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SonarWiz Seabed Characterization User Guide  

1 Introduction to Seabed Characterization 

The Seabed characterization tool in SonarWiz is used to delineate image 
classes as vector polygons in acoustic imagery from bathymetry (backscatter) 
and sidescan sonar data. It is available in current versions of SonarWiz under 
the Post Processing Tab. 

 

Figure 1- Example of sidescan mosaic characterized into similar acoustic classes using the Seabed 
Characterization Tool in SonarWiz 7 

1.1 Overview of the Seabed Characterization Function 

The SonarWiz Seabed Characterization function works on sidescan imagery 
and acoustic backscatter from swath mapping sonars.  The characterization 
tool can also incorporate non-acoustic properties of the seabed such as 
bathymetric slope or roughness. The characterization tool will then generate 
classes of similar texture in the acoustic imagery and from that, it produces a 
classified polygon layer that can be useful in a seabed characterization 
analyses. 

The Seabed Characterization tools perform their characterization on waterfall 
images of the acoustic imagery rather than working on a map-view mosaic of 
the data (compare Figure 2 and Figure 3). In this way, it is easy to isolate the 
nadir and far-range artefacts in the pings and remove them from the data 
before the characterization process begins. Only after the characterization 
process is completed are the classified pixels georeferenced and mosaicked 
into a map. 
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Figure 2- Acoustic backscatter in map view. Artefacts curve and are difficult to isolate 

 

 

Figure 3 - Acoustic backscatter waterfall image from Figure 2 (above) and associated 
characterization map (below). Artefacts are parallel to ship course and in predictable locations. 
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Figure 4 - Characterization polygons highlight areas of similar texture in the acoustic imagery. 
Note that the polygon colors are arbitrary. 

In general, if the features you are mapping are visible in the sonar imagery, 
then the Seabed Characterization tool can usually classify them.  The 
SonarWiz seabed characterization process provides a set of "classes" found in 
the imagery.  It does not, however, tell you the type of material on the seabed—
for that you would need to ground truth by sampling at the specified locations to 
verify the class. 

1.2 Class-Generation Algorithm 

The seabed characterization process looks at square windows in the acoustic 
images and uses the range of statistics about the pixels in the window to 
measure “texture” for that pixel location. The algorithm calculates entropy, 
standard deviation and several grey level co-occurrence matrix (GLCM) 
statistics directly on the acoustic imagery; other measures may be added later. 
In addition, the user can include up to six user-defined grids which values will 
be interpolated onto the acoustic imagery and included in the seabed 
characterization. In this way the user can introduce variables such as seafloor 
slope or topographic roughness independent of the acoustic imagery. We 
provide tools for computing a few common statistical properties of bathymetry 
that might be useful such as slope, roughness and topographic position index 
(TPI). 

Once the image statistics are computed and the look-up grid values are 
interpolated onto the imagery, each pixel is then placed into a multi-dimensional 
“characterization space”. Peaks in this characterization space (areas where 
there are more pixels than elsewhere) correspond to classes that can appear in 
the characterization. Thus, the location of each pixel in the characterization 
space allows it to be allocated a class number. The process of dividing up the 
characterization space is called “Training”, and needs to be done before the 
main classification task. 
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Characterization is performed separately on each survey line, and the results 
are merged into a single map in a “merge” process. The merged map can be 
filtered to produce coherent areas of characterization. Finally, the resulting 
mosaic can be exported to a vector polygon file. 

2 Tutorial 

This tutorial is designed to introduce you to the Seabed Characterization tool’s 
basic features. After you have completed the tutorial, you should be able to 
begin characterizing your own data. 

2.1 Tutorial Lessons 

 Lesson 1 – Characterizing Sidescan Sonar Data shows you how to 
characterize sidescan sonar data using only acoustic image information 

 Lesson 2—Characterizing Acoustic Backscatter Data shows you how to 
characterize acoustic backscatter data using both the acoustic imagery 
and slope information derived from the bathymetry files themselves 

 Lesson 3—Filtering and Reclassifying will show you how to modify the 
filter settings to generate better classification results. 

The lessons should be completed on sidescan and bathymetry data of good 
quality. Only a few files are necessary to learn the tool. 

2.2 Seabed Characterization Prerequisites 

Before beginning a characterization project, it is important that the acoustic 
imagery of your data be of high quality and suitable for characterization.  

We recommend that your acoustic data meet the following criteria: 

1. All acoustic data is from the same sonar system operating under (as 
much as possible) identical conditions (power, pulse length, gain, 
altitude above the seabed, etc.). 

2. The acoustic data has been processed using the EGN algorithm and (if 
necessary) the nadir filter has been applied. These filters are safe to 
use for seabed classification because they modify all pixels in the survey 
in the same way and do not affect the classification results. It is not 
recommended to process sidescan files using AGC, AutoTVG or BAC 
because these filters perform local normalization which can alter the 
meaning of pixel values from one region of your survey to another. This 
can interfere with proper textural characterization. 

3. The data exhibits distinct, homogeneous patches of seabed in the 
acoustic imagery which can be unambiguously separated from 
neighbouring areas.  

The process of computing valid textural statistics and filtering the results tends 
to limit the characterization resolution to about 10 to 20 times the spatial 
resolution of the sonar system. For example, if the ping-to-ping spacing of your 
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survey was about 20cm, then you should expect your characterization 
resolution to be on the order of 2m. 

The characterization algorithms must be supervised by the user to produce 
good results. If you can’t see the patches you want to isolate, it will be difficult 
to verify if the classifier has performed successfully or not. 

2.3 The Seabed Characterization workflow  

Seabed Characterization follows the following workflow: 

1. Selecting the training data set of sonar files 

2. Set the textural statistics to compute 

3. Train the classifier 

4. Examine results (repeat steps 1 – 5 as necessary) 

5. Classify the data set 

6. Filter the data set to fill gaps, remove spurious classes, etc. 

7. Export vector polygons to SonarWiz or GIS for further analysis. 

It is necessary to complete these steps in order. At any time, you can move to 
an earlier step, make modifications to the settings and proceed forward, but you 
cannot skip a step as each process depends on the output files from the 
previous step to complete. 

2.4 Lesson 1 - Characterizing Sidescan Sonar Data 

In this lesson we will walk through characterizing 6 lines of sidescan sonar data 
(see Figure 5). Before starting the example. We have imported the data into 
SonarWiz, bottom tracked the data, applied layback and other navigation 
editing and turned on EGN and the nadir filter to each line to balance the gains 
across the whole survey.  See the SonarWiz User Guide for instructions on 
processing sidescan sonar data.  
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Figure 5 - Sidescan sonar data ready for seabed characterization 

2.4.1 Select Sonar Files for Characterization 

The Seabed Characterization tool will attempt to classify all of the enabled 
sonar files in your project. You should enable only the files you want to classify. 

1. In the SonarWiz Project Explorer check that each line you 
wish to include in the characterization is enabled. 
 

 

2. Open the Color Window and set the Mapping Range 
minimum and maximum values so that your data shows good 
contrast between across the acoustic image. 
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3. Open the Seabed Characterization Manager by clicking on 
the Classification icon in the Post Processing Ribbon. 
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2.4.2 Train the classifier 

The first step in characterization process is to train the classifier. 
 

 

Figure 6 - Seabed Characterization Manager ready to perform the Training step 

1. In the upper-left pane of the Seabed Characterization Manager, 
select a track line to use for training the classifier. 

2. Select Entropy and Intensity as the image textures we will compute 

3. Click the Train button to begin the training process. In a few 
moments the training process will complete. The bottom-left pane will 
show the acoustic image waterfall generated by the classification 
process and the bottom-right pane will show the results of the 
classification. 
 

 

Figure 7 - Training results. The acoustic image waterfall (left) and the resulting classified textures (right) 

4. If you selected more than 1 training data set, you can use the 
Training Waterfall drop down to switch the view between these 
files. 
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5. You can also change how the waterfall images fill the panels using 
the Zoom drop down list. 

6. Depending on the window step settings, the acoustic image and the 
training image may not be the same size. The synchronize scrolling 
check box attempts to keep the same region of both waterfall images 
in view at once. 

7. If you do not like the classified results, you can repeat steps 1 
through 4 changing settings as necessary until you are satisfied. 

2.4.3 Classify the Sonar Data 

Once the Training step is completed. You can then proceed to classify the 
remaining enabled data in the project. Note that this step can take anywhere 
from a few minutes to several hours depending on the number of sonar files to 
process and the selection of textures you are computing. 

To start the classification process: 

1. Click the Classify button 
 

 

2. Open the Output window in SonarWiz to see progress messages as 
the classifier processes each dataset in your project. 
 

 

2.4.4 Visualizing the Results 

1. When the classification is complete. SonarWiz will have generated a 
number of files in your SonarWiz project\classify folder and it will 
add the classified polygon vector file to SonarWiz as an overlay. 
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2. Right-Click the vector overlay file in the Project Explorer and open 
the Map Manger 

3. In the Map Manager, select a Color for the vector polygons that will 
contrast with your sidescan backscatter color pallet. 
 

 

4. In the SonarWiz map window, zoom into an area of interest to see 
how the classification process worked 
 

 

Figure 8 - Sidescan data overlaid by classified polygons 
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5. Use the Map Info button in the Map Toolbar to switch the cursor to 
information mode. You can then hover the cursor over polygon in the 
map to identify the class values assigned to each segment. 

6. The classification polygons can be exported to GIS or other software 
for further analysis. 
 

 

2.5 Lesson 2 - Characterizing Acoustic Backscatter Data 

In addition to bathymetry, most modern swath bathymetry systems can produce 
an acoustic amplitude record for each ping. The Seabed Characterization tool 
can process the amplitude data in much the same way that sidescan 
backscatter is processed. 

There are several advantages to classifying acoustic backscatter data over 
traditional sidescan data: 

1. Most systems only record an amplitude value when a bottom 
detection is made. This means that most of the acoustic imagery is 
produced from bottom strikes rather than also including shadows 
behind objects (where no bottom detection could be made) 

2. Beam forming systems isolate the acoustic amplitude from the 
seabed and greatly reduce acoustic interference from the sea surface 
or water column. 

3. Many modern MBES are calibrated and apply sophisticated 
processing so that the acoustic imagery values are actual measures 
of bottom scattering strength rather than unknown and un-calibrated 
voltages. 

4. The bathymetry information collected with the amplitude data can be 
used to generate seafloor textures that are independent of the 
acoustic backscatter such as seabed slope and roughness that help 
the classifier produce stronger seabed classes. 
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In this lesion we will learn how to process the acoustic amplitude data from 
MBES and interferometric (phase-measuring) sidescan sonars. We will 
introduce lookup-textures which we will use to incorporate bathymetric 
properties of the seafloor in our analysis. Finally, we will override some of the 
default settings of the classifier to better tune the characterization to our 
multibeam data. 

2.5.1 Preparing the Look-up Textures 

Look-up textures are a way for the user to provide her own seabed statistics to 
the seabed classifier. These textures are provided as grids computed in 
SonarWiz outside of the classifier or imported into a SonarWiz project from a 
3rd party source. The grids should be large enough to completely cover the data 
set being processed. The grid value is assumed to be a continuous, non-
cyclical variable. It will be normalized and given the same weight as the image 
textures computed directly on the imagery. 

During the classification process, the classification engine will first compute the 
image textures for each pixel in the acoustic imagery. Then it will compute the 
position of each pixel in the imagery and interpolate an associated value from 
each of the enabled lookup grids.  

In this tutorial, we will compute a slope texture which we will include in the 
characterization analysis as a Lookup Texture. 

To compute a Slope grid from a bathymetry grid: 

1. Create (or import) a bathymetry grid for the area of interest. The 
bathymetry grid for this example is shown in Figure 9. 
 

 

Figure 9 - Shaded relief image of bathymetry that will be used to create Slope and roughness textures 

2. Click the Build Classification Grids icon in the Post Processing 
Ribbon to open the Create Topographic Properties Grid dialog 
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Figure 10 - The Create Topographic Properties Grid Dialog 

3. In the Input Depth Grid box, select the depth grid file you want to 
compute the slope on. 

4. In the Topographic Grid Output Type select Slope. 

5. In the Output Grid box, give the slope grid a name: e.g. 
Slope_UNC.grd 
 
TIP: SonarWiz uses an underscore and a 3-character code to assign 
the grid to a color ramp. If you use _DEP as the last 4 characters of 
the name, the grid will be assigned to the depth color ramp; 
alternatively, use _UNC to use the uncertainty color ramp, _CNT for 
count color ramp, etc. You will need to reload the grid to change its 
color ramp. 

6. Un-check the add grid to Project box. (be default, all grids are 
added as Depth grids) 

7. Right-click the Grids branch in the Project Explorer and select 
Add/Import grid to Add Slope_UNC.grd to the project 

8. Open the Color Window from the Map Controls tool bar 

9. Select Datatype Standard Deviation and change the Palette Options 
to something pleasing for your slope grid 
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Figure 11 - Slope grid computed from MBES bathymetry grid 

 
You can now use this slope grid as a lookup texture in the classification 
process. 

2.5.2 Select Bathymetry Files for Characterization 

As in Lesson 1, it is important to prepare the acoustic amplitude data for 
classification. Use the Process Backscatter tools in SonarWiz to apply EGN to 
the data and the Nadir filter if necessary to remove nadir artifacts. 

1. In the SonarWiz Project Explorer, enable the bathymetry lines to 
include the Seabed Characterization process. 

2.  Open the Color window and set the Mapping Range for the 
Backscatter pallet to values that maximize the contrast between 
bright and dark areas of the amplitude data. 

3. Open the Seabed Characterization Manager from the Post 
Processing Ribbon. 

2.5.3 Modifying the default classification settings 

The default settings in the Seabed Classification Manager are optimized for 
sidescan sonar files. The image pixels for bathymetry files are larger, we should 
reduce the window size and window step. Also, this data does not have a 
strong nadir artefact, so we will reduce the nadir trim to 0%. 

To modify the processing settings, locate the text boxes in the upper left corner 
of the Seabed Classification Manager: 
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Figure 12 - Primary settings of the classifier should be modified for MBES data 

1. Set the Window Size to 7 

2. Set the Window Step to 1 

3. Set the Nadir trim to 0% 

2.5.4 Training the classifier 

1. In the Upper-left pane, select the bathymetry files to use for training. 

2. In the Upper-Right pane, Open the Textures > Image branch and 
select Entropy and Intensity. 

3. Scroll the upper-right pane down until you see the Look Up textures 
branch. You should see the Slope_UNC grid we loaded into the 
project above. 

4. Check Slope_UNC to enable the slope look up texture. 

5. Click the Train button to test the classification settings. 
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We will also modify the filter settings to try and keep the resolution as high as 
possible without leaving gaps in the classification 
 

1. Click the Settings button on the Seabed Characterization Manager 
to open the Seabed Characterization Settings dialog. 
 

 

2. In the Filter group: 

a. Enhance off 

b. Interpolate: On, Window size: 0 (automatic) 

c. Mode: On, Window size: 5 

d. Reassign class values: off 

3. Click Save to save the new settings. 

2.5.5 Running the classification 

With the modified settings in place we can now run the classification on the full 
data set. 
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1. Hit Classify button on the Seabed Characterization Manager 

2. Inspect the resulting polygon file in SonarWiz 
 

 

Figure 13 - Classified acoustic amplitude data from a multibeam sonar. 

2.6 Lesson 3 Filtering and Reclassifying 

This lesson will show you how to set the processing and filtering settings to 
produce better classification results.  

2.6.1 Changing the Nadir Trim 

 
 

 

Figure 14 - Classification results using default settings 
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Sometimes the default settings don’t produce the best results possible. In the 
case of the project in Figure 14, the first problem we see is a lot of the classes 
are clustered around the nadir. The classifier locked onto the nadir artefact. 
 

 

Figure 15 - Many of the classes identified are clustered on the nadir artefact 

We can try to reduce the classes locked onto the nadir artefact by trimming the 
nadir region out of the input data more aggressively 

1. Open the Seabed Classification manager 

2. Increase the Nadir trim % from 5 to 10 percent. 

3. Click Train button to retrain the data 

4. Click Classify button to reclassify the data set using the new trim. 

 

Figure 16 - Additional nadir trimming reduced the number of false classes at the nadir 

2.6.2 Examine the files in the Classify folder 

The classification process stores all of its products in the project Classify folder. 
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The folder starts empty and its contents will be deleted each time you run the 
Train step. The Classify, Filter and Export buttons work on the existing data 
and can be re-run at any time. 

To open the Classify folder: 

1. Click the Open Project Folder button in the Tools menu to open 
your project folder. 

2. Open the Classify folder in Windows Explorer. 

After all processing steps have been completed at least once, you will find the 
following files in the Classify folder: 

Table 1 - Description of files in the Classify folder 

File name Description 

classMapData.cMap.cls Internal classification data 
<basename>.merge_CNT.grd The georeferenced mosaic of all of 

the *.clOut.bmp files. You will be 
able to see where the nadir was 
trimmed and the line spacing 
introduced by the Window step 
setting. 

<basename>.filter_CNT.grd The filtered version of the 
*.merge_CNT.grd 

<filename>.clIn.bmp The acoustic waterfall image 
produced from the input files 

<filename>.clOut.bmp The classified waterfall image 
produced by the classifier. The 
number of rows and columns of 
pixels is reduced from clIn.bmp by 
the Window step size 

 

It is useful to load the merge_CNT.grd and the filter_CNT.grd into SonarWiz. 

To load the Merge and Filter grids into SonarWiz: 

1. Right-Click the Grids branch of the Project Explorer to open the grid 
context menu 

2. Select Add/Import Grid files… 

3. Navigate to your project’s Classify folder 

4. Select the filter and merge grids to load 

5. Open the Color Window 

6. Select Datatype: Density from the drop down list 

7. Set the mapping range from 0 to 6 (maximum number of classes) 
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Looking at just the Merge grid, you can see the effect of the Nadir trim % and 
the Window step: 

 

Figure 17 - Merge grid is a mosaic of the classified waterfall images. It shows the gaps introduced by 
trimming and window stepping 

After the merge grid is produced, the 4 filters (remap class, enhance, 
interpolate and mode) are applied to the merge image, the result of the filtering 
processed is saved as the Filter file 
 

 

Figure 18 - Filter grid produced by filtering the merge grid 

It is the Filter grid that is converted to vector polygons. 
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2.6.3 Changing the Filter and Export settings 

After the classification has been completed and the Merge grid has been 
produced, you can try different filter and export settings without having to 
reclassify the entire dataset. 

To re-filter a Merge grid: 

1. Click the Settings button on the Seabed Characterization Manager 

2. Modify any setting in the Filter or Export group 
 

 

3. Save the changes 

4. Click Filter button to replace the existing Filter grid with one 
produced with your new settings 

5. Click the Export button to convert the Filter grid to a vector polygon. 

2.6.4 Reclassifying Polygons 

Sometimes two classes are statistically distinct but you would like to merge 
them into a single class. This process is done using the Reassign Class filter 
and does not require re-running the classification from scratch. 

You can use the Map info cursor in SonarWiz to identify the class number of 
each vector polygon.  

Note: the classes are numbered in order of classification strength. Class 1 is 
the strongest class, with larger numbers indicating lower clustering strength.  
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Figure 19 - Filter grid and vector map overlay showing the classified polygons. We want to simplify the 
classes near the red arrow by merging them together. 

To reclassify or group polygons: 

1. Open the Seabed Characterization Manager 

2. Click the Settings button to open the Seabed Characterization 
settings dialog  

3. Click the Edit Class Assignments button to open the Seabed 
Characterization Class Settings dialog 
 

 

4. Select Class 2 in the list and Click the Edit button 
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5. Reassign the Class 2 value to Class 1 
 

 

6. Click OK. 

7. Reassign Class 3 to Class 1 by following steps 4 through 6. 
 

 

8. Verify that the classes have been reassigned properly and click OK 

9. Check the Reassign Class Values filter check box 
 

 

10. Click Save 
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11. Click the Filter button to re-filter the Merge grid using the new class 
assignments 

12. Click the Export button to re-create the Vector polygon file. 

 

Figure 20 - The same data as Figure 19 after merging classes 

3 Main window functions 

The Seabed Characterization Manager is divided into 5 panes.  
 

 

 

1. Pane 1 contains settings and buttons that control the characterization 
process. 

2. Pane 2 lists the files which will be used to Train the classifier 

3. Pane 3 list the image and look-up textures that will be computed for 
classification 
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4. Pane 4 and 5 are only active after the Training process is completed. 
They show the input acoustic image waterfall and the resulting 
characterization given the settings you have chosen. 

 

Table 2 - Explanation of Seabed Characterization Manager Settings 

Setting Description 

# of Classes Sets the number of classes that will be returned. 

Window size1 The size in image pixels of the window that will be 
used to compute texture values.  

Window step1 This setting controls how the texture window 
moves through the input acoustic image. 
Increasing the step value will allow the texturer to 
skip over the specified “step” pixels before 
computing a new texture. Increasing the step size 
can greatly improving the performance of the 
characterization at the cost of lowering the 
resolution. 

Far range trim % This setting will trim the outer edges of the ping 
data before creating the acoustic image. Specified 
as a percentage of the maximum range. 

Nadir trim % This setting will trim the nadir region of the ping 
data before creating the acoustic image. Specified 
as a percentage of the maximum range. 

Train (button) Start the training process on the files selected for 
training 

Classify (button) Only enabled after Training has been completed. 
This performs the classification on all enabled lines 
in the project. 

Abort (button) Abort a training or classification run 

Settings (button)  Open the settings options dialog 

Close (button) Close the Seabed Characterization Manager 

Training Waterfall 
(drop-down) 

Only enabled after Training has been completed. 
This drop down allows you to select which of the 
training files to view in the waterfall displays 

Synchronize 
Scrolling 

Synchronize the scrolling between the input 
acoustic image on the left pane and the classified 
image on the right pane. The classified image on 
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the right pane may be lower resolution than the 
acoustic image if the Window Step setting is 
greater than 1. 

Zoom Options (drop-
down) 

You can control how the acoustic image and 
classified waterfalls are displayed in the image 
panes by changing these stretch settings.  

1Image pixels are automatically set to the average sample spacing for sidescan 
data or the average beam spacing for swath bathymetry. 

 

3.1 Settings Dialog 

 

The Settings button on the main Seabed Characterization manager will open 
the Seabed Characterization Settings dialog: 

 

 

 

3.1.1 Settings Training Group:  

Obsolete. These settings are no longer used. 

3.1.2 Settings Input Files Group: 

Truncate sonar files allows you to do a dry run classification through your data 
only processing the first few hundred pings. This should be disabled 
(unchecked) for normal operation. 
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3.1.3 Settings Filter Group: 

During the classification process, the classified waterfall images will be 
mosaicked back into a MergeGrid. This grid usually needs some filtering to 
produce clean class polygons. 

 

 

 

The MergeGrid has data gaps where the nadir and far-range was trimmed. It 
also may have gaps between pings if window stepping was used for 
performance reasons. Finally, the classification itself may need some filtering to 
either enhance minor classes or to clean up noisy areas of the data set. The 
optional Filter step will perform these tasks.  

 

To enable a filter select the desired filters in the Settings dialog: 
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The filters are run in the following order: Reassign Class Values > Enhance > 
Interpolate > Mode 

 

The Reassign Class Values filter can merge classes together, renumber 
classes to user-defined values or delete classes altogether. 

To edit the class values, click the Edit Class Assignments button to open the 
Seabed Characterization Class Settings dialog. 
 

 

Each row in the dialog lists the original class value assigned by the classifier in 
column 1 and the reassigned value in column 2. The user can double click a 
row or select a row and click the edit button to open the Reassign Class Value 
dialog. Where the existing class value can be replaced with any numerical 
value. 
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A special Class 0 exists to represent NO DATA or blank values. So, re-
assigning class 0 a new value will change all blank values in the output Filter 
grid to the new class value. Similarly, if you want to blank a class, you can 
assign it a class of 0 and it will not be erased from the output as if it were a no 
data area.  

The Enhance filter is designed to increase the size of smaller classes 
compared to the majority class. 

The enhance filter runs a window over the MergeGrid and creates a histogram 
of class values in the window. If the second-most popular class in the window 
exceeds the threshold percentage of the surface area, then the filter will 
replace the majority class value with the second-most popular class value. 

The window size is specified in MergeGrid pixels. MergeGrid pixels are 
approximately 2.5 times the average sample spacing of the input data (that is, 
2.5 x the spacing of the acoustic image). 

The Interpolate filter is designed to fill no data gaps between the classified 
values. The interpolate filter will replace any no data values with the mode 
value of the surrounding cells within the search window. 

The window size is specified in pixels. A window size of 0 has a special 
meaning, in this case, the interpolate filter will examine the collection of data 
files and ensure that the search window is large enough to cover the nadir trim 
area by 125%. 

The Mode filter is always the last filter run. It runs a window across the 
MergeGrid and replaces each pixel with the modal value of the window. Note 
that if the modal value is NO DATA, the cell will be blanked. This removes small 
spurious areas less than half the window size from being classified. 

CAUTION: If you have set Window Step to a value larger than 
1 but you do not interpolate across the gaps that this creates 

with the interpolate filter, the Mode filter may remove almost all 
of your data and you will get no class polygons! 

The result of running the Interpolate filter and the Mode filter on the above data 
set is the Filtered grid shown here: 
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The nadir gaps and gaps between pings are gone due to the Interpolate filter 
and the small 1-pixel classes have been removed by the Mode filter. 

3.1.4 Settings Export Group: 

 
Once the filter grid is created, SonarWiz will convert the classified patches to 
vector polygons. Use the drop-down selection to pick the vector format of your 
choice. 

 

4 Problems and Solutions 
 

Table 3- Suggested solutions to common characterization problems 

Problem Recommendation 

You didn’t see separate classes 
where you expected them 

Try different texture selections. Make 
sure they return different properties 
of the imagery such as Intensity and 
Entropy.  
 
Try introducing topographic look-up 
grids if bathymetry is available such 
as slope or TPI. 
 
Try different training lines. Maybe 
introduce another line that has a 
better example of the missing class. 

You saw too many or two few 
classes 

You can adjust the number of classes 
returned using the # of classes 
control on the upper right of the 
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manager. Only the strongest classes 
are retained. 

The patches are too small or too 
large compared to the features I 
want to extract 

Try changing the Window size 

It took a long time to process the 
line 

Increase the Window step size. So 
long as the step size is less than the 
window size, you will still have 
overlap. You trade resolution for 
speed here. 

There is noise in the nadir region 
or far-field that I want to remove 
from the classification 

Increase or decrease the size of the 
nadir and far-field trim percent. 

 

 

 

5 Image Texturers – Mathematical Detail 

The following texturers are available for seabed Characterization in SonarWiz. 

5.1 Simple Texturers 

The Simple Texturers run a single statistical calculation on each image window 
that is processed.  

5.1.1 Standard Deviation 

This texturer calculates the Standard Deviation of the grey-scale values in the 
window. 

It is a measure of the spread, or range of values in the image. 

Standard Deviation is defined as: 
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where 
i

x  is the value in the i’th pixel of the sub-image, and x is the average of 

all the pixel values. 

5.1.2 Entropy 

This calculates a value called Entropy, defined as follows: 
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where 
i

x  is the value in the i’th pixel of the sub-image   

It is a measure of the “orderliness” of the image. It is at a maximum when most 
of the pixels in the image are middle of the range of possible values. Very dark 
or very bright images will both have low values. 

5.1.3 Intensity 

This simply calculates the average brightness of the pixels in the image, in 
other words: 
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It will bring out areas that are particularly bright or dark in the Characterization, 
which can be useful if you are looking for such areas in the criteria for 
Characterization. However, it can also bring out any bias in brightness across-
track, caused by any problems with the image normalisation function. 

5.2 GLCM Texturers 

“GLCM” stands for “Grey-Level Co-occurrence Matrix”. These texturers run in 
two stages: 

A GLCM matrix is built up. This matrix counts the number of times that two 
image brightness values are found next to each other. This step is common to 
all the GCLM texturers. If each pixel can take four possible grey-level values (0 
to 3), then the GLCM is a 4x4 matrix. The value at, say, index (2,3) is the 
number of times that a value of 3 is found next to a value of 2.  

A selected statistical measurement is made on the resulting GLCM; a different 
statistical measurement is made for each GLCM texturer. 

Most GLCM measurements are weighted averages of the contents of the 
matrix, with different weightings applied for different statistical measures.  

The GLCM Texturers can be grouped as follows: 

5.2.1 Contrast group 

GLCMContrast, GLCMAsimilarity, and GLCMHomogeneity all measure the 
contrast in the image: how much variation there is between adjacent pixels. 
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5.2.2 Orderliness group 

GLCMASM, GLCMEnergy, GLCMEntropy and GLCMMax measure 
“orderliness”. They pick up regular, tidy patterns in the image. 

5.2.3 Descriptive Statistics Group 

The remaining GLCM values perform “simple” statistics on the GLCM values, 
rather than on the values in the image themselves. These are: 
GLCMMeanHorizontal, GLCMMeanVertical, GLCMVarianceHorizontal, 
GLCMVarianceVertical, GLCMStdDevHorizontal and GLCMStdDevVertical  

5.2.4 Correlation 

GLCMCorrelation could be classed as a “descriptive statistics” measure, but its 
effect is different to the others, so can be considered in a group of its own. 

 

5.3 Using Texturers Together 

The “Simple Texturers” work directly on the image, and so measure something 
different to the GLCM texturers. Therefore, it can be useful to use Simple and 
GLCM texturers together in the same set. 

The GLCM texturers in each group measure a similar property of the base 
image, so no more than one texturer from each group should be chosen, and if 
you choose only two texturers, make sure that they don’t come from the same 
group. The “Simple Texturers” all do something different to each other, so it’s 
OK to use them together. 

5.4 GLCM Texturer Descriptions 

5.4.1 GLCMContrast 

This measures the contrast in the image. It is large when the values in the 
image vary a lot. It is defined as: 
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 means “add up all the values resulting from using all the 

index numbers (i and j) in the matrix. 
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,  is the value in the matrix at index  i,j, and 
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2

ji   is the weighting applied in this case. 

It works as follows: i and j are the index numbers of the grey-level co-
occurrence matrix. If large counts are found where i and j are the same, which 
means that lots of the pixels in the image have the same value as adjacent 
pixels. So (i-j)2 is largest when values are most different to each other, and 
increases exponentially with difference. 

This value will be largest for image areas that have a lot of variation, such as 
rough, rocky bottoms. However, it will also pick up artefacts such as image 
“speckle”. 

5.4.2 GLCM Asimilarity 

This value is similar to contrast, but the weighting with difference is linear, not 
exponential.  
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This will pick up similar features as Contrast, but not so strongly. So, you could 
try using Asimilarity instead of Contrast, if the Characterization result is using 
the difference between pixel values too strongly. 

5.4.3 GLCM Homogeneity 

Homogeneity is the opposite of Contrast: the weighting is literally the inverse of 
that used in Contrast. It gives the strongest return for images that have smooth 
variation.  
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You would use Homogeneity in a similar way to Contrast. The Characterization 
“clustering” process works the same if the sign of the Texture values is 
reversed, so in principle it shouldn’t make much difference whether you use 
Homogeneity or Contrast in the mix of Texturers used. However, it may help to 
group certain sets of values together, so some benefits are possible for 
different data sets. 

It is generally not a good idea to use Homogeneity and Contrast as a pair for 
Characterization, as they are basically measuring the same thing. 

5.4.4 GLCM ASM 

ASM stands for “angular second moment”. It measures “orderliness”. It is 
defined as: 
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In ASM, each pixel value is, in effect, its own weight. Therefore it is large when 
lots of pixels have the same value as their neighbours. 

5.4.5 GLCM Energy 

Energy also measures orderliness. It is simply the square root of ASM: 
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It is therefore a slightly “toned down” measure of orderliness relative to ASM. 

5.4.6 GLCM Entropy 

Entropy is similar to the term in thermodynamics of the same name: it is larger 
with more “disorder” in the image. It is effectively the opposite of the Energy 
measure. 
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5.4.7 GLCMMax 

This simply returns the largest number in the matrix. Therefore, it will be large if 
one combination of pairs of values occurs more often than any other 
combination. 

5.4.8 GLCM Mean Horizontal 

This is the first of the “Descriptive Statistics Group” of GLCM texturers. It is 
defined as: 
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The ‘i’ value is the actual grey-scale value. If we just used 
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i we would get 

the average of pixel values. But we are weighting the average by the number of 
times that the value appears in combination with other values. 
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5.4.9 GLCM Mean Vertical 

This measure is very similar to the above, but instead of the ‘i’ value of the 
matrix, we use the ‘j’ value, which is the value that we are comparing with 
(these are sometimes called the “reference” value and the “neighbour” value). 
In practice, these two measures should return similar results. 

Note: the “horizontal” and “vertical” terms refer to the axes of the GLCM matrix, 
not the axes of the original image (which are across- and along- track). 

5.4.10 GLCMVariance Horizontal 

Variance and Standard Deviation measure the “noisiness” of the GLCM matrix, 
as opposed to the image itself.  

Variance is defined as: 
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 where 
i

  is the “GLCMMeanHorizontal” value, which is 

explained above.  

This value says something about the distribution of the probability of finding two 
pixels with the same value next to each other. 

5.4.11 GLCM Variance Vertical 

As with the GLCM mean values, the Variance can be calculated using the 
horizontal rows or vertical columns of the GLCM matrix: in this case we use the 
columns: the result should be similar to the horizontal, and again it has nothing 
to do with the horizontal or vertical (along or across track) dimensions of the 
original image. 

5.4.12 GLCM StdDev Horizontal 

Standard deviation is simply the square root of the variance, in this case GLCM 
VarianceHorizontal.  

5.4.13 GLCM StdDev Vertical 

As above, but using the columns instead of rows on the GLCM. 

5.4.14 GLCM Correlation 

Correlation measures the linear dependency of grey levels on those of 
neighbouring pixels. It is defined as: 
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  is GLCMMeanHorizontal, 
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 is 

GLCMMeanVertical, 2

i
  is GLCMVarianceHorizontal, and 2

j
  is 

GLCMVarianceVertical.  
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It is a rather different measure to the other texturers, and so it can work well 
used together in a set with other values. 

6 Topographic Properties Grids 

6.1 Topographic Properties Grids 

The Build Characterization Grids… tool allows the user to generate useful 
topographic properties statistics grids from depth surfaces that can then be 
used as Look-up Grids in the seabed characterization tool. 

6.2 Generate a topographic Property grid 

Set the Input Depth Grid to point towards a SonarWiz depth grid. If you have 
bathymetry from a 3rd party source, import the data first into SonarWiz. This 
ensures that the format and map projection match the project. It will also help 
you visually ensure that the bathymetry completely covers the area of interest. 

1. Select the topographic property output type. The tool currently can 
compute 5 topographic properties: Aspect, Roughness, Slope, Terrain 
Ruggedness Index (TRI), and Topographic Position Index (TPI).  

2. Give the output grid a unique name and check the box to add the new 
grid to Your SonarWiz Project. 
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6.3 Algorithm Description 

All of the algorithms work by computing values using a 3 cell x 3 cell window. It 
is assumed that the vertical units of the input depth match the map units.  

6.3.1 Aspect 

This command outputs a 32-bit float raster with values between 0° and 360° 
representing the azimuth that slopes are facing. The definition of the azimuth is 
such that:  
 
0° means that the slope is facing the North,  
90° it's facing the East,  
180° it's facing the South and  
270° it's facing the West (provided that the top of your input raster is north 
oriented).  

NODATA will be used as to indicate undefined aspects in flat areas with 
slope=0. 

See Shapiro, et al. for implementation details. 

6.3.2 Roughness 

Roughness is the largest inter-cell difference of a central pixel and its 
surrounding cells (Wilson, et. al. 2007) 

6.3.3 Slope 

This will take a depth grid and output a 32-bit float raster with slope values in 
degrees. 

See Shapiro, et al. for implementation details. 

6.3.4 Terrain Ruggedness Index (TRI) 

The TRI is defined as the mean difference between a central pixel and its 
surrounding cells (see Wilson et al., 2007, Marine Geodesy 30:3-35) 

6.3.5 Topographic Position Index (TPI) 

The TPI is defined as the difference between a central pixel and the mean of its 
surrounding cells (see Wilson et al., 2007, Marine Geodesy 30:3-25).  

7 References 

Most of the statistical measures used in Seabed Characterization are covered 
well on Wikipedia. 

For an excellent description of the GLCM algorithms, see: 

http://www.fp.ucalgary.ca/mhallbey/tutorial.htm. 
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Weiss, A. D. 2001. Topographic Positions and Landforms Analysis (poster), 
ESRI International User Conference, July 2001. San Diego, CA: ESRI. 

Wilson, M. F. J.; O'Connell, B.; Brown, C.; Guinan, J. C. &amp; Grehan, A. J. 
Multiscale terrain analysis of multibeam bathymetry data for habitat mapping on 
the continental slope Marine Geodesy, 2007, 30, 3-35 

 

8 Frequently Asked Questions 

Q (question) and A (answer) examples below represent answers to questions 
we sometimes get about Seabed Characterization.  

8.1.1 What does ‘Strongest Grouping’ Mean? 

Q: What does “ Classes that gives the strongest grouping of the image results 
are retained” on page 3/5 of the manual mean? 

 

A: Classes are placed in the order of how well they represent a unique 
grouping of texture attributes; in other words, whether they are "good" or "bad" 
representations of a unique set of attributes that might be associated with a 
particular type of seabed.  

 

8.1.2 Is Class 1 Strongest, Class 5 Weakest?  

Q: Is Class 1 the strongest in intensity?, and Class5 weakest? 

 

A: No: the class ordering is a measure of how good or bad each class is: see 
the answer to question 1. 
However, it is possible to select intensity as one of the "texturers" used for 
Characterization. 

 

8.1.3 What does the Class Number mean?  

Q: What is the number in Seabed Characterization Class Setting Dialog? 
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A: The number is a purely arbitrary tag used to identify each class. The 
numbers are given in the order in which the class is "discovered" in 
"Characterization space" by the Training process. 

 

8.1.4 What is the relationship between Number and Classes? 

Q: What is the relationship between Number and Classes? 

 

A: The name (for example "Class 1") is provided automatically by the Training 
process after all the classes have been found.  These names are given after 
the classes have been put in reverse order of how "good" they are, so "Class 1" 
is the "best". The idea is that the user replaces these names by something that 
describes the kind of seabed that the class represents. So, if in a particular 
dataset "Class 1" appears to cover areas of sandwaves in the sidescan image, 
the operator can use the "Seabed Characterization Class Settings" dialog 
(accessed from the "Manage Classes" button in "Seabed Characterization 
Settings") to change the "Class 1" name to "Sandwaves". To do that, click on 
the row that has "Class 1" in it, and click "Edit". Then type a new description in 
the box labelled "Description". After clicking "OK", the label "Class 1" is 
replaced by "Sandwaves". 

 

 

8.1.5 How are the N different classes generated?  

Q: Suppose I choose 8 for the number of classes. How are the 8 classes 
generated?  

 

A: The algorithm for generating classes is described briefly in section 1.3 
above. It is explained here in a little more detail.  

 
Classes are generated by the "Training" process, as follows: 

The sidescan map is divided up into small squares, say 9x9 pixels each 

In each square, a number of different statistical values is calculated (we call 
these "Texturers")  

The result from each square is placed on a multi-dimensional "texture map". 
This is easiest to visualise with two "Texturers"; for example, Entropy could be 
the y-axis of the map and Standard Deviation could be the x-axis. Then, the 
result for each pixel square can be plotted on a place in the "texture map" 
according to what the values for Entropy and Standard Deviation are for that 
pixel square. 
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Finally, the software looks for "clusters" of points in the "texture map". Any area 
where points are grouped together more closely than in other parts of the 
"texture map" is called a "class" 

8.1.6 Are there 8 thresholds to generate 8 classes? 

Q: Are there 8 thresholds to generate 8 classes? 

 

A: 

 Not really thresholds. The "clustering" process that selects the 
areas in the "texture map" (see above) is quite complicated, but 
think of it this way:  

 In the example of using two texturers, imagine the texture map as 
a flat piece of paper on the table.  

 Now think of the clustering together of points as mountain peaks; 
the highest mountains are where the points are grouped together 
closest. 

 Then, the "best" class is the highest mountain, the next best is the 
next-highest mountain, and so on. That carries on until either the 
maximum number of classes has been reached or there are no 
more mountains to count. 

8.1.7 Another Question on Numbers and Classes 

 
 
Q: When I have run a Characterization and used 8 classes there are 1 to 8 in 
the Number column.  What is the relationship between this number and the 
classes? 

 

A: 

 As discussed above, the number is just a unique identifier for a 
cluster of points in texture space 

 The class name is also assigned arbitrarily, but after the classes 
have been put in ordered of how "good" they are, so "class 1" 
should be the "best". And the class name can be replaced by 
something that describes the area that the class covers ("mud" or 
"sand"). 

mailto:support@chesapeaketech.com

