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Terms of Use

EURESYS s.a. shall retain all property rights, title and interest of the documentation of the hardware and the
software, and of the trademarks of EURESYS s.a.

All the names of companies and products mentioned in the documentation may be the trademarks of their
respective owners.

The licensing, use, leasing, loaning, translation, reproduction, copying or modification of the hardware or the
software, brands or documentation of EURESYS s.a. contained in this book, is not allowed without prior notice.

EURESYS s.a. may modify the product specification or change the information given in this documentation at any
time, at its discretion, and without prior notice.

EURESYS s.a. shall not be liable for any loss of or damage to revenues, profits, goodwill, data, information systems or
other special, incidental, indirect, consequential or punitive damages of any kind arising in connection with the use
of the hardware or the software of EURESYS s.a. or resulting of omissions or errors in this documentation.

This documentation is provided with Open eVision 2.9.0 (doc build 1120).
© 2019 EURESYS s.a.
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1. Dealing with Pixel Containers

and Files

1.1. Pixel Container Definition

Images

Open eVision image objects contain image data that represents rectangular images.

Each image object has a data buffer, accessible via a pointer, where pixel values are stored
contiguously, row by row.
o— Image width = number of pixels per line
1 —
O

= number of lines

Image height

Visible image

Image main parameters

An Open eVision image object has a rectangular array of pixels characterized by EBaseROT
parameters .

m Width is the number of columns (pixels) per row of the image.

m Height is the number of rows of the image. (Maximum width / height is 32,767 (21°-1) in Open
eVision 32-bit, and 2,147,483,647 (231-1) in Open eVision 64-bit.)

m Size isthe width and height.

The Plane parameter contains the number of color components. Gray-level images = 1. Color
images = 3.
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Classes

Image and ROI classes derive from abstract class EBaseROT and inherit all its properties.

EBaseROI
EROIBW1
ElmageBW1

EROL...

Elmage...

EROIC24A

ElmageC24A

Depth maps

A depth map is way to represent a 3D object using a 2D grayscale image, each pixel in the image
representing a 3D point.

The pixel coordinates are the representation of the X and Y coordinates of the point while the
grayscale value of the pixel is a representation of the Z coordinate of the point.

Point clouds

A point cloud (https://en.wikipedia.org/wiki/Point_cloud) is an unstructured set of 3D points
representing discrete positions on the surface of an object.
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3D point clouds are produced by various 3D scanning techniques, such as Laser Triangulation,
Time of Flight or Structured Lighting.

1.2. Pixel Container Types

Images

Several image types are supported according to their pixel types: black and white, gray levels,

color, etc.

Easy.GetBestMatchinglmageType returns the best matching image type for a given file on disk.

BW1

BW8

BW16

BW32

C15

1-bit black and white images (8 pixels

are stored in 1 byte)

8-bit grayscale images (each pixel is

stored in 1 byte)

16-bit grayscale images (each pixel is

stored in 2 bytes)

32-bit grayscale images (each pixel is

stored in 4 bytes)

15-bit color images (each pixel is stored

in 2 bytes).

Compatible with Microsoft® Windows
RGB15 color images and MultiCam

RGB15 format.

EImageBW1

EImageBWS

EImageBW16

EImageBW32

EImageCl5
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C16

C24

C24A

Depth Maps

16-bit color images (each pixel is stored

in 2 bytes).

Compatible with Microsoft® Windows EImageCl6
RGB16 color images and MultiCam

RGB16 format.

C24 images store 24-bit color images

(each pixel is stored in 3 bytes).

Compatible with Microsoft® Windows EImageC24
RGB24 color images and MultiCam

RGB24 format.

C24A images store 32-bit color images

(each pixel is stored in 4 bytes).

Compatible with Microsoft® Windows EImageC24A
RGB32 color images and MultiCam

RGB32 format.

8 and 16-bit depth map values are stored in buffers compatible with the 2D Open eVision images.

8-bit depth map (each pixel is stored in

EDepthMap8
EDepth8 1 byte as an integer) ceee
EDepth16 }G-blt depth ma.p (each‘ pixel is stored EDepthMapl6
in 2 bytes as a fixed point)
EDepth32f ;32-b|t depth map (each pixel is stored EDepthMap32 £
in 4 bytes as a float)
Point Clouds
Point Cloud Set of points coordinates (stored as T —

float)

1.3. Supported Image File Types

BMP Uncompressed image data format (Windows Bitmap Format)

JPEG

Lossy data compression standard issued by the Joint Photographic Expert Group

registered as ISO/IEC 10918-1. Compression irretrievably looses quality.

JFIF JPEG File Interchange Format
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Data compression standard issued by the Joint Photographic Expert Group
registered as ISO/IEC 15444-1 and ISO/IEC 15444-2. Open eVision supports only

JPEG- lossy compression format, file format and code stream variants.
2000 - code stream describes the image samples.
- file format includes meta-information such as image resolution and color
space.
PNG Lossless data compression method (Portable Network Graphics).
- Euresys proprietary image file format obtained from the serialization of Open
Serialized —o'o>Ys Proprietary image i I ratizati P

eVision image objects.

Tag Image File Format is currently controlled by Adobe Systems and uses the
LibTIFF third-party library to process images written for 5.0 or 6.0 TIFF
specification.

TIFF
File save operations are lossless and use CCITT 1D compression for 1-bit binary

pixel types and LZW compression for all others.

File load operations support all TIFF variants listed in the LibTIFF specification.

1.4. Pixel and File Types Compatibility

Depth map to image conversion

For a 8- and 16-bit depth maps, the AsTmage () method returns a compatible image object
(respectively ETmageBwW8 and EImageBW16) that can be used with Open eVision’s 2D processing
features.

Pixel and file types compatibility

Pixel access

The recommended method to access pixels is to use setImagePtr and Get ImagePtr to embed
the image buffer access in your own code. See also Image Construction and Memory Allocation
and Retrieving Pixel Values.

Use of the following methods should be limited because of the overhead incurred by each
function call:

Direct access

EROTBWS.GetPixel and SetPixel methods are implemented in all image and ROI classes to
read and write a pixel value at given coordinates. To scan all pixels of an image, you could run a
double loop on the X and Y coordinates and use GetPixel or SetPixel each iteration, but this
is not recommended.
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TIP

For performance reasons, these accessors should not be used when a
significant number of pixel needs to be processed. When that is the case,
retrieving the internal buffer pointer using GetBufferpPtr () and iterating
on the pointer is recommended.

- J

Quick Access to BWS8 Pixels

In BW8 images, a call to EBW8PixelAccessor.GetPixel or SetPixel will be faster than a
direct EROIBWS.GetPixel Or SetPixel.

Supported structures

m EBWI1, EBW8, EBW32
m EC15 (*), EC16 (¥), EC24 (%)
®m EC24A

B EDepth8, EDepthl6, EDepth32f,
(*) These formats support RGB15 (5-5-5 bit packing), RGB16 (5-6-5 bit packing) and RGB32 (RGB +

alpha channel) but they must be converted to/from EC24 using EasyImage.Convert before any
processing.

e N

NOTE

Transition with versions prior to eVision 6.5 should be seamless: image pixel
types were defined using typedef of integral types, pixel values were treated
as unsigned numbers and implicit conversion to/from previous types is
provided.

(. J

Pixel and File Type compatibility during Load or Save operations

BW1 Ok N/A N/A Ok Ok Ok

BW8 Ok Ok Ok Ok Ok Ok
BW16 N/A  N/A Ok Ok Ok (***) Ok
BW32 N/A  N/A N/A N/A Ok (***) Ok
C15 Ok Ok (**) Ok (**) ok (**) ok (**) Ok
C16 ok ok (**) Ok (**) Ok (**) Ok (**) Ok
C24 Ok Ok Ok Ok ok (**) Ok
C24A Ok N/A N/A Ok N/A Ok
Depth8 Ok Ok Ok Ok Ok Ok
Depth16 N/A  N/A Ok Ok Ok (***) Ok
Depth32f N/A  N/A N/A N/A N/A o
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N/A: Not supported. An exception occurs if you use the combination.

Ok: Image integrity is preserved with no data loss (apart from JPEG and JPEG2000, lossy
compression).

(**) C15 and C16 formats are automatically converted into C24 during the save operation.

(***) BW16 and BW32 are not supported by Baseline TIFF readers.

1.5. Color Types

EISH: Intensity, Saturation, Hue color system.

ELAB: CIE Lightness, a*, b* color system.

ELCH: Lightness, Chroma, Hue color system.

ELSH: Lightness, Saturation, Hue color system.

ELUV: CIE Lightness, u*, v* color system.

ERGB: NTSC/PAL/SMPTE Red, Green, Blue color system.
EVSH: Value, Saturation, Hue color system.

EXYZ: CIE XYZ color system.

EYIQ: CCIR Luma, Inphase, Quadrature color system.
EYSH: CCIR Luma, Saturation, Hue color system.

EYUV: CCIR Luma, U Chroma, V Chroma color system.
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2. Manipulating Pixels Containers

and Files

2.1. Pixel Container File Save

Images and Depth Maps

The save method of an image or the saveImage method of a depth map or a ZMap saves the
image data of an image or of a depth map or a ZMap object into a file using two arguments:

m Path: path, filename, and file name extension.

m Image File Type. If omitted, the file name extension is used.

Images bigger than 65,536 (either width or height) must be saved in Open eVision proprietary
format.

Save throws an exception when:

m The requested image file format is incompatible with the image pixel types

m The Auto file type selection method and the file name extension is not supported

@ TIP

When saving a 16-bit depth map, the fixed point precision is lost and the
pixels are considered as 16-bit integers.

image file type arguments

ElmageFileType_Auto(*) Automatically determined by the filename extension. See below.

ElmageFileType_Euresys Open eVision Serialization.
ElmageFileType_Bmp Windows bitmap - BMP

ElmageFileType_Jpeg JPEG File Interchange Format - JFIF
ElmageFileType_Jpeg2000  JPEG 2000 File format/Code Stream -JPEG2000
ElmageFileType_Png Portable Network Graphics - PNG
ElmageFileType_Tiff Tagged Image File Format - TIFF

(*) Default value.
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Assigned image file type if argument is ImageFileType_Auto or missing

File name extension(*) Automatically assighed image file type

BMP Windows Bitmap Format

JPEG, JPG JPEG File Interchange Format - JFIF
JP2 JPEG 2000 file format

J2K, J2C JPEG 2000 Code Stream

PNG Portable Network Graphics

TIFF, TIF Tagged Image File Format

(*) Case-insensitive.

Saving JPEG and JPEG2000 lossy compressions

SaveJpeg and saveJpeg2K specify the compression quality when saving compressed images.
They have two arguments:

m Path: a string of characters including the path, filename, and file name extension.

m Compression quality of the image file, an integer value in range [0: 100].
SaveJpeg saves image data using JPEG File Interchange Format - JFIF.
SaveJpeg2K saves image data using JPEG 2000 File format.

JPEG compression values

JPEG_DEFAULT_QUALITY (-1) Default quality (*)

100 Superb image quality, lowest compression factor
75 Good image quality (*)

50 Normal image quality

25 Average image quality

10 Bad Image quality

(*) The default quality corresponds to the good image quality (75).

Representative JPEG 2000 compression quality values

1 Default quality (*)

1 Highest image quality, lowest compression factor
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16 Good Image Quality (*) (16:1 rate)
512 Lowest image quality, highest compression factor

(*) The default quality corresponds to the good image quality (16:1 rate).

Point Clouds

e Use the save method to save the point cloud in Open eVision proprietary file format.

e Use the savepcD method to save the point cloud in a ASCII or a binary file compatible with
other software such as PCL (Point Cloud Library).

@ TIP

The PCD format is supported in ASCIl and binary modes.

2.2. Pixel Container File Load

Images and Depth Maps

e Use the Load method to load image data into an image object:
0 It has one argument: the path: path, filename, and file name extension.
o File type is determined by the file format.

0 The destination image is automatically resized according to the size of the image on disk.

The Load method throws an exception when:
O File type identification fails

o File type is incompatible with pixel type of the image object

@ TIP

Serialized image files of Open eVision 1.1 and newer are incompatible with
serialized image files of previous Open eVision versions.

@ TIP

When loading a BW16 image (with integer values) in a depth map, the fixed
point precision set in the depth map (0 by default) is left unchanged and
used.

Point Clouds

e Use the L.oad method to save the point cloud in Open eVision proprietary file format.
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e Use the LoadpcD method to save the point cloud in a ASCII or a binary file compatible with
other software such as PCL (Point Cloud Library).

2.3. Memory Allocation

An image can be constructed with an internal or external memory allocation.

Internal Memory Allocation

The image object dynamically allocates and unallocates a buffer. Memory management is

transparent.

When the image size changes, re-allocation occurs.

When an image object is destroyed, the buffer is unallocated.

To declare an image with internal memory allocation:

1. Construct an image object, for instance EImageBwS, either with width and height arguments,
OR using the setsize function.

2. Access a given pixel. There are several functions that do this. Get ImagePptr returns a pointer
to the first byte of the pixel at given coordinates.

External Memory Allocation

The user controls buffer allocation, or links a third-party image in the memory buffer to an Open
eVision image.

Image size and buffer address must be specified.

When an image object is destroyed, the buffer is unaffected.

To declare an image with external memory allocation:

1. Declare an image object, for instance ETmageBiis.

2. Create a suitably sized and aligned buffer (see Image Buffer).
3. Set the image size with the setsize function.
4

. Access the buffer with Get Tmageptr. See also Retrieving Pixel Values.

2.4, Image and Depth Map Buffer

Image and depth map pixels are stored contiguously, from top row to bottom, from left to right,
in Windows bitmap format (top-down DIB1) into an associated buffer.

The buffer address is a pointer to the start address of the buffer, which contains the top left pixel
of the image.

ldevice-independent bitmap
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image width = number of pixels per line

Pointer b i
e - B |
-1
3
<
=
= = |
o |
2, R a
=] o
s | | 2B
I — - =
2 a8 | |a
o oL
: 2| |5
i) W
o] i
2 el
5 v
o
" Visible image
L ~
T
Image buffer pitch

Image Buffer pitch

e Alignment must be a multiple of 4 bytes.

e Open eVision 1.2 onwards default pitch is 32 bytes for performance reasons (Open eVision
1.1.5 was 8 bytes).

Memory Layout

e ETImageBW1 stores 8 pixels in one byte.

Example memory layout of the first 2 pixels of a BW1 image buffer:

Byte 0 Byte 1 ~+__Increasing address |

e msmaomamiy e oamas

" Pixel 1 ] Pixel 9
Pixel 2 Pixel 10 |

e ETImageBW8 and EDepthMap8§ store each pixel in one byte.

Bit=
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Example memory layout of the first pixels of a BW8 image buffer:
: 3
] —

increasing address .

Bits

® ETmageBW16 stores each pixel in a 16-bit word (two bytes).

Example memory layout of the first pixels of a BW16 image buffer:

Pixel 0 Pixel 1 .

. e e

rmm-rmm'r i
@ & &
o [ R L

increasing address

Bits

~f chlon] s leajpal =l

e EImageCl15 stores each pixel in 2 bytes. Each color component is coded with 5-bits.
The 16th bit is left unused.

Example memory layout of the first pixels of a C15 image buffer:

Pixel 0 Pixel 1 S
. - _.ﬁ-..___._ . .

(=T

Increasing address .

Bits

e ETImageC16 stores each pixel in 2 bytes. The first and third color components are coded with
5-bits.
The second color component is coded with 6-bits.
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Example memory layout of the first pixels of a C16 image buffer:

Pixel 0 Pixel 1

’ - - e - . .
o o @3
=" '% - T
o m @
o = M

Increasing addaress
.

Bits

e EDepthMaplé store each pixel in 2 bytes using a fixed point format.
e ETmageC24 stores each pixel in 3 bytes. Each color component is coded with 8-bits.

Example memory layout of the first pixels of a C24 image buffer:

Pixel 0 Pixel 1 g
r e e - _F"""-___'._-_r"-\"ﬂ_-_'l
D @ @ M @ @
- E e B B
m m m m m m
= == ha W on

Increasing address i

Bits

= N | LT | | =

e

e EImageC24A stores each pixel in 4 bytes. Each color component is coded with 8-bits.
The alpha channel is also coded with 8-bits.

Example memory layout of the first pixels of a C24A image buffer:

Pixel 0 Pixel 1
22222222 ‘
P 2 s b B E 2@
= L £ LN 7] =

Increasing address =

Bits

£ £
= 8
& -
k- 1]
=] =
3 4

® EDepthMap32f store each pixel in 4 bytes using a float format.
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2.5. Image Drawing and Overlay

m Drawing uses Windows GDIL system calls.
MFC2 applications normally use onbraw event handler to draw, where a pointer to a device
context is available.
Borland/CodeGear's OWL or VCL use a Paint event handler.

m The color palette in 256-color display mode gives optimal rendering. Gray-level images can be
improved using LUT3s (using histogram stretching techniques or pseudo-coloring).

m The zoom can be different horizontally and vertically.
B DrawFrameWithCurrentPen method draws a frame.

m Non-destructive overlaying drawing operations do not alter the image contents, such as

MoveTo/LineTo.

m Destructive overlaying drawing operations alter the image contents by drawing inside the
image such as Easy.OpenTmageGraphicContext. Gray-level [color] images can only receive
a gray-level [color] overlay.

2.6. 3D Rendering of 2D Images

These images are viewed by rotating them around the X-axis, then the Y-axis.

Gray 3D Rendering

Easy.Render3D prepares a 3-dimensional rendering where gray-level values are altitudes.
Magnification factors in the three directions (X = width, Y = height and Z = depth) can be given.
The rendered image appears as independent dots whose size can be adjusted to make the surface
more or less opaque.

3D rendering

Color Histogram 3D Rendering

Easy.RenderColorHistogram prepares a 3-dimensional rendering of a color image histogram.
The pixels are drawn in the RGB space (not XY-plane) to show clustering and dispersion of RGB

1Graphics Device Interface
2Microsoft Foundation Class
3LookUp Tables
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values.
This function can process pixels in other color systems (using EasyColor to convert), but the raw
RGB image is required to display the pixels in their usual colors.

Magnification factors in all three directions (X = red, Y = green and Z = blue) can be given.

Color histogram rendering

2. 7. Vector Types and Main Properties

A vector is a one-dimensional array of pixels (taken from an image profile or contour).

EVector is the base class for all vectors. It contains all non-type-specific methods, mainly for
counting elements and serialization.

170 & value Index Red | Green Elue

a 15 s 3

1 7 4 ]

2 5 8 ]

3 g 5 ]

4 29 1 a

i 5 s5 & a

1) & 1z0 15 3

o 7 139 24 17

L ndex |2 157 26 18

ya - |9 181 17 6

10 185 13 0

50 100 150 200 206 11 170 14 1
- . . RGB values arra
Profile in a C24 image RGB values plot along profile y

(EC24Vector)

A vector manages an array of elements. Memory allocation is transparent, so vectors can be
resized dynamically. Whenever a function uses a vector, the vector type, size and structure are
automatically adjusted to suit the function needs.

The use of vectors is quite straightforward:

1. Create a vector of the appropriate type, using its constructor and pre-allocate elements if
required.

Vector types

m EBW8Vector: a sequence of gray-level pixel values, often extracted from an image profile
(used by EasyImage.Lut, EasyImage.SetupEqualize,
EasyImage.ImageToLineSegment, EasyImage.LineSegmentToImage,
EasyImage.ProfileDerivative, ...).



Open eVision User Guide @ [EURESYS

§ vaue

215

A
w ot L]

50

Index

0 10 20 30 40 50 B0 70 BO S5

Graphical representation of an EBligVector (see Draw method)

m EBWI16Vector: a sequence of gray-level pixel values, using an extended range (16 bits),
mainly for intermediate computations.

4 Vel

oo L T ]
oo [ L LI
oo 10 W) {1

Index

0 50 100 150 216

Graphical representation of an EBli16Vector

m EBW32Vector: a sequence of gray-level pixel values, using an extended range (32 bits),
mainly for intermediate computations
(used in EasyImage.ProjectOnARow, EasyImage.ProjectOnAColumn, ...).

4 Value

Index

0 100 200 300 400 500 60O 767

Graphical representation of an ERW32Vector

m EC24Vector: a sequence of color pixel values, often extracted from an image profile
(used by EasyImage.ImageToLineSegment, EasyImage.LineSegmentToImage,

EasyImage.ProfileDerivative, ...).



Open eVision User Guide L EURESYS

254

h
‘HI]T

50 _r I

Graphical representation of an EC24vector

m EBW8PathVector: a sequence of gray-level pixel values, extracted from an image profile or
contour, with corresponding pixel coordinates
(used by EasyImage.ImageToPath, EasyImage.PathToImage, ...).

AAARAASS SRR

Graphical representation of an ERWSPathvector (see Draw method)

m EBWl6PathVector: a sequence of gray-level pixel values, extracted from an image profile
or contour, with corresponding pixel coordinates
(used by EasyImage.ImageToPath, EasyImage.PathToImage, )

Bt121KPJ50
069 9328

AARRAARS SRR

Graphical representation of an EBW16Pathvector (see Draw method)

m EC24PathVector: a sequence of color pixel values, extracted from an image profile or
contour, with corresponding pixel coordinates
(used by EasyImage.ImageToPath, EasyImage.PathToImage, ...).
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Graphical representation of an EC24Pathvector (see Draw method)

®m EBWHistogramVector: a sequence of frequency counts of pixels in a BW8 or BW16 image
(used by EasyImage.TIsodataThreshold, EasyImage.Histogram,
EasyImage.AnalyseHistogram, EasyImage.SetupEqualize, ...).

4 Counl
B187
m | I
4000

. Vale

0 50 100 150 200 25

Graphical representation of an ERWHistogramVector (see Draw method)

m EPathVector: a sequence of pixel coordinates. The corresponding pixels need not be
contiguous
(used by EasyImage.PathToImage and EasyImage. Contour).

Graphical representation of an EPathvector (see Draw method)

m EPeakVector: peaks found in an image profile
(used by Easylmage.GetProfilePeaks).

m EColorVector: a description of colors
(used by EasyColor.ClassAverages and EasyColor.ClassVariances).

2. Fill a vector with values. First empty it, using the Evector.Empty member, then add
elements one at a time by calling the EC24Vector.AddElement member. You can access any
element by means of indexing.
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3. Access a vector element, either for reading or writing. Use the brackets operator, for
instance, EC24Vector.operator[].

4. Determine the current number of elements, use member Evector.NumElements.

Draw the vector.

A pixel vector is a plot of the element values as a function of the element index, so its
graphical appearance depends on its type. You can draw a vector in a window. For legibility,
the drawing should appear on a neutral background.

Drawing is done in the device context associated to the desired window. By default, curves
are drawn in blue, annotations are drawn in black. The following parameters can be defined:
graphicContext, width, height, origin, origin, color0, colorl, color2.

The EC24vector has three curves drawn instead of one, each corresponding to a color
component. By default, red, blue and green pens are used.

2.8. ROI' Main Properties

ROIs are defined by a width, a height, and origin x and y coordinates.

The origins are specified with respect to the top left corner in the parent image or ROL.
The ROI must be wholly contained in its parent image.

The processing/analysis time of a BW1 ROl is faster if orgx and width are multiples of 8.

Save and load

You can save or load an ROI as a separate image, to be used as if it was a full image. The ROIs
perform no memory allocation at all and never duplicate parts of their parent image, the parent
image provides them with access to its image data.

The image size of the new file must match the size of the ROI being loaded into it. The image
around the ROl remains unchanged.

ROI Classes

An Open eVision ROl inherits parameters from the abstract class EBaseROT.

There are several ROI types, according to their pixel type. They have the same characteristics as
the corresponding image types.
® EROTBWI

® EROIBWS
B EROIBWI16
B EROIBW32
® EROICIS
B EROIC16
m EROIC24
B EROIC24A
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Attachment

An ROI must be attached to a parent (image/ROI) with parameters that set the parent, position
and size, and these links are updated transparently, avoiding dangling pointers.
A normal image cannot be attached to another image or ROI.

Nesting

Set and Get functions change or query the width, height and position of the origin of an ROI,
with respect to its immediate or topmost parent image.

An image may accommodate an arbitrary number of ROls, which can be nested in a hierarchical
way. Moving the ROI also moves the embedded ROIs accordingly. The image/ROI classes provide
several methods to traverse the hierarchy of ROIs associated with an image.

Nested ROIs: Two sub-ROls attached to an ROI, itself attached to the parent image

Cropping

CropToImage crops an ROl which is partially out of its image. The resized ROl never grows.
An exception is thrown if a function attempts to use an ROI that has limits that extend outside of
the parents.

Note: (In Open eVision 1.0.1 and earlier, an ROl was silently resized or repositioned when placed
out of its image and sometimes grew. If ROI limits extended outside parents, they were silently
resized to remain within parent limits.)

Resizing and moving

m ROIs can easily be resized and positioned by two functions and dragging handles:
®m EBaseROI.Drag adjusts the ROl coordinates while the cursor moves.

m EBaseROI.HitTest informs if the cursor is placed over a dragging handle. Once the
handle is known, the cursor shape can be changed by an onsetcCursor MFC event handler.
HitTest is unpredictable if called while dragging is in progress.

HitTest can be used in an OnSetCursor MFC event handler to change the cursor shape, or
before a dragging operation like OnLButtonDown,

(or EvSetCursor and EvLButtonDown in Borland/CodeGear's OWL)

(or FormMouseMove and FormMouseDown in Borland/CodeGear's VCL).

In VB6, MouseDown, MouseMove,MouseUp events return the current cursor position in
twips rather than pixels, so conversion is mandatory.
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2.9. Arbitrarily Shaped ROI (ERegion)

[See also:example: Inspecting Pads Using Regions / code snippets: ERegion J

Regions or arbitrarily shaped ROI

You define and use regions of interest (ROI) to restrict the area processed with your vision tool
and to reduce and optimize the processing time.

In Open eVision:
o An ROI (EROIxxx class) designates a rectangular region of interest.

O Aregion (ERegion class) designates an arbitrarily shaped ROI. With regions, you can
determine precisely which part of the image, down to a single pixel, is used for your
processing.

Currently, only the following Open eVision methods support ErRegions:

Clibrary | Method

Easylmage::Threshold
Easylmage::DoubleThreshold
Easylmage::Histogram
Easylmage::Area
Easylmage::AreaDoubleThreshold
Easylmage::BinaryMoments
Easylmage::WeightedMoments
Easylmage::GravityCenter
Easylmage .
Easylmage::PixelCount
Easylmage::PixelMax
Easylmage::PixelMin
Easylmage::PixelAverage
Easylmage::PixelStat
Easylmage::PixelVariance
Easylmage::PixelStdDev
Easylmage::PixelCompare
EDepthMapToMeshConverter::Convert
EDepthMapToPointCloudConverter::Convert
Easy3D . . P
EStatistics::ComputePixelStatistics
EStatistics::ComputeStatistics
EasyObject ElmageEncoder::Encode

EasyFind EPatternFinder::Find
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TIP
In the future Open eVision releases, the support of ERegions will be
gradually extended to all operators.

Creating regions

Open eVision offers multiple ways to create regions, depending on the shape you need:

The ErRegion is the base class for all regions and the most versatile. It encodes a region using a
Run-Length Encoded (RLE) representation.

0 The RLE representation of a region is made of runs (horizontal, 1-pixel high slices).

O The runs are stored in the form of their ordinate, starting abscissa and length.

—
—

Run-Length Encoding of a circle-shaped region

—

To create a region, either:

O

O

Use one of the geometry-based region classes.

Use the result of another tool, such as EasyFind, EasyMatch or EasyObiject.
Combine or modify other regions.

Use a mask image.

Directly provide the list of runs.
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Geometry-based regions

Geometry based regions are specialized classes of regions that are encompassed in simple
geometries. Open eVision currently provides classes based on a rectangle, a circle, an ellipse or a

polygon.

Use these classes to setup geometric regions and modify them with translation, rotation and
scaling. The transformation operators return new regions, leaving the source object unchanged.

® ERectangleRegion
O The contour of an ERectangleRegion class is a rectangle.
0 Define it using its center, width, height and angle.

o Alternatively, use an ERectangle instance, such as one returned by an
ERectangleGauge instance.

Rectangle region separating a bar code from the background

® ECircleRegion
0 The contour of an ECircleRegion class is a circle.
0 Define it using its center and radius or 3 non-aligned points.

o Alternatively, use an ECircle instance, such as one returned by an ECircleGauge
instance.

Circle region encompassing the useful part of an X-Ray image
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® FEEllipseRegion
o The contour of an EE11lipseRegion class is an ellipse.

0 Define it using its center, long and short radius and angle.

Ellipse region encompassing a waffle

® FEPolygonRegion
0 The contour of an EPolygonRegion class is a polygon.

o Itis constructed using the list of its vertices.

Polygon region encompassing a key

Using the result of other tools
The ErRegion class provides a set of specialized constructors to create regions from the results of
another tool.

In a tool chain, these constructors restrict the processing of a tool to the area issued from the
previous tool.

Use Location \—'\ Create Region \—’\ Use Procasson
Process ,__ Using Process Rault,._v Region
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Open eVision provides constructors for the following tools:
o EasyFind: EFoundPattern
o EasyMatch: EMatchPosition
0 EasyGauge: ECircle and ERectangle

0 EasyObject: ECodedElement

TIP

When compatible, Open eVision also provides specialized constructors for
the geometry-based regions. For instance, ECircleRegion provides a
constructor using an Ecircle.

Combining regions
Use the following operations to create a new region by combining existing regions:

e Union

0 The ERegion::Union (const ERegioné&, const ERegion&) method returns the region
that is the addition of the two regions passed as arguments.

Union of 2 circles

e |[ntersection

0 The ERegion::Intersection (const ERegion&, const ERegion&) method returns
the region that is the intersection of the two regions passed as argument.

Intersection of 2 circles
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e Subtraction

0 The ERegion::Substraction (const ERegion&, const ERegion&) method returns
the first region passed as argument after removing the second one.

Subtraction of 2 circles

Using regions

The tools supporting regions provide methods that follow one of these conventions:
O Method(const EImage& source, const ERegioné& region)

O Method(const EImage& source, const ERegion& region, EImageé&
destination)

[ wor

The source, the region and the destination must be compatible. It means that
the region must at least partly fit in the source, and that source and
destination must have the same size.

Preparing the region

e Open eVision automatically prepares the regions when it applies them to an image, but this
preparation can take some time.

e |If you do not want that your first call to a method takes longer than the next ones, you can
prepare the region in advance by using the appropriate Prepare () method.

e To manually prepare the regions, adapt the internal RLE description to your images.

Drawing regions

The Eregion classes provide several ways to display the regions:

® ERegion::Draw () draws the region area, in a semi-transparent way, in the provided device
context.

® ERegion::DrawContour () draws the region contour in the provided device context.
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® ERegion::ToImage () renders the region as a mask into the provided destination image.
o You can configure the foreground and the background colors.

o If you initialized your image with a width and a height, Open eVision renders the region
inside those bounds.

o If not, Open eVision resizes the image to contain the whole region.

o Use ToImage () to create masks for the Open eVision functions that support them.

ERegions and EROIls

e The older EROT classes of Open eVision are compatible with the new regions.

e Some tools allow the usage of regions with source and/or destinations that are Eroi instead
of EImage follow one of these conventions:

0 Method(const ERoi& source, const ERegioné& region)

O Method(const ERoi& source, const ERegioné& region, ERoi& destination)

In that case, the coordinates used for the region are relative to the reduced
ROI space instead of the whole image space .

@TIP

ERegion and 3D

e The new regions are compatible with the 2.5D representations of Easy3D (EDepthMap and
EZMap).

e You can also reduce the domain of processing when using these classes.

2.10. Flexible Masks

ROIs vs flexible masks

ROIs and masks restrict processing to part of an image:

m "ROI Main Properties" on page 24 apply to all Open eVision functions. Using Regions of
Interest accelerates processing by reducing the number of pixels. Open eVision supports
hierarchically nested rectangular ROls.

m Flexible Masks are recommended to process disconnected ROIs or non-rectangular shapes.
They are supported by some EasyObject and Easylmage library functions.

Flexible Masks

A flexible mask is a BW8 image with the same height and width as the source image. It contains
shapes of areas that must be processed and ignored areas (that will not be considered during
processing):
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m All pixels of the flexible mask having a value of 0 define the ignored areas.

m All pixels of the flexible mask having any other value than 0 define the areas to be processed.

Source image Associated mask Processed masked image

A flexible mask can be generated by any application that outputs BW8 images and by some
EasyObject and Easylmage functions.

Flexible Masks in Easylmage

Source image (left) and mask variable (right)

Simple steps to use flexible masks in Easyimage

1. Call the functions from Easylmage that take an input mask as an argument. For instance,
one can evaluate the average value of the pixels in the white layer and after in the black layer.

2. Display the results.

Resulting image

Easylmage Functions that support flexible masks

m EImageEncoder.Encode has a flexible mask argument for BW1, BW8, BW16, and C24 source
images.

m AutoThreshold.

m Histogram (function HistogramThreshold has no overload with mask argument).
m RmsNoise, SignalNoiseRatio.

m Overlay (no overload with mask argument for BW8 source images).

m ProjectOnAColumn, ProjectOnARow (Vector projection).
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m ImageTolLineSegment, ImageToPath (Vector profile).

Flexible Masks in EasyObject

A flexible mask can be generated by any application that outputs BW8 images or uses the Open
eVision image processing functions.

EasyObject can use flexible masks to restrict blob analysis to complex or disconnected shaped
regions of the image.

If an object of interest has the same gray level as other regions of the image, you can define
"keep" and "ignore" areas using flexible masks and Encode functions.
A flexible mask is a BW8 image with the same height and width as the source image.

m A pixel value of 0 in the flexible mask masks the corresponding source image pixel so it
doesn't appear in the encoded image.

m Any other pixel value in the flexible mask causes the pixel to be encoded.

EasyObject functions that create flexible masks

Source image

1) ECodedlmage2.RenderMask: from a layer of an encoded image

1. To encode and extract a flexible mask, first construct a coded image from the source image.

2. Choose a segmentation method (for the image above the default method
GrayscaleSingleThreshold is suitable).

3. Select the layer(s) of the coded image that should be encoded (i.e. white and black layers
using minimum residue thresholding).

4. Make the mask image the desired size using mask.SetSize (sourceImage.GetWidth (),
sourcelmage.GetHeight ()).

5. Exploit the flexible mask as an argument to ECodedTmage?2 . RenderMask.

BWS resulting image that can be used as a flexible mask
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1.
2.

2) ECodedElement.RenderMask: from a blob or hole
Select the coded elements of interest.

Create a loop extracting a mask from selected coded elements of the coded image using
ECodedElement.RenderMask.

Optionally, compute the feature value over each of these selected coded elements.

e
e
w'“

BWS resulting image that can be used as a flexible mask

3) EObjectSelection.RenderMask: from a selection of blobs

EObjectSelection.RenderMask can, for example, discard small objects resulting from noise.

BWS resulting image that can be used as a flexible mask

Example: Restrict the areas encoded by EasyObject

'.‘||Ql'||'

TILLLLL

||||"..'.'

TTLLLLALL

Find four circles (left) Flexible mask can isolate the central chip (right)

1. Declare a new ECodedImage? object.

2. Setup variables: first declare source image and flexible mask, then load them.

3. Declare an EImageEncoder object and, if applicable, select the appropriate segmenter. Setup
the segmenter and choose the appropriate layer(s) to encode.
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4.

5.
6.
7.

Encode the source image. Encoding a layer with just the area in the flexible mask is then
pretty straightforward.

We see that the circles are correctly segmented in the black layer with the grayscale single
threshold segmenter:

Select all objects of the coded image.
Select objects of interest by filtering out objects that are too small.
Display the blob feature by iterating over the selected objects to display the chosen feature.

2.11. Profile

Profile Sampling

A profile is a series of pixel values sampled along a line/path/contour in an image.

Profile Analysis|

EasyImage.ImageToLineSegment copies the pixel values along a given line segment
(arbitrarily oriented and wholly contained within the image) to a vector. The vector length is
adjusted automatically. This function supports flexible mask.

A path is a series of pixel coordinates stored in a vector.
EasyImage.ImageToPath copies the corresponding pixel values to the vector. This function
supports flexible mask.

A contour is a closed or not (connected) path, forming the boundary of an object.
EasyImage.Contour follows the contour of an object, and stores its constituent pixels
values inside a profile vector.

The profile can be processed to find peaks or transitions:

A transition corresponds to an object edge (black to white or white to black). It can be
detected by taking the first derivative of the signal (which transforms transitions (edges) into
peaks) and looking for peaks in it.

EasyImage.ProfileDerivative computes the first derivative of a profile extracted from a
gray-level image.

The EBWS data type only handles unsigned values, so the derivative is shifted up by 128.
Values under [above] 128 correspond to negative [positive] derivative (decreasing [increasing]
slope).
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m A peak is the portion of the signal that is above [or below] a given threshold - the maximum or
minimum of the signal. This may correspond to the crossing of a white or black line or thin
feature. It is defined by its:

m Amplitude: difference between the threshold value and the max [or min] signal value.
m Area: surface between the signal curve and the horizontal line at the given threshold.
EasyImage.GetProfilePeaks detects max and min peaks in a gray-level profile. To

eliminate false peaks due to noise, two selection criteria are used. The result is stored in a
peaks vector.

Profile Insertion Into an Image

EasyImage.LineSegmentToImage copies the pixel values from a vector or constant to the
pixels of a given line segment (arbitrarily oriented and wholly contained within the image).

EasyImage.PathToImage copies the pixel values from a vector or a constant to the pixels of a
given path.
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3.3D Tools
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3.1. Understanding 3D Concepts

Basic Concepts

Easy3D

Easy3D is a set of tools for solving computer vision problem using 3D acquisition and processing.
Easy3D supports laser line triangulation for fast and precise acquisition of depth maps.

TIP

Depth maps are gray scale images where each pixel represents a
displacement in the third dimension. Because of the acquisition procedure,
they are usually not dimensionally correct. So, while Open eVision 2D image
operators are compatible with depth maps, you should not use them for
processes requiring precise measurements.

Easy3D provides a calibration tool to generate corrected, metric point clouds and meshes from
depth maps. Most 3D operators work on point clouds or meshes. The included export functions
to the standard PCD file format allows integration with other 3D tools.

Easy3D also allows the computation of ZMaps. A ZMap is the projection of a point cloud on a
given reference plane. Like depth maps, ZMaps are gray scale images, but are also dimensionally
correct. As such, they can be used with all Open eVision 2D functions.

All the Easy3D tools are placed in the Easy3D namespace.

3D representation

Open eVision uses a right-handed cartesian 3D coordinate system. In this system, each 3D point
is represented by its 3 coordinates X, Y and Z.

A
Y Axis
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P
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: :| XAX|s>
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Z Axis
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Open eVision provides different containers to store 3D objects :
0 Depth maps
o Point clouds
O Meshes

o ZMaps

Depth map

A depth map is a way to represent a 3D object using a 2D grayscale image where each pixel (u, v)
in the image contains a third coordinate as its gray value.

The grayscale values of a depth map do not necessarily represent a Z metric coordinate. In the
context of a laser triangulation setup, these values represent the displacement of the laser line
profile, which is not the physical height of the 3D surface.

A depth map contains a gray scale image coded on 8, 16 or 32 bits per pixel.

o One specific gray value, called the undefined value, is reserved for the representation of
invalid pixels.

0 By default, this value is 0 for integer depth map types (EDepthMap8 and EDepthMapl6).

0 By default, this value is the lowest float value (-3.402823 e+38) for the 32 bits floating point
depth map types (EDepthMap32f).

The calibration process aims to convert the depth map representation to real, metric 3D
representations such as point clouds or meshes.

Point cloud

A point cloud is a set of 3D points (x, y and z coordinates) representing the scanned object in the
world metric space.
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In addition to the calibration process included in Easy3D, point clouds can be produced using
various 3D acquisition techniques, like stereo reconstruction or time of flight cameras.

Mesh

A Mesh is a geometric representation of a 3D surface, a set of connected 3D points.

In an EMesh object, 3 points are connected to define a triangle.

TIP
This kind of 3D representation is also called a "triangle mesh".

A point cloud and the corresponding mesh (displayed with Open eVision E3DViewer)

An EMesh object contains a point cloud and the indexes of the vertices of all mesh triangles.

EMesh uses a metric space representation that can be generated from a depth map and that can
be used to produce a ZMap.

ZMap

ZMaps are another representation for 3D data.
0 They are grayscale images like depth maps but represent metric and corrected 3D points.

o They are convenient representations for measurement and matching.
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O They are compatible with most of the 2D processing functions.

ZMaps are generated by the projection of a point cloud or a mesh onto an arbitrary 3D plane.

A depth map and the corresponding ZMap

A ZMap contains an image in which each pixel value represents a positive distance from the
reference plane.

@ TIP

Use the method AsEImage () to obtain a reference to the contained image.

A ZMap also contains the following information:
o The transformation from the World coordinates to the ZMap coordinates.

o The size of a pixel, called the "resolution".

TIP
Like in a depth map, a specific pixel value is reserved to represent undefined
pixels. To get this pixel value, use the method GetUndefinedvalue ().

Laser Triangulation

In a laser-line triangulation system, a laser line is projected on the object to measure. A camera
is looking at the laser line from a different point of view. The line deformation observed by the
camera contains the shape information of the measured object.

! o
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The scanning of the object consists in moving it under the laser line and recording multiple
images.

From the scanning you can reconstruct its 3D shape.

Occlusions

Using the laser triangulation method, the laser may be unable to reach some parts of the object
or the camera may be unable to view them. This is called occlusion.

0 On the left illustration, the camera does not see the bottom of the hole, inducing camera
occlusion.

0 On the right illustration, the laser does not reach the bottom of the hole, inducing laser
occlusion.

Camera Occlusion Laser Occlusion

TIP

You can limit or avoid occlusions by using advanced scanning methods, for
example by using two cameras or two lasers.
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The Laser Line 3D Acquisition Pipeline

The 3D acquisition pipeline starts with the acquisition of a laser line profile and ends up with the
point cloud, mesh or ZMap.

The source material for 3D processing is the depth map, coming from a Coaxlink Quad 3D-LLE or
generated from a list of images.

3 types of depth map are available, one for each different pixel coding scheme (8, 16 or 32 bits).

e Coaxlink
3DLLE 1

Software line
extractor

-

The generation of a depth map, from a hardware or a software source

ElaserlineExtractor

Some processing methods can use the depth map directly, but most measurement and matching
processes need metric, distortion-free representations. Calibration of the laser triangulation
setup is therefore required. Calibration is used to turn the depth map into a point cloud or mesh

expressed in a metric space that we call “world space”.

EObjectBasedCalibrationGenerator

Scan of the Comipute Brranion
callbration > [ calbration R mm; —Savele
objsct model

EDepthMaps EObjectColibrationModel
EDepthMapl6

The generation of an object based calibration model, from a scan of the reference object

A point cloud is a list of 3D points, expressed in a world space coordinate system. The point
cloud can be projected on a plane, producing a ZMap, which is a convenient and effective
representation for 2D processing with a metric scale.

Escaledalibrationtiode! enliisrmdes E£30Plane
EExplicitGeometricCalibrationModel

EObjectBasedCalibrationMode! Plans
53 L g
finder
Calibration

Load— (=
Point CloudConverter

@ : ;

S I oiccton

N libration . 7 p

EDepthMapd EDepthMapTo " EZMopGenerator EZiMops
EDepthMaopl6 3DObjectConverter EZMaple

The workflow from the depth map to the ZMap

EDepthMapTo

2D

processing

The following sections describe the classes and methods useful for a 3D workflow. The Use Case -
Measuring a Remote Controller goes through this processing pipeline.
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3.2. Object-Based Calibration Guidelines

Easy3D calibration is a powerful process that uses a single scan of a calibration object to
calibrate a laser triangulation setup.

1. The calibration process generates a calibration model.

2. Easy3D uses this calibration model to transform the laser profile scans (or depth maps) into
metric, distortion free point clouds.

e The calibration model includes all the geometric parameters required for this transformation:
o The relative position of the laser and the camera.
O The projection and the distortion model of the camera.
0 The relative motion of the object.

This document explains all the steps involved in the calibration process, from the design of the
calibration object to the Open eVision API.
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The calibration object

The general principle of Easy3D calibration is to match a scan of a known calibration object to
its true geometric dimensions.

The double pyramid

TIP
In Open eVision 2.7 the “double truncated pyramid” calibration object is
recommended over the "double pyramid" model.

The dimensions of the “double pyramid” calibration object along the X-, Y- and Z-axes are named
A, B and C respectively.

The "double pyramid" calibration model
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The truncated double pyramid
e The dimensions of the “double truncated pyramid” calibration object the X-, Y- and Z-axes are
named A, B and C respectively.

e The design of the double truncated pyramid must follow the ratios given in the illustration
below.
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The "double truncated pyramid" calibration model (recommended)

e For example, the provided CAD files of the calibration object use A=4 cm, B=6 cm and
C =1 cm. The Calibration Object Size, required for the calibration process, are the values A, B
and C.
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The "double truncated pyramid" calibration model withA=4,B=6andC=1
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Building a calibration object

Overall dimensions

e Manufacture a calibration object that fits the working area of the project.

e For example, if the project targets the inspection of a PCB (a printed circuit board as
illustrated), design your calibration object with:

a. The dimension A or B (it does not matter) similar to the width of the PCB.
b. The height (C) of only several millimeters.
TIP

This is not a strict requirement, if the scanned object is slightly larger or
smaller than the calibration object, the calibration process is still valid.

A PCB scanning setup with the associated calibration object
The calibration object dimensions (A, B and C) match the width and the height of the PCB

TIP

There is no constraint on the orientation of the calibration object during the
scan:

- The X-axis can be aligned with the motion direction or with the laser line.
- After the calibration process, the origin and axes of the 3D calibrated point
cloud follow the conventions of the reference design.

A calibrated point cloud with the origin and the axis of the coordinates system
The 3D origin is located at the external corner of the higher pyramid
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Precision and tolerance

The relevant dimensions of the calibration object are the width, the length and the height of the
pyramids (called A, B and C in the illustrations).

o The relative dimensions to A, B and C (B/2, A/4...) are important and you must execute
them with the same precision.

o The dimensional tolerances are related to the overall expected precision.
If you want to achieve measurements on the point cloud with a precision of 0.01 mm, the
manufacturing of the calibration object must have the same precision.

o These tolerances only apply to the pyramids geometry, the calibration process does not
use the dimensions of the support.

0 The planar surfaces must be flat between 2 parallel planes separated by the target
tolerance, as illustrated.

Talerance
L

i

A
\

A

The tolerance of the pyramids sides is defined as the smallest distance between two
parallel planes that contain the entire surface
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Material and surface finishing

TIP
The goal is to obtain the laser profile as thinnest as possible over the whole
object surface with the largest reflected energy.

The build material and the surface finishing are also important and must have:
0 A good reflectance, with diffuse reflection (no specular reflections).

o No transmission and limited diffusion inside the material.

TIP
You can obtain a good surface finishing using aluminum material and
blasting. Blasting gives the surfaces a satin gray finish.

2 aluminum machined calibration objects with a micro-abrasive blasting surface treatment

3D CAD models

The calibration object models are available in various 3D CAD format like STEP, OBJ and STL.

Download these files from the Open eVision download area in the Additional Resources section
(www.euresys.com/Support).

Download the calibration object models


https://www.euresys.com/Support/Software,-drivers-and-documentation?Series=f97da39d-3c25-404c-aee7-73de1d1867fc
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Scanning the calibration object

The scan of the calibration object produces a depth map.

To ensure a correct detection of the calibration object and a precise calibration model, you
must fulfill the following criteria:

o All faces of the calibration object must be visible on the depth map (this affects the
orientation of both the camera and the laser).

0 No other object can be higher than the calibration object in the depth map.
o The depth map must have at least 200 x 200 pixels.

0 The calibration object must cover at least 50% of the defined pixels of the depth map.

Missing pixels on the side faces

Examples of bad scans:

Not enough lines

The calibration object is too small on the depth map
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Calibration with Easy3D Studio

Easy3D Studio is a free application that helps you to set up a laser triangulation scanner. You

can easily set the acquisition parameters of the Coaxlink Quad 3D LLE frame grabber and
perform the calibration.

The DepthMap panel

This panel displays:
0 The scanned image.

o The acquisition parameters on the right side.

®®m
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The PointCloud panel

This panel displays:

0 The depth map of the scanned image.

0 The object-based calibration parameters on the right side.

o The Calibrate button computes the calibration model using the last scanned depth map.
o When the calibration model is ready, the depth map is transformed into a point cloud.

o0 You can export the calibration model for later use.

Required parameters

The calibration based on a calibration object requires several parameters:

Set the Object Type as DoublePyramid or TruncatedDoublePyramid.
0 The DoublePyramid object type is deprecated and not recommended.
Set the Object Size to represent the real size of the calibration object.

o If your calibration object has a base of 20 mm by 30 mm and a height of 5 mm, set these
values in the Object Size A/B/C parameters.

O The point cloud after the calibration uses coordinates in millimeters.

Set the parameter Precision Vs Speed Trade Off to define the time spent on the calibration
process.

0 The 3 possible values are Fast, Balanced and Precise.



Open eVision User Guide T EURESYS

e Set the parameter Passes count to define the number of iterations used to refine the
calibration model.

0 Use 1 for the fastest processing.

o Use up to 3 for slower but potentially better calibration model.

Using the calibration with Open eVision

e The class EObjectBasedCalibrationModel is the container for the object based calibration
model.

e The class EObjectBasedCalibrationGenerator performs the computation of such a
model using an EDepthMap8/16/32f as input.

The following code snippet illustrates the calculation of a calibration model:

// Initialize a depth map from an image of a double truncated pyramid

EDepthMapl6 depth map;

depth map.LoadImage ("ctxl calibration object.png"); // from Easy3D sample images
depth map.SetZResolution(l.f / (1 << 5)); // 11.5 fixed point pixel format

// Initialize the calibration generator

EObjectBasedCalibrationGenerator calib generator;

calib generator.SetCalibrationObjectType (EObjectBasedCalibrationType
TruncatedDoublePyramid) ;

calib generator.SetCalibrationObjectSize (40.f, 60.f, 10.f); // Size of the calibration
object

// Compute the calibration model
EObjectBasedCalibrationModel calib model;
calib model = calib generator.Compute (depth map) ;
float error = calib model.GetCalibrationError () ;

// Save the calibration model
calib model.Save ("calib.model");

The following code snippet illustrates the use of a saved calibration model:

// Load the calibration model
EObjectBasedCalibrationModel calib model;
calib model.Load("calib.model");

// Load a depth map (captured in the same context)
EDepthMapl6 depth map;

depth map.LoadImage ("ctxl shapes.png");

depth map.SetZResolution(l.f / (1 << 5));

// Initialize a converter, use the loaded model
EDepthMapToPointCloudConverter converter;
converter.SetCalibrationModel (calib model) ;

// Convert the depth map to a metric point cloud and save it
EPointCloud point cloud;

converter.Convert (depth map, point cloud);

point cloud.SavePCD("point cloud.pcd");

To experiment and learn about the Easy3D calibration, a C++ sample called 3DCalibration is
provided with the source code in the Open eVision distribution.
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3.3. Easy3D - Using 3D Toolset

Laser Line Extraction

A Laser Line Extraction (LLE) algorithm is required to create a depth map from a sequence of
profiles of the object captured by the camera sensor.

The objective of an LLE algorithm is to measure the line position along a vertical profile in every
column of a sensor frame, within a user-defined region of interest (ROI).

For every step of the object position, the detection analyzes each column of a frame individually
and produces a row of output positions, stored as gray values.

The figure below illustrates a depth map generation.

Scanned object

—)

Profiles Depth map

The ELaserLineExtractor class provides the laser line extraction functionality in Open
eVision. It implements several algorithms to extract the laser line (see below for more details):

0 Maximum detection returns the position of the pixel of maximum intensity. It’s the
fastest method but it doesn’t support sub-pixel precision.

o0 Peak detection approach detects local maxima. If several maxima are detected, the one
with the highest intensity is returned. The position is returned with sub-pixel precision.

o0 Center of gravity algorithm is suitable when the laser line is spread over several pixels.
The position is returned with sub-pixel precision.

TIP
You can also set a threshold to exclude pixels with low intensity.
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The line position returned by the laser line extraction algorithms is relative to the bottom of the
region of interest. So, values in the depth map range from 0 (bottom of the ROI) to the height of
the ROL.

Source image

Laser lines
" ””””””””” / ”””””””””””””” Region

of
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, interest

_> .
‘\X axis
Depth map coordinate system

Y axis

Laser line extraction methods

Maximum detection

The maximum detection algorithm analyzes all the pixels in a ROl column to determine the one
with the maximum intensity. The figure below shows the laser line position on a given ROI
column.

149 Maximum

& intensity

Plxel Intensity

3 4 5 & 78 310111203 141516 7 14 159 20

Line Index Line
position

Maximum detection on a ROl profile

We also recommend to include in the processing chain:
O A low-pass filter to reduce the high frequency variations in the image.

0 A threshold to eliminate the background noise from the sensor.
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Peak detection

The peak detection algorithm relies on a discrete simplification of the first derivative function.
d
L =fa+1)-fl@-1) = f(a)

The f '(x) outputs the slope of a given f(x) along the x.

44
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f(x) and f '(x) plots
We compute the line position by detecting where f ’(X) changes its signal based on the two-
point form line equation:
Y2—%

Y= = 5= T — 1)

where (X,, y;) and (X,, Y,) are two points on the line with x,#X,, we obtain the following
equation fory = 0:

_ T1Yp—T2Y;
Y2—Y%
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Center of gravity

The center of gravity (CoG) method uses an algorithm that calculates the center of mass of an
image object. Also know as "centroid of plane figures", the CoG is obtained by the following
equations:

v_ Ya & _ Yay
X=52 V=22

where X and Y are the coordinates of the CoG and a is the pixel intensity along the x and y
axes.
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Center of gravity on a ROI profile

Low-pass linear filter

Optionally, you can apply a low-pass linear filter in front of the line extraction in order to reduce
noise and high frequencies in the image.

The low-pass filter applies a convolution operator on a 1 x 3 sliding window. The 3 elements of
the convolution kernel (A, B and C) are configurable, accepting any positive integer. The figure
below illustrates the positioning of the convolution kernel elements within a given ROI.

Input ROI center pixel

o [,

You can activate the low-pass filter for any of the laser line extraction methods with the method
ElLaserLineExtractor::SetEnableSmoothing (true/false). Parameters A, B and C are set
with ELaserLineExtractor: :SetSmoothingParameters (A, B, C).
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Calibration

The calibration is used to apply the transformation between a depth map and a point cloud or a
mesh.

There are 3 ways to setup this conversion:

o Apply a simple scale on the pixel coordinates of the depth map
(EScaleCalibrationModel class)

0 Use the explicit geometric model (EExplicitGeometricCalibrationModel class)
0 Use the object-based calibration approach (EObjectBasedCalibrationModel class)

These models share the same base class ECalibrationModel and exposes the method Apply
(), which is used to apply the conversion between a depth map pixel and a 3D point. It takes as
input the coordinates of one point in a depth map and it returns the coordinates of the
corresponding point in the 3D space.

The method 2pp1y is not aware of the possible mirroring of the corresponding depth map and
cannot make use of EDepthMap: : AxisSystemType (see below). If necessary (when the
corresponding depth map is vertically mirrored) the y coordinates should be flipped before
calling the app1y method.

0 The class EDepthMapToPointCloudConverter generates a point cloud from a depth
map, using one of the calibration models.

0 The class EDepthMapToMeshConverter generates a mesh from a depth map, using one of
the calibration models.

By convention:
0 The origin of the referential is the lower-left corner of the depth map.
o The center of the first pixel at the lower-left corner is at x =0.5 and y = 0.5.
0 The center of the pixel at the upper-right corner is at x = width - 0.5 and y = height - 0.5
where width is the width of the depth map and height is its height.

Mirrored depth maps

By default, Easy3D considers that the origin of the 3D axis of the depth map is the bottom left of
the internal image buffer, and the Y axis is pointing up. This means that the depth map image is
not seen as vertically mirrored compared to the real world image of the scanned object.

Nevertheless, depending on your acquisition setup this mirroring can happen (for example if the
direction of the scan is inverted).

If this is your case, you can set the EDepthMap: : SetAxisSystemType t0 EAxisSystem
UpperLeftCorner, meaning that the origin of the 3D axis is on the upper left corner and the Y
axis is pointing down.

This value changes the behavior of the methods :
O EObjectBasedCalibrationGenerator.Compute

O EDepthMapToPointCloudConverter.Convert
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O EDepthMapToMeshConverter.Convert

Scale calibration

The scale model (EscalecalibrationModel) only applies a simple factor on the X, Y and Z
axis. These factors are the only parameters of EScaleCalibrationModel.

For depth maps coming from laser triangulation setup, this transformation does not produce
corrected, metric points. It’s main use is to display depth maps as 3D data with the E3DViewer
class.

Explicit geometric calibration

The explicit geometric model (EExplicitGeometricCalibrationModel) defines a simple and
ideal laser triangulation setup. The explicit calibration makes some strong assumptions on the
setup geometry and can only be used when a minimum set of parameters are known:

0 The angles of the camera and the laser plane, in the counter clockwise direction. The
camera angle must be positive.

0 The height of the camera above the scanned object.

o The field of view of the camera defined by the sensor size (mm) and the optical focal
length (mm).

o The physical distance between two line scans of the depth map (depends on acquisition
rate and motion speed).

0 The size of the image and the ROI origin used in laser line extraction (between the top (0)
and the bottom (height) of the image).

TIP
Use the "Easy3D_Setup_Configuration.xlsx" spreadsheet to compute and
check your setup configuration and parameters.

Camera height

Explicit calibration setup with camera angle, laser angle and camera height
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The setup of an explicit geometric calibration uses the constructor of the
EExplicitGeometricCalibrationModel class.

Camerg source images 2.50 Depth map 30 Point cloud

Object-based calibration

Object-based calibration gives real world, metric, coordinates from an arbitrary laser
triangulation setup. From the scan of a reference object, the calibration process tries to calculate
all the parameters required for the transformation to the world space (position and attributes of
the camera, position of the laser plane, relative motion of the object, optical distortion...).

For more details, please refer to the "Object-Based Calibration Guidelines" on page 45 section.

Point Cloud

Coordinates Transformations

Affine Transforms

Affine transforms allow you to reposition the point cloud inside the 3D space.
Open eVision provides you with the following basic transformations:

o Rotation around the X, Y or Z axis

0 Translation along the X, Y and/or Z axis

o Scaling, around the origin, and either isotropic (the same in all directions) or anisotropic
(different along the different axis)

It also provides you with projection transformations, both orthographic and perspective:

o An orthographic projection transforms a volume of space in the shape of a rectangular
parallelepiped (and the points it contains) into the canonical view (a cubic space of size 2
and centered on the origin).
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0 A perspective projection transforms a volume of space in the shape of a frustum (basically
a truncated pyramid) into the canonical view. This projection allow you to simulate the
perspective effect given by an eye or a camera.

Reducing a Point Cloud

Cropping

Cropping allows you to exclude points from the point cloud based on geometrical
considerations.

Open eVision provides the following cropping functions:

O ESimpleCropper: simple cropping on the X, Y and/or Z coordinates (aligned rectangle 3D
region)

O ERectangularCropper: cropping the points outside (or inside) an oriented rectangular
parallelepiped

O ESphericalCropper: cropping the points outside (or inside) a sphere.
0 EPlaneCropper: cropping the points depending on their position with respect to a plane

These classes produces a new point cloud with the selected points.

Decimation

The random decimator, ERandombDecimator, decimates a point cloud by copying a specified
number of points, randomly selected, to a new point cloud.

Specify the number of points to keep as parameter of the constructor.

EPointCloud pc;

pc.LoadPCD ("c:\\images\\data.pcd");

// Explicitely decimate the point cloud
ERandomDecimator decimator (5000) ;

EPointCloud pcDecimated;

decimator.Decimate (pc, pcDecimated) ;

pcDecimated.SavePCD ("c: \\images\\decimatedData.pcd");
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Managing Planes

E3DPlane

A plane can be represented as an E3DP1lane object.

This plane is characterized by:
o Its normal which is a vector of norm 1, perpendicular to the plane.

0 Its signed distance from the origin, which is the smallest distance from the origin to the
plane. The signed distance is positive when the vector binding the origin to the closest
point on the plane has the same direction as the normal and is negative when it has the
opposite direction.

Once a plane is defined, you can measure the signed distance between this plane and any point
in the space (using the method DistanceTo ()):

o A positive distance means that the vector connecting the plane to the point has the same
direction as the normal.

0 A negative distance means that the vector has the opposite direction.

d >0 (signed dislance)
Pomi above e plane

\\\//
® d <0 (signed distance)
Point below the plane

EPlaneFinder

You can search for a plane in a point cloud using the object EP1aneFinder object.

The main parameters of this object are:
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o The maximum distance between the searched plane and a point that belongs to this plane.

0 The expected ratio between the numbers of inliers and the total number of points in the
point cloud.
- An inlier is point that belongs to a plane (closer than this maximum distance).
- An outlier is a point that is not an inlier.

The picture below illustrates how points of the space are classified as inliers (in green) and
outliers (in red) according to their distance to the searched plane.

A EPlaneFinder object produces a E3DP1ane object. The algorithm searches for a plane
containing as many inliers as possible. This plane is the biggest plane if the samples are evenly
distributed.

The maximum distance between the plane and the inliers is a mandatory parameter: it should
include the deviation due to the noise but also take warpage into account.

The parameter that specifies the ratio of inliers with respect to the total number of points has a
default value of 0.3, meaning that we estimate that about 30% of the points belong to the plane.
This parameter is not as critical as the maximum distance but it affects the maximum time the
algorithm will spend in searching a plane as well as its robustness.

Optionally, you can specify the expected normal vector to the plane to search. In that case, you
should also specify an angular tolerance with respect to this expected direction.

Expeded normal
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When an expected normal is specified, the algorithm only searches for a plane that satisfies the
condition. Setting this condition might speed up the plane search.

TIP

Finally, it is important to note that, by default, the EP1anerinder decimates
the input point cloud to accelerate the search. The default decimator reduces
the input point cloud to 10000 points. Alternatively, you can disable this
decimation, or you can decimate a point cloud explicitly, by using an
ERandomDecimator object and use the decimated point cloud as input for
the EPlaneFinder. In this case you should disable the default decimator.

J

Once the main plane is found, a fit is done on all the inliers points and the result is returned (see
EPlaneFitter below).

EPlaneFitter

The ErPlaneFitter operator computes a fit on all the points of a point cloud and returns a
E3DPlane object.

Aligning

EPrincipalAxisExtractor

The EPrincipalAxisExtractor computes the “principal axis” of an object from a point cloud
(EPointCloud) and returns a E3DTranformMatrix containing a solid transformation that
defines a new orthogonal basis.

This new orthogonal basis has the following characteristics:
0 The center is the center of gravity of the point cloud.

0 The axis are oriented along the “principal axis” of the object. This is the result of the “PCA”
calculation (principal axis analysis).

o The directions of the axis are selected so that the new basis is as close as possible of the
basis defined by the reference transformation.
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The next figure illustrates the orientation of the principal axis of an object.

Principal axis

(0,0.1)

(0,1,0)

(1,0,0)

The principal axis extraction is done using the Extract () method that takes a EPointCloud as
input and returns an E3DTransformMatrix. Optionally, you can pass 3 other output parameters
by reference to retrieve the value of the standard deviation along the 3 principal axis.

You can use the returned E3DTranformMatrix object to transform the 3D coordinates of a
point. For example, apply the transformation matrix to the origin (0, 0, 0) to return the center of
gravity of the object.

Specification of a reference transformation

The reference transformation is an optional parameter of the EPrincipalAxisExtractor
object. It defines a reference basis used to select an orthogonal basis out of the principal axis.
The selected basis will be the closest to the reference basis.

@ TIP

If no reference transformation was supplied, the default reference basis is
((0, 0,1), (0, 1, 0), (0, 0, 1)), that corresponds to the identity transformation.
On the figure below, the default reference basis determines the direction of
the axis ex, ey and ez.
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Selected basis

Reference base
(0,0,1) ex
{0,1,0)

(1,0,0)

EFeaturesAligner

A EFeaturesAligner object finds the best transformation that maps a list of points to another
list of points.

e The first list of points is called the "model". It is stored in the EFeaturesAligner object.

e The second list of points is called "measured points". It is passed as a parameter to the
Compute () method. If successful, the result of this method is a E3DTransformMatrix
object.

e The 2 lists should form matching pairs. In other words, the first point of the first list matches
the first point of the second list, the second point of the first list matches the second point of
the second list, and so on...

With the Polarity parameter, you can define which transformation is returned. It can be either:

o The one that moves one point from the first list (the model) to the second list of points
(the measured points) if the polarity parameter is set to EAlignmentPolarity
ModelToMeasured (default).

o The one that moves a point from the second list (the measured points) to the first list (the
model) if the polarity parameter is set to EAlignmentPolarity MeasuredToModel.
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The figure below illustrates the computation of the alignment transformation. In this example a
model is aligned to an object using the coordinates of their corners.

model

Once the transformation is computed, use the method GetOrthoBasis of the
E3DTransformMatrix object to get the basis (ex, ey, ez) and the center point t that defines the
new basis.

You can also apply the computed transformation on any 3D point as illustrated in the code
below.

EFeaturesAligner alignTool;

E3DTransformMatrix alignBase;

E3DPoint ex, ey, ez, t;

std: :vector<E3DPoint> model3d;

std::vector<E3DPoint> points3d;

// add points to model3d and points3d

/] ...

alignTool.SetModelPoints (model3d) ;

alignBase = alignTool.Compute (points3d) ;

// Get the orthogonal basis and store it in ex, ey, ez and t
alignBase.GetOrthoBasis (ex, ey, ez, t);

// Bpplying the transformation on point P1l, results in point Plb
E3DPoint P1 = E3DPoint(...) ;

E3DPoint Plb = alignBase*P1l;

As you can see, the application of the transformation on a point is simply done by multiplying
the transformation matrix by the point (as done in the example above).

On the other hand, if you need to transform a point cloud or a list of points, it is more efficient
to use the ApplyTransform() method of an EAffineTransformer object.



Open eVision User Guide L EURESYS

Mesh

A mesh is a geometric representation of a 3D surface. The surface is defined by a triangle mesh
connecting the 3D points. Like a point cloud, a mesh is expressed in the metric space.

Like a point cloud, you can generate a mesh from a depth map and use it to produce a ZMap.

Generation

An EMesh object is generated from a depth map using the EDepthMapToMeshConverter class.

Like EDepthMapToPointCloudConverter, this class uses a calibration model to transform the
depth map pixels to 3D world positions. In addition, the depth map pixel connectivity is used to
build the triangle mesh. Adjacent pixels produce surface triangles.

Use setCalibrationModel () to select a calibration model and the method convert () to
generate an EMesh from an 8 bits or 16 bits depth map.

Access and usage

In an EMesh object the 3D world positions are stored as an EPointCloud (accessible through the
method GetPointCloud ()). The triangle mesh is stored as an array of point indexes, where 3
consecutive indexes define a triangle. The method GetTriangleIndexes () provides a read-
only access to the triangle mesh.

You can use either the Open eVision proprietary format to save and load EMesh objects using the
save () and Load () methods, or use the STL standard file format
(https://en.wikipedia.org/wiki/STL_(file_format)) using the savesTL () and LoadsSTL () methods
which respectively write to and read from ASCII STL files.

You can use an EMesh to produce a ZMap (see "Generating a ZMap" on the next page). Because
an EMesh represents a surface, the so generated ZMap can show better continuity and less
undefined pixels.
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/Map

Generating a ZMap

A ZMap is the projection of a point cloud or a mesh on a reference plane, with the distance
coded as gray scale values:

o They are grayscale images, compatible with all Open eVision 2D libraries.

o They are distortion free, with affine transformation from/to metric coordinate system.

A depth map (left) and the corresponding ZMap (right),
with default generation parameters and undefined pixel filling enabled

All Open eVision 2D processing are available on ZMaps: filtering, thresholding, blob extraction,
measuring with EasyGauge, model matching with EasyFind or EasyMatch...

The EPointCloudTozMapConverter class implements the conversion from a point cloud to a
ZMap (EMeshToZMapConverter converts a mesh to a ZMap). With all parameters at default
value, the convert () method automatically chooses the projection plane, the orientation, the
map size and the resolution.

Several methods are available to further control the conversion:

® setReferencePlane () defines a world space projection plane. The values of the ZMap
pixels are the distance of the point cloud to that reference plane.

By default, the reference plane crosses the origin and is perpendicular to the world Z axis.
The plane is defined as a E3DP1ane object.

® SetOrientationVector () sets a world space vector representing the expected direction of
the X (width) axis of the ZMap.

The orientation vector allows to “rotate” the object around the normal of the reference plane.
e SetOrigin () specifies the world position that is on the ZMap lower left pixel (0, 0).
® setmapsize () defines the resolution (number of pixels in X and Y axis) of the generated ZMap.

® SetMapXYResolution () adjusts the X and Y resolution of the ZMap pixels, in world space
unit per pixel (for example mm/pixel). This value is used to compute the ZMap size (width and
height), depending on the projected size of the point cloud on the reference plane.
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® sSetMapzResolution () sets the Z resolution, in world space unit per pixel unit (gray value). The
Z resolution is used to compute the transformation of the distance to the reference plan to
the integer 8, 16 or 32 bits pixel value.

® EnableFillMode () and SetFillMode () control the options used to fill the "hole" in the
ZMap. A hole exists when no 3D point is projected in the ZMap at a pixel position.

The methods SetReferencePlane (), SetOrientationvVector () and SetOrigin () are used
to setup the transformation between the world space and the ZMap space. This transformation is
rigid (distances are kept).

Alternatively, it is possible to directly set that transformation with the method
SetWorldTozMapTransform () using a rigid matrix as parameter. In that case, the reference
plane, the orientation vector and the origin parameters are ignored.

Point cloud

Point doud \

world space

Crientation
vector

Map
Image

space

Reference plane

ZMap space

IMap origin

The projection of a point cloud on a ZMap,
showing 3 coordinate systems: the world space, the ZMap space and the pixel space.
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the convert () method performs the effective projection of a point cloud (EPointCloud) ora
3D object (EMesh) to the 8, 16 or 32 bits ZMap.

When generating a ZMap from a point cloud, only individual points are projected on the ZMap.
Depending on the point cloud density and the ZMap resolution, some regions of the ZMap may
remain “undefined”. To get around this problem, adjust the resolution of the ZMap
(setMapXYResolution method) to remove “holes” on the ZMap.

By default, the point cloud to ZMap converter performs a filling algorithm. This process tries to
replace undefined pixels with locally interpolated values.

Left: high resolution ZMap, the pixel scale exceeds the point cloud density
Center: the same generator parameters with the filling enabled
Right: a reduced ZMap scale/resolution, without filling

As a mesh defines a surface, its triangles are projected onto the ZMap plane. Thus, the generated
image shows better continuity and less undefined pixels. However, the generation of a ZMap
from an EMesh is slower than from an EPointCloud.

Creating a Point Cloud from a ZMap

To generate a point cloud from a ZMap, use the EZMapToPointCloudConverter class.
The convert () method takes:

e A ZMap source

e A EPointCloud destination.

e 2 optional parameters:

0 An ERegion that defines the domain of the ZMap to convert.
By default, Open eVision uses all the defined pixels of the ZMap generate the point cloud.
0 A parameter to select the world space (by default) or the ZMap space to store the resulting
positions in the point cloud.
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Managing the Coordinates

Coordinate systems on a ZMap

A ZMap has multiple coordinate systems:

0 The world space system is the original, metric space from which the ZMap has been
generated. Point clouds and meshes are expressed in the world coordinate system.

0 The ZMap space is defined by a rigid transformation of the world space. The basis linked
to this transformation is attached to the lower left corner of the ZMap.

0 The image space is the system attached to the image representation of the ZMap. Its
origin is the upper left corner of the ZMap and its unit length is one pixel along the X and Y
axis.

The transformations between:
o The image space and the ZMap space include a scale factor.

0 The ZMap space and the world space are solid transformations.

Image coordinates (float)

i Z map origin
1
1
t Image: (3.5, 8.5)
: Z map: (3.5, 1.5)x0.050
1
1 .«////
1
! /// //
F 5
i 4 v
1
A A +
//I Resolution: 0,050
/, ! ¥ (50um)
o '
1
P

i
i a Z map coordinates (float)
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EZMap

The EZMap object exposes a set a methods to convert coordinates between world, ZMap and
image spaces:

0 ImageToZMap converts a 2D position in the image to ZMap coordinates.

0 zMapToTImage is the reciprocal operation and converts a ZMap position to an image
position.

O ZMapToWorld is a method to transform positions from the 3D ZMap space to the 3D world
space. The world space is the original point cloud or mesh space.

0 WorldTozMap is the reciprocal operation, converting from world space to ZMap.

0 ImageToWorld and WorldToImage combine the functions above to transform directly
from image space to world space (or the other way).

These methods only perform geometric transformations between the various coordinate systems
and do not access the actual ZMap gray scale values.

The functions that accesses the pixel values are:

0 GetWorldPositionFromPixelPosition () isa method transforming the actual pixel
value at integer position (u, v) to the original world space. This method queries the ZMap
internal representation to get the pixel value w and transform the pixel space (u, v, w)
coordinates to a world space position.

O GetPixelPositionFromWorldPosition () isa method to get a pixel value from a world
position. The world position is projected on the ZMap and the pixel value is returned. If
the world position is outside the ZMap domain, the method returns FALSE.

Static Methods

EFilters class

The EFilters class contains static methods used to apply filters to ZMaps or depth maps.

RemoveNoise

The RemoveNoise () method removes outliers from a depth map or a ZMap.
e |t takes a depth map or a ZMap as input and generates a depth map or a ZMap respectively.
The undefined points are not taken into account.

e |t is based on a square moving kernel. The size of the kernel is (2 x halfKernelSize + 1)
where halfKernelSize is a parameter of the method.

e The threshold parameter is scaled with regard to the Z resolution of the filtered depth map
or ZMap.
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e There are 3 variations of this filter, depending on the method parameter:

O ENoiseRemovalMethod AbsoluteDifferenceFromMean removes a point when it
deviates from the average in the neighborhood, including itself. The threshold is an
absolute difference.

O ENoiseRemovalMethod RelativeDifferenceFromMean removes a point when it
deviates from the average in the neighborhood, including itself. The threshold is a multiple
of the standard deviation.

O ENoiseRemovalMethod HighStandardDeviation removes a point when the standard
deviation in the neighborhood, including itself, is higher than a defined threshold.

Example: Removing points showing a high standard deviation

RemoveNoise (HighStandardDeviation)
¢

The code below removes pixels with a standard deviation higher than a defined threshold.

// Load the ZMap data

EZMapl6 zmap;

zmap.Load(...);

// Compute the filtered ZMap. The new ZMap is called filteredZmap

// The size of the kernel is 7x7, the threshold is 30.0

EZMapl6é filteredZmap;

filteredZmap.SetSize (zmap) ;

EFilters::RemoveNoise (zmap, filteredZmap, ENoiseRemovalMethod HighStandardDeviation, 3, 30.0, 0.0);

EStatistics class

The Estatistics class contains static methods used to compute statistics on ZMaps or depth
maps.

ComputeAverageMap

The computeAverageMap () method computes the local average map.
e You can use this method as a low-pass filter.

e Undefined points are not taken into account.
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e This method is based on a square moving kernel. The size of the kernel is (2 x
halfKernelSize + 1) where halfKernelSize is a parameter of the method.

ComputeStandardDeviationMap

The ComputeStandardDeviationMap () method computes a map of the local standard
deviation.

e You can use this method to determine visually the threshold value to use with the
RemoveNoise () method when using the ENoiseRemovalMethod
HighStandardDeviation setting.

NOTE
Be aware, however, that in the generated map, a pixel with the value 0 can
either be undefined or have a standard deviation equal to zero.

Example: Using a low pass filter on a ZMap, then removing points showing a deviation
larger than a defined threshold

ComputeAverageMap RemoveNoise (AbsoluteDifferenceFr Aean)

The code below first applies an low pass filter, then removes from the result the pixels showing a
deviation from the neighborhood larger than the defined threshold.

// Load the ZMap data

EZMapl6 zmap;

zmap.Load (...);

// Compute the filtered ZMap. The new ZMap is called averagedZMap

// The size of the kernel is 7x7, the threshold is 30.0

EZMapl6 averagedZMap;

averagedZMap.SetSize (zmap) ;

EStatistics: :ComputeAverageMap (zmap, averagedzZMap, 3, 0.2);

// Compute the filtered ZMap. From averagedZMap, compute filteredZMap
// The size of the kernel is 31x31, the threshold is 20.0

EZMapl6 filteredZMap;

filteredZMap.SetSize (zmap) ;

EFilters::RemoveNoise (averagedZMap, filteredZMap, ENoiseRemovalMethod AbsoluteDifferenceFromMean,
15, 20.0, 0.2);
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ComputePixelStatistics

The ComputePixelStatistics () method returns basic statistical information about pixel
values:

o Minimum
o Maximum
O Average
0 Standard deviation
o Number of valid (not undefined) pixels).
Use an ERegion object to specify the region of the ZMap or depth map used to compute the

statistics.

ComputeStatistics

The ComputeStatistics () method returns the same information as the
ComputePixelStatistics () method, but scaled with respect of the Z resolution.

Use an ERegion object to specify the region of the ZMap or depth map used to compute the
statistics.

3D Viewer

Use the E3DViewer class to easily create an interactive 3D display. The viewer displays point
clouds, meshes and ZMaps.

You can create E3DViewer as a child of an existing window or without a parent. In that last
case, a new window is created.

NOTE
As E3DViewer uses OpenGL interface, it requires a compatible display
device.

Call the configureRenderSource () method with a valid 3D geometry to display it. At each call,
ConfigureRenderSource () replaces the current displayed object.

The supported classes are:
O EPointCloud
O EMesh

O EZMap8, EZMapl6 and EZMap32f.

@ TIP

When you configure a new render source with ConfigureRenderSource (),
the view point is automatically adapted to display the whole object.
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E3DViewer in action: point cloud display (left) and 3D object display (right)

To display the geometry in false colors:

0 Use the GenerateColors () method that computes RGB colors from the position of the
vertices.

o It supports various predefined color ramps.

0 Use the setColors () method to use custom colors (one EC24 entry is requested for each
render source vertex).

Use the methods setPointSize (), SetWireframeMode () and SetRenderDecimationLevel
() to adjust the rendering attributes.

E3DViewer in action: wire frame enable (left) and HueFromz color ramp (right)

In the 3D navigation window, use the mouse as follows:
0 Press the left button to rotate the image horizontally and vertically.
0 Press the right button to translate the image horizontally and vertically.

o Use the wheel to zoom in and out.



Open eVision User Guide T EURESYS

In addition, use the following keys:
0 Press R to reset the viewer.
0 Press W to show or hide the triangle edges (in wire frame mode).
o Press + and - to increase or decrease the point size.

Use methods setViewTarget (), SetViewingAngle () and setViewDistance () to change the
view point programmatically.

Use the methods setautoRotate () and StopAutoRotate () to manage the automatic rotation
of the 3D view.

3.4. Easy3D0Object - Extracting 3D
Objects

Purpose and Workflow

Introduction

e The Easy3DObject tool extracts objects and their features from a ZMap.
0 The E3DObjectExtractor class uses a set of criteria to select the objects to extract.
o The extracted objects are instances of the ED30bject class.

e Open eVision provides a demo application with C++ source code and 2 C++ / C# samples:

This demo application exposes most of the features of the Easy3DObject tool.

3DObjectExtraction - %
File Help

30 extracton parameters

Length From: [ To:[907.5
Width From: |5 | Te:[507.5
Localheght  From: [ 1.2 To:[ 76,8
Refecence height From: [ 1.2
Orentation (% From: | 50
Tit (%) me::n_

Amsctrato  From: [0

area From: [ 25

Volume From: | 30

Region of interest: i Poiygon)

Suggest vakes Extract
158 objects extracted in 3170 ms

Extracted objects A show Box

[Clshon CbjectPlone  [JShowBasePiane  [Jshow AvgPositon  [show Lacal Tap Pas: () show Reference Top Pos.

tndex Lengih

| - = o
i » 219 4 L =i t -? ED; 2]
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Library workflow

1. Load or build a ZMap (from an image or a point cloud).

2. Construct an E3DObjectExtractor instance.

3. Set the selection criteria of the E3DObjectExtractor instance.
4, Extract the 3D objects, with or without an Eregion.

5. Get and process the extracted objects list.

Load or build a ZMap

A ZMap is a grayscale image with a metric coordinate system. It is sometimes referred to as a
“height map”.

You can create a ZMap from an 8- or a 16-bit image or generate it from a point cloud.

0 Before using an image as a ZMap, set the resolution.

@ TIP

The resolution is the metric size of a pixel (for example in mm / pixel) and the
height difference between 2 consecutive grayscale levels.

o From a point cloud, use the EPointCloudTozMapConverter class to generate a ZMap.
Choose the target ZMap resolution according to the point cloud sampling.

0 Depending on the 3D scan precision, you can use a ZMap with 8- or 16-bit per pixel.

@ TIP

A 16-bit processing is more accurate but slower than an 8-bit processing.

Object Features

Units

Both the E3DObjectExtractor parameters and the E3DObject features are expressed in metric
units.

0 For example: if the resolution of the input EzZMap is expressed in mm / pixel, the length
parameter is expressed in mm.

0 Use the Resolution accessors of the EzMap to query and change its resolution.

Angles are expressed in the unit defined by Easy.AngleUnit.

TIP
In this documentation, we use the default setting and all angles are expressed
in degrees.
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Object plane and base plane

The E3DObjectExtractor fits a plane to the pixels of each E3D0Object output:
0 Use E3DObject.Plane to access this plane.

The E3DObjectExtractor also tries to fit a plane to the pixels surrounding an E3D0Object
o This plane is called the
0 Itis an estimation of the local background around the object.

o If there are too many undefined pixels in this area, the base plane is equal to the reference
plane of the input £zMap.

Bounding box

The is the minimal enclosing rectangle for all the object positions.
o Itis oriented in the XY plane of the ZMap space (rotation around the Z axis of the ZMap).
0 Its rotation is used as the orientation of the object (see E3DObject.GetOrientation).

O Its X and Y sizes are the object length and width (see E3DObject.GetLength and
E3DObject.GetWidth).

O Its Z size is always in the Z axis of the ZMap direction.
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Length and width

The of an object is the largest dimension on the XY plane in the ZMap space. It is the same
as the size of the major axis of the bounding box.

The of an object is the smallest dimension on the XY plane in the ZMap space. It is the
same as the size of the minor axis of the bounding box.

Use the E3DObjectExtractor.LengthRange and the E3DObjectExtractor.WidthRange
accessors to set the ranges of allowed values for the length and the width.

Local and reference top positions and heights

The of an object is the position (3D coordinates) of the point in the
E3DObject that is the furthest from the base plane.

The of an object is the distance between the local top position and the base plane.
The of an object is the position (3D coordinates) of the point in the

E3DObject that is the furthest from the reference plane.

The of an object is the distance between the reference top position and the
reference plane.

Reference plane

EZMap Origin

If there are too many undefined pixels in the object surroundings:
o The base plane is equal to the reference plane of the input EzMap.
o The local top position is equal to the reference top position.
0 The local height is equal to the reference height.

Use the E3DObjectExtractor.LocalHeightRange and the
E3DObjectExtractor.ReferenceHeightRange accessors to set the ranges of allowed values

for the local and the reference height.
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Average position

The is the arithmetic mean of the 3D positions of the object, also known as the
barycenter.

In the illustration below:
0 The average position is displayed in blue.
o The top position is displayed in red.
0 On the left object, the average and the top positions are at the same place.

0 On the center object the average position is “inside” the object.

Aspect ratio

The is the width (the smallest dimension on the XY plane) divided by the length (the
largest dimension).

0 It lies between 0 and 1.
o The smaller the ratio, the more elongated the object is.
o A square has an aspect ratio of 1.

Use the E3DObjectExtractor.AspectRatioRange accessor to set the range of allowed values
for the aspect ratio.
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Orientation angle

The orientation angle is the angle between the X axis of the £zmap and the longest axis (the
length) of the object.

0 The angle is measured in the clockwise direction.
0 The value must lie between -90° and +90°.

Use the E3DObjectExtractor.OrientationRange accessor to set the range of allowed values
for the orientation angle.

Local and reference tilt angles

The local tilt angle is the angle between the base plane and the object plane.
o A value of 0 means that the object top surface is parallel to its base.
0 The value must lie between 0° and +90°.
The reference tilt angle is the angle between the object plane and ZMap XY plane.
0 A value of 0 means that the object top surface is parallel to its base.
o The value must lie between 0° and +90°.

Use the E3DObjectExtractor.LocalTiltRange and the
E3DObjectExtractor.ReferenceTiltRange accessors to set the range of allowed values for
the tilt angles.

Local Tilt Reference Tilt
o, /\/ IMap Z 3
\-1_\\- ///“\ ! \_\—1— /\\
(R =~ e pn, 1 ~~ e,
o e L‘ X - L
Zmap Origin T Zmap Origin TEEE
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Area

The object is the area of the top surface of the object projected on the reference plane of
the EzMap.

0 Itis equal to [the number of pixels in the object] x [the x-resolution of the £zmap] x [the y-
resolution of the £zMap].

Use the E3DObjectExtractor.AreaRange accessor to set the range of allowed values for the
area.

Volume

The object is the volume that lies between the top surface and the base plane of the
object.

Use the E3DObjectExtractor.VolumeRange accessor to set the range of allowed values for the
volume.

‘ Volume
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Extracting and Using Objects

Extracting the objects

Use the E3DObjectExtractor.Extract method to perform the objects extraction.

You can limit the extraction to an Eregion, for example to ignore parts of the ZMap that are not
interesting and/or to speed up the extraction process.

il

The processing speed of the extraction depends directly on:
O The number of pixels in the ZMap or in the ERegion.
0 The number of segmented objects.

TIP
Adjust the extraction ranges to reduce the number of objects and speed up

the extraction process.

Using the objects

The E3DObjectExtractor.Extract method populates a list of E3D0Object fulfilling your set
criteria.

0 Each E3DObject is a collection of descriptive features of the associated 3D points in the
EZMap, such as its oriented bounding box, its local height and its volume.

o Call the associated E3DObject method to access a feature.

0 The E3DObject list is sorted from the smallest area to the largest area.
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The code snippet below provides an example for extracting features from the E3D0bject list.

LITTTTTTI L0770 7777077777777 777777777777
// This code snippet shows how to read a QR code //
// and retrieve the decoded data. //

L1117 7777000777707 7777777 777777777777777777777777

// get the extracted objects and loop over them
std: :vector<Easy3D: :E3DObject> objects = extractor.GetObjects() ;
int nObjects = objects.size();
for (int index = 0; index < nObjects; ++index)
{
// inspect bounding box dimensions
E3DPoint bbCenter = objects[index] .GetBoundingBox () .GetCenter () ;
float bbHeight = objects[index] .GetBoundingBox () .GetXSize () ;
float bblLength = objects[index] .GetBoundingBox () .GetYSize () ;

// inspect object plane and base plane
Easy3D::E3DPlane opjPlane = objects[index].GetPlane () ;
Easy3D::E3DPlane basePlane = objects[index].GetBasePlane () ;

// inspect the ERegion that exactly contains the object
ERegion objRegion = objects[index].GetRegion () ;

Visualizing the objects

To visualize some of these features in 2D or 3D:
o Use the E3DObject.Draw method.

o Or submit a list of E3D0bject to an E3DViewer.

TIP

In an E3DViewer, use the ERenderStyle structure to choose your rendering
style.

The following code snippets illustrate how to draw some object features:

0 In a 2D graphic context: Drawing a 2D Feature from the List of E3DObjects

-
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o In a 3D viewer: Drawing 3D Features from a List of E3DObjects

Use Case - Inspecting a PCB

The purpose of this use case is to test if all the components are present and correctly placed on
the PCB.

TIP
This example uses the sample image Sample

Images\Easy3D\Easy3DObject\PCB.png and the illustrations are based
on the Easy3DObject demo application.

1. Load the PCB image.

4 [l « Images > Easy3D » Easy3DObject v| @ | Search E25y3D0bject

‘
=
® v

Organize ~  New folder

File name: | PCB.png v

2. Set the resolution.
0 The provided PCB sample is an 8-bit gray scale image.

0 Use a Z resolution of 0.3 metric unit per gray scale level for a realistic proportion.

Choose ZMap resolution %
X Resolution: urit f pixel
Y Resolution: unit / pixel
ZREsa\uhun urit level
2Vep depth: [8 bits / pixel

3. Keep the suggested parameters for a first extraction.

O The suggested parameters are set from the ZMap width, height and resolution.
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4. Click on the Extract button to perform the extraction.
When the extraction is done:
o The object list is filled.

o Click on a column title to sort the object list.

|

The various measures are displayed.

o The 2D View and the 3D View show the extracted object bounding boxes.

LEURESYS

3DObjectExtraction

File Help
3D extraction parameters 2D view Show Box ] Show Avg Position [ Local Top Pos. [ |Show Reference TopPos. || Show ERegion
Length Fom:[5 | To:[ 9075
Width Fom:[5 | Te:[s075 |
loalheignt  From:[12 | To:[788 |
Referenceheight From: [12 | To:[768 |

Orientation (%) From: | -90 To:| 90
Tit (%) From: | 0 To:| 90

repectrato From: [0 7o [T
e From: [25 7o 82
Voiume From: 30 To: | 6,32491e 4|
Regon ofinterest: | None ~|

Suggest values ] Extract [J

205 objects extractedin 4436 ms

Extracted objects D View

[/ 5how Box

[lshow ObjectFlane  []show Base Plane [ Show Avg Position

[show Local Top Pos

Index Length  width

mWMLuNAu
2

10
11
1

%
&

i

#
15

17

4

13

[Ishow Scale

i x

[ show Undefined

[Jshow Reference Top Fos.




Open eVision User Guide

5. Use a polygon region of interest to restrict the searched area.

L EURESYS

0 You can limit the extraction to a region defined as a rectangle, a polygon or an ellipse in

the demo application.

o Use the Open eVision API, to define and use any ERegion.

3DObjectExtraction
File Help

2D extraction parameters

2D view

Show Box [ ]Show Avg Position [ _]Show Local Top Pos. [ ] Show Reference Top Pos.

Length From: | 5 To: | 907.5
Width From: | 5 To:| 907.5
Localheight ~ From: [ 1.2 To:[768 |

Reference height From: [ 1.2 To: ‘ig |
Orientation ()~ From: | 80 I

Tit (9 Fom: [0 |Teifs0 |
Aspectrato  Fom:[0  |Tor[t |
Area Fom: (25| 7o [m23ms |
Voiume From:[30 | To:[6.32991e ]

Region of nterests .

Suggest values Extract
158 objects extracted in 3170 ms
Extracted objects 0 View [1show Box [show ObjectPlane ~ []Show Base Plane  []Show Avg Position
Index Length Width LocalH A
il 6 5 6.9467
1 & 5 8.5
2 7 5 26585
3 8 6 23108
4 7 7 7
5 E] s 27585
6 8 7 w7
7 7 5 14551
8 13 7 55975
s 19 6 12567
£t} 2 11 174
1 0 El 3.1261
12 15 o 33274
13 5 8 27
4 14 14 219
15 21 0 3.4976
16 2 11 38623
17 3 0 27411
8 2 11 40052
Et} 3 n 36269,
< >

[Ishow ERegion

[show Local Top Pos.

[Ishow Scale

- X

[ show Undefined

[Ishow Reference Tap Pos.

6. Press again the Extract button to generate a new list of objects. Now, only the objects located

inside the region are extracted.

7. The 2D View and 3D View automatically focus on the object selected in the list. You can also

select an object by clicking on a bounding box in the 2D View.

3DObjectExtraction
File Help

3D extraction parameters 2D View Show Box  []Show Avg Position  []Show Local Top Pos.

Length From: [ 5 To: [307.5
Width From: | 5 Tot| 907.5
Localheicht ~ From: [ 1.2 Toi [ 76.¢

Reference height From: | 1.2 To:
Orientation (¥)  From: | 20 To

Tit (%) From: [0 | Te: /qn—\
Aspectratc  Fomi[o  |Tei[1 |
Area From: [25 | To:[823556 |
Volume Fom:[30 | To:[6.3291e ]

Region of interest: [Polygon ~|

Suggestvalues | | Bxtract

158 objects extracted in 3170 ms

Extracted objects 30 View [“Ishow Box [Ishow Object Plane [Ishow Base Plane I show Aq Position
Index Length Width alH A
0 6 5 69467
1 [ 5 55
2 7 5 26585
s s lasid
4 7 7 17
5 g 6 27585
s s 7
7 17 5 14.3
s 13 7 55876
g 19 6 12567
£} 12 11 174
11 1 s 31261
12 15 0 33274
13 25 8 237
1 14 14 219
15 21 10 3.4976
16 2 11 33623
17 23 0 37411
8 2 1 40052
kit 2 0 36269 ,
< >

[CIShow Reference TopPos. ~ []Show ERegion

[Ishow Local Top Pos.

[lshon Scale

[ show Reference Top Fos
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8. Use the size ranges to discard the smaller components.
To add or remove objects:
o Change the extraction parameters, like the length and width ranges.

0 In the illustration below, objects smaller than 10x10 metric unit are not extracted.

NOTE

After changing a parameter, press the Extract button to perform a new
extraction.

3DObjectExtraction - 13
File  Help

30 extraction parameters

Length From ﬁ- To: [s07.5
Width Froms ﬁ | re[sens |
Local height ~~ From: | Toi[768 |
Reference heicht From: [12 | To:[768 |

ENED

=0

1

8

2D View Show Box  []Show Avg Position ~ []Show Local Tap Pos.

[Ishow Reference TopPos.  []shon BRegion  [1show Scale  [] Show Undefined

Orientation (¥)  From:

Tit (%) From: [0 | Te: /—\
Aspectrato  Fomi[0 | To:
Area From:[25 | To:
Volume Fom: [30 | To:[6.32901e

Region of interest: [ Polygon ~|

Suggest values

144 objects extracted in 3199 ms

Extracted objects 0 view [Ulshousex  [showobjectplane [ Jshowsaseriane  [Ishowavgposton [ showtocsi Toppos,  []Show Reference Top Fos.

Index Length width LocalH ~
0 12 1 17.4
1 15 10 3.3274
2 # 14 219
3 2 0 3.4975
4 2 1 3.8623
5 23 10 3.7411
3 2 1 4,002
7 23 10 3.6269
8 246862 113582 10712
24 0 3.8558
10 241528 10.5¥6  3.6874
11 24 11 4.3274
12 23 11 36291
13 23 11 3.8707
14 2 12 3.4641
15 23 11 4.2088
16 24 0 3.9072
17 24 1 3.6617
13 01489 127685 351
19 2 16 5.5951,,
%] >
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9. Check or uncheck the boxes at the top of the views to toggle the display of most of the object
features, either in the 2D View or the 3D View.

o Intheillustration below, the object list is sorted by local height.

0 The first object is selected and displayed in both views.

3DObjectExtraction - x
File Help

3D extraction parameters 2D view Show Box

To: | 907.5

[Ishow Avg Position [ ]Show Local Top Pos. [ | Show Reference TopPos. [ |Show ERegion [ |Show Scale [ ] Show Undefined

Length From:

Width From: | 10 To:
Local height From: [ 1.2 To:

[es ]
[me ]
Orientaton () From: [-90 | Toz[ 90

Tit (9 Fom: [0 |Teifs0 |
Aspectrato  Fom: [0 |To

e s [

Reference height From: [ 1.2 To:

Voiume From: 30 To: | 6,32491e 4|
Regon of inferest: | Pelygan |
Suggest values | | Extract

144 objects extracted in 3193 ms o]

Extracted objects

Index Length Width LocalH A
139 426,616 214032 69.105
62 Ed 35 6919
105 El 35 18.892
136 160 157 54,052
3% 3 20 3.4583
o7 £ 30 8.6388
25 33 16 9.6967
88 66 37 19,021
132 15371 91545 34402
50 0 25 10.330
111 6 59 19,014
141 311 158 54,447
£ 24 35 19,496
94 & k] 18,710
134 154 105 34,594
53 a2 2 10,495
122 104 86 11,359
7 57.1863 418068  10.768
6 63,274 304709 11164
v
< >

10.Adjust the extraction parameters to accept or reject objects based on the results.

3DObjectExtraction - X
File Help

30 extraction parameters how Box.  []show Avg Position  [T]Show Local Top Pos.  []Show Reference TopPos.  []show ERegion how Scale (] shaw Undefined

Length From: | 10 To: | 307.5
Width From: [ 10 To: [ 3075

Local height From: [ 1.2 Tot Fs

Reference helght From: | 1.2 To:
Orientation (%) From: | -90 To:

Tit () From: [0 To

e, Fam[5 |
Area From: [ 25 To: [ 823 ]

Volume From: | 30 To: | 6,32491e 4|
Region of inferest: | Polygan ~]
Suggestvalues | | Extract

144 objects extracted in 3133 ms

Extracted objects 30 View [Ishow Box [lshow ObjectFlane  [JShow BasePlane [ Show Avg Position [ Show Local Top Pos. ] Show Reference Top Pos.
Width LocalHeight Ref. Height  Orient A
26,7383 7.5 7.5 83.4
16.8775 76.5 76.5 89.2
24474 785 7.5 e
23.9655 69,4161 765 89.6
24032 69.1051 765 e
158 54,4473 62,1003 0.0
157 54.0525 59.1 -0.0
15322 53848 93989 44
105.956 37.2423 45,9002 86.9
05.1 %8326 4527 893
115,889 36.759 45,8994 88.6
12.7655 35.1 351 52
105 :5092 s 0.0
91.545 34.4026 398 8.7
s.009 :ETR 3.8 23
57 29.81 37.5 0.0
3 w7 W3 2.0
133.015 22,5527 324 -.0
o 218 8.5 0.0
14637 MEsw B9 896

< >

92
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11.0pen the Help menu and click on Generate code snippet to generate the C++ code
corresponding to the current configuration.

The generated code illustrates how you can:

o Load a ZMap.

o Define a region.

0 Set the configuration parameters of the extraction.
o Start the extraction process.

0 lterate through the resulting objects list.

Code snippet X

3D0bjectExtraction
File | Help
£ Generate code snippet... D view
Open eVision documentation...
About

Ler

Wic

e e ———
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4. Code Snippets
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4.1. Basic Types

Loading and Saving Images

L1111 77777777777 7777777777777 77777777777777777777777
// This code snippet shows how to load and save an image. //

L1170 077 7007777077777 77 77777777777 77777777777777777777777

// Images constructor
EImageBW8 srcImage= new EImageBWS8 () ;
EImageBW8 dstImage= new EImageBWS8 () ;

// Load an image file
srcImage.Load ("mySourceImage.bmp") ;

1) cco

// Save the destination image into a file
dstImage.Save ("myDestImage.bmp") ;

// Save the destination image into a jpeg file
// The default compression quality is 75
dstImage.Save ("myDestImage.jpg") ;

// Save the destination image into a jpeg file
// set the compression quality to 50
dstImage.Savedpeg ("myDestImage50. jpg", 50);

Interfacing Third-Party Images

L1110 7007777077707 7777777777777 7777 77777777777777777777

// This code snippet shows how to link an Open eVision image //
// to an externally allocated buffer. //
[1T1T77 0770777777777 777 7777777777777 7777777777777777

// Images constructor
EImageBW8 srcImage= new EImageBWS8 () ;

// Size of the third-party image
int sizeX bufferSizeX;
int sizeY = bufferSizeY;

//Pointer to the third-party image buffer
IntPtr imgPtr = bufferPointer;

1) cco

// Link the Open eVision image to the third-party image
// Assuming the corresponding buffer is aligned on 4 bytes
srcImage.SetImagePtr (sizeX, sizeY, imgPtr);

Retrieving Pixel Values

Iy
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// This code snippet shows the recommended method to access //
// the pixel values in a BW8 image. //
L1111 77 700077777777 77 7777777777777 77777777777777777777777777777

using System.RunTime.InteropServices;

IntPtr pixAddr;
byte pix;

I oos

for(int y = 0; y < height; ++y)
pixAddr = bw8Image.GetImagePtr (0,vy)
for (int = 0; x < width; ++x)
pix Marshal .ReadByte (pixAddr, x)

X

ROl Placement

[1T117077 7707700777777 7777777777777 7777777777777777777777777777
// This code snippet shows how to attach an ROI to an image //
// and set its placement. //
L1171 17 7077077777770 7777 7777777777

// Image constructor
EImageBW8 parentImage= new EImageBWS8 () ;

// ROI constructor
EROIBW8 myROI= new EROIBWS () ;

// Attach the ROI to the image
myROI.Attach (parentImage) ;

//Set the ROI position
myROI.SetPlacement (50, 50, 200, 100);

Vector Management
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// This code snippet shows how to create a vector, fill it //
// and retrieve the value of a given element. //

Iy

// EBW8Vector constructor
EBW8Vector ramp= new EBW8Vector () ;
EBW8 bw8 = new EBWS () ;

// Clear the vector
ramp.Empty () ;

// Fill the vector with increasing values
for (int i= 0; i < 128; i++)
{

bw8.Value = (byte)i;
ramp.AddElement (bw8) ;
}

// Retrieve the 10th element value
EBW8 value = ramp.GetElement (9);
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Exception Management
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// This code snippet shows how to manage //
// Open eVision exceptions. //

L107777777777 7777777777777 777777777777777777

try
{

// Image constructor
EImageC24 srcImage= new EImageC24 () ;

77 ooo

// Retrieve the pixel value at coordinates (56,
EC24 value= srcImage.GetPixel (56, 73);
}

catch (EException exc)
{

// Retrieve the exception description
string error = exc.What ();

73)



	1. Dealing with Pixel Containers and Files
	1.1. Pixel Container Definition
	1.2. Pixel Container Types
	1.3. Supported Image File Types
	1.4. Pixel and File Types Compatibility
	1.5. Color Types

	2. Manipulating Pixels Containers and Files
	2.1. Pixel Container File Save
	2.2. Pixel Container File Load
	2.3. Memory Allocation
	2.4. Image and Depth Map Buffer
	2.5. Image Drawing and Overlay
	2.6. 3D Rendering of 2D Images
	2.7. Vector Types and Main Properties
	2.8. ROI Main Properties
	2.9. Arbitrarily Shaped ROI (ERegion)
	2.10. Flexible Masks
	2.11. Profile

	3. 3D Tools
	3.1. Understanding 3D Concepts
	Basic Concepts
	Laser Triangulation
	The Laser Line 3D Acquisition Pipeline

	3.2. Object-Based Calibration Guidelines
	3.3. Easy3D - Using 3D Toolset
	Laser Line Extraction
	Calibration
	Point Cloud
	Coordinates Transformations
	Reducing a Point Cloud
	Managing Planes
	Aligning
	Mesh
	ZMap
	Generating a ZMap
	Creating a Point Cloud from a ZMap
	Managing the Coordinates
	Static Methods
	3D Viewer

	3.4. Easy3DObject - Extracting 3D Objects
	Purpose and Workflow
	Object Features
	Extracting and Using Objects
	Use Case - Inspecting a PCB


	4. Code Snippets
	4.1. Basic Types
	Loading and Saving Images
	Interfacing Third-Party Images
	Retrieving Pixel Values
	ROI Placement
	Vector Management
	Exception Management



