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Algorithm. Main steps. 

WinLESSA is developed for the automatic remote data analysis in geological research. Texture of grey images, digital terrain maps (DTM) and schemes is analyzed in the same manner using the description of the small linear picture elements distribution and orientation. 

First, the linear elements are detected (we call them “stripes”). Linear edges are detected in grey images, line axis - in schemes, valleys and ridges in DTMs. Each stripe pixel orientation is estimated with accuracy of 22.5 degrees. This corresponds to one of 8 directions 0, 22.5, 45, 67.5, 90, 111.5, 135, 157.5. Orientation is measured from the horizontal direction, from left to right. Stripes not shorter then 5-10 pixels are detected 

Second step - stripes pixels of each direction are calculated in the circular neighborhood (scanning window), we call them - “orientation densities”. These values and the other characteristics of this kind describe the texture orientation features for each pixel neighborhood. This data forms images (matrixes), vector fields and rose-diagrams (or simple roses).  Combined and/or difference roses could be obtained for multi-channel data. 

On the other hand stripes are used for the long straight lineaments detection. User can look through those lineaments and form scheme choosing lineaments with a definite direction and “validity”.

The calculated results are used for the interactive analysis, for the automatic analysis in GIS and for the further operations in the image processing programs. WinLESSA results could be used for other WinLESSA processing (for example, lineament detection in the density field). 
In the interactive analysis  WinLESSA can help to detect structures that are not clearly visible in the input image, but they can’t be used for еру reliable detection of all structures.

As it is described further, it is very important to use the proper image digitization step (pixel size) and the scanning window size. Thus user chooses small features that would be extracted and structures that could be detected. 

Information about the algorithm, the methodology, the test results, the application examples, the new program versions one can find on the site http://www.lineament.ru, in the following articles or get from the author  Alexander Zlatopolsky,

( (095) 615-66-38, zlatopolsky@mtu-netl.ru).

1.
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Functional description

Overview.

General processing steps are


a. Data input


b. Calculations


c. Result visualization and  study.

Processing starts with the data selecting. It is very important to choose the proper input data (input data preparing). Then the linear picture elements (we call them “stripes”) are detected. By those stripes rose-diagrams are calculated and the long lineaments are detected (Main Calculations Window). All calculation results could be saved for later usage (Workspace). Then user can get final images (Roses visualization Window and Lineaments visualization Window). 

The user can then look through the entered images one by one or combine them with the input and/or any other images, for example it can be a schema of the important objects  (Layers Window). The result images could be saved for printing or further processing (Results Saving).

It’s possible to process multi-spectral or multi-temporal images (Roses Combination Window).

One can simultaneously run WinLESSA several times and switch between them to compare different calculation results or different image processing. 
There must be enough computer memory for the huge image processing as well as for the multiple WinLESSA running.

Example shows the simple variant of the WinLESSA usage (Getting started with WinLESSA). 

Data Input.

To choose the input data file one can use the menu item  File/Open … according to the input data type.

Open Greyscale...  - the grey image (ATTENTION! not colored), 8 bits, in - TIF, BMP, GIF, TGA, RAW- format;

Open DTM...          - the digital terrain map, 16 bits, in RAW format;

Open Scheme...      - the grey image, 8 bits, with the lines, 1-3 pixels width, of any tone, with 0 background  - TIF, BMP, GIF, TGA, RAW- format.

If the RAW format is used (matrix without header), the input image width, height and number of bits per pixel must be set. 

After the input data is chosen the file name, the data type and the image size are displayed in the main window header. 

Main Calculations Window

This dialog is activated when the input data is selected. The user can choose calculations, set parameters and then run  the calculations.

This window is set ON by default, and one can put it ON/OFF using

-
the menu item  View/Calculations Dialog/Main Calculations 
-
the Tool Bar icon [image: image1.png]



-
the hot key Ctrl+M
If you set ON Roses Combination Window, Main Calculations Window would be set OFF. In this case workspace changes and can be saved beforehand.

All calculations are listed in the window

Stripes

-   stripes detection,

Block roses
-   calculate rose-diagrams in the user predefined blocks,

Window roses
-   calculate rose-diagrams in the scanning window,

Lineaments
-   lineaments detection.

Mark necessary calculations and then press the Calculate button. All calculations would are performed in the proper order. When the calculation is performed it is marked by a tick. 

Window Roses. Input data for this calculation are stripes. If they are not detected yet, we must mark Stripes calculation on the Main Calculations Window. In the circular window stripes densities for 8 directions are calculated. The window shifts on 8 pixels and intermediate values are interpolated. Changing this parameter one can calculate rose-diagrams in the windows of different size. 

Lineaments. Input data for this calculation are stripes. If they are not detected yet, we must mark Stripes calculation on the Main Calculations Window. Lineaments “validity” (part of the lineament covered by the stripes) is detected. 

If the input data for the certain calculation step is not prepared its button is grayed and can’t be chosen. Particularly, the input image must be loaded (using menu item File/Open…), for the block rose-diagrams the block image must be created or loaded  (using menu item Blocks).

The calculation parameters are defined in the Calculation Settings window. To open this window press the Settings... button in the Main Calculations Window.

Calculate - run the selected calculations with the defined parameters.

Each calculation step is indicated by the scroll bar and can be stopped by the Cancel button.

Calculation Settings Window

Stripes detection parameters are in the “Stripes” group. These parameters are only for the grey image processing..

·
Linear - the stripes “linearity” threshold value from 0 to 100 (higher threshold - less stripes), usually 40 -70;

·
Contrast - the stripes contrast threshold, values from 0 to 255 (higher threshold - less stripes), usually 1, in this case all linear features are processed.

The rose calculation parameters are in the Window Roses group.

·
Rose window - the rose calculating window size, values from 0 to 1500, multiple 8 (8*n), usually 64
Filled: - window part that covers processing area (not masked), window center is in the processing area, values 

from 0 to 1, usually 0.09; 

Filled  in mask: - window part that covers processing area (not masked), window center is NOT in the 

processing area, values from 0 to 1, usually 0.9.

To receive results only in the processing area (as in the version 01) use values Filled “1” и Filled  in mask  “1”

The lineament calculation parameters are in the Lineaments group.

The first subgroup parameters set the lineament area, the straight band where we look for the stripes (its length and width) 

·
Width - the band width, odd value from 1 to 9 units, usually 3 units, and the unit size in pixels is settled by the “Distance” parameter (see below);

·
Long - if this parameter is set ON , only long lineaments that cross the whole image are examined;

        -
Min Length - the minimal lineament length, it’s relative value, part of the minimal image dimension, value more then 0 and less then 2, usually 0.5; if parameter Long is set ON, then all shorter lineaments (usually across the image corners) would be depressed (there validity would be low), if parameter Long is set OFF, then lineaments of this size are detected.

The next parameter determines stripes that we use in the lineament “tracing”.

-
Sector - stripes direction range, values 1 or 3; if 1 - direction of the lineament and the stripes that form it must be in the same sector (22.5 degrees in the sector), if 3 - stripes of the neighbor sectors could be also used;

The third parameter subgroup define the calculation accuracy (Resolution)

Distance - the lineament position accuracy, higher value - the calculation is more quick and less accurate; if the Relative resolution flag  is ON, then this value is in pixels, if the Relative resolution flag  is OFF, then it is a relative value, according to the optimal value (1 - means that the optimal accuracy value is used, if 2 - twice less accurate and so on), value must be more than 0, usually 1.

·
Direction - the lineament direction accuracy, higher value - the calculation is more quick and less accurate; if   the Relative resolution flag is ON, then this value is in degrees, if the Relative resolution flag is OFF, then it is a relative value, according to the optimal value (1 - means then the optimal accuracy value is used, if 2 - twice less accurate and so on), value must be more then 0, usually 1.

·
Relative resolution - if this flag is on, then the distance and the direction calculation accuracy is set relatively to the  values that give the optimal accuracy;


Double Calculation - if this flag is ON more accurate (but more slow ) calculation algorithm is used.

If there is not enough memory for the most accurate lineament calculation  put the flag  Relative resolution OFF and/or increase the values in the fields Distance and  Direction. 
If the flags Relative resolution and Double Calculation are OFF, the calculation is much faster but less accurate. It’s useful for the first step in the image study.

Compression (not for Scheme)

Compress in: times - image is compressed for calculation, “bigger” stripes are detected and “bigger” roses 

windows are used - but the results are displayed in the input images size, value >= 1, it is automatically 

corrected a bit to get integer number of pixels in the line.

If you compress input image beforehand  (using Operations/Compress …) and process it you will get the same results much faster, with less memory, but the results would be in compressed image size. 

Masking

Use mask - use the current mask in the calculations: only if this parameter is set ON the mask is used; if this 

parameter is changed all the previous calculations are discarded.

Closing the Calculation Settings window. To save the defined parameters push OK button, otherwise push the Cancel button.

Roses visualization Window

Main part.

If the roses calculation is completed, one can put this window ON/OFF by

-
the menu item View/Roses parameters
-
the Tool Bar icon [image: image2.png]



-
the hot key Ctrl+R
If the Lineaments  visualization Window is set ON, the Roses visualization Window is set OFF. 

Using this window one can select an image descriptor from the given list and defined the visualization parameters. The list changes according to the selected normalization . 

In the list there are descriptors of two types - “bitmap” and “vector”. 

Bitmap - is a pseudo-colored image (matrix) of the following descriptors at the begging of the list. 

Density_1 

- density of the stripes with direction in the range -11.25  11.25 degrees,

Density_2

- density of the stripes with direction in the range   11.25  33.75 degrees,

Density_3

- density of the stripes with direction in the range   33.75  56.25 degrees, 

Density_4

- density of the stripes with direction in the range   56.25  78.75 degrees, 

Density_5

- density of the stripes with direction in the range   78.75 101.25 degrees,

Density_6

- density of the stripes with direction in the range  101.25 123.75 degrees 

Density_7

- density of the stripes with direction in the range  123.75 146.25 degrees 

Density_8

- density of the stripes with direction in the range  146.25 168.75 degrees. 

Density


- density of all stripes (sum of all densities divided by  8);

Elongation

- the rose-diagram elongation measure;

Main_Direction

- the direction with maximal density number (1 - 8);

Crusiformance

- the rose-diagram shape measure, cross shape detection;

Local_Difference
- the rose-diagram difference of the neighbor rose-diagrams;

Rose_Edge
- this descriptor shows edges between regions with different rose-diagrams.

Rose_Difference                - this descriptor shows the difference of the rose-diagrams in the neighbor NOT overlapping 

                                               windows, this characteristic is more local then Rose_Edge and less local then 

                                               Local_Difference.
The “pseudo-colors” order is displayed in the Pallet Window. This window can be opened/closed from the menu View/Pallet item or by the hot key Ctrl+F. Black color shows that there is  not enough data (stripes) in the pixel neighborhood, it means that the 0 value mark regions with NO DATA. 

The Density_I descriptor is the sum length of all the I-directional stripes in the window (in pixels).

ATTENTION! In the huge windows (diameter size more then 500) integer value overflow can happen (32000). Usually such windows are not used, but one can get the special version to work with huge windows.

Vector  - raster pictures, which show linear image descriptors: rose-diagrams, vectors and lines. 

Roses



- the rose-diagrams of  the stripes in the window;

Elongation_Vector

- the rose-diagram’s elongation direction and value;

Main_Direction_Vector

- the maximal density direction.

Rose_Edge_Vector
- shows the edge direction between the regions with different rose-diagrams and  the “difference” measure;

Elongation_Line


- the lines along the roses elongation;

Ortogonal_Line


- the lines orthogonal to the roses elongation..

Those lines show the image orientation features and must be carefully interpreted as they look like lines of pressure and tension.


The “vector fields” could be displayed alone, on the black background, together with the other vectors, bitmaps and images. The vector  color could be changed. 

Show New 
- press this button to calculate the selected descriptor and to display it in a new viewer layer.

Show

- press this button to calculates the selected descriptor and to display it in the viewer layer with the last displayed rose descriptor, or it will be placed in a new layer, if there are no previously calculated roses descriptors images.

Normalization

Choosing Global and/or Local  items in this field one can use either ordinary or “normalized” rose-diagrams. After normalization rose-diagrams and their characteristic change.

The Global normalization eliminates orientation features of the whole image, and local features are stressed. This normalization changes the rose shape and all the shape descriptors but do not change the density fields.

The Local normalization is used to eliminate stripes density variation and to get the relative density of the given direction (percent of the given direction in the window stripes). This normalization does not change the rose shape but changes the density fields. Local and Global normalization could be used together.

Descriptors could be calculated

-      without normalization,  there are all descriptors in the list;

-      with Local normalization , in the list there are only density fields that can change after this normalization;  

-      with Global normalization , in the list there are only those descriptors that can change after this normalization; 

-      with Local and Global normalization , in the list there are only those descriptors that can change in comparison   with only Local or only Global normalization;  

Scaling 

In this group one can set parameters of the bitmap representation. When those fields are displayed there values must be in the range between 0 - 255, but the real values can overrun 255. So the real data must be converted into the 0 - 255 range. 

In  the Min and Max items the real data  range is displayed  (after the visualization).

User can select the way of converting this range into 0 - 255.

-
No - all calculated values in the 0-255 range are saved, and all the other are converted to 0 or 255 respectively;

-
Auto - the calculated values I are recalculated by the formula  (I – Min) if Max - Min < 255, and by the formula 255 * (I - Min) / (Max - Min) otherwise;

-
Manual - user sets positive integer rang in the items From and To (From < To) that is interesting for him, and the calculated values I are recalculated by the formula (I – From) if To - From < 255, and by the formula

255 * (I - From) / (To - From) otherwise.

Auto  - is the default regime.
One can use the Manual regime to set range smaller then Min and Max detected in the Auto regime, as Min and Max. values cold be effected by “low populated” or abnormal and not masked regions. Also one can use the Manual regime to examine different  fields with the same pseudo-color code. 

One can use the No regime to get the real values (usually for the external analysis).

Values lower then From are colored by the first color and values higher then To are colored by the “last” color.

Step

In this group one can set step for the roses and vectors choosing for visualization. If this value is 1 - all roses, vectors and lines would be displayed (8 pixels one from the other), if it is 2 - distance between the displayed objects grows twice as some of them are missed, and so on.

Vector
- the vector step, integer value from  1 to 100, usually 2;

Rose
- the rose step, integer value from  1 to 100, usually 4;

Line
- the line step, integer value from  1 to 100, usually 4.

Size

Rose and vector size is detected automatically according to the given Step value. This size can be changed by setting the necessary size multiplier in this group

Rose
- the roses size multiplier, positive value, usually 1 ;

Vector
- the vectors size multiplier, positive value, usually 1 ;

Min density  - if there are too few stripes in the rose window, i.e. part of the window filled with stripes is less then this threshold, most characteristics (except densities) are not calculated (result is set to 0) as the calculated result would be accidental, values from 0 to 1, usually 0.04.

Min elongation - elongation (and orthogonal) lines are not shown in the places with circular roses - elongation less then threshold, integer value 1 - 200, usually 20.
Lineaments visualization Window

If the lineaments calculation is accomplished, one can put this window ON/OFF by

-
menu item View/Lineaments parameters
-
Tool Bar icon [image: image3.png]



-
hot key Ctrl+L
If the Roses visualization Window is set ON, the Lineaments  visualization Window is set OFF. 

User chooses the lineament’s direction range and the “validity” threshold. All the lineaments in the given direction with validity higher then the threshold are displayed. Then user can change those parameters to get a new variant. Each variant could be deleted or saved and compared with the others. Fixed variants for different directions form the result scheme.   

In the Direction group the current lineaments orientation range is determined. 

If one chooses All directions, lineaments of all directions would be displayed.

There are two variants to set the direction range - Sector or Range. In the Sector case the number of sectors, n, is settled in the Sectors field and the current sector number, d, in the Select field. As a result range from (d-1)*w/2 to d*w/2 is determined, where w - sector width, w=180/n degrees. When you choose 8 sectors, n=8, then sectors of w=22.5 degrees are used. 

Sectors
- the number of sectors, integer value from 1 to 180, usually - 8;

Select
- the sector’s order number, integer value from 1 to Sectors.

In the Range case the current direction range is settled in the fields From and To.

To
- the maximal direction value, integer from 0 to 360;

From
- the minimal direction value less then To, integer from -180 to 180; 

Threshold - the lineament’s validity threshold, integer value. All lineaments in the given direction range with validity above the Threshold are displayed. This is relative value, which can be quite different for the different images and different lineament calculation parameters. 

Max Value - in this field the maximal validity value for the lineaments in the given directional range is displayed after the first Show operation (with this range).  

Set Order - if this flag is set ON the user can choose lineaments not by the exact threshold value, but by “validity order“  - most valid lineaments in the current direction sector (value 1 in the Threshold field), two mostly valid (value 2 in the Threshold field) and so on up to 50 (for thresholds more then 50 - all stripes are visualized  ). Flag Set Order could be used ONLY if All directions or Sector range is chosen. If the All directions range is used then appropriate number of lineaments in EACH sector is displayed. (In this case number of sectors is the same as in the previous calculations, or - 8. if there were no such calculations) It is allowed but it is not useful to set this flag for short lineaments (if the Long flag for lineaments calculation was OFF). 

Show New 
- press this button to display the selected lineaments in a new viewer layer.

Show

- press this button to display the selected lineaments overlaying the last calculated lineaments image, or it will be placed in a new viewer layer, if there is no previously calculated lineaments image yet.

Blocks
Open Raster Blocks...  - input blocks image. i.e. 8bit raster image with regions of different grey levels (values 0 - 254 

BUT NOT 255 ).

Open Raster Borders...  - input 8bit raster image of blocks borders (background - 0 value).

Open Saved Blocks ...  -  input blocks raster image saved in LESSA. 

Create Blocks image   -  create new blocks image, via drawing blocks borders.

Edit Blocks - edit blocks image, via drawing and deleting blocks borders.

Save Blocks in raster - save blocks image as raster.

Delete Blocks - delete the current blocks image.

To create or edit blocks user can draw  new borders, lines that divide blocks and/or delete them by the following Draw Blocks panel tools.

Draw borders - open new lines drawing dialog.

Update borders - lines or lines parts that do not divide blocks are wiped out..

Set blocks - fix new blocks after they are created or edited.
AUTO -  if this item is set ON then operations Update borders and Set blocks are fulfilled automatically after each 

“Draw borders” operation. . If this item is set OFF one must not forget to make this operations when editing 

is finished (before block roses calculation).
Merge blocks - open dialog for block borders deleting.
Select 2 neighbor blocks by Click LEFT BUTTON 

To remove last line vertices     Click RIGHT BUTTON   

To terminate  press                            ESC

Not Use - open dialog that can help to set a block as a background (not to calculate and show rose-diagram for such blocks) 

To select the block  
      Click LEFT BUTTON    

To terminate  press            
ESC

UNDO - restore the previous blocks image (1step UNDO) .
Finish - close the dialog.
Masking
 “Empty” regions (sea, for example) and regions with “wrong” stripes (clouds, for example) could be masked - not to use them in calculations. Region borders could be removed or saved  (for example, sea edges could be saved and clouds edges - removed)

Open mask ... - input mask image,  0-marked regions would not be used in calculation, they would be masked;

Create mask ... - new mask layer is created and “Mask creation” dialog is opened.

Edit mask ... - mask edition dialog is opened.

Invert mask - change masked regions on unmasked and vice versa.

Save mask ... - save the current mask in the raster file.

Delete mask - delete the current mask.

Use mask - use the current mask in the calculations: if this item is set OFF there would be no masking. If  this parameter is changed all the previous calculations are removed. This parameter one can sat also in the “Calculation Settings Window”

The “Mask creation” dialog is used mask creation and editing. Masked regions could be drawn or selected by grey level. One can set a grey level range to get all connected regions with grey level inside this range (or outside). Grey level range is set for the input image. The pixel grey level could be detected with the help of cursor pointer. Prepared regions are saved in the special layer “Mask edit” and then combined with the “Mask” layer. Some of this regions could be removed - they are selected with cursor or wiped out manually. Regions also could be drawn directly in the mask. 

"Grey range regions" group
"From" и "To" - grey level range is set

"Insert borders" - add the borders to the selected regions (Attention. If “Compression” regime is used for calculation not all 

border region would be added ) .

"Out of range" - select regions OUTSIDE the range

"Show" - show selected regions in the “Mask edit” layer 

"Add to mask" - regions from the “Mask edit” layer are added to the “Mask” layer regions.

"Wipe from mask" - regions marked in the “Mask edit” layer are removed from the “Mask” layer regions.

"UNDO" - remove the last changes in the “Mask” layer.

"UNselect regions" subgroup
"Outline" - using line drawing dialog one can outline an image part and remove in this part all the regions in 

the “Mask edit” layer.

"Mark" - remove several regions in the “Mask edit” layer, pick them up using the “Clean off regions” 

   dialog.

"Draw" group
"MASK"  - using the line drawing dialog draw a region that would be added to the mask.

"NOT MASK " - using the line drawing dialog draw a region and all the image part outside the region would be added to the 

mask.

"Clean in mask” - using the line drawing dialog draw a region and all the image part inside the region would be removed from the 

  mask.

"EXIT"   - finish mask editing and close the dialog.
The  " Clean off regions" dialog helps to clean several regions in the “Mask edit” layer, marking them by cursor. 

"Select and mark  connected regions            

       by the mouse left button click "

"Mark" group
"Last" - remove the last mark.
"All" - remove all marks.
"Wipe regions " group
"Marked"  - remove all marked regions.
"UNmarked "  - remove all NOT marked regions.
"Finish"  - finish this operation and close the dialog.
Operations

Several useful operations are displayed in this menu item.

Palette

Rose descriptors are displayed as pseudo-colored bitmaps. One can set number of colors in the palette (number of quantization  steps) but the colors themselves are fixed and displayed in the special window. Also one can chose the quantization steps calculation method - equal steps  or steps that provide equal square of each color in the image. 

The Palette panel one can use in two ways - change palette for calculated layer (item Palette in the right button layers menu), or set palette parameters for the layers that would be calculated (in Operations/Palette … menu item). 
Value range - maximal and minimal calculated values are displayed, if the calculated layer pallet is edited. 
Quantization range - selected scaling range is displayed,  if the calculated layer pallet is edited (just this range 

is divided by the quantization steps). 
Quants number - set the quantization steps number, integer value from 1 to 16, usually 8..
Quants equal by

value - if this item is selected, the quantization steps are equal.

square  - if this item is selected, the quantization steps will provide equal square of each color in the image .

OK  - use the selected palette.

Cancel - cancel this operation. 

Compress  (for Grey image only)

If the input image resolution is too high and instead of the desired structures only there parts are detected, the user can compress the input image. One can get the same results if the Compression  parameter in the  Calculation Settings Window is set, receiving the results in the input image size, but it needs much more time and memory recourse. On the "Compression" panel one can set parameter

"Compress in" "times" - the value can be not integer, >= 1, this value is automatically corrected 

to receive integer number of pixels per line. 

"OK" - open the compressed image file name setting dialog. 

Cancel - cancel this operation. 

Add fields

One can add or subtract calculated bitmap layers using the "Add layers" panel.
Select layer  - list of all calculated bitmap layers that could be used in this operations. Click left button at the layer name in this list and the selected layer name will move to "Add list", if "add" item was set beforehand or to the "Subtract list", if "subtract" item was set.

Cancel - cancel this operation. 

OK - fulfill the operation.

To invert a layer select it for “subtract” operation.  

Drawing

One can draw linear schemes to mark lines and/or points detected in the calculated layers. This scheme could be saved and/or compared with other results. This menu item opens the following  Drawing dialog .

Set width  - set line width, integer value.
Select color  - set the line color. While drawing the line is red, and when it is finished it’s color is changed for 

the selected color.
Draw  -  start new polyline in the current “Drawing i” layer or in the new “Drawing 1” layer if there is no 

current drawing layer; following line drawing dialog opens

To select next line vertex       Click LEFT BUTTON     

To remove last line vertex     Click RIGHT BUTTON   

To finish line drawing    Double-click LEFT BUTTON   

To terminate drawing press               ESC

Draw new  - start  polyline drawing in the new “Drawing i”.

Finish   - close the dialog.
This tool is for the straight line drawing. Last line that you are drawing is red and 1 pixel width,  already drawn but not saved are blue and 1 pixel width, saved lines would get preset color and width.

Width

Line width one can set for the definite layer or for the current polyline. This menu item opens Line width dialog for the general line width settings - default width of the vector results and “visible” line width. If the image view is compressed, vector results can become too thin and disappear. One can set the “visible” line width that will not change when the image view is compressed.

Default line width - default vector results width, integer value, usually 1.

”Visible” line width -  “visible” width for all vector results, integer value, usually 1.

Use automatically - change automatically real line width to get the “visible” width.

Cancel - cancel this operation. 

OK - close the dialog.

Roses combination Window

This tool gives an opportunity to compare/combine information that was obtained for the given territory from different spectral zones, or at the different date etc. All the images on the same territory, must have the same size. The rose-diagrams with the SAME WINDOW SIZE must be calculated and saved (in the LSW files).  

This window one can set ON using the:-

-
menu item  View/Calculations Dialog/ Roses Combination
-
Tool Bar icon [image: image4.png]R =K




-
hot key Ctrl+C
If the Main Calculations Window is set ON, the Roses Combination Window would be set OFF. This operation changes the current workspace, so it can be saved beforehand if necessary.

User forms the file list with the saved rose-diagrams files (the LSW files) by the following operations:

Add
- add the file to the list,

Delete 
- delete the file from the list,

Clear
- delete all the files from the list.

User chooses the operation. 

Addition 
- combine roses in the selected  images,

Difference
- detect the difference. between  the  rose-diagrams of two images.



ATTENTION! For this operation exactly two files must be in the list.

Normalization - if this flag is ON the selected operation (Addition or Difference) is performed with the previously normalized roses - each direction stripes proportion according to all stripes in the rose calculation window (local normalization). 

Calculate 
- perform the selected operation with the listed files.

The combined rose-diagrams and their parameters are examined using the Roses visualization Window. 

Layers Window

In this window there is a list of all images ready for visualization - input, calculated and other opened for visualization images.

This window is ON by default and one can put it ON using the :-

-
menu item  View/ Layers,
-
Tool Bar icon [image: image5.png]


,

-
hot key Ctrl+A.
Only one “bitmap” image and several “vector” images could be displayed simultaneously. If any other bitmap image is set ON the previous one is set OFF.

Images appear in the list after the input and open operations, after the stripes calculation, after the block roses calculation and after the calculations in the Roses Visualization Window and in the Lineaments Visualization Window. User can set these images ON, set them OFF, delete and save the displayed image combination into a file. For each layer in the list there is

        -      an identifier,

        -      the image type icon

the bitmap icon  - [image: image6.png]


, 

the vector icon - [image: image7.png]


, 

the pseudo vector icon -  [image: image8.png]


, 

the color band icon - [image: image9.png]


, 

-
the ON/OFF field.

If the cursor is above the image identifier in the list - the detailed information about this image origin is displayed in the status line (at the bottom of the main window). There are all details of the image calculation parameters. 

Several images (if they already exist) are always in the list. They cold be set OFF but not deleted from the list. These FIXED images are cleaned off only if the current workspace is closed.

The following images can appear in the viewer 

-
the input image, identifier Base Image, bitmap , fixed;

-
the artificial elevation image, identifier Highlighted, bitmap, fixed (for DTM processing);

-
the blocks image, identifier Blocks, pseudo vector  , fixed (if used);

-
the calculated stripes, identifier Stripes, each direction with it’s color, pseudo vector;

-
isolines, vector;
-
transparent color band, that can overlay other images, color band;

-
the whole image rose-diagram, identifier Global Rose, vector, fixed;

-
the rose-diagrams for each block, identifier Block Roses, vector;

-
the window rose-diagrams and their descriptors, identifier Rose 0, Rose 1 …, bitmap or vector; 

-
the lineaments with settled direction and validity, identifier Lineaments 0, Lineaments 1 …, vector; 

-
the opened image of the given type, bitmap or pseudo vector, identifier “file name”.

An image of the same size that the input one could be opened and visualized. The image type (“pseudo vector” or bitmap) is settled by user in menu 
File/Open Bitmap Image for view …     or 
File/Open Transparent Image for view …  -  zero pixels of this image are transparent.

If the Apply immediately checkbox is ON, then the selected layers combination is visualized just when selected layers change (after the layer ONN/OFF or CALCULATION/RECALCULATION). Otherwise the selected combination is visualized only after the Apply button is pressed.

Displayed vector layers could be combined in one layer - press the Combine button. All displayed layers are deleted and 

here descriptions are written to the new layer. 

The other operations with layers one can choose clicking with the right mouse button on the layer name in the list. After clicking the following menu (according to the layer type) is displayed. 

For layers of all types 

Delete
   - delete the layer from the list, though it is impossible to delete the input image layer, some layers like Blocks and Mask layers are deleted only from appropriate main menu items, and some layers like Stripes are removed from the layer list (but not deleted) by toolbar or View menu item.

For pseudo vector and vector layers there are items 

Top draw - draw this layer upon the others;
Set color… - change the vector color, choosing it in the special window, this item is available for monochrome layer only.

Set width… - change the vector width for all lines in the layer, this item is available only if all lines in the layers have 

the same width.

Change stripes - this operation is available only for lineament layer, it changes current stripes - all stripes that are not in the layer lineaments are removed.

For ”color band” layers there are items 

Grey palette - set the standard grey palette instead of the colored palette, 

ATTENTION! It’s impossible to turn back to the pseudo-color palette..

Set color… - change the band color, choosing it in the special window.

Isolines 
- vector layer with the band edges is created.
For bitmaps there are items

Isolines 
- vector layer with the color regions edges is created.
Palette… - change layer palette using the Palette dialog  (same dialog as from the item Operations/Palette).

Grey palette - set the standard grey palette instead of the colored palette, 

Color band…  - create new transparent layer using the "Color band" dialog.

Using this dialog one can set the value range and in the new layer regions of the selected layer with values within this range would be colored and the other part would be empty. Another possibility - to color the extremum regions (maximum or minimum). Extremum region width is set directly or by the allowed value difference (from the  extremum value). Extremums are detected in the settled value range.

Band

- select the value range coloring case;

Extremum
- select the extremum regions coloring case;

Change ... 
- in the  “Color” group select the band color;
MIN и MAX 
- the whole calculated values range for the current layer is displayed;
Layer range
- the values range for the current layer that were selected in the scale operation while 

calculation  is displayed; in this range one can chose From and To values;

From

- set the lower value band;

To

- set the upper value band;


Extremum grope parameters
Maximum 
- select maximum regions;
Minimum 
- select minimum regions;
Width 

- set the extremum region width, in pixels;
Range

- set the allowed value difference (from the current extremum value), 




>0 and < 1 for maximum or  > 1 for minimum;

Cancel 

- cancel this operation. 

OK 

- fulfill the operation and close the dialog.

When the current workspace is changed (for example, input image is changed) all the images in the list are deleted.

Cursor

One can detect real value for each layer pixel using the cursor panel. It could be set on by the View/Cursor pointer  menu or  toolbar item. On the cursor panel cursor coordinates and the ACTIVE layer value are displayed. Only one layer can be active. One can activate layer by double-clicking at it’s name in the Layers Window by the LEFT BUTTON. The active layer could be not visible. If you do not move the cursor and change active layers you can find out several characteristics  for one point. 

What is displayed in 3 value fields on the cursor panel depends on the active layer type

no active layer or vector, or pseudo vector, or color band, or DTM, or highlighted  - 0 values

grey image - grey level 

color image - red, green and blue values (RGB) 

pseudo-colored bitmap - value calculated for the selected point and  the values rang for the color in the point.

One can move cursor not only by mouse but also by the keyboard arrows - but it is necessary to click cursor by the mouse beforehand.

The cursor panel could be set off by the View/Cursor pointer  menu or  toolbar item.

Results Saving

The displayed image (the selected layers combination) could be saved as a raster file in TIF, BMP, GIF, TGA, RAW format. It can be done using the menu item File/Save Image… and choosing the file name, type and format. 
Each displayed layer use 8 bits (256 colors). That is why if only one layer is displayed it is saved as 8 bits (256 colors) image. If all displayed layers have one and the same color the displayed image  is also saved as 8 bits (256 colors) image. In the other cases user is proposed to save displayed image as 24 bits (True color) image. 256 colors could be saved in any format, but True Color could not be saved in some formats. User is warned if he can loose color information in the chosen format (Warning: If you select 256 color format, several color pixels could be converted to grey.) Then user chooses Number of colors  - 256 or True Color.

If only vector layers are displayed one can save the in the DXF vector format using File/Save Vector…, menu item. All the lines that have different color and/or width would be saved as lines with 1 width and different color (may be other then displayed in LESSA).

Along with the image file a special text file is saved with all descriptions of the displayed layers. Text file has the same name as the image file and the TXL extension. 

If  the saved file is opened in WinLESSA for visualization, this saved description is also checked and displayed in the status line.

One can save only calculation descriptions for all displayed layers using File/Save Description…, menu item.

Workspace

All the intermediate results of the current calculations - stripes, rose-diagrams, lineaments, and also all calculation parameters - could be saved for the further analysis in the so called “workspace”.

To save this date use the menu item File/Save Workspace As…, select the file path and name (the input image name is proposed as a default name). Several files with the given name and different extensions are formed. All the data about calculations are saved in a file with extension LSW. This text file can be opened with any text editor. Calculation results are saved in files with extension STR (stripes), ROS (window roses), LES (lineaments), and GR (global roses). Global rose is saved in a text file and can be opened with any text editor. If those files are not used any longer they could be deleted by the ordinary system tools.

One can save the recalculated data using the menu item File/Save Workspace.

If one is going to start the operation that can change the calculated data he is proposed to save the current workspace.

To open the saved workspace use the menu item File/Open Workspace. All the saved results and parameters would be loaded and the “fixed” layers would be calculated and displayed.

Tool Bar

This window helps to select the main menu items fast and set displayed image scale.

There are following buttons (described earlier).
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  Open Workspace
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  Save Workspace
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  About (the program version information)

Windows ON/OFF (described earlier).
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  Lineaments visualization  
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  Roses visualization 

[image: image15.png]


  List of layers
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  Main Calculations 
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  Roses combination 
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  Set cursor

Displayed image size
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- the image is compressed/stretched to the window size;
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- the image is shown without compression/stretching;
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- the image is stretched 1.5 times;
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- the image is compressed 1.5 times;
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- the image is compressed/stretched by the given value.

Hot Keys List
"+"                 - the image is stretched 1.5 times;

"-"                  - the image is compressed 1.5 times;

Ctrl+"A"         - set the Layers Window ON/OFF;

Ctrl+"C"         - set the Roses combination Window ON/OFF;

Ctrl+"F"         - set the Pallet Window ON/OFF;

Ctrl+"L"         - set the Lineaments visualization Window ON/OFF;

Ctrl+"M"        - set the Main Calculation Window ON/OFF;

Ctrl+"O"        -  open the saved workspace;

Ctrl+"R"         - set the Roses visualization Window ON/OFF;

Ctrl+"S"         -  save the current workspace;

Alt+"X"          -  exit from the program.

Input data preparing.

To use WinLESSA correctly it’s necessary to set the proper parameters, but first of all to choose the proper input data -  its quality, scale and size.

It’s necessary to take into account that stripes can appear at the artificial features, clouds, noise and so on. Though for the statistical analysis such “noise” could be not considerable.

It’s also very important to use the proper digitization step - pixel size. The pixel size must correspond to the features of  interest size - not too big but also not too small.  More accurate digitization - smaller pixel size - can lead not to more accurate result  but to detecting smaller features, possible with the other orientation. To use proper step one must take into account

        - the structures that we are looking for width (W in km)’

- the lineaments that we are looking for length (L in km).

Some times it is necessary to analyze special small image features (their length - S in km).

To select the proper pixel size (in km) it’s useful to take into account the further empirical relations 

W/250    

L/400    

S/10.

The scale can be 2 times less or bigger, but if pixel is much “larger” we can miss structures that we are looking for and if pixel is much “smaller” we can detect only smaller features,

The input data size. Try not to overrun your computer possibilities - in memory or speed.

Also it is necessary to take into account the interactive results analysis convenience. It’s rather difficult to analyze too large images (greater then 2000 * 2000) visually on the ordinary monitor - too many details.
The image size (width and height) of course must be greater than 10 pixels but really - greater then 200-300 pixels.
If we are looking for the “long” lineaments (across the image) it’s useful to use images of 500 2000 pixels size. On the larger image too detailed lineaments representation can make those lineaments not straight enough (meandering). On the large images short lineaments calculation can be more useful.
The other advice you can find on the special site http://www.lineament.ru.
Getting started with WinLESSA

WinLESSA - it is a tool that gives possibility to create appropriate, useful results, while changing the processing parameters. Never the less, the default parameters can help to make the first step in analysis, to get the first overview of the image. 
Use a grey, 8 bits image file with maximal size of 500 - 1000 pixels. Compress your current image for this size if necessary.

1.
Using the menu item File/Open Source/Open Greyscale... select the image file.

2.
In the Main Calculation Window put ticks at the items Stripes, Window Roses, Lineaments and press the Calculate button.

When the calculations are finished it’s possible to look through the results - by steps 3, 4 or 5, 6 or 5, 7.

3.
Select the Roses visualization item in the tool bar or in the menu - the appropriate window opens.

4.
Select any item in the list, for example, Roses, press Show New button and roses would appear in the viewer. Step 4, could be repeated with different selected characteristics. 

5.
Select the Lineaments visualization item in the tool bar or in the menu - the appropriate window opens.

6.  Set All directions ON, put “1” in the field Threshold, put tick at Set Order and press the Show New button. The mostly valid lineament in each of 8 directions is displayed in the viewer. 

7.  Set Sector ON, put “1” in the field Select, put “100” in the field Threshold, put no tick at Set Order and press the Show New button. All the horizontal lineaments with validity value above 100 are displayed in the viewer (in the layer Lineaments 0). If there are too many or too few lineaments change the threshold value, it must be less then the value in the Max Value field. Press the Show button. More lineaments are displayed. Go on and select the best threshold for this direction. Put “2” in the field Select and repeat the step 7 choosing lineaments of this orientation in the new layer (Lineaments 1) using the Show New button and so on.

Further analysis - saving, deleting, modifying layers are described above.
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