshold soData
Remove Blobs
Remove Border Blobs

1 LabelBlobs
Blob Analysis
Grayscale Blob Analysis
Remove Labels

Convoution
ROl

Sobel
{_Erosion
Distion

52

Siios-potato-fiekd J%55
Siios-potato-fiekd %85

Open:
29 - @ [@]=]
Cosing

0us

28-aug-18

HSI operators
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Computer Vision: VisionLab 28-Aug-18

#® Visionlab V346  13-6-2018 () Van de Loosdrecht Machine Vision BV www.vdimv.nl - o X
Fle Opertor Camera Server Options Window OpenCL_Userl User2 User3_Vegetationindex_Help
oen
Sve
ew Seret
Close Al
Seecizra .
Edit
o
Seup
Exit
Teshon
;
-
s
Suwt
=
Convolution
ol
Sobel
ous 1 [ Y.
28-aug-18 HSI operators 51
#® Visionlab V346  13-6-2018 (€) Van de Loosdrecht Machine Vision BV www.vdimv.nl = u] X
File Operator Camera Server Options Window OpenCL Userl User2 User3 Vegetationindex Help
o —
S::e“ - o-field. Int16lmage Stretch) R: r i il
New Script eld (S © ]| 4@ Edit Sifos-potato-field 1%58 (Floatimage o [@=]
Treo 2 [ =
Select 2nd [ Ll
- o 132275 1343250270 150183156 1328080 223443225026 1310 2142657 154144520 2338448520025
B oaomsanimasosoiso
o
s B
o tettocsoeeso
St 0.171052634716034 0. 0. 0.
= 0. 0. 0.
o 0
L 0. 2213114798069
Tesnon o
T o
o tssaeriossTssea0 125 015675675868568 |0 0B474STOATI23600 13S48TSETOT
r o 37650 o
B ) Tisaiesiss .
-0. J
0 D TatssosaTaT
B - D tnesasatsro.
- 3 Sootomspan 01 ©
Subtract 0: 0. 0.
B B D F
Or 0. 0.1 -0. -0.
. D ruzsesiie o
. r B
B B s B
Comvaton . ot
ol 2 0. 0. o
= 0. - - K
i B -0, 0. )
= O]
- T siyonton Setwan [
0us 4
28-aug-18 HSI operators 52
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Computer Vision: VisionLab

Open BlueGreen256LUT.jl
8 Visonlab V345 13:6:2018 (0 an de Loosdrecht Machine Vison 8V sawwscimv - o x
File Operator Camera Server Options Window OpenCL User! User2 User3 Vegetationindex Help
Open —
= - _ o= =]
New Script R (RS TN )
Chose Al - wrjixe.. (o) @ (=]
Sceazna
B SLUT %R (GBBmage DR i-ﬂ-
i I [ [« 15 [t [ 0 B o 11 B j
o (1,1,254) 22253) (33,252) (4.4251) (5.5,250) (6.6.249) (7.7.248) (8,8.247) (9.9.246) (10,10.245)  |(11,11244) (1
seup
Exit lj
5]
‘
Tees
=
;
;
ous
28-aug-18 HSI operators 53

2018

Select RangeToFalseColor operator from Color menu

Subtract

Convolution
RO
Sobel

i#@ Range to FalseColor x

e e —
Silios-potato-field. %83

low e

™ E—
cance

faise_color

ous

28-aug-18

[
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Computer Vision: VisionLab

NDVI in false colors
#® visionlab V346  13-6-2018 (c) Van de Loosdrecht Machine Vision BV www.vdimv.nl u]
File Operator Camera Server Options Window OpenCL Userl User2 User3 Vegetationindex Help
::: 2 Siros-potat R e =]
New Script - 1d,j1%55 (MK R (o] ® =]
i ® 205Gt (S @[]
o field %489 (RGB8BBImage Defaul) Rt (o] © |12
-
= \
28-aug-18 HSI operators 55
Single camera multi shot
Push-broom scanner
Specim FX10 VIS/NIR, 400 - 1000 nm, 224 bands
Specim FX17 NIR/SWIR, 900 - 1700 nm, 224 bands
28-aug-18 Hyperspectral Imaging 56
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Computer Vision:

VisionLab

Hyperspectral linescan camera

Transparent plastic sorting
In collaboration with NHL Stenden Lectoraat Circular Plastics

28-aug-18 Hyperspectral Imaging 57

Chemical finger printing
Application plastic sorting

The SWIR absorbance depends on the type of polymer

— T
— hoi

HoPE

28-aug-18 Hyperspectral Imaging 58
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Computer Vision: VisionLab 28-Aug-18

Flat Field Correction
R = Raw
C = R-D C = Corrected
B —D B = Brightfield
D = Darkfield
C
T
28-aug-18 HSI operators 59

Demo noise correction by Flat Field Correction (FFC) part 1

+ Open ENVI file Plastic.raw (must use local VisionLab server)
+ Image Attributes (menu Operator | Analyses) shows 224 bands

+ Examen image with MCViewer, change gamma to 0.25
browse through bands, note noise in lower and high 10 bands

+ Open DARKREF.raw and WHITEREF.raw

+ Use FlatFieldLine (menu Operator | Point) to generate single
line DarkRef and WhiteRef images

+ Because FlatFieldLine is not an MC operator, use Image
Attributes of DarkRef and WhiteRef to set NrChans to 224

« Apply Flat Field Correction Line (menu Operator | Point) to
plastic image using DarkRef as 2" and WhiteRef as 3'd image

+ Because Flat Field Correction Line is not an MC operator, set
result image NrChans to 224

28-aug-18 HSI operators 60
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Computer Vision: VisionLab

Demo noise correction by Flat Field Correction (FFC) part 2

* Note: results looks brighter because result is Floatimage,
which has default display LUT FloatLog

+ Use Image Attributes to change LUT to FloatLinear, examen
result with MCViewer and gamma = 0.25
Note noise reduced in lower and high 10 bands and compare
with original image

28-aug-18 HSI operators 61
Open ENVI file Plastic.raw
-
c:l;:m Look in images | ==
E—c DARKREF.raw
WHTEREF row
Ferone:  [EEEE o= |
Thesos | Fesoitpe: [EWICm =] _ Cance
_— ™ Open as read-only
Ll @@=

Ous

28-aug-18 HSI operators 62
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Computer Vision: VisionLab 28-Aug-18

Image attributes: set nrChans to 224 channels
= o
#® Image Attributes X
Name [%, a nrChans. 224
wr [Strten =] Reawce |2 =l
Comected [NoiComecied <]  Pritscake [ig &l
p——— —
Cancel
28-aug-18 HSI operators 63
Adjust Gamma to 0.25
The first and last 10 channels contain a large amount of noise
4@ MC Viewer Plastics.raw%! ‘i]\ (o} V@
Image:
0| Ewet |[—
ol
| I” stayontop ¥ Live update Close
T
28-aug-18 HSI operators 64

Jaap van de Loosdrecht, NHL, vdLMV, j.van.de.loosdrecht@nhl.nl 32



Computer Vision: VisionLab

Browse through channels to see spectral response

@ Visionlab V346 2-7-2018

(©) Van de Loosdrecht Machine Vision BV www.vdimv.nl

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

File Opewstor Camera Server Options Window OpenCL Userl User2 User3 Vegetationindex Help

ew o
: 4@ MC Viewer Plastics.raw%1 [l @ =]
Scoctons
Htogam
Treshoi e
Remov Sorderoobs
SobAnayis
Grayscale Blob Analysis
Remove Labels
Comotion
Height Width Gamma
I ,»'m— ’F [« 0] 0| Ewect [
Channel
Nehomes 25— 5 [4] | o]
I~ stayontop 7 Live update —
1]
0 us.
28-aug-18 HSI operators 65
Open White and Dark reference images
#® VisionLab V346  2-7-2018 © Vision BV = o

Select 2nd

Histogram

“Threshold Tool

Remove Border Blobs
Label Blobs
Blob Analysis

Remove Labels

Convoluton

Diation

o ® =]

ous 24

28-aug-18

HSI operators
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Computer Vision: VisionLab 28-Aug-18

Flat Field (Correction) Line operators

These operators are used to perform a Flat Field Correction
for line-scan images

FlatFieldLine image flatfield
FlatFieldCorrectionLine raw dark bright corrected

Class: ordimage, see Image hierarchy overview
Menu: Operator | Point

The operator FlatFieldLine generates from a reference image
(dark field or bright field) an averaged flat field image of height 1
The operator FlatFieldCorrectionLine performs the Flat Field
correction based on darkfield image dark and brightfield image
bright and produces the corrected image

28-aug-18 HSI operators 67

FlatFieldLine (menu Operator | Point)

ous

28-aug-18 HSI operators 68
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Computer Vision: VisionLab

Examen both results

4@ DARKREF.raw':5 (Floatimage Stretch) R=1

o 1

28-aug-18 HSI operators

69

Because FlatFieldLine is not an MC operator, use Image
Attributes of DarkRef and WhiteRef to set nrChans to 224
e =)
Name  [DARKREF rawss chans 224
Type [Fioatimage Heightwidth (1143360
wr [Foatiog =] Reawee i 5|
Comected | =] Protscae [ig |
Printimage and history | image to cipboard |
o =
£l \E\‘?\] }
28Taug-18 HSI operators 70
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Computer Vision: VisionLab 28-Aug-18

Flat Field Correction Line
Select Dark as 2" and White as 3" image

e =)

e

@ Fiat Field Correction Line X
raw Plastics rawse1
dark [DARKREF raw®%5
bright [WHITEREF rawsed.
corected Piastics raw%6
== Cancel

28-aug-18 HSI operators 71

g [Pastcs rawse? wenars 2]

e [Foatmae et [ 255525587

W [Fosteg B 3

Comnected | =] Protscee [ig Bl
s

FlatFieldCorrectionLne Plastcs. raw%1 DARKREF.raw%5 WHITEREF.

prtimage and hstory_| mage to cipboard__|

o cancel

o

28-aug-18 HSI operators 72
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Computer Vision: VisionLab

Examen result FFC

4@ Visionlab V346  2-7-2018  (c) Van de Loosdrecht Machine Vision BV www.vdimv.nl
File Operator Camera Server Options Window OpenCL Userl User2 User3 Vegetationindex Help

48 (/| @ Plastics.rawse7 (MC Floatimage Flo...|-=-| = [sw]

Note: results looks
brighter because result
is Floatimage, which
has default display LUT
FloatLog

ﬁ‘\E’\BW

24

28-aug-18 HSI operators 73

Set displayLut to FloatLinear

fo..[o | @ [®]

[ =ei=)

4@ Image Attribute X
e o

: e
Comnected | <] Peetscae [ig 3

History

FlatFieldCorrectionLine Plastics raw%1 DARKREF raw?%5 WHITEREF.
mesetnrchans Plastics.raw'7 224

printimage and history | mage to cipboard__|
o ==
0us. /
28-aug-18 HSI operators 74

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

28-Aug-18

37



Computer Vision: VisionLab 28-Aug-18

Examen result

e Visionlab V346 2-7-2018  (0) Van de Loosdrecht Machine Vision BV www.vdimvni - o X

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

Open

28-aug-18 HSI operators 75
Browse through bands with MCViewer
Note noise reduced in lower and high 10 bands

File Operator Camera Sever Options Window OpenCL Userl User2 User3 Vegetationindex Help

Height Widh ~Gamma
[1255 [Fi0 025 [« [ ] o Extract -

Chanel

werares 26 o L] o]
[~ stayontop [ Live update e
0us ; 7
28-aug-18 HSI operators 76
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Computer Vision: VisionLab 28-Aug-18

Exercise Flat Field Correction Line

Write a script that performs a FFCLine on image Plastics.raw
using Dark.raw and White.raw using only the basic Image Math
operators and operators like SumColumns and ExtendBorder

Use script FlatFieldCorrPlastics.jls in exercises as framework.
This contains a regression test to test the result

The resulted image should have the name CorEx

See FlatFieldCorrPlastics.jls in answers directory for answer

28-aug-18 HSI operators 77

Demo analyse bands FX17

Run script FFC-Plastics.jls

« FFC Plastics and convert to Int16lmage
Extract one column with MCPixels
Use Analyse Pixels (F11) to examine the bands
in horizontal pixels
Calculate 15t and 2d derivative of MCPixels
Exam the bands in 1st derivative
Exam the bands in 2" derivative
Calculate 2n derivatives for high 1t derivatives
Exam 2nd derivatives for high 1¢t derivatives

28-aug-18 HSI operators 78
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Computer Vision: VisionLab

script FFC-Plastics.jls

/I FFC-Plastics.jls
/I Flat Field Correction on plastics
// 6-7-2018 Jaap van de Loosdrecht

MCIReadENVI org Plastics.raw
MCIReadENVI dark DARKREF.raw
MCIReadENVI white WHITEREF.raw

FlatFieldLine dark darkLine

FlatFieldLine white whiteLine
FlatFieldCorrectionLine org darkLine whiteLine ffc_f
MultiplyPixel ffc_f 500

Convert ffc_f ffc Int16lmage

MCCloneNrChans org ffc

// 2" part

MC1stDerivative ffc D1
MC2ndDerivative ffc D2
MCROI D1 D1roi 269 0 1255 1
MCROI D2 D2roi 269 0 1255 1
MCSetNrChans D1roi 1
MCSetNrChans D2roi 1
Display D1roi

Display D2roi

Copy D1roi D1roiThres
threshold D1roiThres 5 1000
Copy D1roi D1roiHigh

Display ffc Abs D1roi
Multiply D1roiHigh D1roiThres
MCROI ffc roi 269 0 1255 1 Copy D2roi D2roiMax
MCSetNrChans roi 1 Multiply D2roiMax D1roiHigh
Display roi Display D2roiMax
28-aug-18 HSI operators 79
FFC Plastics and convert to Int16lmage
#® visionlab V346  2-7-2018 (c) Van de Loosdrecht Machine Vision BV www.vdimv.nl = o X
Fle Operstor Camera Server_Options Window OpenCL_Userl User2 User3_Vegetationindex _Help
open
Seve = =& L% | CANHLWVisionCursus\Vision2018\images\FFC-Plastics s =) ®
e temalscrpt Search Line umber ndenation
— name sore || || Fna || |[i7 _wme]|| ] -] e
Selectznd
77 FEC-Plastics.als 5
// Flat Field Correction on plastics
// €-7-2018 Jasp van de Loosdrecht
MCIReadENVI oxg Plastics.zaw
= MCIRAdENVT dark DARKREE.raw
= MCIReadENVI white WHITEREF.raw
FlatFieldLine dark darkLine
FlatFieldline white whiteLine
et FlacFicldCorrectionline org darkline whiteline £fc_f
R onvers. sfe.t tec TneisTnage
Remove Bobs " nans oxg ffc
Remove Border Bobs Display frc
Label Blobs. break
B Anayss .
MCROT ££c roi 268 0 1255 1
Grayscale Biob Analysis MCSecNrChans roi 1
Remove Laves Dispray zoi
Roa
Subtract Execute F9 ™ Protected Continue Single step Step into Reset
Ana
o
eor
Convouton
]
Sobel
Eroson
Diston
Opening
Cosng
0us 224
28-aug-18 HSI operators 80
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Computer Vision: VisionLab

28-Aug-18

Extract one column with MCPixels

@ Visionlab V346 2-7-2018 () Van de Loosdrecht Machine Vision BV

28-aug-18 HSI operators

wwvdimynl - o x
File Operstor Camers Server Options Window OpenCL Userl User2 Userd Vegetationindex Help
Open S— -
Save = " o | B (=] = | B[ ]| | @ CANHLVisionCursus\Vision2018\images\FFC-Plastics s
rtermalscrpt Searcn i
New Scrpt
CoseAl name | =) Lewa || |
Selectznd
77 6-7-2018 Jaap van de Loosarecht
MCIReadENVI org Plastics.raw
1ReadENVI dark D -
MCIReadENVI white WHITEREF.zaw
Setup
= eldline dark darkline
i ldLine white whi
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Use Analyse Pixels (F11) to examine the bands
in horizontal pixels
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File Operator Camera

Calculate 1st and 2" derivative of MCPixels
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in 15t derivati
Exam the bands in 1st derivative
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Exam the bands in 2"d derivative
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Calculate 2" derivatives for high 1st derivatives
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Exam 2nd derivatives for high 1st derivatives
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Multi-Channel (MC) image operators

All MC operators can be found in menu Operator | HSI

+ MCViewer
With this form a Multi Channel image can be inspected. With the
Channel scroll bar the channel to be inspected can be chosen.
The contract in the displayed channel can be adapted with the
Gamma scroll bar.

* MosaicViewer
With this form a Raw mosaic image can be inspected.
The number of horizontal and vertical pixels in one MCPixel
must be specified.
With the Channel scroll bar the channel to be inspected can be
chosen. The contract in the displayed channel can be adapted
with the Gamma scroll bar.
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Multi-Channel (MC) image operators

BandViewer

With this form a Band image can be inspected.

The array script variable with in the array elements the names
of the band images must be specified.

With the Channel scroll bar the channel to be inspected can be
chosen. The contract in the displayed channel can be adapted
with the Gamma scroll bar.

MC1stDerivative srcimage destimage

The MC1stDerivative operator calculates for each MCPixel in
the srcimage the first derivative and stores this in the
destimage.

28-aug-18 HSI operators 89

Multi-Channel (MC) image operators

MC2ndDerivative srcimage destimage

The MC2ndDerivative operator calculates for each MCPixel in
the srcimage the second derivative and stores this in the
destimage.

MCCloneNrChans srcimage destimage

The operator MCCloneNrChans set the number of channels of
the MC srcimage to the MC destimage.

This operators is commonly used after a non-MC operator is
applied to a MC image that results in new image.

The new image will have its nrChans attribute set to 1. If the
new image is to be used as MC image, nrChan has to be set to
the correct value.
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Multi-Channel (MC) image operators

MCContrastStretch image low high

The operator MCContrastStretch will stretch the contrast in all
channels of the MC image.

The parameters low and high contain tuples with the low and
high boundries for the stretch. Note all channels will be
stretched individually.

Example for image mc with 3 channels:|
MCContrastStretch mc (0,0,0) (255,255,255)

MCConvert srcimage destlmage imageType
The operator MCConvert converts the srcimage to a destimage
of the specified imageType.
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Multi-Channel (MC) image operators

MCFromBIL BIL_image MC_image nrBands

The MCFromBIL operator creates a MC image from an image
with BIL (Band Interleaved by Line) format.

The number of bands in the BIL image has to be specified.

MCFromBands image &$imageTab

The MCFromBands operator creates a MC image using the
specified band image with the array variable imageTab.
Note: the array variable name should be specified with &$,
example: &$imageTab.
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Multi-Channel (MC) image operators

MCFromDemosaic srcimage destimage nrHBands nrVBands
The operator MCFromDemosaic converts the raw mosaic
srcimage to a MC destimage. The number of horizontal and
vertical bands in the mosaic are specified with nrHBands and
nrVBands.

MCGetChan image channellmage chanNr
The MCGetChan operator copies the channel chanNR in MC
image to specified channellmage.

MCGetChans image &$imageTab

The MCGetChans operator converts the specified MC image to a
band image specified with the array variable imageTab.

Note: the array variable name should be specified with &$,
example: &$imageTab.
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Multi-Channel (MC) image operators

MCGetNrChans image
The MCGetNrChans returns the number of channels of the MC
image.

MCGetPixel image pixel x y
The MCGetPixel operator selects the MC pixel at position (x,y)
and convert it to an image with name pixel.

MCGetHeightWidth image
The MCGetHeightWidth operator returns the tuple
(height,width) of the MC image in MC pixels.
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Multi-Channel (MC) image operators

+ MCMerge srcilmage src2lmage destimage
The MCMerge operator merges the channel of two MC source
images into the MC destionation images.|
The source images should have the same height and width in
MC pixels.

+  MCNVDI srcimage destimage nirBand visBand
The MCNVDI calculated the Normalized Difference Vegetation
Index in the MC src image using the specified nirBand and
visBand.
The result is stored in destimage of type Floatimage.
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Multi-Channel (MC) image operators

+  MCReadENVI imageName filename
The ENVI file with fileName is read and added to the server with
imageName.
Note that one ENVI file "comes in pairs", one file with extension
.raw and one file with extension .hdr .
The .raw or .hdr file must be specified as fileName.
ReadENVI uses file path of server, MCIReadENVI file path of
client.
Note: not all sub-types of the ENVI are supported. No support
yet for Write_ENVI.
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Multi-Channel (MC) image operators

+ MCReorder srcimage destimage orderList
The MCReorder operator copies the MC srcimage to the MC
destimage and reorder the channels in the MC destination pixel
according to orderList.
The orderList is specified as a tuple with the desired channel
order of the new channels using the channel humbers of the
original image.
Example for an MC image with 25 channels:
(1,0,3,2,5,4,7,6,9,8,11,10,13,12,15,14,17,16,19,18,21,20,23,22,24)
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Multi-Channel (MC) image operators

+ MCROI srcimage destimage x y height width
The MCROI operator copies the ROI specified by x, y, height and
width in the MC srcilmage to the MC dstimage.
Note that x, y, height and width are defined for MC pixels.

+ MCROI2Points srcimage destimage leftTop rightBottom height
width
This operator is intended to be used with the LineTool widget.
The MCROI2Points operator copies a ROI rectangle in the MC
srcimage to the MC dstimage.
If height = 0 the rectangle is defined by the leftTop and
rightBottom coordinates.
If height != 0 the rectangle is defined by the leftTop coordinate,
height and width.
Note that leftTop and rightBottom coordinates, height and width
are defined for MC pixels.
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Multi-Channel (MC) image operators

MCSelectChans srcimage destimage (c1,..,cn)

The MCSelectChans operator copies the specified channels MC
srcimage to MC destimage.

Note that the selected channels are specified as a vector with no
spaces in the string.

MCSelectRange srcimage destimage first last

The MCSelectRange operator copies the range of channel
between first and last of MC srcimage to MC destimage.

Note that the selected channels are specified as a vector with no
spaces in the string.
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Multi-Channel (MC) image operators

MCSetChan image channellmage chanNr
The MCSetChan operator replaces channel chanNR in MC image
with specified channellmage.

MCSetChans image &$imageTab

The MCSetChans operator converts a band image specified with
the array variable imageTab to a MC image with name image.
Note: the array variable name should be specified with &$,
example: &$imageTab.

MCSetNrChans image nrChans
The MCSetNrChans operator sets the number of channels of the
MC image to nrChans.

28-aug-18 HSI operators 100

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

28-Aug-18

50



Computer Vision: VisionLab 28-Aug-18

Multi-Channel (MC) image operators

+ MCSetPixel image pixel x y
The MCSetPixel operator sets the MC pixel at position (x,y) to the
image with name pixel.

* MCTile srclmage destimage nrH nrV
The MCTile converts a MC image to an ordinary image with tiles.
Each tile represents a channel. The number of horizontal tile is
specified with the parameter nrH and and vertical with nrV.

+ MCTranspose srcimage destimage
The MCTranspose operator performs a transpose operation, with
respect to the multi-channel pixel, on the srclmage and stores the
result in destimage.
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Multi-Channel (MC) image operators

+ MCZoom srcimage destimage height width interpolation
MCZoomXY srcimage destimage factorX factorY interpolation
The MCZoom operator initialises a destination MC image by
enlarging of reducing the source MC image with the specified
height and width using the specified interpolation technic.
The MCZoomxy operator initialises a MC destination image by
enlarging of reducing the source MC image with the specified
factors for x and y direction using the specified interpolation

technic.
Note: both operators have a c++ prototype with the same name
MCZoom.
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