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5. Tutorials

5.1. tasylmage

Converting a Gray-Level Image into a Binary Image

"Thresholding" Ij| 0| X| 110

"Single Thresholding" I{| O| X| 110 - "Double Thresholding" 1j| 0| X| 110 - "Histogram-Based Single
Thresholding" 1| O| X| 111 - "Histogram-Based Double Thresholding" Ij| 0| X| 111

Objective

Following this tutorial, you will learn how to use Easylmage to convert a gray-level source
image into a binary destination image. Thresholding an image transforms all the gray pixels
into black or white pixels, depending on whether they are below or above a specified threshold.
Thresholding an image makes further analysis easier.

You'll need first to load an image (step 1). Then you'll set the thresholding parameters (step 2),
and perform the conversion (step 3).

Gray-level source image
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Black and white destination image, after thresholding

Step 1: Load the source image

1. From the main menu, click Easylmage, then Threshold.

2. In the Simple Threshold tab, click the Open icon of the Source Image area, and load the
image file EasyMatch\Switchl.tif.

3. Keep the default variable name for the new Image object, and click OK.

Step 2: Set the thresholding parameters

1. In the right area of the Threshold dialog box, move the slider to change the threshold, and
see directly in the source image a preview of the result.

2. Select the Minimum residue option to set a pre-defined algorithm that finds automatically
the right threshold.

Step 3: Perform the conversion

1. Click the New icon in the Destination Image area to create a new destination image.
2. Keep the default settings for the new Image object, and click OK.

3. In the Threshold dialog box, click Execute to perform the thresholding in the destination
image.

Extracting an Object Contour

Objective

Following this tutorial, you will learn how to use Easylmage to trace an object outline in a gray-
level image. The contour extraction allows you to get in a path vector all the points that
constitute an object contour, just by clicking an edge of this object.

You'll need first to load an image (step 1) and set a vector that will contain all the contour
points (step 2). Then you'll click an object edge, and the contour will be extracted automatically
(step 3).
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Contours are extracted from object edges

Step 1: Load the source image

1. From the main menu, click Easylmage, then Contour.

2. Click the Open icon of the Source Image area, and load the image file
EasyMatch\Switchl.tif.

3. Keep the default variable name for the new image object, and click OK.

Step 2: Set the destination vector

1. Click the New icon in the Destination Vector area.
2. Keep the default settings and variable name for the new vector object.

3. Click OK.

Step 3: Extract the contour

1. When moving the cursor above the image, an arrow appears.

2. Move the arrow above an object edge, and click.

From this object edge, a contour is traced, and a red line appears around the object.

The destination vector is filled with the points constituting the contour.
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Transforming a Gray-Level image into its Black and
White Edges

Objective

Following this tutorial, you will learn how to use Easylmage to transform a gray-level image to
a binary image, keeping only the edges detected in the image. The conversion uses the Canny
edge detector algorithm.

You'll need to load a source image (step 1), and simply apply the Canny edge transformation
(step 2).

Source image (left) and destination image after Canny edge transformation (right)

Step 1: Load the source image

1. From the main menu, click Easylmage, then Canny Edge Detector.
2. Keep the default variable name, and click OK.

3. Click the Open icon of the Source Image area, and load the image file
EasyImage\Keyl.tif.

4. Keep the default variable name, and click OK.

Step 2: Apply the Canny edge transformation

1. Click the New icon in the Destination Image area to create a new destination image.
2. Keep the default settings, and click OK.

3. In the canny edge detector dialog box, click Apply to perform the operation in the
destination image.
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Detecting the Corners of an Object Using Harris
Corner Detector

Objective

Following this tutorial, you will learn how to use Easylmage to detect the corners of an object.
The detection uses the Harris corner detector algorithm.

You'll need to load a source image (step 1), and simply apply the Harris corner detection (step
2).

Corners are detected in the source image

Step 1: Load the source image

1. From the main menu, click Easylmage, then Harris Corner Detector.
2. Keep the default variable name, and click OK.

3. Click the Open icon of the Source Image area, and load the image file
EasyGauge\Bracketl.tif.

4. Keep the default variable name, and click OK.

Step 2: Apply the Harris corner detection

1. In the Harris corner detector dialog box, enter 2.3 for the Scale property.
Click Apply to perform corners detection.

Click Results to display the coordinates of all detected corners.

B W

The Columns button allows you to display additional properties in the results list.

Detecting a Horizontal or Vertical Line Using
Projection
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Objective

Following this tutorial, you will learn how to use Easylmage to detect defects
(horizontal/vertical line) in a gray-level image.

You'll need first to load a source image (step 1), set a vector (step 2), and then detect the defect
(horizontal line) (step 3).

Defects can be detected using the image projection

Step 1: Load the source image

1. From the main menu, click Easylmage, then Projection.

2. Click the Open icon of the Source Image area, and load the image file
EasyImage\Leather.bmp.

3. Keep the default variable name for the new image object, and click OK.

Step 2: Set the destination vector

1. Click the New icon in the Destination Vector area.

2. Select the BW32 option for the vector type, and click OK.

Step 3: Detect the defects

1. In the Image Projection dialog box, select the column button, and click Execute to perform
the operation.

2. The resulting vector and the corresponding plot are displayed in the destination vector
window. The graphical result also appears on the image. Each vector value is the sum of all
pixels values across the corresponding horizontal row (or vertical column). By this mean,
horizontal (or vertical) defects are easily detected.

Creating a Flexible Mask

"Using Flexible Masks" I{| O| X| 119



Open eVision AM2XI MEHAM L EURESYS

Objective

Following this tutorial, you will learn how to create a flexible mask from a source image, to
restrict a future processing to an arbitrary-shaped do-care area.

Flexible masks can be created in any ways to build a bi-level image. Here, we will first load the
source image (step 1), and then successively invert it, and threshold it (steps 2-3). The resulting
image —the flexible mask— will be saved as a new image file (step 4). This new image file is a
bi-level image. However, there are still black areas that need to be erased, before using the
image as a flexible mask. You can use a third-party software, such as Paint, to clear the
unwanted areas.

Source image (left) and flexible mask image (right)

Step 1: Load the source image

1. From the main menu, click Easylmage, then Arithmetic & logic.

2. Click the Open icon of the Source Image 0 area, and load the image file
EasyImage\Keyl.tif.

3. Keep the default variable name for the new image object, and click OK.

Step 2: Invert the image

1. Click the New icon of the Destination area.
2. Keep the default settings for the new image object, and click OK.

3. In the Operation drop-down list, select Invert, and click Execute

Step 3: Threshold the image

[

. From the main menu, click Easylmage, then Threshold.
In the Source Image area, select the inverted image from the drop-down list.
Click the New icon of the Destination area.

Keep the default settings for the new image object, and click OK.

voos oW N

. Select the Absolute option, enter '46' as the threshold value, and click Execute.
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Step 4: Save the flexible mask

1. Right-click in the destination image, and select Save As....
2. Type a file name for the new flexible mask file. Finally, click Save.

The new image now is a bi-level image. However, there are still black areas that need to be erased,
before using the image as a flexible mask. You can use a third-party software, such as Paint, to clear
the unwanted areas.

Computing Gray-Level Statistics Using a Flexible
Mask

"Using Flexible Masks" Ij| 0| X| 119

Objective

Following this tutorial, you will learn how to compute gray-level statistics on an arbitrary-
shaped area only.

You'll need first to load a source image (step 1), and a flexible mask image (step 2). The mask
image must be applied on the source image (step 3), to separate do-care areas (that must be
considered) and don't-care areas (that should not be considered). Finally, the gray-level
statistics are computed on the do-care area only (step 4).

Source image (left) and flexible mask image (right)

Step 1: Load the source image

1. From the main menu, click Easylmage, then Image Statistics, Gray Scale.
2. Click the Open icon of the Source Image area, and load the image file Easylmage\Key1.tif.

3. Keep the default variable name for the new image object, and click OK.

Step 2: Load the flexible mask image

1. From the main menu, click Image, then Open....

2. Load the image file Easylmage\Mask2.bmp.
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3. Keep the default variable name for the new image, and click OK.

Step 3: Apply the flexible mask on the source image

1. In the Mask area of the Gray Scale Image Pixels Statistics dialog box, select the mask image
from the drop-down list.

2. The source image preview in the dialog box shows (in red diagonal lines) the don't-care area,
that is the area that will be not be considered when computing the gray-level statistics.

Step 4: Compute the gray-level statistics

1. Select the Pixel Count check-box.
2. Click Execute.

The results are displayed in the read-only fields below.

Detecting the Corners of an Object Using Hit-and-
Miss Transform

"Hit-and-Miss Transform" Ij| O| X| 114

Objective

Following this tutorial, you will learn how to use Easylmage to detect top corners in an image,
using the hit-and-miss transform.

You'll need to load a source image (step 1), set the kernel that represents a top corner (step 2),
and then set a destination image and simply execute the hit-and-miss transform (step 3).

Source image (left) and top corner detected in the source image (white dot)

Step 1: Load the source image

1. From the main menu, click Easylmage, then Hit And Miss.

2. Click the Open icon of the Source Image area, and load the image file
EasyImage\Diamond.bmp.

3. Keep the default variable name, and click OK.
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Step 2: Set the hit-and-miss kernel

e In the Hit And Miss dialog box, set the kernel according to the following values:
[ -1 . L - 1
- |DontCars Background DontCare

lfl- Background Fareground Bachorourd
1 'mem Faraground Foregraund

Kernel that detects top corners

Step 3: Apply the hit-and-miss transform

1. Click the New icon of the Destination Image area.

2. Keep the default parameters and variable name, and click OK.
3. Click Execute to perform the operation.

The top corner (white dot) is detected.

4. Try with other kernel configurations to detect the other corners.

Extracting a Vector Using Profile Function

"Profile Sampling" Ij| O| X| 115

Objective

Following this tutorial, you will learn how to use Easylmage to detect scratches.

You'll need first to load an image (step 1), set a destination vector, and detect the scratches
(step 2).

=
SHATYEFRASEESTAE

Scratches can be detected using a profile
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Step 1: Load the source image

From the main menu, click Easylmage, then Profile.

1. Click the Open icon of the Source Image area, and load the image file
EasyImage\Plastic.tif.

2. Keep the default variable name for the new image object, and click OK.

Step 2: Set the destination vector and detecting the scratches

1. Click the New icon in the Destination Vector area.
2. Select the BW8 option for the vector type, and click OK.

3. A profile appears on the image (red line segment). In the destination vector window, vector
values correspond to pixels along the line segment.

The scratch is detected as a sharp deviation in the vector graph.

4. Using the mouse, drag the handles to move or resize the red line segment, and observe the
plot evolution.

The sharp deviation appears whenever the line segment is placed across the scratch.

Enhancing an X-ray image

Objective

Following this tutorial, you will learn how to use Easylmage to enhance an X-ray image.

You'll need first to load an image (step 1), then define convolution parameters to enhance the
image (step 2).

Source image (left) and enhanced image, after predefined and user-defined convolutions
(right)
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Step 1: Load the source image

1. From the main menu, click Easylmage, then Convolution.

2. Click the Open icon of the Source Image area, and load the image file
EasyImage\XRay.bmp.

3. Keep the default variable name for the new image object, and click OK.
4. Click the New icon of the Destination Image area to create a new destination image.

5. Keep the default variable name and click OK.

Step 2: Set the convolution parameters

1. From the Predefined kernels drop-down list, select Highpass2, and click Execute to perform
the operation.

The image is no longer blurred but the result is bad because the filter has revealed the noise of
the source image. We need to create a new convolution kernel that will apply a softer high-pass
filtering.

2. Click the New icon next to the User defined kernels drop-down list.
3. Keep the default dimension (3x3) and variable name, and click OK.

4. Enter the following kernel data from left to right and top to bottom: -1, -1, -1; -1, 15, -1; -1, -
1, -1, and click Apply.

5. Click Execute in the Convolution dialog box to perform the operation. The image is much
clearer now.

Correcting Non-Uniform Illumination

Objective

Following this tutorial, you will learn how to use Easylmage to correct non-uniform illumination
in an image.

You'll need first to load an image (step 1), load a light reference image (step 2), and perform the
correction (step 3).

ST
TELLELIN
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Source image, with non-uniform illumination (left) and corrected image (right)

Step 1: Load the source image

1. From the main menu, click Easylmage, then Uniformize.

2. Click the Open icon of the Source Image area, and load the image file EasyImage\Board
(original) .tif.

3. Keep the default variable name for the new image object, and click OK.

Step 2: Load the reference image

1. Click the Open icon of the Light Reference area, and load the image file
EasyImage\Board (light reference).tif.

To obtain the light reference image, we used a white screen illuminated in the same condition
as the board (original image).

2. Keep the default variable name for the new image object, and click OK.

Step 3: Perform the correction

. Click the New icon in the Destination Image area to create a new destination image.

. Keep the default values and click OK.

1

2

3. Click Execute to perform the operation.

4. In both source and destination images, right-click and select 3D Rendering.
5

. In the new 3D windows, click and drag the mouse to rotate the view. Compare the profiles.

Correcting Shear Effect

Objective

Following this tutorial, you will learn how to use Easylmage to correct a shear effect in an
image. The following image is taken by a line-scan camera. The camera sensor was misaligned,
resulting in a so-called shear effect.

You'll need first to load an image (step 1), create a destination image (step 2), and then set
pivots parameters to perform the correction (step 3).
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Source image, with a shear effect (left) and corrected image (right)

Step 1: Load the source image

1. From the main menu, click Easylmage, then Register.

2. Click the Open icon of the Source Image area, and load the image file
EasyImage\Shear.tif.

3. Keep the default variable name for the new image object, and click OK. Three pivots points
appear in the image.

Step 2: Create a destination image

1. Click the New icon of the Destination Image area.

2. Enter '768' and '576' as image width and height, and click OK to accept the default name.
Three pivots points appear in the image.

Step 3: Set the pivots parameters

1. In the source image, using the mouse, drag each pivot to the center of the fiducial marks (the
dots around the U18 area).

Notice that the source pivots coordinates, in the Register dialog box, have changed accordingly.
2. To correct the image, enter the following destination pivots coordinates:

o X0: 170

o YO: 495

o X1: 470

o YI1: 495

o X2: 170

o Y2: 144

3. Click Execute to perform the operation.

Correcting Skew Effect

101
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Objective

Following this tutorial, you will learn how to use Easylmage to correct skew effect in an image.

You'll need first to load an image (step 1), create a destination image (step 2), and then set a
correction angle to perform the correction (step 3).

‘
sy
| .

Source image, with a skew effect (left) and corrected image (right)

Step 1: Loading the source image

1. From the main menu, click Easylmage, then Scale and Rotate.

2. Click the Open icon of the Source Image area, and load the image file
EasyImage\CCD.tif.

3. Keep the default variable name for the new image object, and click OK.

Step 2: Creating a destination image

1. Click the New icon of the Destination Image area.

2. Enter '768' and '576' as image width and height, and click OK to accept the default name.

Step 3: Setting the correction angle

1. Select the Rotate option, and enter -16.17 in the Angle (Deg) field. (To measure this rotation
angle, refer to Measuring the rotation angle of an object.)

2. From the Interpolation bits drop-down list, select 8 bits to get a better result.

3. Click Execute to perform the operation.

5.2. EasyColor

Performing Thresholding on Color Images

"Color Components" Ij| 0| X| 120
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Objective

Following this tutorial, you will learn how to use EasyColor to segment a color source image, by
setting a threshold value for each color component of the current color system. For example, to
retrieve the solder pads on a PCB, you'll perform a color segmentation based on the golden
pixels (H), with a loose discrimination on the brightness (L) and saturation (S), to eliminate
surface and lighting effects.

You'll need first to load a color source image, create a destination image, and a color lookup
table (steps 1-3). Then, you'll set the color system and tune each component tolerance to get a
satisfying segmentation of the solder pads (step 4).
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Thresholded image

Step 1: Load the source image

1.
2.

3.
4,

From the main menu, click EasyColor, then Threshold.

Click the Open icon of the Source Image area, and load the image file EasyColor\BGA
Substrate Color.jpg.

Keep the default variable name for the new Image object, and click OK.

Disable the Preview Mode check-box to see the raw source image.

Step 2: Create a destination image

1.

2.

Click the New icon of the Destination Image area.

Keep the default variable name for the new Image object, and click OK.
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Step 3: Create a color lookup table

1. Click the New icon of the Color Lookup area.

2. Keep the default variable name for the new color lookup object, and click OK.

Step 4: Perform the color segmentation

1. Select LSH from the Color System drop-down list.

2. In the source image, click in a golden pad. The pixel lightness, saturation and hue values are
updated in the Color Threshold dialog box.

3. Adjust the tolerance of lightness and saturation to enlarge the range of thresholded pixels,
until you get a satisfying segmentation in the destination image.

Performing Color Segmentation

"Color Components" I{| 0| X| 120

Objective

Following this tutorial, you will learn how to use Easylmage to perform color segmentation.

You'll need first to load an image (step 1), create a color look-up table (step 2), and perform the
segmentation (step 3).
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Source image

Segmented image

Step 1: Load the source image

1. From the main menu, click EasyColor, then Threshold.

2. Click the Open icon of the Source Image area, and load the image file
EasyColor\Pills.tif.

3. Keep the default variable name for the new image object, and click OK.

4. Disable the Preview Mode check-box to see the raw source image.
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Step 2: Create a color lookup table

1.

2.

Click the New icon of the Color Lookup area.

Keep the default variable name for the new color lookup object, and click OK.

Step 3: Perform the color segmentation

1.
2.

Select LSH from the Color System drop-down list.

In the source image, click in the center of a green pill. The pixel lightness, saturation and hue
values are updated in the Color Threshold dialog box.

. Increase the lightness tolerance up to 120. Increase the saturation tolerance up to 50.

. Enable the Preview Mode check-box to see the result of the segmentation. If needed, click in

the green pills to improve the result.

. Click the New icon of the Destination Image area.
. Keep the default settings for the new Image object, and click OK.

. The new image is automatically thresholded. Clicking Execute will insert the corresponding

code into the script windows.
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6. Code Snippets
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6.1. Basic lTypes

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 srclmage;
EImageBW8 dstImage;

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

70 oo

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

// Save the destination image into a Jjpeg 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

L1177 7777707070770 7 7777777777777 777777777 777777777777777

// This code snippet shows how to link an Open eVision image //
// to an externally allocated buffer. //
L1117 077 7707770077777 7777777777777 77777777777777777777777777777

// Images constructor
EImageBW8 srcImage;

// Size of the third-party image
int sizeX;
int sizey;

//Pointer to the third-party image buffer
EBW8* imgPtr;

70 oo

// 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

Vs
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// This code snippet shows the recommended method (fastest) //
// to access the pixel values in a BW8 image //

L1110 7777070007070 7777777077777 77777777777777777777
EImageBW8 img;

OEV_UINTB* pixelPtr;
OEV_UINTB* rowPtr;
OEV_UINT8 pixelValue;
OEV_UINT32 rowPitch;
OEV_UINT32 x, y;

rowPtr = reinterpret cast <OEV_UINT8*> (img.GetImagePtr()) ;
rowPitch = img.GetRowPitch () ;

for (y = 0; y < height; y++)
{

pixelPtr = rowPtr;

for (x = 0; x < width; x++)
{

pixelValue = *pixelPtr;
// Add your pixel computation code here

*pixelPtr = pixelValue;
pixelPtr++;
}

rowPtr += rowPitch;

ROI Placement

[1T11770 7707777777777 77 7777777777777 7777777777777777
// This code snippet shows how to attach an ROI to an image //
// and set its placement. //

L1171 10 7077777777777 77 7777777777777 7777777777777 77777777777777

// Image constructor
EImageBW8 parentImage;

// ROI constructor
EROIBW8 myROI;

) oo

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

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

Vector Management

L1177 7777777777 7777777777777 77777777777777777777777777
// This code snippet shows how to create a vector, fill it //
// and retrieve the value of a given element. //

Iy
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// EBW8Vector constructor
EBW8Vector ramp;

// Clear the vector
ramp.Empty () ;

// Fill the vector with increasing values
for (int i= 0; i < 128; i++)
{
ramp.AddElement ( (EBW8) 1) ;
}

// Retrieve the 10th element value
EBW8 value= ramp[9];

Exception Management

L1177 7777707777777 777777777777777777777
// This code snippet shows how to manage //
// Open eVision exceptions. //

LITT70177 77777770777 777 77777777777 7777777777

try

{
// Image constructor
EImageC24 srclImage;

10 oo

// Retrieve the pixel value at coordinates
EC24 value= srcImage.GetPixel (56, 730);
}

catch (Euresys::0Open eVision 1 1::EException exc)
{

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

109
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0.2. tasylmage

Thresholding

Single Thresholding

L1117 070 7777777777777 777777777777 7777777777777777/77777777777777
// This code snippet shows how to perform minimum residue //

// thresholding, absolute thresholding and relative //

// thresholding operations. //

L1171 17 7077077777777 777 7777777777777 7777777777777777

// Images constructor
EImageBW8 srclImage;
EImageBW8 dstImage;

70 oo

// Source and destination images must have the same size
dstImage.SetSize (&srcImage) ;

// Minimum residue thresholding (default method)
EasyImage: :Threshold (&srcImage, &dstImage);

// Bbsolute thresholding (threshold = 110)
EasyImage: :Threshold (&srcImage, &dstImage, 110);

// Relative thresholding (70% black, 30% white)
EasyImage: :Threshold (&srcImage, &dstImage, EThresholdMode Relative, 0, 255, 0.7f);

Double Thresholding

LIT1I7TT00 1077707777777 77777777777777
// This code snippet shows how to perform a thresholding //

// operation based on low and high threshold values. //
LIT11707 7707777777777 7 77777777777 777777777777777777777777777777

// Images constructor
EImageBW8 srcImage;
EImageBW8 dstImage;

7] ooa

// Source and destination images must have the same size
dstImage.SetSize (&srclImage) ;

// Double thresholding, low threshold = 50, high threshold = 150,

// pixels below 50 become black, pixels above 150 become white,

// pixels between thresholds become gray

EasyImage: :DoubleThreshold (&srcImage, &dstImage, 50, 150, 0, 128, 255);
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Histogram-Based Single Thresholding

LIT1TTT0) 7707777777777 7777777777777 777777777777 7777
// This code snippet shows how to perform a minimum residue //
// thresholding operation based on an histogram. //

LI0717077 7777777700000 777777777777

// Images constructor
EImageBW8 srcImage;
EImageBW8 dstImage;

// Histogram constructor
EBWHistogramVector histo;

// Variables
unsigned int thresholdvalue;
float avgBelowThr, avgAboveThr;

70 oo

// Compute the histogram
EasyImage: :Histogram(&srcImage, &histo);

// Compute the single threshold (and the average pixel values below and above the
threshold)

thresholdvalue= EThresholdMode MinResidue;

EasyImage: :HistogramThreshold (&histo, thresholdvalue, avgBelowThr, avgAboveThr) ;

// Source and destination images must have the same size
dstImage.SetSize (&srcImage) ;

// Perform the single thresholding
EasyImage: :Threshold (&srcImage, &dstImage, thresholdValue) ;

Histogram-Based Double Thresholding

L1117 177 770777777777 77 77777777777 7777777777777777777777777777777777
// This code snippet shows how to perform a double thresholding //
// operation. The low and high threshold values are computed //

// according to the minimum residue method based on an histogram. //

L1770 777 777777777777 77 77777777 7777777777777777777777177777777777777

// Images constructor
EImageBW8 srcImage;
EImageBW8 dstImage;

// Histogram constructor
EBWHistogramVector histo;

// Variables

EBW8 lowThr;

EBW8 highThr;

float avgBelowThr, avgBetweenThr, avgAboveThr;

70 oo

// Compute the histogram
EasyImage: :Histogram(&srcImage, &histo);
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// Compute the low and high threshold values automatically

// (and the average pixel values below, between and above the threshold)
EasyImage: :ThreelevelsMinResidueThreshold (&histo, lowThr, highThr, avgBelowThr,
avgBetweenThr, avgAboveThr) ;

// Source and destination images must have the same size
dstImage.SetSize (&srclImage) ;

// Perform the double thresholding
EasyImage: :DoubleThreshold (&srcImage, &dstImage, lowThr.Value, highThr.Value) ;

Arithmetic and Logic Operations

L1177 170 7077777077777 7777 7777777777777 77777777
// This code snippet shows how to apply miscellaneous //
// arithmetic and logic operations to images. //

LITI10T77 7007007077707 77 77777777 77777777777

// Images constructor
EImageBW8 srcGray0O, srcGrayl, dstGray;
EImageC24 srcColor, dstColor;

//

// All images must have the same size
dstGray.SetSize (&srcGray0) ;
//

// Subtract srcGrayl from srcGray0
EasyImage: :Oper (EArithmeticLogicOperation Subtract, &srcGray0O, &srcGrayl, &dstGray):;

// Multiply srcGray0 by a constant value
EasyImage: :Oper (EArithmeticLogicOperation Multiply, &srcGrayO, (EBW8)2, &dstGray);

// Add a constant value to srcColor
EasyImage: :Oper (EArithmeticLogicOperation Add, &srcColor, EC24(128,64,196),
&dstColor) ;

// Erase (blacken) the destination image where the source image is black
EasyImage: :Oper (EArithmeticLogicOperation SetZero, &srcGray0O, (EBW8)0, &dstGray);

Convolution

Pre-Defined Kernel Filtering

[0 707 7707770770777 77777777777777
// This code snippet shows how to apply miscellaneous //
// convolution operations based on pre-defined kernels. //

LI1707070 7777770707 7777777777777777777777777777777777777777

// Images constructor
EImageBW8 srcImage;
EImageBW8 dstImage;

//

// Source and destination images must have the same size
dstImage.SetSize (&srclImage) ;
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// Perform a Uniform filtering (5x5 kernel)
EasyImage: :ConvolUniform(&srcImage, &dstImage, 2);

// Perform a Highpass filtering
EasyImage: :ConvolHighpassl (&srcImage, &dstImage);

// Perform a Gradient filtering
EasyImage: :ConvolGradient (&srcImage, &dstImage) ;

// Perform a Sobel filtering
EasyImage: :ConvolSobel (&srcImage, &dstImage);

User-Defined Kernel Filtering

L1170 717770077777 77 7777777777777 77777777777777777777
// This code snippet shows how to apply a convolution //
// operation based on a user-defined kernel. //

LIT110777 7007777707777 7 777777777 777777777777777777777777

// Images constructor
EImageBW8 srclImage;
EImageBW8 dstImage;

70 oo

// Create and define a user-defined kernel
// (Frei-Chen row gradient, positive only)
EKernel kernel;
kernel.SetKernelData (0.2929f, 0, -0.2929f,
0.4142f, 0, -0.4142f,
0.2929f, 0, -0.2929f);

// Source and destination images must have the same size
dstImage.SetSize (&srclImage) ;

// Rpply the convolution kernel
EasyImage: :ConvolKernel (&srcImage, &dstImage, &kernel);

Non-Linear Filtering

Morphological Filtering

[1T17170 7777777777777 777777777777 7777777777777777777777
// This code snippet shows how to apply miscellaneous //

// morphological filtering operations. //

[IT170T7 7770777777777 77777777777 7777777777777777777

// Images constructor
EImageBW8 srcImage;
EImageBW8 dstImage;

1) cco

// Source and destination images must have the same size
dstImage.SetSize (&srcImage) ;

// Perform an erosion (3x3 square kernel)
EasyImage: :ErodeBox (&srcImage, &dstImage, 1);
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// Perform a dilation (5x3 rectangular kernel)
EasyImage: :DilateBox (&srcImage, &dstImage, 2, 1);

// Perform an Open operation (5x5 circular kernel)
EasyImage: :OpenDisk (&srcImage, &dstImage, 2);

Hit-and-Miss Transform

L1171 7777777777777 7777777777777 777777777777777777777777
// This code snippet shows how to highlight the left corner //
// of a rhombus by means of a Hit-and-Miss operation. //

N N Y,

// Images constructor
EImageBW8 srclmage;
EImageBW8 dstImage;

10 oo

// Create and define a Hit-and-Miss kernel
// corresponding to the left corner of a rhombus
EHitAndMissKernel leftCorner (-1, -1, 1, 1);

// Left column of the kernel
leftCorner.SetValue (-1, 0, EHitAndMissValue Background) ;

// Middle column of the kernel

leftCorner.SetValue (0, -1, EHitAndMissValue Background) ;
leftCorner.SetValue (0, 0, EHitAndMissValue Foreground) ;
leftCorner.SetValue (0, 1, EHitAndMissValue Background) ;

// Right column of the kernel

leftCorner.SetValue (1, -1, EHitAndMissValue Foreground) ;
leftCorner.SetValue (1, 0, EHitAndMissValue Foreground) ;
leftCorner.SetValue (1, 1, EHitAndMissValue Foreground) ;

// Source and destination images must have the same size
dstImage.SetSize (&srcImage) ;

// Bpply the Hit-and-Miss kernel
EasyImage: :HitAndMiss (&srcImage, &dstImage, leftCorner);

Vector Operations

Path Sampling

L1111 17 7077077077070 7777777777777777
// This code snippet shows how to retrieve and store the //

// pixel values along a given path together with the //

// corresponding pixel coordinates. //

Y

// Image constructor
EImageBW8 srclImage;

/..
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// Vector constructor
EBW8PathVector path;

// Path definition
path.Empty () ;
for (int i =
{

0; 1 < 100; i++)

EBW8Path p;

p.X = 1i;

p.Y = 1i;

p.Pixel = 128;
path.AddElement (p) ;
}

// Get the image data along the path
EasyImage: :ImageToPath (&§srcImage, &path);

Profile Sampling

L1177 707 7777777777777 77777777777 777777777777777777777777777
// This code snippet shows how to set, retrieve and store //
// the pixel values along a given line segment. //

LI170777777 7777770700077 7777777777777

// Image constructor
EImageBW8 srcImage;

) oo

// Vector constructor
EBW8Vector profile;

// Get the image data along segment (10,510)-(500,40)
EasyImage: : ImageToLineSegment (&srcImage, &profile, 10, 510, 500, 40);

// Set all these points to white (255) in the image
EasyImage: :LineSegmentToImage (&srcImage, 255, 10, 510, 500, 40);

Statistics

Image Statistics

I

// This code snippet shows how to compute basic image statistics. //

N N YV

// Image constructor
EImageBW8 srcImage;

) oo

// Count the number of pixels above the threshold (128)
INT32 count;
EasyImage: :Area (&srcImage, 128, count);

115



Open eVision AF2X} HEHA L EURESYS

// Compute the pixels' average and standard deviation values
float stdDev, average;
EasyImage: :PixelStdDev (&srcImage, stdDev, average);

// Compute the image gravity center (pixels above threshold)
float x, vy;
EasyImage: :GravityCenter (&srcImage, 128, x, Vy);

Sliding Windows Statistics

L1110 7007770077777 77 777 7777777777777777777

// This code snippet shows how to perform sliding windows statistics. //

LIT10T77 7707707770777 7707777777777 77777777 777777777777777777777777777

// Images constructor
EImageBW8 srcImage;
EImageBW8 dstImagel, dstImagel;

70 oo

// All images must have the same size
dstImage0.SetSize (&srcImage) ;
dstImagel.SetSize (&srcImage) ;

// Local average in a 11x11 window
EasyImage: :LocalAverage (&srcImage, &dstImageO, 5, 5);

// Local deviation in a 11x11 window
EasyImage: :LocalDeviation (&srcImage, &dstImagel, 5, 5);

Histogram-Based Statistics

L1170 717770077777 77 7777777777777 77777777777777777777
// This code snippet shows how to compute statistics //
// based on an histogram. //

[IT110777 7007777777777 077777777777 77777777777777777777777

// Image constructor
EImageBW8 srclImage;

/..

// Histogram constructor
EBWHistogramVector histo;

// Compute the histogram
EasyImage: :Histogram (&srcImage, &histo);

// Compute the average gray-level value
float average = EasyImage::AnalyseHistogram(&histo, EHistogramFeature
AveragePixelValue, 0, 255);

// Compute the gray-level standard deviation
float deviation = EasyImage::AnalyseHistogram(&histo, EHistogramFeature
PixelValueStdDev, 0, 255);

Noise Reduction by Integration

116



Open eVision AF2X} HEHA L EURESYS

Temporal Noise Reduction

L1111 7707700770777 77 77777777777 7777777
// This code snippet shows how to perform noise //
// reduction by temporal averaging. //

I

// Images constructor
EImageBWl6 noisyImage, cleanImage;

// 16 bits work image used as an accumulator
EImageBW16 store;

//

// All images must have the same size
cleanImage.SetSize (&noisyImage) ;
store.SetSize (&noisyImage) ;

// Clear the accumulator image
EasyImage: :Oper (EArithmeticLogicOperation Copy, (EBW16)0, &store);

// Accumulation loop
int n;
for (n=0; n < 10; n++)
{
// Acquire a new image into noisyImage

//

// Add this new noisy image into the accumulator
EasyImage: :Oper (EArithmeticLogicOperation Add, &noisylImage, é&store, &store);

}

// Perform noise reduction
EasyImage: :Oper (EArithmeticLogicOperation Divide, &store, (EBW16)n, &cleanImage);

Recursive Average

[IT1TI0 7700777777777 7777777777 77777777777
// This code snippet shows how to perform noise //
// reduction by recursive averaging. //

L1110 0077770777777 77777777777 777777777777777

// Images constructor
EImageBW8 noisyImage, cleanImage;

// 16 bits work image used as an accumulator
EImageBWl6 store;

//

// All images must have the same size
cleanImage.SetSize (&noisyImage) ;
store.SetSize (&noisyImage) ;

// Clear the accumulator image
EasyImage: :Oper (EArithmeticLogicOperation Copy, (EBW16)0, &store);

// Prepare the transfer lookup table (reduction factor = 3)
EBWl6Vector lut;
EasyImage: :SetRecursiveAveragelUT (&lut, 3.f);

117



Open eVision AF2X} HEHA L EURESYS

// Perform the noise reduction
EasyImage: :RecursiveAverage (&noisyImage, &store, &cleanImage, &lut);

Feature Point Detectors

Harris Corner Detector

L1111 17 7077077077770 77 7777777777777 7777777777777 77777777777777777
// This code snippet shows how to retrieve corners' coordinates //
// by means of the Harris corner detector algorithm. //

LITT10T77 7007777707707 7777777777777 7777777 777777777777777777777

// Image constructor
EImageBW8 srclmage;

70 oo

// Harris corner detector
EHarrisCornerDetector harris;
EHarrisInterestPoints interestPoints;
harris.SetIntegrationScale (2.f);

// Perform the corner detection
harris.Apply (srcImage, interestPoints);

// Retrieve the number of corners
unsigned int index = interestPoints.GetPointCount () ;

// Retrieve the first corner coordinates
EPoint point = interestPoints.GetPoint (0) ;
float x = point.GetX();

float y = point.GetY();

Canny Edge Detector

L1777 77777 7777777777777777777777777777777777777777
// This code snippet shows how to highlight edges //
// by means of the Canny edge detector algorithm. //
L1107 77 77077777777 77777777777777777777777777777777777

// Images constructor
EImageBW8 srclmage;
EImageBW8 dstImage;

10 oo

// Canny edge detector
ECannyEdgeDetector canny;

// Source and destination images must have the same size
dstImage.SetSize (&srcImage) ;

// Perform the edges detection
canny.Apply (srcImage, dstImage);
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Using Flexible Masks

Computing Pixels Average

[1T1171107 1777707777777 77 777777777777 777777777777777
// This code snippet shows how to compute statistics //
// inside a region defined by a flexible mask. //
[1T11000 0777777777777 7777777777777 77777777777777777777

// Images constructor
EImageBW8 srcImage;
EImageBW8 mask;

) oo

// Compute the average value of the source image pixels
// corresponding to the mask do-care areas only

float average;

EasyImage: :PixelAverage (&srcImage, &mask, average);
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6.3. EasyColor

Colorimetric Systems Conversion

L1171 7777777777 7777777777777 7777777777777777777777
// This code snippet shows how to convert a color image //
// from the RGB to the Lab colorimetric system. //

L1171 77 7777777777777/ 7777777

// Images constructor
EImageC24 srcImage;
EImageC24 dstImage;

0 oo

// Prepare a lookup table for

// the RGB to La*b* conversion
EColorLookup lookup;
lookup.ConvertFromRgb (EColorSystem Lab) ;

// Source and destination images must have the same size
dstImage.SetSize (&srclImage) ;

// Perform the color conversion
EasyColor: :Transform(&srcImage, &dstImage, &lookup) ;

Color Components

L1171 17 7077777077777 7777777777777 7777777777777 777777777
// This code snippet shows how to create a color image //
// from 3 grayscale images and extract the luminance //

// component from a color image. //

Yy

// Images constructor
EImageBW8 red, green, blue;
EImageC24 colorImage;
EImageBW8 luminance;

7] ooa

// Source and destination images must have the same size
colorImage.SetSize (&red) ;

// Combine the color planes into a color image
EasyColor: :Compose (&red, &green, &blue, &colorImage);

// Prepare a lookup table for

// the RGB to LSH conversion
EColorLookup lookup;
lookup.ConvertFromRgb (EColorSystem Lsh) ;

// Source and destination images must have the same size
luminance.SetSize (&colorImage) ;

// Get the Luminance component

EasyColor: :GetComponent (&colorImage, &luminance, 0, &lookup);
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White Balance

[1T1177T0 0777777777777 7777777777777 7777777777777 777777
// This code snippet shows how to perform white balancing. //

L1117 77 77770707 0777777 777777 77777777777777777777777777777

// Images constructor
EImageC24 srclImage, dstImage;
EImageC24 whiteRef;

7] ooa

// Create a lookup table
EColorLookup lut;

// Measure the calibration values from a white reference image
float r, g, b;
EasyImage: :PixelAverage (&whiteRef, r, g, b);

// Prepare the lookup table for
// a white balance operation
lut.WhiteBalance (1.00f, EasyColor::GetCompensateNtscGamma (), r, g, b);

// Source and destination images must have the same size
dstImage.SetSize (&srclImage) ;

// Perform the white balance operation
lut.Transform(&srcImage, &dstImage);

Pseudo-Coloring

L1171 777777777 707777777777777777777777777777777777777777777777
// This code snippet shows how to perform pseudo-coloring. //

L1110 T70 7707707077777 7 7777777777777 7777 7777777777777777

// Images constructor
EImageBW8 srcImage;
EImageC24 dstImage;

70 oo

// Create a pseudo-color lookup table
EPseudoColorLookup pcLut;

// Define a shade of pure tints, from red to blue
pcLut.SetShading (EC24 (255, 0, 0), EC24(0, 0, 255), EColorSystem Ish);

// Source and destination images must have the same size
dstImage.SetSize (&srcImage) ;

// Generate the pseudo-colored image
EasyColor: :PseudoColor (&srcImage, &dstImage, &pclut);

Bayer Pattern Decoding

[1T117170 7707777777777 7770777777777 777777777777 77777777777777777777
// This code snippet shows how to perform Bayer pattern decoding. //
L1117 177 7707777777777 7 77777777777 7777777777777777777777777777777777
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// Images constructor
EImageBW8 bayerImage;
EImageC24 dstImage;

//

// Source and destination images must have the same size
dstImage.SetSize (&bayerImage) ;

// Convert to true color with simple interpolation, default parity assumed
EasyColor: :BayerToC24 (&bayerImage, &dstImage) ;
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