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Appendix 1- User’s guide for LIDAR based Stand Delineation

About this User’s Manual- This manual is designed for use with ArcMap 9.2. There are
three additional software packages that can be downloaded for free from the world wide
web. This user’s manual and required programs are designed for the Windows operating

system.

Programs Required:

Data:

ArcMap 9.2

SPRING 4.x

FUSION- Current Version
Hawth’s tools

The data used in the tutorial is the FUSION example data. It is available for
download at http://forsys.cfr.washington.edu/fusion/fusionlatest.html

This data is courtesy of Robert J. McGaughey at the Forest Service Pacific
Northwest Research Station.
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Part I - Downloads:

1.1 SPRING- This software was developed by Brazil's National Institute for Space
Research as a “a state-of-the-art GIS and remote sensing image processing system with
an object-oriented data model which provides for the integration of raster and vector data
representations in a single environment.” (SPRING website). SPRING is available for
download in English at: http://www.dpi.inpe.br/spring/english/index.html.

To set up SPRING on your computer, please follow these steps.

1. Go to http://www.dpi.inpe.br/spring/english/index.html and click on the
“downloads” tab at the top of the page.

Georeferenced Information
Processing System

Home | Downloads | Support | Manuals | Data | Publications | News | Links

What is SPRING?

SPRING is a state-of-the-art GIS and remote sensing image processing system with an object-oriented data model which
provides for the integration of raster and vector data representations in a single environment. SPRING is a product of Brazil's
Mational Institute for Space Research ([INPE/DPI (Image Processing Division ) with assistance from:

¢ EWMBRAPA/CNPTIA - Brazil's Agricultural Research Agency.
¢ |Bi Brasil

+ TECGRAF - Computer Graphics Technology Group

¢ PETROBRAS / CENPES

The SPRIMNG project has received substantial support from CHPyg (National Research and Development Agency) through its
prograrms RHAE and PROTEM/CC (GEOTEC project).

2. On the “Download” page you will be asked to register before you can download
the software. Please enter a valid email address and click on the “Subscribe”
button.

Download

Home | Downloads | Support | Manuals | Data | Publications | News | Links

Spring > English > Downloa

DOWHNLOAD

You need to be a registered user to download SPRING. The users are identified by their e-mail addresses. If you want to
download SPRING and you are a registered user, just fill out your e-mail address and clik the button "Download”. If you are
NOT a registered user, click the button “Subscribe™. If you have forgotten your password. fill the e-mail field below and press
the "Forgot Password" button. You will receive an e-mail with the passwaord that is registered in our database.

E-mail: Eﬂemo@u washmgkzr} edu ]
Password: ( B
Version: llse\eclunE' \:‘

[ Change Data ] [ Forgot Password
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3. The following screen will appear, please fill out the required information and
click

Support

User Registration

Home | Downloads | Support | Manuals | Data | Publications | News | Links

Spring = English = Download = User Registration

Please, fill out the fields below!

*First Name: |
*Last Mama |

*E-mail address: :qemo@\J.washington.edu

*Password: | |

*Company: ] |

*Application: Select one v |

*Use: | select one B 2

Phone number :

Fax:

*Address:

Complement:

*City:

State: |
“Country Cr—

Zip/Postal Code:

SN—"

Home | Download | Support | Manuals | Data | Publications | Mews | Links | Contact

4. You will now be able to download the current version of SPRING. Go back to the
download page and enter your email and password and choose the correct version
for your operating system and click “Download.”

Download

Home | Downloads | Support | Manuals | Data | Publications | MNews | Links

Spring * English = Download

DOWNLOAD

You need to be a registered user to download SPRING. The users are identified by their e-mail addresses. If you want to
download SPRING and you are a registered user, just fill out your e-mail address and clik the button "Download™. If you are
MNOT a registered user, click the button "Subscribe™. If you have forgotten your password, fill the e-mail field below and press
the "Forgot Password” button. You will receive an e-mail with the passwaord that is registered in our database.

|
- Version

Password: /— Selocti
Wersin: | SPRING for Windows ¥ | clecuon

[ Download ] } Subscribe ] [ Change Data ] [ Faorgaot Fassward ]

E-mail: idemo@u.washington.edu
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5. From this screen choose the “Install.exe” from one of the download sites. Make
sure to choose the version in English!

Download

Home | Downloads | Support | Manuals | Data | Publications | News | Links

Spring * English * Dawnload » SPRING 4.3.3 for MINDOWS
WELCOME! Here you can download SPRING 4.3.3 for WINDOWS

SPRING WIN environment is composed by the following programs:

+ Spring contains Geoprocessing and Image Processing functions.

+ Scarta is used for interactive map production in IPL format.

+ Impima is used for reading satellite images in different formats (LTWG, SPOT IMAGE, ERS-1, INPE) from CD-ROM,
8mm and 4 mm tapes besides corverting TIFF, RAW & Sitim formats to GRIB.

¢ |plot developed by TECGRAF - PUC Rio, is useful for reading IPL formatted files and generating output in Postscript
format or to send maps to printers and plots.

=+ Check the improvements of this new version at News.

Choose the Site for downloading

4.3.3 - WINDOWS

Fonte

Portugués

Espanhol

Inglés

DFI - INPE - Brasil

6. Choose to “Save File” and specify where to save the install spr433.exe file to.

LEIAME 4.3.2

LEAME 4.3.3

Opening install_spr433.exe

You hawve chosen ko open

install_sprd433.exe

which is a: #y

pplication

Fram: http:ffvawns . dpi.inpe. br

Wiould wou like ko save this File?

Inztalacion Complata

Install complete

Instala Completo AEETE =l
(27.3 MBytes) '303 1!“95J (03 ._ 1y'tes)
INPE Opgdo 1 poion ption

Save File ) ’ Cancel

7. Once the file has downloaded, run the install spr433.exe from the directory where
it was saved. Click “Next” to start the install.



Welcome [ES

Thiz program will install Spring 4.3.3 Windows (English] on your

romnber

=
It iz strongly recommended that you exit all \Windows programs before running this Setup
Program.

Click Cancel to quit Setup and close any programs you have running. Click Mest to
continue with the S etup prograrm .

WARMIMNG: Wersion 4.3.3 [Jun/12/2007)

SUPPORT: spring@dpi.inpe. br

Divisdao de Processamento

de Imagens
) Canicel |

8. Click “Next” to accept the license agreement.
9. Choose the directory where you would like to install SPRING, and click “Next”
to start the install.

Choose Destination Location

Setup will install Spring 4.3.3 Windaws [Enalish] in the fallowing falder.
Tainstall into a different folder, click Browse, and zelect another folder.

You can choose not to install Spring 43,3 Windows [Englizh] by clicking Cancel to

exit Setup,
Destination Folder
(E:'\F’rngram Fileshspring433_Eng Biowse... |
Cancel |

10. Choose to only install the SPRING program, and click “Next.”
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Select Components

Ir the options list below, select the checkboxes for the options that vou would like to
have installed. The disk space fields reflect the requirements of the options you have

selected.
W Spring 4.2.3 Windows [Englizh) 80861 k
[ Starting SPRING Data 45598 k
Dizk Space Required: 20961 k
Disk Space Remaining: 13126058 k

Cancel
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11. Click “Next” on the following screen and the install will begin. Once the install is

complete, click on the “Finish” button and you will exit the install wizard. The
SPRING program has a desktop shortcut or can be accessed through the Start-

>All Programs->SPRING.

12. You have now completed the installation of SPRING.

1.2 FUSION- FUSION was developed by Robert McGaughey at theUSFS Pacific
Northwest Research Station. This program is primarily a viewing tool for LIDAR data,
but also provides basic analysis that is important to the foundation of this project. The

current version of FUSION can be found at:

http://forsys.cfr.washington.edu/fusion/fusionlatest.html this website is updated by the

developers of FUSION and will contain the latest public release of FUSION.

1. From the webpage above, click on the “Install.exe” at the bottom of the page.

FUSION

Providing fast,
efficient, and fexible
access bo LIDAR, IFSAR
and terrain dotarels

Robert ). McGaughey
| Pacific Nortfiwest Research Station

"The Latest Version"

Vernon 2,51 15 the latect vernon of FUSION

Essisting project and data Ses should not be affected

Belease potes dezenbing changes to FUSION
Marmal degcribig FUTSTONADV and the LIDAR Took {LTE) (2 1 Mb)

TEyou bave o earber versson ol FUSION, you should upgrade to take advantage of several new features mnd bug fes

‘T'o upgrade from prevavus vernon, Brst remove the old vernon usng the "Addremove programs” opton in the Windows control panel Then samgply install the new version mbe the same folder as the prewous vernon

Install.exe




2. Choose to save the

3. Run the FUSION Install.exe from the directory in which it was saved. Click on

file and choose the destination directory.

“Next” when this screen appears.

& FUSION Setup

Choose Components

Choose which Features of FIJSION you want ko install,

Check the components wou want to install and uncheck the components vou don't want b

install, Click Mext to conkinue,

Seleck compaonents ko install:

Space required; 12.2MB

=1 = Descripkion
Programs and libraries

Docurnentation

[ Mext = l Cancel ]

4. Choose the directory you would like FUSION installed (Recommended to use
defaults). Click “Next.”
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# FUSION Setup

Choosze Install Location
Choose the Folder in which to install FUSTON,

Setup will inskall FUSION in the Following Folder. Toinstall in a different Folder, click Browse
and seleck another Folder. Click Mexk to conkinue,

Destination Folder

1 ELSTOR | Browse, .,

Space required: 12.ZMB
Space available: 12.6GE

[ < Back\ ” Mext = ] Cancel

5. Choose the Start menu folder you would like the FUSION shortcut to reside in,
then click “Install”

# FUSION Setup

Choose Start Menu Folder
Choose a Start Menu Folder Far the FUSION shorkcuts,

Select the Start Menu Falder in which vou waould like to create the program's shortouts, Yoo
can also enter a name to create a new Folder.

Accessories
Administrative Tools
Adobe

ArcGls

Blugtooth L3
Dell Accessories

Endroke

Firaxis Games

FUSION

Games

Google Earth b

5

|:| Do not create shorkcuts
< Back, [ Install l Cancel

59
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6. This will start the install process, this may take several minutes. When it is
finished, click “Finish” to exit the installation.
7. You have now completed the install of FUSION.

Hawth’s Tools- This program is a set of ecology analysis tools that are packaged as an
extension for use in ArcMap. The software is free and can be downloaded at
http://www.spatialecology.com/htools/download.php . This extension will be used later in
the tutorial for accuracy assessment.

To set up this extension:

1. Go to the link above and click on “Download Hawth’s Tools.” Follow the
installation instructions below.

Installation Instructions: (From website)

1. Download Hawth's Tools using the link below. Save the WinZip file to your hard drive
(anywhere), and unzip it. (If you do not have a copy of WinZip, you can download it
from http://www.winzip.com.)

2. Run the program called htools_setup.exe. (Note that this program can also be used to
uninstall the software).
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Hawth's Analysis Tools for ArcGIS SpatialEcology. Com

IEW | TOOLSDESCRIPTION&HELP | DOWNLOAD | VERSIONHISTORY | FAQ | SERVICES

Home Hawths Tools Download

Download Hawth's Tools

Hawth's Tools is an extension for ArcGIS (ArcMap). You must have a licensed copy of ArcGIS for this
extension to work. (Visit the ESRI website for further details.)

LICENSE & COPYRIGHT

yrighted and
ute this softw
y distributing it {1

he intellectual property of
hout limit. You are expr
cludes distributing it on

Although you may distribute this software, I ask that you refer other interested users directly to this web site to ensure
they have acquired the latest version

raduct is the undsrstanding that:

- No technical d for this product.
- The prod; nd

- YOU are res <= toals is accurate, relevant, consistent, and othervise eror-free,
- The authar ring you may experience as a result of the use (or misuse) af thi
software.

- The author daes not warrant that this softvare is bug frae.

INSTALLATION INSTRUCTIONS
1. Download Hawth's Tools using the link below. Save the WinZip file to your hard drive (anywhere),

and unzip it. (If you do not have a copy of WinZip, you can download it from http://www.winzip.com.) 1
2. Run the program called htools_setup.exe. (Note that this program can also be used to uninstall the Clle here tO
software).

| Start download.

If you have a previous version of HawthsTools, it is highly recommended that you skim the brief Version
History notes to check for fundamental changes in the tools you commonly use before you download
the newer version.

The current versi ools is for ArcGIS 9.x only:

DOWNLOAD HAWTH'S TOOLS (v3.27) FOR ARCGIS 9.x

NOTE: some peo| eive an "invalid archive"” message when they t the above file.
This may be related to s i e virus protection. If
you receive this message, please try downloading the file a few more times until you acquire a
valid copy.

A very old archived version of the tools for ArcGIS 8.x is also available. This version is not maintained,
and contains only a subset of the tools that are available in the current version (for ArcGIS3):

DOWNLOAD THE ARCHIVED HAWTH'S TOOLS (v2.10) FOR ARCGIS B.x

Please email bug reports to: hawthorne@spatialecology.com.

095287

L2 6 e

Part II- Generation of Raster Data

This portion of the manual is comprised of two sections. The first will lead you through
the process of dealing with the raw LIDAR products and work within FUSION. The
second section will focus on the analysis within ArcMap. The final products of this
section will be three raster datasets that will then be used in SPRING.

Section 1- Working with FUSION command lines

Software needed:
e FUSION (see downloads section)

Data Required:
¢ Ground Model (demo 4800K UTM.dtm)
e LIDAR points (demo 4800K UTM.lda)
e Aerial Photograph (demo 4800K UTM.jpg and demo 4800K UTM.jpgw)




62

Data for this section:

1. Download the example data from
http://forsys.cfr.washington.edu/fusion/fusionlatest.html which is the same page
where you downloaded the FUSION software. Click on example data. Make sure
to download the UTM example data!

FUSION

Providing fast,
efficient, and flexible
aceess fo LIDAR. IFSAR
and terrain datasetls

Robert . McGaughey
Pacific Northwest Research Station

"The Latest Version"
Version 2.51 is the latest version of FUSION.
If you have an earlier version of FUSION, you should upgrade to take advantage of several new features and bug fixes.

To upgrade from previous version, first remove the old version using the "Add/remove programs” option in the Windows control panel. Then simply install the new version into the same folder
as the previous version. Existing project and data files should not be affected.

Release notes describing changes to FUSION

Mamual describing FUSION/LDV and the LIDAR Toolit (LTK) (2.1 Mb]
You can download FUSION from the following locations: Example data

download

Example data (124 Mb)

General information regarding FUSION

2. Choose “Run” or “Save” from the pop up menu, if you chose to save it, remember
where you saved the file.

File Download - Security Warning

Do you want to run or save this file?

Mame: FIUSION_ExampleData.exe
Type: Application, 124ME

Fram: Forsys,cfr.washington. edu

Run ] [ Save ] [ Cancel

potentially harm your computer. | you do nok trust the zource, do not

|éj YWhile files from the Internet can be uzeful, this file wpe can
A run or gave thiz software. \What's the righ?
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3. Choose to download both components, and click “Next.” (maybe change this
when Bob updates webpage)

& FUSION Example Data Setup

m’m Chooze Components
Choose which Features of FUSIOMN Example Data vou wank ko

e —— insta".

Check the components wou want to install and uncheck the components yvou don't want to
install. Click Mext bo continue.

Select components to install; Description

Example ASCIT Dt

Space required: 259, 7ME

[ Mext = l Cancel ]

4. Choose the directory to install the example data. Then click “install.”

© FUSION Example Data Setup

Choose Install Location
Choose the folder in which to install FUSION Example Data.

Setup will inskall FUSION Example Data in the following folder, Toinstallin a different folder,
click Browse and select another Folder, Click Install to skart the installation.

Ciestination Folder

i\ FLISION, | Browse, ..

Space required: 259, 7MB
Space available: 260.4GE

[ <Back\ ” Install l U Cancel ]
AN Z
D ———

5. The install will run and when it is finished, click “finish” and you now have
successfully downloaded the example data. The next portion of this section will
be working with raw LIDAR points.
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Working with the FUSION batch files:

This portion of the process will involve the use of command prompts and batch files. All
of the batch programs are located in the C:\FUSION directory of the computer, unless
otherwise specified during download. The default will be to run these programs out of the
C:\FUSION directory, which will require all of the data that is called by the batch file to
be in that directory, the outputs will also be put there. It is also possible to set the
environmental variables on the machine to allow for data processing in other directories,
this manual does not cover how to do this. The FUSION manual has detailed descriptions
of each tool and the variables available. This manual will focus on the tools needed for
this process. Make sure that the example dataset being used is in the UTM projection, this
will cause problems later in the tutorial if using the incorrect datasets. All UTM datasets
will have “UTM” somewhere in the file name.

1. Open a command prompt window from the Start menu, by selecting “Run” and
typing “cmd” on the line.

CIEIX] z: start

Sullivan, Alicia Ann

Internet _) My Documents
. Internet Explorer

(|| E-mail
|‘£i Microsoft Office Outlook

F 5 My Recent Documents »

f} My Pictures

F FUSION __} My Music
i 173 2
@ 98 My Computer Choose “Run” from the
Archap
Start menu
Cantrol Panel
ﬁ Command Prompk
Set Program Access and
. Drefaults
Q Microsoft Office Access T
2003 = Printers and Faxes
i \
@ Caleulatar @) Help and Support
Motepad ;
All Programs D
(Opens a proweagy, Folder, document, or Web sits Thls iS the Wlndow that Wlll

open when you click on “Run”
from the start menu. Type
“cmd” to open a command
prompt, and click “ok”

e Type the name of a program, folder, document, or
Internet resource, and Windows will open it For you,

Cpen: ‘ cmd w |

[ oK ][ Cancel ] [ Browse. .. J

2. The command prompt window will open. At the prompt, type “cd c:\FUSION”
and press “enter” to change the directory to the location of the batch programs.
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&+ Command Prompt

Active code page: 1252
C:~Program Files“\PostgreSQL~B.2%bin>cd c:~FUSION
C:~FUSION>

3. Now we are ready to work with the batch files in FUSION. The files that will be
used in this step are the raw LIDAR points (demo_4800K UTM.lda) and the
bare ground model (demo_4800K UTM.dtm). Make sure that these files are in
the C:\FUSION directory on your computer.

FUSION batch file tools:

The tools need for this tutorial are described in the following section. The FUSION user’s
manual gives a more complete description of the tool and the available switches. The
tools are presented in chronological order for this method.

1. Percent Cover Calculation:

The first step is to use the Cover batch program in FUSION to create a percent cover
estimation for the study area. The description from the FUSION user’s manual is:

“Cover computes estimates of canopy closure using a grid. Output values for cover
estimates range from 0.0 to 100.0 percent. Canopy closure is defined as the number of
returns over a specified height threshold divided by the total number of returns within
each cell. In addition, Cover can compute the proportion of pulses that are close to a bare-
ground surface model to help assess canopy penetration by the laser scanner. With the
addition of an upper height limit, Cover can compute the proportion of returns falling
within specific height ranges providing estimates of relative vegetation density for
various height strata.” (McGaughey, R.J., 2007).

General syntax:
Cover [switches] groundfile coverfile heightbreak cellsize xyunits zunits coordsys zone
horizdatum vertdatum datafilel

The syntax that will be used for this data set:
Cover demo 4800K UTM.dtm demo cover 89916m utm.dtm 2 8.9916 mm 11022
demo 4800K UTM.Ida

Explanation of Syntax: The cell size of this analysis is based on 1/50 acre. 8.9916m by
8.9916m is approximately 1/50" of an acre and a common area used in forest inventory.
The data is in meters and projected in UTM NAD 1983 NAVDS88 zone 10 north, which
explains the rest of the syntax (see FUSION user’s manual for more information).
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1. Copy and paste the syntax give above into the command prompt window and
press “enter”. This will start the batch program, and may take a while to run
depending on your computer. Status information will be displayed as the program
runs.

Command Prompt
Active code page: 1252
IC:“Program Files“PostgreSQL:~B.2%bin>cd c:~fusion
3:\FUSION>CDUEP demo_4888K_UTM.dtm demo_cover_8%9%16m_utm.dtm 2 B8.9916 m m 1 18 2 2 demo_<4888K_UTH. 1|

C(FUSION »2.68> (Built on Dec 4 2087 89:19:48>
: Cover demo_4880K_UTM.dtm demo_cover 89916m_utm.dtm 2 8.9916 mm 1 18 2 2 demo_4888K_U

-1d.
RBun started: Wed Apr B2 13:54:13 2008
Using 1 data files:

demo_4888K_UTM.1da: 4859996 points
iCanopy cover layer file produced:
demo_cover_89916m_utm.dtm Apr 2, 2888 @ 1:54 PH
finizshed: Wed Apr B2 13:54:16 20088 (elapsed time: 3 seconds?

DTM2TIF Tool:

The second step for the percent cover dtm will be to create a geo tiff file from the dtm.
This will create the final product to be used in SPRING and will allow for the percent
cover image to be viewed in ArcMap. This step will use the DTM2TIFF tool in FUSION.
This tool will also be used to create the stem density and average height geo tiff files later
in the tutorial.

General syntax:
DTM2TIF [switches] inputfile [outputfile]

The syntax that will be used for this data set is:
DTM2TIF demo cover 89916m_ utm.dtm demo cover 89916m_utm.tif

1. Copy and paste the syntax give above into the command prompt window and
press “enter”. This will start the batch program, and may take a while to run
depending on your computer. Status information will be displayed as the program

C:“\FUSION>DTM2TIF demo_cover_89916m_utm.dtm demo_cover 89916m _utm.tif
DTM2TIF vi.B@ (FUSION v2.6@> (Built on Dec 4 2087 B?9:18:89

Command line: DTM2TIF demo_cover_89916m_utm.dtm demo_cover 89916m _utm.tif
Run started: Wed Apr B2 14:14:59 2608

TIF image file produced:
demo_cover_89%16m_utm.tif Apr 2, 28088 @ 2:14 PM
TIF world file produced:
demo_cover_89916m_utm.tfuw Apr 2. 28088 @ 2:14 PM
finished: Wed Apr B2 14:14:59 2088 {(elapsed time: B seconds?

C:~FUSION>

Explanation of Output: This generates a geo tiff file from the

demo_cover 89916m_utm.dtm that was created in the previous step. There are two files
output from this process, a tiff image file (.tif extension) and a world file (.tfw extension).
Both files will have the same name but be distinguished by the extensions, any changes to
the file name must be made on both files or the geo tiff will not function correctly. It is
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important to note that BOTH of these files must be moved when moving this file
around in order to preserve the functionality of the geo tiff.

2. Canopy Maxima- Generation of the canopy maxima points is a two step process that
requires the use of the Canopy Model tool and the Canopy Maxima tool in FUSION.

Canopy Model Tool-

The second program that will be used in this process is the Canopy model tool. This tool
uses the raw LIDAR points (demo_4800K UTM.lda) and the ground surface model
(demo_4800K UTM.dtm) to create a model of the surface of the canopy. The ground
model is used to “subtract the ground elevations from the return elevations to produce a
canopy height model” (McGaughey, R.J., 2007). The canopy height model is an
intermediate step to producing the canopy maxima points.

General Syntax:
CanopyModel [switches] surfacefile cellsize xyunits zunits coordsys zone horizdatum
vertdatum datafilel

The syntax that will be used for this data set:
CanopyModel /ground:demo 4800K UTM.dtm demo canopyheight UTM.dtm 1.5 m m
11022 demo 4800K UTM.lda

Explanation of Syntax: The ground switch is needed to create a canopy height model.
The cell size is 1.5 meters, which is approximately 5 feet. The data is in meters and
projected in UTM NAD 1983 NAVDS88 zone 10 north, which explains the rest of the
syntax (see FUSION user’s manual for more information).

1. Copy and paste the syntax give above into the command prompt window and
press “enter”. This will start the batch program, and may take a while to run
depending on your computer. Status information will be displayed as the program
runs.

_[5]x
B

C=~FUSION>CanopyModel Aground:demo_4888K_UTH.dtm demo_canopyheight UTH.dtm 1.5 m m 1 18 2 2 demo_488,
AK_UTH. 1da
CanopyModel vl. 28 (FUSION vZ_.68> (Built on Dec 4 28607 B8%:19:25>

Command line: CanopyModel /ground:demo_4888K_UTHM.dtm demo_canopyheight _UTM.dtm 1.5 m m 1 18 2 2 demo
488K _UTH. 1da
Run started: Wed Apr B2 14:01:57 2008
Using 1 data files:
demo_4880K_UTH. 1da
Canopy surface model file produced:
demo_canopyheight _UTH.dtm Apr 2, 2888 @ 2:82 PM
gun finizshed: Wed Apr B2 14:02:84 2088 (elapsed time: 7 seconds>
one

Canopy Maxima Tool-

The next step in FUSION is to generate the canopy maxima points using the Canopy
Maxima tool. This tool uses a variable analysis window to identify local maxima points
as well as information about crown height and width. The output of this process is a
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comma separated value file (.csv) that will need to be manipulated in the FUSION
GUI program before returning to the command line analysis. This process will be covered
in subsequent sections. This tool uses the Canopy Height Model produced in the previous
step.

* Note about Canopy Maxima*
Methods for finding canopy maxima with LIDAR is a relatively new and changing
process. The user should be aware that at the time of this manual being written, there are
several tools that are available to find canopy maxima and depending on the purpose of
the project, this tool may not be the best. The FUSION canopy maxima tool was chosen
for this project and manual due to the availability of the tool and its ability to process
large areas. However, this choice was made with the awareness that the canopy maxima
tool underestimates the true maxima in forest stands. Currently, this tool will work well
for either young stands or mature stands based on the parameters that are set. Mixed
forest areas such as the example data pose a problem in that it will provide very good
stem density information for one stand type and not the others. For more information
about the methodology used in the Canopy Maxima tool see:
Kini, A.U. & Popescu, S.C. (2004, September, 16). Treevaw: A versatile tool for
analyzing forest canopy LIDAR data- A preview with an eye towards the future.
Paper presented at the 2004 ASPRS Images to Decisions: Remote sensing for GIS
applications conference, Kansas City, MO.
With that said, this project is interested in creating a density layer that represents the
densities of stands relative to one another, not an absolute count of trees per acre. The
information generated about stem density in this method will not accurately represent the
conditions on the ground, but will provide a data layer that will act as a relative measure
of density between stands for the image segmentation in SPRING.

General Syntax:
CanopyMaxima [switches] inputfile outputfile

The syntax that will be used for this data set:
CanopyMaxima /mult:0.5 /threshold:2 demo_canopyheight UTM.dtm
demo_canopymaxima_ utm.csv

Explanation of Syntax: The choice of these switches and the values here are specific for
this dataset. It is likely that for each data acquisition, there will need to be adjustments
made to these values. The values were chosen for this dataset because it produced the
best results for comparison of densities between stands (see note above).

1. Copy and paste the syntax give above into the command prompt window and
press “enter”. This will start the batch program, and may take a while to run
depending on your computer. Status information will be displayed as the program
runs.



=+ Command Prompt

C:~\FUSION>canopymaxima /mult:B8.5 ~threshold:2 demo_canopyheight UTM.dtm demo_canopymaxima_utm.csv
CanopyMaxima vl .18 (FUSION v2_68> {(Built on Nov 16 2007 18:41:16> DEBUG
Command line: GanopyMaxima #mult:B@.5% sthreshold:2 demo_canopyheight_UTM.dtm demo_canopymaxima_utm.cs

v

Run started: Tue Apr B8 15:B86:11 2088

Identified 12447 local maxima

Eun finished: Tue Apr B8 15:06:16 2008 (elapsed time: 5 szeconds)
one

C:\FUSION>

2. A file called demo canopymaxima UTM.csv will be located the C:/FUSION
directory. This file contains the information for each canopy maxima pint. This
file will be used in the next section to produce the stem density and average height
data layers.

Section 2- Working with FUSION GUI

This section will be a brief departure from the FUSION command line interface used in
the previous section. Once the needed files are created, the command lines will be used
again to produce the final two data layers, stem density and average height.

Software needed:
e FUSION (see downloads section)

Data Required:
e Canopy maxima file from previous section (demo_canopymaxima_ utm.csv)

1. Open the FUSION GUI in Start -> Programs -> FUSION.

When the program opens go to the top menu bar and open Tools -> Data Conversion
-> Import generic ASCII LIDAR data.
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2. This will open a dialogue box for importing ASCII and CSV files. This tool will
be used to create “point clouds” from the canopy maxima file that represent a flat
ground model and the canopy maxima points. To do this, the canopy maxima .csv
file must be converted into two .1da files.

3. To create the flat ground model, click on the first “Browse” button and navigate to
the demo_canopymaxima_utm.csv file. Click on the second “Browse” button and
give the output file a name of “demo_flat ground.lda” in the C:\ FUSION
directory.

Bl Import ASCII data

]E:\FUSI OMdemo_canopymasima_utm_treelist. cav Browse. .

]E:\FUSI OMfat_ground.da Browse. .. |

- Drelimiters- | Stark import on row:
¥ Tab ™ Space ™ Comma [ Other =1

4. The next step is to set the parameters for the import of the data. In the “Start on
import row” type 2. This will start the data below the column headers. In the
“Column assignments” dialogue box Set X to “field 2”7, Y to “field 3" and
Elevation to “field 9” the remaining fields should be set to “none”. (Setting the
elevation to field 9, or 0 will create a flat surface when taken through the future
steps.) Click on “Import data” and then close when the import is complete.
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- Delimiters - Start import on row;
W Tab ¥ Space W Comma [ Other |2 T
el
~ Options

W Create index files for FUSION
¥ lgnore returns with negative elevations
[~ Import anly retumn numbers:

- Column assignments

¥ |Fieid 2 ']
Y |Figld 3 ']
Elewvation m
Intensity ']

Flaw data from input file

Pulze rumber | none hd
Return number | none v]
Retunz/pulze |none hd

Scan angle | none -

Line | Raw data from input file
1,43 00,5 00, 0.

< |

Parsed columhs

3 2,487326.00,5189400.00,0.0,16.14,8.07,3.23,3.23,0.0
4 3,487326.00,5180655.00,0.0,6.36,3.18,4.78,4.78,0.0
5
f

1015

3.09,0.0

4,487326.00,5189655.00,0.0,6.58,3.29,4.22,4.22,0.0
5,487326.00,5189698. 50,0.0,4.90,2.45,4.78,4.78,0.0

|4

Start import on row

This will create the
.Ida for the flat ground
surface.

X | ¥ Elevation Intensity &
487326, 000000 51809397, 000000 0.000000 s -
457326, 000000 5169400, 000000 0.000000 b

457326, 000000 5169655.000000 0.000000 s

487326. 000000 5189658. 000000 0. 000000 —

487326, 000000 5189695, 500000 0.000000 vt w
£5 *
Import data I Loag£anfiguratian. .. | Save configuration.. J Close |

Repeat this process for the canopy maxima points to create an .lda file for the

canopy points. Open Tools -> Data Conversion -> Import generic ASCII LIDAR

data.

Click on the first “Browse” button and navigate to the

demo_canopymaxima utm.csv file. Click on the second “Browse” button and
give the output file a name of “demo_canopy maxima.lda” in the C:\ FUSION

directory.

The next step is to set the parameters for the import of the data. In the “Start on

import row” type 2. This will start the data below the column headers. In the
“Column assignments” dialogue box Set X to “field 2, Y to “field 3" and
Elevation to “field 5 the remaining fields should be set to “none”. (Setting the
elevation to field 5, uses the height of the canopy maxima points) Click on
“Import data” and then close when the import is complete.
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B Import ASCII data

|C.\FUS|DN\dEmufcamupymax\maﬁutmﬁllee\isl.csv Browse.
]C:\FUSIDN\damo_camopy_makima.\da Browse.
Delimiters Start impart an row: .
¥ Tab W Space W Comma [ Other {2 —<¢ Start on 1mp0rt Tow
Options

IV Create indes files for FUSION
¥ Ignore retumns with negative elevations
I Impott only retun numbers:

Caolurnn assignmen
Field 2 x Pulse number |none bt

' |Field 3 = Fieturn number | none ¥

v o] e This will create the
Intensity - Scan angle |none x .lda ﬁle fOI‘ the
Raw data fram inpuit file Canopy malea

115

points.

3 Z; - +0.0,16.14, 5 . 0.
4 3,467326.00,5189655,00,0.0,6,36,3.158,4.75,4.75,0.0
5 4,487326.00,5189656.00,0.0,6.558,3.29,4.22,4.22,0.0
& 5,4687326.00,5189695.50,0.0,4.90,2.45,4.75,4.75,0.0 v
2 I ks
Parsed columns
X - ¥ - | Elevation Intensity &
487326, 000000 5189387.000000 10.260000 e T
487326, 000000 5163400.000000 16.140000 b
487326, 000000 5188655. 000000 6.360000 =55
487326, 000000 5189658. 000000 £.580000 P
487326, 000000 5188688. 500000 4.900000 e -
< | b
Impart data | ad configuration.. | Save configuration.. I Close |
VA
—~ -

8. The demo_flat ground.lda and demo_canopy maxima.lda files will now be used
in the command line interface of FUSION for the final analysis.

9. Open a command line as described in the previous section, and change the
directory to C:\FUSION to start the next portion.

1. Grid Surface Create:

This tool will be used to produce the flat ground surface from the demo_flat ground.lda
file just created. The importance of this flat ground model relates to the next tool that will
be used called Grid Metrics. Grid Metrics is generally used on raw LIDAR datasets and
uses the ground model to normalize the data. Since the data has already been normalized
through the production of the Canopy Height model, this is not necessary and the flat
ground model is used as a trick to make the Grid Metrics tool work properly for this
application.

General Syntax:

GridSurfaceCreate [switches] surfacefile cellsize xyunits zunits coordsys zone
horizdatum vertdatum datafilel

The syntax that will be used for this data set:

GridSurfaceCreate demo_flat ground.dtm 8.9916 mm 1 10 2 2 demo_flat ground.lda
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Explanation of Syntax: The data is in meters and projected in UTM NAD 1983
NAVDSS zone 10 north, (see FUSION user’s manual for more information).

1. Copy and paste the syntax give above into the command prompt window and
press “enter”. This will start the batch program, and may take a while to run
depending on your computer. Status information will be displayed as the program

runs.

= Command Prompt

IC:~\FUSION>gridsurfacecreate demo_flat_ground.dtm 8.9916 m m 1 18 2 2 demo_f lat_ground.lda
GridSurfaceCreate vl .68 (FUSION v2.63> (Built on Apr 1 28088 13:23:84) DEBUG
iCommand line: GridSurfaceCreate demo_flat_ground.dtm 8.9916 mm 1 18 2 2 demo_flat_ground.lda
Run started: Wed Apr B2 15:09:20 2088
Using 1 data files:
demo_f lat_ground.lda: 2679 pts
Surface model file produced:
demo_f lat_ground.dtm Apr 2, 2088 B 3:87 PM
Run finished: Wed Apr B2 15:07:28 2808 (elapsed time: @ seconds)
Done

iC:~FUSION>

2. Grid Metrics:

This tool will create the two final data layers; stem density per pixel and average height
per pixel using the points from the demo_canopy maxima.lda. This tool has several other
functionalities that are detailed in the FUSION manual. For this exercise, the min points,
and raster switches will be used. The final output will be two .dtm layers for mean and
count that will be converted to geo tiff files using the DTM2TIF tool.

General Syntax:
GridMetrics [switches] groundfile heightbreak cellsize outputfile datafilel

The syntax that will be used for this data set is:
GridMetrics /minpts:1 /raster:count,mean demo flat ground.dtm 2 8.9916
demo_gridmetrics demo_canopy maxima.lda

Explanation of Syntax:

The /minpts switch controls the minimum number of points that have to be in a cell to
have metrics computed, this sets it to a minimum of 1. The /raster switch creates .dtm
files for the count of points in a cell (stem density) and the average value for the points in
the cell (in this case, height). The heightbreak is set to 2 and the cell size is set to the
standard 8.9916 for the output cell size.

1. Copy and paste the syntax give above into the command prompt window and
press “enter”. This will start the batch program, and may take a while to run
depending on your computer. Status information will be displayed as the program
runs.
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ommand Prompt

:SFUSION>GridMetrics Aminpts:1l Araster:icount.mean demo_flat_ground.dtm 2 8.9%916 demo_gridmetrics de
o_canopy_maxima.lda
[GridMetrics v1.98 (FUSION »2.63> (Built on Apr 2 2088 1B8:43:52>
Command line: GridMetrics /minpts:l sraster:icount.mean demo_flat_ground.dtm 2 8.9716 demo_gridmetric
= demo_canopy_maxima.lda
Run started: Wed Apr B2 15:56:48 2688

demo_canopy_maxima.lda: 92679 points

Total first returns used for cover calculation: 9679 points

Grid metrics file produced:
demo_gridmetrics first 1etu1ng density_only _elevation_stats.csv fApr 2, 2888 @ 3:56 PH

ASCII raster grid heade
demo_gridmetrics_first }etu}ng _density_only elevation_stats_ascii_header.txt Apr 2, 2888 @ 3:5
M

Point count file produced:
demn;grid@etrics,firﬂt returns_density only elevation_count.dtm Apr 2, 2888 @ 3:56 PM

demo_gridmetrics_first_returns_density _only_elevation_mean.dtm Apr 2. 2888 @ 3:56 PM
finished: Wed Apr B2 15:56:49 2008 (elapsed time: 1 seconds)

DTM2TIF Tool:

This tool has been described in the earlier section of this manual, so only the syntax
needed for this section will be provided. This tool converts dtm files to geo tiff files with
the associate world file.

General Syntax:
DTM2TIF [switches] inputfile [outputfile]

The syntax that will be used for this data set:

Stem density:

DTM2tif demo_gridmetrics_first returns density only elevation count.dtm
demo stem density.tif

Average Height:

DTM2tif demo gridmetrics first returns density only elevation mean.dtm
demo_avg height.tif

ommand Prompt

C:;FUSION)DTHZtif demo_gridmetrics_first_returns_density_only_elevation_count.dtm demo_stem_density.
e

p &
DTM2ZTIF vi.B@ (FUSION v2.68> <(Built on Dec 4 2087 @7:18:8%>
Commang line: DIM2TIF demo_gridmetrics first returns_density_only_elevation_count.dtm demo_stem_dens
ity.ti:
Run started: Wed Apr B2 16:85:40 2088
TIF image file produced:
demo_stem_density.tif Apr 2, 2888 @ 4:85 PM
TIF world file produced:
demo_stem_density.tfw Apr 2, 2888 @ 4:85 PM
finished: UWed Apr B2 16:85:480 2008 <(elapsed time: @ seconds)

C:“FUSION>DTMZ2tif demo_gridmetrics first returns_density_only _elevation_mean.dtm demo_avg height.tif

DTM2TIF v1.88 (FUSION v2.68> <Built on Dec 4 2087 89:18:89>
Command line: DTM2TIF demo_gridmetrics_firet_preturns_density_only_elevation_mean.dtm demo_avug_height
Ltif
Hun started: Wed Apr B2 16:85:568 2808
TIF image file produced:
demo_avg_height.tif Apr 2. 2088 @ 4:85 PH
TIF world file produced:
demo_avg_height .tfuw Apr 2, 2888 @ 4:85 PM
finished: Wed Apr B2 16: BS 58 2808 (elapsed time: A seconds)

Congratulations! You are now finished with the data generation portion of this
tutorial. The next step will be image segmentation and classification with SPRING.
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The files that were generated in this part will be located in the C:\FUSION directory
and will be needed for the next section.
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Part I11- Segmentation and Classification with SPRING

This portion of the tutorial will deviate from the step by step nature of the previous
sections. Image classification is a process that is dependant on the individual analyst and
there are multiple ways to segment, train and classify the same image. This section will
use a tutorial developed by the US Fish and Wildlife Service in their remote sensing lab
in Albuquerque, New Mexico.

Software needed:
e SPRING (see downloads section)

Data Required:
e Percent cover (demo_cover 89916m.tif)
e Stem density (stem_density.tif)
e Average height (avg height.tif)

Other Downloads
e USFWS tutorial: http://www.fws.gov/data/documents/SPRING%20Manual%20022306.pdf

Download for this section:
For this section a tutorial developed by the U.S. Fish and Wildlife Service will be
used. This tutorial was chosen to be used in this manual because it covers the basic
functionalities of SPRING and image classification. The tutorial is also basis for the
method used in this project. The primary focus of this section of the manual will be
as a guide through the USFWS tutorial and explanation of known problems with
SPRING. The information in this section is intentionally vague. The parameters for
segmentation, classes and training sites are subjective and will vary greatly
depending on the goals and skill of the analyst. This section is meant to be a rough
guide to object orientated classification using SPRING.

1. Download the USFWS SPRING tutorial from:
http://www.fws.gov/data/documents/SPRING%20Manual%20022306.pdf

2. Print or save the USFWS tutorial for use in the next section.

Section I: Guide through the USFWS SPRING tutorial:

This section will go through each part of the USFWS tutorial, numbers correspond to the
tutorial sections.

2.1 Download and install SPRING- See download section of this manual
2.2 Acquire and Install ERDAS ViewFinder- Not necessary for this project.
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2.3 Reproject and Resample Imagery with ERDAS ViewFinder- Not
necessary, projections set in ArcMap
2.4 Create Database, Project Category and Import Image- Follow these

instructions as is. Name the database and project relevant to the data. Set the

bounds to the extent of the geo tiff images created in FUSION. Set the projection

to UTM WGS84 zone 10 north. See note below about importing images into

SPRING.
*Note about importing images-
SPRING is very particular about the format of the files it will import. Geo tiff files with
associated world files are necessary. In addition, the size of the geo tiff files and origin in
the world file must match EXACTLY. Depending on the outputs that are generated from
the FUSION analysis, there may need to be some adjustment to the size or origin
information listed in the world file. There are several programs that manipulate the size
of images, so this process will not be covered in this manual. To edit world files, simply
open the .tfw files associated with the geo tiff files and edit them accordingly in notepad.
It is also important that the geo tiff images have the projection defined before bringing
them into SPRINg. This can easily be done through ArcMap in the data management ->
projections ->define projection tool in the toolbox.
SPRING as released in the version for this manual will only accept geo tiff images. The
functionalities shown in the File menu on the main SPRING menu do not work. There is
no documentation as to why this occurs.*

2.5 Create Segmentation- Follow these instructions as is. The values for similarity
and area will vary depending on the purpose of the classification. Try several
combinations to see the difference. For this dataset a similarity of 5 and area of 10
produce decent results.

2.6 Create Classes for Classification, Training Samples Collection- Again this
section can be followed as is. Create class names that reflect the type of
classification that is desired. The training sites will be dependant on the classes
that are chosen. The aerial photograph of the study site (demo 4800K UTM.jpg)
may be helpful to determine classes and location of training sites.

2.7 Run Training Sample Analysis, Classification and Output Map- Follow
instructions as is. If classification is not satisfactory, return to the previous section
and edit the training or segmentation and re-run the classification.

2.8 Create Vector- Follow instructions as is. Save the shapefile to a directory
relevant to the tutorial.

2.9 Export Thematic Map- The view the output shapefile, open ArcMap and add in
the shapefile to a project with the demo 4800K UTM.jpg image already loaded.

*Note about shapefiles- SPRING has a defect that adds 10,000,000 units to the Y
coordinates of the output shapefile. This can be corrected by using the “Move” tool in the
editor of ArcMap. Subtract 10,000,000 units from the Y axis and the shapefile for the
classification should line up. *

2.10 Add Projection, Reproject, Load into GIS- Projection will need to be defined

for the shapefile in ArcMap in the data management -> projections ->define
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projection tool in the toolbox. The projection should be set to UTM NAD
1983 NADV 88 zone 10 north.

Part IV: Accuracy Assessment of Classified Images

This is the final section of the tutorial and briefly describes how to perform an accuracy

assessment on classified images using a confusion matrix. For a full description of the

theory and methods please see:

Congalton, R.G and K. Green (1999). Assessing the Accuracy of Remotely Sensed Data:
Principles and Practices. Boca Raton, FL, Lewis Publishers.

Software needed:

e Hawth’s Tools (see downloads section)
e ArcMap 9.2

Data Required:
e Output of SPRING classification (shapefile)
e Aecrial Photograph (demo 4800K UTM.jpg and demo 4800K UTM.jpgw)
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Section I: Setting up a sampling grid and points
As mentioned in the introduction to this part, only the set up for the accuracy assessment
will be covered. This is primarily because this is only one method of accuracy assessment
for classifications and is also described in detail in Congalton and Green’s book.

Create a Grid: In order to see the individual pixels, a grid must be created to distinguish
pixels.

1. Open ArcMap with and navigate to the project used for the tutorial.

2. Open the extensions menu and turn on the toolbar for Hawths Tools

3. Open Hawths tools and navigate to Sampling tools-> Create Vector Grid

. demo_data.mxd - ArcMap - Arclnfo

File Edt Yiew Insert Selection Tools ‘Window Help

Representation v | b L oo oo [P v L@ e | O sy o || Edior v N EAa [Create tiew Fea J sraets | =

D@E& b BB X« | & |[17.063 -l 22 & @ O N2 | [Hanthetoos v D38 - || spatialyst v | Lover [demo_ava_heigrtii 7

|
i Y Analysis Tooks » B
= £F Layers & Animal Movements b
= O 89916x69916m _grid_utm
o Kernel Taols »
an
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value 4 ¥
b, e o Create Random Selection
@ : % Table Tools » Random Selection Within Subssts
5 Low: 0 o £ Vector Editing Teols — F [] Gererate Random Points
= dema_stem_density.tif ¥
S ¥ { Specialist Tools '_ Generate Regular Paints
™ High : 255 e N 4 Check for updates. ., Condtional Paint Samping Tacl
oo - about... [ )
= O demo_cover_89916m_utm.bf ¢ [B] create Sample Piots (various shapes)
Yaluz X i B vector Geometry Random Tterative Spatial Resampling
. g 255 L Generate Random 30 Paints
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4. In the dialogue box that pops up, set the extent to the “Same as Layer” and
choose the demo 4800K UTM.jpg from the drop down menu. Under the
“Parameters” section, set the spacing between lines to 8.9916, and
uncheck the two boxes. Under “Output”, choose the destination and name
of the output grid. In this example it is called 89916 grid.shp. Click the
button next to the “Projection Definition™ to set the projection (see next

step).




H Create Vector Grid
Input

Extent:
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" Use these conidinates:
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Parameters
Spacing between lines:

w. [53916
2 v Lock 1:1 ratio

¥
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Output
* Output polygon features
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Click here to
define the
projection.

5. When the dialogue box below appears, choose “Import” and navigate to
the folder where the demo 4800K UTM.jpg file is on your computer.
Select this file and click “add” the menu on the right will appear showing
that the projection has been set to NAD 1983 UTM_Zone 10N. Click
“Next” and then “Finish” on the next screen.

New Spatial Reference

X

First
dialogue box

Hame: ‘Unknown
Details:
Select a predefined coordinate system /
port a coardinate system and %/, Z and M
Import. jomaing from an existing geodataset [e.0..

feature datasel, featurs class, raster)

v

New Spatial Reference B

|NADJ 983_UTM_Zone_10M

Projectior: Transverse_Mercator
Falee_E asting: 500000.000000
False_Morthing: 0000000
Central_Meridian: -123.000000
Scale_Factor: 0.935600
Latitudz_0Of_Origin: 0.000000
Linear Unit: Meter [1.000000]

Geographic Coordinate Spstern: GCS_Marth_smerican_1983
Angular Unit: Degree (0.017453232513343235)
Prime Meridian: Greenwich (0.000000000000000000)
Datum: D_North_American_1983

Spheroid: GRS_1960

Select... Select a predefined coordinate system.

Import a coordinate system and /v, Z and M

Impart. domains from an existing gecdatasst (5.0,

Create a new coordinate system.

Edit the propeities of the currently selected
condinate system

Sets the coordinate spstem ta LUnknown,

Second
dialogue box

Mew -
NEETA
e
[ i

Save the coordinate system to a file.

< Back Mest >

Cancel ‘

N

feature dataset, feature class. raster).
MNew ~| Cieate anew coordinate system,
Modiy,, | Editthe propertis of the curenily selected
coordinate systenn.
Clear Sets the coordinate system to Unknown.
Save As Sawe the coordinate system to a file

—_———

6. Once the projection is set, click “ok” from the Create Vector Grid menu to
run the program. When the processing is finished, the layer will be added

to the project.
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H [Create Vector Grid [‘5__<

Input

Extent:

v Same az this layer: |dem0_4BDDK_UTM_ipg j

" Use these coordinates:
 Min ' Min
X Max o Ma

Parameters

Spacing between lines: 3 89316 W Lack 1:1 ratio
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Output
& Dutput polygon features
" Output line features

Mew shapefile to create:
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7. To view the grid, double click on the grid layer and set the fill to
“hollow”, the line color to red and the outline width to 1.

8. To create the point layer that will be used to as the sampling grid for the
accuracy assessment, open the Hawth’s tools extension and navigate to
Sampling tools -> Create a regular grid to open the tool.

9. In the “Input” section choose the Extent to be Same as the 89916 grid.shp
layer from the drop down menu. In the “Points” section enter 50 for the
point spacing. Choose the alignment of rows as follows and name the
output file 50m_points.shp and click “ok”. When processing is finished,
the layer will be added to the project.

H Regular Point Generation

Input

Extent:
& Same as this layer: 23316_gnid j

7 Use these coordinates:

# Min | W Min |

Hbdan | T e |
Paints
; o . |50
RIS i3 v Lock 1:1 ratio
A8
Alignment of altemating rows;
' '
CEEEE el
Output

New shapefile to create:
|E “Documents and Setiingshas1 43y Documentz\Thesiz stuffudema_dat @

Wieh Help aK Exit
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Section Il — Accuracy Assessment

Now that the analysis grid and sample point layers have been created, the accuracy
assessment can be performed on the classification. This process is dependant on the
preferences of the analyst and data that is available. In the case of this tutorial, sample
point spacing was chosen to give approximately 100 samples per class with extra points
included to account for pixels that have multiple classes.

The basic concept of this accuracy assessment method is to compare the classification of
the pixels that contain a sample point to the aerial photograph to determine if the
classification is correct. The accuracy of this method is highly dependant on the analyst’s
ability to determine classes from aerial photographs. Each of the sample point pixels will
then build the error matrix that will be the basis for calculating the user’s accuracy,
producer’s accuracy, overall accuracy and KHAT (Congalton and Green, 1999).



