BBerkel eyl magesS

1. Introduction

Welcome to BerkeleylmageSe®IS is designed to be a lightweight image segmentation
application,easy to learn andasily automated for repetitive processing of large jobs,
testing and embedding in ige processing chain®IS performs segmentation, one of
the first steps in Object Based Image Analysis. Later steps may include some other
analysis of the resulting segments, classification, or generation of additional shape and
spectral ststics. BIS contains basic statistics generation and classification, but the
primary function is generating large numbers of segmentation results, which can be
customized based on a set of parameters and switches accessed through either a
command lire or graphical user interface. Thmnual will guide you through accessing
the features oBIS through the command line and the GUI. Lastly, we will provide
examples of usin®IS in a processinghain using Wekaanopen source data mining
software, and from external applications.

2. Algorithm

BerkeleylmageSeg uses region merging for the segmentation alg@Bienn et al. 2004)
Initially, every pixel is @ objectand merging proceeds iterativellfor anyobjed,
consider its contiguous neighbors. Let any pair otigoous objects be described as
objecta, objectb, and their possible unicab as the merged object

Let the dfference in spectral heterogenetty for the merged objedly defined as
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O<w ¢1,3 w =1 are the weights foi= 0 , Ilinéage bands) denotes the area of an
|

object i n;isghe standasl deviationdn béinfbr an object.

Let the differene of compactness and smoothnd3lsg, and Dh, respectively, of the
objects be defined as
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| is object perimetelengthandbi s t he peri meter of the
Let thedifference in shape heterogenditydefined as
m = Wcmc +WSmS

O<w,w, ¢1Lw, +w, =1andw is the user selectembmpactness parametefws is the
smoothness parameter)

Define the scale rateas:
r =w,Dh, +w,Dh
O<w,,w ¢1w, +w, =1andw is the user selecteshape parameter

The program will iterate through the objects, merging contigobjectsif the estimated
scale rate is belowt=0 , 1 T.ZI'Be user selectestalethreshold parameter T

object

determines the number of iteratiolsdugh the objects or the number of merging cycles.

So the higher the scale, the more merging will occurtb@darger the objects in the
segmentation will be.

3. Performing Segmentation

The Wizard

Now that we have an idea of what the progracth & i n g see how to tun itBIS will

read images in a variety of formai&ff, GeoTiff, Jpeg, ety perform a segmentation and

output the results as images, an ESRI shapefidbr comma dlimited text files (for
tabular output).Figure 1 showshe BerkeleylmageSefd.0 Wizard:
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First, select an input image to process by pressingBhre o w 8 lmutbon and navigating
to the file. The default is eolor-IR sample image (of agricultal fields) in the
installation/sampledirectory(there is also a sample training shapefigtest_train.shp

m Berkeley Image Seg == R4

Image Segmentation Wizard!

Mouse over words for help. Version 1.0 1c5
Use command line for additional capability

Image file: la-test. brp Browse... |

Threshold: |50
Shape: |0.5
Compactness: |0.5

Advanced l Run ‘ Quit |

Preview |Input Image é]

Support: 877-322-4670 support@BerkEnviro.com

Figure 1

in the sample/ directory)Next, choose parameter valuestfmeshold( 1, 2é 1 t er at i ons

shape[0,1] andcompactness[0,1] and enter them to éhwizard using the text boxes.

We will use threshold=50, shape=0.5, and compactness=0.5, the defaultivahies
example. As described in Section 2. Algorithm, this represents an equal weighting of
compactness and smoo#®s, shape and spectral heterogeneity in the segmentation. The
threshold specifies that 50 iterations of merging will ocdurs also possible to enter
multiple parameters as comma separated lists and the wizard will automatically process

all the comhnations.

Cl i ck t he buitchih enableadddianalptions Figure 2 showshe Wizard in
AdvancedView. Note that there are now checkboxes to select some output and runtime
The AComput e obj ec tcessng stdptost i ¢ s O
compute a table of segment statistics in comma delimited text fofirhat .table will be
placed in the input direoty with input_image name_scale_shapmmpactness.csv
filename. The content of the table is defined in Appendix Phe stéistics table has a

ch segment Thetdbdenstjoindble ® thattbbytestoth e
the segments by the ID fieldSections 4.1 and 4.3 describe the use of these statistics to

options.

row for e a

classify the segments.
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The ATr ai n aerchbleR acohkparisdnwftthe segmentation to a provided
shapefile of reference object$he training shapefile should have the same name as the

i nput i mage wit h The tiainireg shapefietsipodld atsp avweard e d .
attribut e o svdichdontairs thelasstebelotthe reference shape. The

ATr ai n eaptidn wil @lenkfy(in the statistics tablelass membership and

similarity to the provided referenger training) objects using polygon matching metrics

(see Clintoretal. 2010) If multiple parameter combinations are specifibeye will

also be a rank table output. The rank table describes the goodness of each segmentation
(where each segmentation corresponds to a parameter combination) relative to the

provided traming objects.Section 4.2 describes the use of training objects to choose a
segmentation.

[T} Berkeley Image Seg _E[&_“_lﬂ

Image Segmentation Wizard!

Mouse over words for help. Version 1.0 1c5
lJse command line for additional capability

Image file: lag-test. bmp Browse... I

Threshold: |50
Shape: |05
Compactness: |0.5

Advanced:
[V Compute object statistics

Train and Rank

V' |agtest_train.shp Browse... l

Hide Advanced| Run| aut|

Preview llnput Image ﬂ

Support: 877-322-4670 support@BerkEnviro.com
Figure 2

Wh e n Rumdéuttdn is pressed, the program will process the selected image, placing
the output files into the same diregt@s the input image. The Command Line window
will display the progress of the program and any important message8 g nif
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multiple parameter combinations are specified, multiple output sets will be generated.
The jobs are processedysentially, within nested scale parameters.

By default,BIS produces two outputsThe main output is aector representatioof

segments @anESRI Shapefile placed in the input directory with filense
input_image_name_scale_shap@mpactnses.shp dgtest 50 0505.shpfor example).

The attributes of this shapefile contain a f
statistics. The other output ia display image as al@and, byte formatted tiff. The

display image represents the mealues of the first three bands of the input image in

each segment as RGB.

By executingBIS using the example aboyvine sample/ dactory should now look like
Figure 3. (WARNING: Windows 7 may hide and/or lock these files if they amegated

in the Program Files directory. Simply move the sample/ directory to another location
and perform the segmentation outside the Program Files directory to avoid this.)

& sample M=%
File Edit View Favorites Tools Help "
@ Back ~ ) ? ) search Folders v

| 7 { 253
Address | C:\Program Files\BerkeleyImageSeg\sample Vt a Go
“'\_‘ Name Size | Type Date Modified
File and Folder Tasks % 4 ag-test.bmp 832KB Bitmap Image 2/15/2007 9:02 PM
J Make 2 tiew folder @ ag-test.bpw 1KB BPW File 10/15/2007 9:12PM
A ) | ag-test_50-05-05.aux 6KB AUXFile 9/3/2008 7:34PM
&) Publish this folder to = g
the Web @ag-t&st_so—os-os.csv 75KB Microsoft Office ...  9/3/2008 7:34PM
: | an i ’
2 Share this folder |5 ag-test_0-05-05.dbf 3KB DEF File 9/3/2008 7:34PM
J @ ag-test_50-05-05.shp 605KB SHP File 9/3/2008 7:34PM
@ ag-test_50-05-05.shx 3KB SHX File 9/3/2008 7:34PM
Other Places 2 |14) ag-test_50-05-05. tfw 1KB TFW File 9/15/2008 6:34PM
) @ag-test_SO-O&OS.tif 1,411KB TIF File 9/15/2008 6:34 PM
Gl Bericleyimageseg | ) ag-test_train.dbf 1KB DBF File 8/5/2007 7:46 PM
[z} My Documents =) ag-test_train.shp 3KB SHP File 8/5/2007 6:10 PM
() Shared Documents |a @ag-test_h’ain.shx 1KB SHX File 8/5/2007 6:10 PM
Figure 3

Notice that a shapefile has been genekade well ashe other outputs.

The Command Line

The Command Line interface to BerkeleylmageSeg exmmaistonal features of the
program and allowBIS to bescriptedprogrammatically through System calBigure 4
shows the window that appears when the Commaime BerkeleylmageSeg is invoked.
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m BerkeleylmageSeg (Command Line Automatio
= BERKELEYIMAGESEG inputimage thresholdls] shaperatels] compactratels]

segmentation parameters with commas,. —h for help.

: BerkeleyImageSeg sampleNag—test.bmp 58 8.9 6.5
: BerkeleyImageSeg sampleNag—test.bmp 360.408.580 6.1.8.5,8.9 8.5 -t —»r
(Will bhatch run and rank ? combinations>

——yersion show program’s version number and exit

—h, —help show this help message and exit

-v Uector shapefile of georeferenced segment houndaries

-i Thumbnail image of average color per segment

o | Grid image of segments for import to GIS/RS

-e Edge image of segments as transparent PNG

=S Compute shape and spectral statistics for each segment

-t Train segments: Expects ’*_train.shp’ with ’trainclass’ field

—tf=TFILE Specify the training shapefile, must have ’trainclass’ field

- Rank goodness of each segmentation r»un compared to the training
shapes, write to ’_rank.csv’ file. Requires training be enabled
Take thresholds as a Minimum Mapping Unit in georeferenced area
Specify percent of shapes to meet MMU. From B8 to 1, default 0.9
Tile large image. start segmentation,. then merge and finish
Specify fewer numbher of rows per tiling strip. Default is 2000
Specify threshold for pre—-segmenting of tiles. Default is 5
After tiled segmentation, directly grid out regions to int image
Parallel process Jjobs using max number of processors/cores. The
output to the console will be overlapping
Disk reopen of existing shapefile and grid for post processing
Log info messages to a file rather than printing to the screen
Ignore NODATA pixels. Int value specified must be in each band
[Not compatible with —x tiling]l

:\Program Files\BerkeleylmageSeg>

Figure 4

Each option can be turned by adding it as a command line argumemhe options
specific to the Command Line are:

-g Grid image of s egments for import to GIS/RS.

The grid image is a one band image, in the same format as the input and in the same
directory as the input, with segment id {BR integer) as the pixel value. If this option is
specified, the statistics table can be gemerais a post processing step using the
option. This is useful in testing large combinations of parameters, when statistics are
only needed for the top ranked segmentations.

-e Edge image of segments as transparent PNG

The edge image is a gtap representation of the segmentation, with segment boundaries
shown as black on a whiferansparentbackground.This standard®NG can be used as

an overlay in raster mappirsgpftware applications

-m Take thresholds as a Minimum Mapping Un it in georeferenced
area

Specifying an MMU will let the segmentation continue uatileast90% ofpolygons
meet theMMU specified The"threshold numberon the command lines thereby
specifiedin square units rather than the iteration numiéris hdps the user work ineal
world units rather than the arbitracgncept of number of iteration3.he actual iteration
step is reported, so the user nfather investigate that scale.
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-- mp=MP  Specify percent of shapes to meet MMU. From O to 1, defaul t
0.9

Adjust the percent of polygons that must meet the MMU for the merging process to halt.
1.0 would be the most strict. Lower the number if outlier segments need to be
accommodated.

- X Tile large image, start segmentation, then merge and fin ish
Thisis required for all but small clips of imagedse this option if BIS cannot load the
image. On the other hand, determining optimghsentation parameters orfast
runningsubset of a regular image is highly recommended.

-- xr=XR  Specify f ewer number of rows per tiling strip. Default is
2000

Make the size of the tiles smallelcower this to create more tiles to parallel process or to
accommodate very wide images.

-- xt=XT  Specify threshold for pre - segmenting of tiles. Default is 5

Raiz this number to allow individual tiles to segment further before merging. Use this
for very large images thatill havetoo many polygonfor memory allocatiorat the

merge stepPerhaps raise to 10 and confirm no tile artifacts exist in the completed
segmentation.

-- xd After tiled segmentation, directly grid out regions to int

image.
For extremely large imagegirectly output the segmentation labétsagrid image Post
processing will not be performed,

-p Parallel process jobs us ing max number of processors/cores.
The output to the console will be overlapping

Take advantage of tiling and muttore machines to parallel process the tiles.

-d Disk reopen of existing shapefile and grid for post
processing

If a run is perfomed with the g option, these results can be reopened for training and
statistics generation without performing the segmentation again. This can be useful for
ranking large sets of combinations, then training and generating statistics only on the best
reailts. For example, at the command line, enter the original input image and parameter
combination, then apperndl i sTt.

- Log info messages to a file rather than printing to the
screen

Save long program output to a text log file. Can be vexiklater by the user or sent to
technical support if requested.

-- nd=ND Ignore NODATA pixels. Int value specified must be in each
band [Not compatible with - x tiling]

Specify a NODATA value and ignore iSpecifically the software will group all
NODATA pixels into a single region with label zer@his can be used to speed up the
process for images with surrounding "blank space" or short circuit internal areas that are
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confusing the merging process. The NODATA value can be any number as long as each
band of thepixel has that value burned into it.

4.1 Sample ProcedsClustering

Process the atgst.bmp sample image according to the example in the previous sections.
Theagtest_50605-05.csvfile should now be in the /sample directory (generaiedn

output specified with # Statistics option). This is ttemma separated file with the

spectral and shape statistics for each segment. Our first goal is to use a powerful data
mining software to identify some patterns in the feature space ofgpestal and shape
variables. The following example uses Wekdg://www.cs.waikato.ac.nz/ml/wekaan

open source data mining package to do some clustering, or unsupervised classification of
these da.

Theagtest 5005-05.csvfile can be opened directly e WekaExplorer GUI. We

want to cluster the data based on the statistics while filtering the id, filenanteizintg

attributes.To do this, go to the Chnedto€lustererab, cl i c
near the top of the Weka Explorer window, and select FilteredClusterer. Now, left click

on the Object Generation window next to the
and for Filter, go to Unsupervisgéd AttributeY Remove. Clik on the Object

Generation window next to the Remove filter and enter attribute indices as

1,2,24,25,26,27. With this setup, we have chosen to cluster the data with the Expectation
Maximization algorithm(Witten and Frank 2005)gnoring attribute indice 1, 2, 24, 25,

26, and 27. Click the 6Startodé button to inv
clustering tab of the Weka Explorer usimgtest 5005-05.csvand the result from the

setup described
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http://www.cs.waikato.ac.nz/ml/weka/

.r:;}..; Wee Bxplores)

[ Preprocess [ Classify| Cluster | Associate | Select attributes [ Visualize[
Clusterer

FilteredClusterer -F "weka.filters.unsupervised. attribute . Remove -R 1,2,24,25,26,27" -W weka.clusterers,EM -- -1 100 -N -1 -M 1,0E-6 -5 1

Cluster mode Clusterer output

(@ Use training set 3_smooth

(©) Supplied test set Set.., mean 16.3759 229.0394 109.9626 283.6649
- e std. dev. 7.4308 62.1965 51.4923 147.2351
(©) Percentage split
(©) Classes to dusters evaluation Clustered Instances

{(Nom) traindass
13
23
17
25
14

5%)
9%)
6%)
9%)
5%)
13 5%)
13 5%)

[¥] Store dusters for visualization 2
{
{
(
{
(

18 ( 7%)
(
(
(
(
(
{

[ Ignore attributes

l ]

Result list (right-click for options)

W d 0 = W NP O

18 7%)
19 7%)
33 ( 13%)

9 3%)
26 ( 10%)
23 9%)

Figure 5

The results can be visualized in Weka or saved for output to some other application. To
export the attributes is a little convoluted, but will be obvious in a second. First, right
click the run identifier in the Result list (bottom left of Weka windowglest Visualize
Cluster Assignments. Another window will appear for visualizing the results. Click the
save button and save to arff file (text, using Weka format) that will include the cluster
assignments. We want to convert the .arff to a .csupsa the .arff in Weka Explorer,

then from the Preprocess tab, click save and simply save it to a .csv file. This process is
simply for conveting the file type (which could also be done manually, using a text
editor). You should now have a .csv filettiacludes the original statistics, an id field,

and the clster assignment.

Let 6s take a | ook Fagtreashowsheoriginal inguuirnage witm a Gl
the shapefile ofegment®verlaid.
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Figure 6

Intheattr but es of the segment shapefile, there i
statistics and cluster assignments created in Weka and join it to the attributes of the
segments shapefile using the 61 dodo field. N o

spectrabnd shape attributes of the segments) can be used to render the polygons in the
segmentation shapefile.

Just to summarize what we have done, in our example, we opgtest 5005-05.csv

in Weka, filtered the first two attributes, performed a cluste(Expectation

Maximization with 4 clusters), saved the clusteragtest 56005-05 _em_clusters.aff

opened this file in Weka, then saved it agaiagatest 56005-05_em_clusters.csv. Next,

we opene@g-test 5005-05 _em_clusters.cvs in our GIS and gdnit to the attributes of

the segments using the o60iddé field. Finally,
each segment. The segments, rendered according to cluster membership, are displayed in
Figure 7
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