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Overview

As part of the DHS SERRI project, i Sc r e eoh lLevegs by Synthetic
Aperture R a d grototype mapping software called the Levee Assessment
Tool (LAT) was developed to enable visual depiction and manipulation of
geodata layers and synthetic aperture radar (SAR) images for the project.
The LAT demonstrates capabilities to manipulate and load complex SAR
datasets and to integrate selected feature detection and classification
algorithms implemented as MatLab executables developed by the team.

The LAT incorporates a unique GIS 6 T AMBA Piser-friendly interface. LAT
provides general capabilities to open, save, and close LAT projects (.lat
extension files), zoom and view controls, data layer controls, and viewer tab
controls. The LAT was designed and built upon open-source tools to provide
a platform that is interoperable with other mapping products and extensible
to future enhancements and extensibility. The software development team
prototyped and tested basic data handling capabilities, data manipulation
utilities, and integrated feature detection software into the final package.
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Component Software

Component Software

MapWinGIE Popular OS GIS, Extensively Used for FED GIS Tools

OSGeq Open Source Geospatial Libraries (GRAT IFAProj4 etc)

PlugableMatLabCodecg Classification & Feature Analysis Tools
MapWinGISSoftware Benefits MapWinGIS &

A Free GIS Tool R ————

A Develop & Deploy Data Entry Methods f: e T

A Field Data Capture, Editing, & Markup =277 =

ASAIAGAT Ay3 WLy (K& [k

A Can Connect to RDBMEasy Integratior =~ - |

A Can Readily Integrate Codes / Libraries ==

A Extensible to New Data Types




System Recommendations

The LeveeAssessmenitiool (LAT)was developedto run in Microsoft
Windows for XP, Vista, and Windows 7 operating systems The
following configurationis recommendedor runningthe software and
usingthe demodataprovidedfor this prototype:

Recommended Minimum Configuration

OS Configuration: Windows 7 Pro (dRor 64-bit)
System Processor: 2GHz or better

System Memory: 2GB or more

System Disk (C Drive): 6GB for demo data installation
MatLah Installation ofMatLabRuntime (provided)

Levee Tool: Installation of Levee Assessment Tool

Data: Copy Data onto C:/LEVEE_TOOL / (case sensitive)
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LAT Deliverables & Data Contents == - ‘!

ThelLeveeAssessmentool (LAT)is deliveredon a DVDwith the neededinstallationsoftware,
the MatLabCompilerRuntime,a subsetof the datautilizedin the researchproject, andfolder
for the user guide, documents,and a fully prepared loadable LAT project which is used
exclusivelyfor presentationslidesin this document The LEVEE_TOGQInd data folder are
organizedasfollows. [C\LEVEE_TOMATA]

DATA FOLDERS
BASEMAP_SHAPE & = e

BOILS SLIDES Oz ) » Compuer v SYSTEM(C) » LevEETOOL b DATAY Iju

S i
File Edit View Tools Help

D E M Organize v Include in library » Share with ~ Burn New folder
LEVEE_TOOL & Name

G E O L_S O I L S DATA | BASEMAP_SHAPES

BASEMAP_SHAPES
BOILS_SLIDES

I M AG E S | BOILS_SLIDES s

DEM
GEOL_SOILS

LEVEE_SHAPES o e

LEVEE_SHAPES
LEVEE_SHAPES

INSTALLATION FOLD L0503 |

DOCS_UG

DOCS_UG A

MATLAB_RUNTIME

LAT INSTALLER o
MATLAB_RUNTIM} | e
PROJECTS

REPORT

A
A
A
A
A
A

To Do Io o Do
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Classification tools for levee feature extraction were developed usin
MatLaband used to create executable tools. These executable tool

require the libraries and other dependencies provided in the MCR.

The MCR is located in the folder LEVEE_TOOLS/MATLAB_RUNTI
and the installer is named MCRInstaller.exe

1) Log i n aS Ad m i n [ 4\ MATLAB Compiler Runtime Installer

To install MATLAB Compiler Runtime 7.17 on your computer, click Next.

2) RunMCRInstaller MATLAB

MATLAB and Simulink are registered trademarks of The MathWorks, Inc. Please see
3 O e n S Extracto r www.mathworks.com/trademarks for a list of additional trademarks. Other product or brand
p names may be trademarks or registered trademarks of their respective holders.

ID\@‘ 28 ‘

R2012a

WinZip Self-Extractor - MCRInstaller.exe -
= Extracting MATLAB Compiler Runtime R2012a for .
Ll] installation. Installation will start once all files are WARNING: This program is protected by copyright law and internaticonal treaties. Copyright
extracted. Cancel 1984-2012, The MathWorks, Inc. Protected by U.S. and other patents. See MathWorks.com/patents

<) MathWorks'

About

it




Installation ¢ LAT Software

After installing theMatLabCompiler Runtime, the Levee Assessment
Tool should be installed . This should be performed by an admin us
on the target system by running the installer file:
LEVEE_TOOLS/LAT INSTALLER/LeveeAssessment_Setup.msi
MO {StftSOG WbSEGQ
" 2 Levee Assessment Tool e | =) "5 Lovee Assessment Tool R Tl

Welcome to the Levee Assessment Tool Setup ‘. Select Installation Folder ‘.

Wizard levee analyst™ ‘ ' levee ana IYSfTM ‘ '

The installer will guide you through the steps required to inztall Levee Azseszment Toaol on pour
camputer.

The installer will install Levee Assessment Tool to the following folder.

To install in this folder, click "Next"". To install to a different folder, enter it below or click "Browse".

Folder:
[C:'\Program Files [x86)4SIS\Levee Assessment Tools [ Browse... ]

[ Disk Cost... ]

WARMNIMG: This computer progran iz pratected by copynght law and international reaties. Install Levee Assessment Tool for yourself, or for anyone who uses this computer:
|Inauthonzed duplication or distibution of this program, or any portion of it, may result in severe civil

or cnminal penalties, and will be progecuted to the maximum extent pozsible under the law, )
@ Everyone

o Just me
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Interface & Tools (Main & Controls! —==

LAT includes a standard main menu for File, Projec
as well as a toolbar for easily used GUI interface controls.

P .
&% Levee Assessment Tool == = |

File  Projectinfo Tools Help
3 @) (=) Ea ; 9 y ;

al & & 2P H Pk & @ Lo ® 0 E = | ® -
New Open Spce SaveAs Close | In  Out gfxtent Pan | Add Remove Clear Properties | Select Identify Table Export Add Tab Duplicate Tab Remove Tab Rename Tab
Basemap Layers || evee Features | UAVSAR Data | TefaSAR X | Classfication Resuts| /N A AN

Project Controls Layer Controls
New Add Layer
Open Remove Layer
Save Clear Layers

Save As Properties

Close View Controls Select Controls

Zoom In Select Tool
Zoom Out |dentify

Full Extent View Table
Pan Export Data

Tab Controls
Add Tab
Duplicate Tab
Remove Tab
Rename Tab

--0.268267223382046,0.464509394572025 (279.17)




Interface & Tools (File Menu)

File GUI interface control tools are largely present inthe majn men
F2NJ WCAESQ Ifft26Ay3a GKS dza SNJ i

®
ot AddTab Duplicate Tab Remove Teb  Rename Tab

G58217665615142.05 9.0)




Interface & Tools (Project Info)

Project Info lets the user input specificinformation about a mapping
project, levee system, sensor data, and location of interest for a
mappingproject. Thisis a simpleexampleof custominput dataforms.

File Propctinfo | Took Melp

[ Add Pm,ui Informaticn | = =* ‘*.
. ¢ o z
| New Open Swve SaveAs Close Out Extent Pan  Add Remove Clear opert

Basarrap Loyers || Lovos Foatues | UAVSAR Dita | TeraSAR X | Gasstication Reauts

-
&» Project Information

Author’s Name
Project Name
Company Name
Levee System
Sensor Data / Info
Sensor Resolution
Sensor Vendor
Data Location

Sensor Data Aquisition:
Start Date Friday . December 28,2012 [~

Finish Date Fiday .December 28,2012 [J+

_ || -0.536908517350155,0.299684542586751 (5,127)
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Interface & Tools (Tools Menu) = —==

CKS [!1¢ We22faQ AVUSNFIOS SELR
tools for data processmg analysis, classification, and recoding.

-G.536906517350158,0,299684 542586751 (6,127)




Interface & Tools L
Earlyin the project, the team identified needsto perform basicdata
manipulation on UAVSARdata prior to analysis These included
histogram analysis,conversionto GeoTlFFHog transformation, and
stackingthe HHHV, and VV SARbandsinto 3-band GeoTIFESThese

procedureswere automatedandbuilt into the LATior UAVSARata.
[E=RER) (@3 Convert To GeoTIFF =)

-
&> Histogram

Tiff File

Annotation File (da]

No. Bins

arting Range nge -
[ Lo
- e Ll % Create GeoTIFF
Histogram 0

r Ty
%P Merge GeoTiff Image l =0 _l_J@ S
Bandstack UAVSAR HH, HV. VYV Bands to Single 3-Band Image

Filename 1: IE
Filename 2: 2

Filename 3: [ —}

Qutput File:




Interface & Tools (Buffer & AOI)

To identify levee segmentsof interest, create buffered areasaroun
the segmentsand producean subsetimageof the AOl,a customGUI
tool wasdevelopedio automatethe workflow:

Shapefile

1) LoadShapefile
2) Select Segments

3) Create Buffer

4) Specify SAR Image

5) Name SAR AOI Output

6) Creates Buffer Segment

7) Creates Image Subset
(limited implementation)
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Interface & Tools (Classifiers) ~—== - %

The DHSSERRLeveeProject examinedvarious methodsto classify
SARlJatato detectfeaturesof intereston andaround LeveesVarious
classificatiormethodswere developedandtested. ThelLATintegrates
executableversionsof two of these classifiers- Anomaly Detection
and K-MeansClustering Theinterface simplyrequirespointing to the
Input image,the maskfile for the areato be classedandthe name of
the Output directo ry. (@8 (e Anomaly Detection / Classifier ESEEEET)

Input SAR Image (GeoTIFF):

Browse To Path:

1) Browse / Load SAR Image p—
2) Browse / Load Data Mask T Bometorse
3) Specify Output Path e

4) Start Browse To Path:

L Start ][ Cancel ]




Interface & Tools (Viz & Recode) - -‘ A
The results of classification for anomalydetection and for KI\/Ieans
clustering, may require visualizationof classvalues, exploration of
valueranges,and identification of valueslikely to indicate featuresof
interest Thus, a tool called the & L Y [CEsificationAnalysisand
Recodet 2 2of CARE wasdeveloped

h ' Calar Schese

1 Statutcs
Nt DAVSAR SUBSET 20 21 12
5003

e
Mewun RL0CRSAI2Y

1) Open Classified Image ==
2) Explore Value Ranges -
3) Use Sliders to Adjust | =)
4) Update Statistics

5) Reclassify Image

6) Save Results

7) Load Results in LAT




Tab Interface & Options

LAT provides capabilitiesto organizemap contents In a unlque and
novel mannerby providinga TABinterface TABsare usedto provide
distinct map canvasareasand legendsthat allow groupingof layers
and contentsaswell ascontrol of symbolpropertiesfor eachlayerand

group.

B ey -

L+ _ o
Add Tab Duplicate Tab  Remove Tab  Rename Tab Deferit-Tebe Tab Name(s)

T TAB_NAME
;
Levee Feat
1) TAB Controls etnoe
| TemaSAR X |

Provided on Menu

2) ToolsA Options
Enable Custom TAE

Reorder Tabs
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Adding Layers & Groups —

e

LATprovidescapabilitiesto add and managegeodatalayersinto each
TABandto organizelayersinto groups

le |l g Lo

Add Remove Clear Propéfties

1) Layer Controls
Provided on Menu

2) Group Controls
Provided in Legen

3) Select Add Layer
or Add Group

4) Rename Layers or
Groups and Drag

Hle Prejectinfe  Tock Help

a & b & 2

’ A o8
New Open Seve Ssveda Close In Out Exent S8 Add Remove Clear Propertie:

DAWMINTI w Feneme Giowp

Layers and Groups to Desired Legend & Layer Stack Position




Setting Properties

The LATLayerControlsin the Menu enabIeSPropertlesto be set for
Layeran eachTABand Group

"
o5 Leves Aszessment Toal

| Fie opectinfo  Tools He

]
SR ahaA;, " @ = [u
Add RemOVE C'ear Properhes New Open Save Swve Close  In Out h M Rmoe L.'eb: Properties  Select ldentity Table Export AddTab Duplicate Ta
Basemap Layers mm[msmm]!enm |Umr'&lb

VL3 MS Base Layers

1) Layer Controls
Access Properties

2) Properties Control
Active Layer
Symbology

County Selected
Transparent Fill
DashDot-Dash = ocresesmee |
Selected for Line Style

v i Devation




Setting Properties (DEM)

The LATLayerControlsin the Menu enabIeSPropertlesto be set for
Layersin each TABand Group The Layer Control Property sheet
enables settings for the currently selected (active) layer including
elevationdata.

o5 Levee Ascessment Tool ESHEIIPE

file Projctinfe  Tools  Melp
3 - o
a & b & | o a | . O A 2= e .
New Open Save SaveAs Close O\.L Exl Pnn Add P:mc e Clear Propeties  Select kientify Table Export Add Tab Dupficate Tab Remove Tab Rename Tab
EBasenap Layers Lvu‘cuum UAVSAR Data | TemuSARLX | Classfication Resuts

1) Layer Controls |~ ==
Access Propertie .-.:
2) Select DEM Laye

3) Set Values
HillShading
ColorScheme
Azimuth
Elevation

I -o1wzan1z7348613, 0530

Intensity
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The LAT Layer Controls in the Menu enablesTABStb be Added,
Duplicated,Renamedpr Removed CopyingGroupsand Layerswithin
and Between TABsis accomplishedby W w A/3tKA]I Oih the/LBd@nd

Control Dragselectof

Layersand Groupswithin TABSs supported

1) Legend Controls
Copy and Paste

2) Select Layer or
Group to Copy

3) Legend Controls
Enable Full Copy
and Paste of
Layersand Groups

& Levee Azessment Tool s dbi"ﬂ“
Fle Projectinfo  Tools Help
a A A A Bs 1 -— 0
& & & & B2F ik o ls o 0O & = ®
New Open Seve SeveAs Close BN Out Exdent Pan  Add Remove Clear Propertie Select klentfy Teble Export AddTab Doplicate Teb Ramove Tab  Renaene Tab

Barwnip Lo | {ayes Fostumes | UAVSAR Data | TeraSAR X | Casstcation Resks

21
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Operating Classifier

The Tools Menu enablesaccessto W! y 2 BIS{1& OvhiklRis/aQ
selected set of classificationtools that provide an example of the

ability to develop and embed classificationmethods Image subsets
and masksare provided for levee segmentfor which active slides
existedduringUAVSARcquisition

CA\LEVEE_TOMATAIMAGESSAR_SUBSETS

=@ % [

@Qv[ « SYSTEM (C:) » LEVEETOOL » DATA » IMAGES » SAR SUBSETS v [ 43l searchsar.. P

File Edit View Tools Help
Organize v Include in library » Share with » Slide show Bumn  » == w1 i@"

LEVEE_TOOL ~  Name
DATA
| BASEMAP_SHAPES
BOILS_SLIDES
| DEM
GEOL_SOILS
. IMAGES
ANOMALY_RESULTS
CLASS_RESULTS
MASK_FILES
SAR_SUBSETS
TSX_8BIT
UAVSAR_8BIT

2] SLIDE_MASK_20_21.tif

2 items




/ S 4\
Operating Classifier A ™ B "
_——————————————————— S
With the W! v 2 ¥ IS11 & OrieAudpéif)the imagedata, mask,and
directory for output data is selected The classifieris then run and
resultsare generatedin the target folder. Output file namesare based
on the input nameswith RXaddedfor AnomalyResultsand K-means

addedto showresultsof unsupervised-meansClustering

‘ File(s) Already Exist

Input SAR Image (GeoTIFF):

Files Already Exist:

Browse To Path: CALEVEE_TOOL\DATA\NIMAGES\ANOMALY_RESULTS\UAVSAR_SUBSET_20_21 16J
B \ N \ 3 UNEOQ_RX.tIf

e T e EI CALEVEE_TOOL\DATANIMAGES\ANOMALY_RESULTS\UAVSAR_SUBSET_20_21 16

UNED9_KMeans.tif

Data Mask For Analysis (Geo TIFF): Would you like to replace the file?

Browse To Path:

C:ALEVEE_TOOL\DATAMMAGES\SAR_SUBSETS\SLIDE_MASK | &

l Yes ] I No ] l Cancel ] ﬂ
Browse To Path: . - 7ih

CALEVEE_TOOL\DATANMMAGES\ANOMALY_RESULTS l o= |

Output Path (GeoTIFF):

Ancomaly Detection Complete!
Start J [ Cancel




The Image (dassification
Analysis and Recode Tool
(ICARY enables classified
resultsto be examined For RX
Anomaly Output, the image
resultisin decimaldatafrom O
to 1 and similar data ranges
provide indication of anomaly
Not knowing which value

actually representan anomaly
requiresexploringthe dataand
setting desiredvalue rangesto

recoded values to indicate
anomalies or features of
interest

Here, classesof interest have
been set for valuesover 0.05

Image Satesc
Total Rxels

UAVSAR SUBSET 20 21 16JUNEDS RX.t1if
6003
Inage Mrimum 0.000884321

Inage Mawomum 1

Claes 1 Panky

581 -> 91.209%
Class 2 Pocsts

51 > 8.006%:
Clacs 3 Pivels

5> 0.785%
No Data Fixels

5366 -> B42.386%

©
©

()

} mmum}

Reclassfy
€ 0 1w 005 ->

€2 005 o 0. > 2
QKR wW 1 > 3

Mo Dota Vaelue 9959

Redraw tme: 0015 sec

Noresalow Fdeity
100

and over 0.32 Reclassify
producedan output image




LOADING THE DEMO

ThisDEMOapplicationand the associateddata may be loaded after the data are
copiedinto the C\ drive. LeveeAssessmenprojectfiles havean extension.LAPThe
pathto loadthe projectfollows:

C\LEVEE_TOMRROJECWSHS_ LEVEE_LAT DEMO1.LAP

€= Levee Assessment Tool E

File Projectlnfo Tools Help

' y y @ 1 BB ; i in — = ; ;
& & PP Il C L W e = =@ i ® -
en | Save SaveAs Close | In Pan ear Properties | Select Identify Table Export = AddTab Duplicate Tab Remove Tab Rename Tab

-0.823590814196242,0.362212943632568 (13,66)




TABS & DEMO DATA (Class Rest ~.==

e

TheiCARTesultshavebeenreloadedinto the ClassificatiorResultsTAB In this TAB
we see groupsset for AnomalyResults,Masks,ClassResults,Boils & Buffers,and
UAVSARdata. Class results show output from other classification methods
developed TheW.

‘} LeveeAssessn_ment_Toqj i
| File ProjectInfo  Teols

| & & & &

New Open Save SaveAs Close n

] 7 ANOMALY RESULTS
[ & uaAvsar suBsET 202 |
B = MASKS
[] UAVSAR_SLIDE_17 @
[ UAVSAR_SLIDE_18_20_
M LEVEE_MASK_17_18_2
Bl & CLASS RESULTS
[ SVM-LOCAL
[ SVM-GLOBAL
[ HA-ALPHA

BV (&7 BOILS BUFFERS
E M Boils
[# V] Buffered Boils
=[] sandy Zones

EM & uAv saR
[¥] 2009JUN16_355-8bit_LO

-0.140741127348643,0.634686847599165 (9,1)




TABS & DEMO DATA (Basemap. ~-== -
LATdefault TABfor Basemap_ayersis populatedwith a seriesof layersand groups
usefulfor placingthematiclayersfor political boundariessuchasstatesand counties
aswell aslayersfor riversand water bodies Theselayersare providedin the demo

foldersfor BASEMAP_SHAREBEMS

&P Levee Assessment Tool

== = |

File Projectinfe  Tools Help
2 . i I - % q prevy — o s

a & &4 & ﬁ/ £ Hd |k @ @ | w0 E = ! ® i
New Open Save SaveAs Close h . Out Extent Pan | Add Remove Clear Properties | Select Identify Table Export AddTab Duplicate Tab RemoveTab Rename Tab

 Basemap Layers | Lovee Festures | UAVSAR Data | TeraSAR X | Qissficatin Resuls|

EIV) |7 MS Base Layers

E V] Water Bodies )

EM Rivers D
9

# [V Counties

=1V |7 Elevation
[ & pEMnED

-0.140741127348643,0.634686847599165 (9,1)
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TABS & DEMO DATA (Levee) @ == - "

LATdefault TABfor LeveeFeaturesis populatedwith a seriesof layersand groups
usefulfor mappingthe levee and related featuresincludingsandboils, centerlines,
buffer area, and water bodies Theselayersare provided in the demo folders for
LEVEE_SHAPEBE®)ILS SLIDEBRJdBASEMAP_ SHAPRES




