Abstract

Classification of satellite imagery, such as Landsat Enhanced Thematic Mapper
(ETM+), istypically achieved through unsupervised and supervised classification
techniques. While these techniques can be highly accurate, they can be time
consuming and expensive to perform over large areas. Classifying large areas
using regression tree analysis with a variety of imagery yields highly accurate
results in a short time and is inexpensive to perform. The Remote Sensing
Applications Center (RSAC) used Cubist (www.rulequest.com) and a suite of

L eica-Geosystems ERDAS Imagine programs developed at RSAC to classify the
US Geological Survey (USGS) Zone 41 into percent canopy-cover and percent
impervious-surface-cover.
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USING REGRESSION-TREES AND ERDASIMAGINE
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RSAC predicted the digital number values of a cloud-free image and compared the
results with the original digital number values.

Original Predicted

Band 1 Band 2 Band 3 Band 4 Band 5 Band ¥
Max Difference 21 2e: 4 25 [ 31 | B0 32
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Step 3: Classify High-resolution | mages

s Unsupervised ci n ‘x| RSAC classified 28 digital aerial photographs using
Input Fiaster File: *imo] i St i [ s ISODATA in ERDAS Imagine. The images were classified
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Step 7: Prepare Data For Cubist

Select the training imags [%imal Cutput Cubist Diata Fils (= data] CUbI St’ the regr on-tree SOftware USEd
| ﬁ] | E] for the analysis of Zone 41, cannot read
remote sensing data directly. This
program converts imagery into comma-
delimited ASCII formats.
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Step 4: Subset Low-resolution I mage

e et siratin || Howmasmmontrg | This program can only be used if the high-

| ﬁ} | 5] resolution imagery was selected using the “ Select
High-resolution Imagery” suite of programs. |f
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Low-resolution imagery used for the analysis of Zone 41.
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Step 8: Run Cubist (www.ruleguest.com)
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Cubist [REelease 1.101 Fri Feb 21 09;22,33 2003 :]

Target attribute "Band 1°'
Read 34995 cazez (13 attributes) from cloudfreell data
Model :
Rule 1; [403 cases, mean 40,4, range 37 to 44, est err 1.0]

if
Band 3 » 33
Band & <= 24
then
Band 1 = 39.5 + 0.139 Band 6 — 0,187 Band 10 + 0.063 Band 13
+ 0.042 Band 3 + 0.008 Band 4 + 0.004 Band 7

Fule 2: [1479 ca=smss, mean 41 .3, range 37 to 45, est err 0.9]

if
Band 2 <= 41
Band & <= &2
Band 9 <= 34
Band 11 <= 100
then
Band 1 = 36.2 + 0.053 Band 6 + 0,112 Band 3 + 0.09 Band 9 — 0,023 Band 5§
— 0.015 Band 12

Fule 3: [790 caze=, mean 41.9, range 37 to 46, est err 0.9]

if
Band 2 <= 41
Eand & » B2
Band 11 ¢= 100
then
Band 1 = 39.1 + 0.09 Band 9

Fule 4: [394 cases. mean 42.4, range 38 to 46, est err 1.1]
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Step 2: Select High-resolution imagery
s, Select Hi x

Lreate Water Mask

This suite of programs can aide in the selection of the
high-resolution imagery to use for the training data in
the regression-tree analyses. For the analysis of Zone
41, the USGS chose 28 digital aerial photographsto
use for the training data. These programs were not
used for the selection of these images.
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Step 5: Calculate Percent Cover

The objective of this suite of programsis to convert the high-resolution
classified imagery into percent cover layers and combine these layers with the
s Caleul xj| subsetted low-resolution imagery. The “Recode Classified Image to Binary”
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model recodes the high-resolution images to images containing ones and zeros,
the ones represent the class of interest. The “Percent Cover” program
calculates how many pixels with avalue of one lie within a pixel of the low-
resolution imagery and converts thisto a percentage. The “Percent Cover”
output images have the same spatial resolution of the high-resolution imagery.
The spatial resolution must equal the spatial resolution of the low-resolution
imagery. The “Change Spatial Resolution” program changes the spatial
resolution of the percent cover images. The “Layer Stack” program stacks the
percent cover imagery with the subsetted |ow-resolution imagery.

i Hecode Classihed Image to Binary

Percent Cower

Change Spatial Fesolution

Laper Stack

Cloze

Step 6: Select Training/Testing Blocks

Iriput File: [*.img] Total Mumber of Blocks: 1 18 3

Murmbier of Training Blocks: 12 : ]
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This program randomly selects blocks of imagery to use as training and testing in the regression-tree
analyses. RSAC did not use this program for the analysis of Zone 41 because of the limited training
datathat were available.

Training Data Blocks Testing Data Blocks

Step 9: Apply Cubist Results Spatially

EARC : | ~ 2 This program uses the CubistSam code

I Cubisk Model [#.model] = Predicted Dutput Image | .|mg]ﬂ avaj I abI eqt WWW_I’UI equest_com to apply the
- =1 Cubist model to animage. Itisstrongly

gLt imags Fdg) recommended that Cubist is run using the

| | e e e “Rules alone” option. The other two options

o | S = can take along time to implement. This

= hy e e 2 program was u_sed to generate the output

Bonrie Huéfenacht, Ph.D. ShOWh on the Il ght

USDA Farest Service

Remate Sensing Applications Center

Accuracy Assessment of the

Percent Canopy-Cover and Percent | mpervious-Surface-Cover Analysis of Zone 41

To assess the accuracy of the models, RSAC did a 10-fold cross validation using Cubist. A 10-fold
cross validation technique divides the data into 10 equal groups. With each iteration, nine groups
are used to build models and the remaining group is used to test the models. At the end of each
iteration, error rates and correlation coefficients are calculated. At the end of the 10-fold cross
validation, the error rates and correlation coefficients are averaged. These averages are nearly
unbiased predictors of the ture error rates and true correlation coefficients of the model built with
all the data. The 10-fold cross validation for the percent canopy cover model had an average error
of 14.5, relative error of 0.55, and correlation coefficient of 0.77. The 10-fold cross validation for
the percent impervious surface cover anaysis had an average error of 4.6, relative error of 0.36,
and correlation coefficient of 0.82.
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