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ENVI Machine Learning Tutorial: Supervised Classification

In this tutorial you will use ENVI Machine Learning to train a supervised classification model to
find specific features in an aerial image. You will learn how to use the ENVI Modeler to create a
reusable workflow. Training rasters and ROIs will be used to train a model suitable for
classifying similar imagery not used during training.

See the following sections:
m System Requirements
= Files Used in This Tutorial
= Background
= Create a Model With the ENVI Modeler
® Perform Classification

® Final Comments

System Requirements

The steps for this tutorial were successfully tested an Intel® Xeon® W-10855M CPU @
2.80GHz 2.81GHz was used to run this tutorial (not required). Intel CPUs are recommended
for performance gains due to the use of Intel libraries (not required).

Files Used in This Tutorial

Sample data files are available on our ENVI Tutorials web page. Click the "Machine Learning"
link in the ENVI Tutorial Data section to download a .zip file containing the data. Extract the
contents of the .zip file to a local directory. Files are located in the machine
learning\supervised folder.

The images used for this tutorial were provided by the National Agriculture Imagery Program
(NAIP) (https://naip-usdaonline.hub.arcgis.com/). Images are in the public domain.

Subfolders contain the images used in this tutorial: two images for classification under
\classification, and two images for training under \training. Each training image is a
subset of the two images in the classification subfolder. Images are four-band
(red/green/blue/NIR) with a spatial resolution of 1-meter ground sample distance (GSD).
ENVI Machine Learning does not rely on any specific file format; for this tutorial you will use
the formats TIFF and ENVI.
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gjgggfiism—wt“—éwU— NAIP image (4,046 x 3,973 pixels) used for training

NATP_DallasTX Octll_2020_ ROI labels (Manmade, Trees, Ground, Water) for

Subset.xml training

Siiigi?g‘:‘itomOSE—zozo— NAIP image (5,023 x 4,803 pixels) used for training

NATP_ SanAntonioSE_2020_ ROI labels (Manmade, Trees, Ground, Water) for

Subset.xml training

NAIP DallasTX Octll 2020.tif NAIP image (10,590 x 12,400 pixels) used for
classification

NAIP_SanAntonioSE_2020.dat NAIP image (10,000 x 12,300 pixels) used for
classification

Background

Supervised learning is a subcategory of machine learning. This type of learning relies on
categorical class labels in order to produce a function/model to identify learned classes in
imagery. There are two types of classification problems, binary classification, and multiclass
classification. This tutorial will focus on multiclass classification in an urban setting using the
labels (Manmade, Trees, Ground, Water). Multiclass refers to more than two classes, binary
consists of only two classes. By the end of the tutorial you will have a custom reusable
workflow for data preparation, and training with multiple rasters.

ENVI Machine Learning offers low-level tasks for data preparation and training. There are also
higher-level tasks for single image classification, and the Machine Learning Labeling Tool. This
tutorial will guide you through building a custom workflow using the ENVI Modeler. It will allow
you to produce an easily-modified ENVI workflow using ENVI Machine Learning.

For this tutorial, all training data is pre-labeled. This will allow more focus on the tools and how
to produce a Machine Learning workflow.

Create a Model with the ENVI Modeler

The ENVI Modeler is a powerful visualization tool for creating custom workflows using ENVI
tasks. The ENVI Modeler uses visual building blocks, which is analogous to writing task API
code.

You will use the following workflow to create the model.
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Prepare the Data

Connect to a Training Node

Add Input Parameters
Run the Model

Create File Nodes
1. Start ENVI.
2. Open the ENVI Modeler with one of the following:
® Press Ctrl + m on the keyboard.
m Select Display > ENVI Modeler in the ENVI menu bar.
The ENVI Modeler dialog appears.

3. Double-click (or click and drag) File from the Basic Nodes list into the Untitled area of
the ENVI Modeler. The Select Type dialog appears.

MNode Untitled
Dataset -
Amay of Values -
Data Manager
Wierw Raster I!u Spectral Library
erator = 1z N
Filter lterator 15, Vector A| Annotation Set
Aggregator Raster Senes - Point Cloud
Input Parameters o
Output Parsmeters > Regions of Interest ke URI String (Fie)
c m & Ground Control Points T3 Machine Leaming Model

& Te Pourits
Search -~
Adaptive Coherence Estmator Cancal

Adaptve Coherence Estimator Using I
Addtres Lan Adantras Filtar

4. Click Raster. The Select File(s) dialog appears.

Navigate to the location where you saved the tutorial data machine
learning\supervised\training, ClicKk NAIP DallasTX Octll 2020 Subset.tif, then
click Open. A File node appears in the Untitled drawing area.

NAIP_DallasTX_Oc
111_2020_Subset...

(.

>

Page 3 of 19
© 2025 NV5 Geospatial Solutions, Inc. All Rights Reserved.
This information is not subject to the controls of the International Traffic in Arms Regulations (ITAR) or the Export
Administration Regulations (EAR).



&ENVI ENVI Machine Learning Tutorial: Supervised Classification

CINVI IMivugicl. 11 DeieLL |1 ype uidivy appedi s.

7. Click Regions of Interest. The Select File(s) dialog opens. Navigate to the location
containing the tutorial data, machine learning\supervised\training, click NAIP
DallasTX Octll 2020 Subset.xml, then click Open.

NAIP_DallasTX_Oc
111_2020_Subset ...
of |

>

NAIP_DallasTX_Oc
111_2020_Subset...

o

These two file nodes consist of a raster image and ROI labels. Both are needed to
generate a single training raster during data prepration. You can organize the nodes in
the Untitled node canvas as needed. To do this, click and drag a single node, or click in
the empty Untitled draw area and drag the cursor over all nodes you intend to
reposition. Selected nodes change to a lighter color, as illustrated above.

8. Repeat the two previous steps using the raster file NAIP SanAntonioSE 2020
Subset.dat, and ROI file NAIP SanAntonioSE 2020 Subset.xml. Both files are
located in the tutorial data folder, machine learning\supervised\training. When
you are finished, you will have two raster file nodes and two ROI nodes.

NAIP_DallasTX_Oc
111_2020_Subset...

>
o (2

NAIP_DallasTX_Oc
111_2020_Subset... |,

o® 77

NAIP_SanAntonioS
E_2020_Subset d...

o (5

>

NAIP_SanAntonioS
E_2020_Subset x...

o
it
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To create training data for the supervised classifier, you must extract the labeled pixels using
the raster and the associated ROIs. You will use the ENVI Machine Learning ML Training Data
from ROIs task to create the training data. This task will extract all labeled pixels from the
raster that are identified by the ROIs specified in the .xml file. A new raster containing a single
row of spectra will be created. Dimensions of the training rasters are (rows=1, columns=input
rasters columns, bands=input raster bands + 1). The additional band will provide a numeric
value per pixel, this numeric value represent the class label value per pixel.

For this tutorial, we have the class labels Manmade, Trees, Ground, Water. These labels
resolve to class values (0, 1, 2, 3). A pixel that was labeled Ground will be assigned a value of
2 in the label band, and so on for each pixel labeled.

1. Inthe ENVI Modeler Tasks Search field, type ML Training. Two tasks will appear.

d5KS

ml training

& ML Training Data from ROls

- ML Training Data from Spectral Library

~u
e

You will use ML Training Data from ROIs to generate training data. ML Training Data
from Spectral Library is another Machine Learning data preparation task, which uses
spectral libraries to collect pixel data for training.

2. Double-click on ML Training Data from ROIs, twice, to add two yellow nodes named
"ML Training Data from ROIs" in the Untitled node canvas.

ML Training Data

> from ROls >
o =
ML Training Data
> from ﬁﬂs >
o=

Arrange these nodes so they are paired to the right of the raster and ROI file nodes.
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R

[ ML Training Data
> from ROls >
NAIP_DallasTX_Oc of iI=
t11_2020_Subset...
ROT
ct 2
MAIP_SanAntonioS
E_2020_Subsetd... >
[
= ML Training Data
> from ROls >
NAIP_SanAntoniaS o =
E_2020_Subsetx... > -
o 2

3. Click and drag the connector of the Raster node onto the ML Training Data from
ROIs connector.

NAIP_DallasTX_Oc
111_2020_Subset... ,
[+l ] ML Training Data
> from ROls >
NAIP_DallasTX_Oc =
111_2020_Subset...
o 2

4. Click and drag the ROI node connector onto the ML Training Data from ROIs
connector.
NAIP_DallasTX_Oc
111_2020_Subset... >

o 2 ML Training Data
from ROls

NAIP_DallasTX_Oc L
t11_2020_Subset... \,

o 2

Be sure to pair the Raster and ROI nodes correctly when connecting to the ML
Training Data from ROIs nodes:
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Input ROI NAIP DallasTX Octll 2020 Subset.xml

Input Raster NAIP_SanAntonioSE_2020_Subset.dat
Input ROI NAIP SanAntonioSE 2020 Subset.xml

5. Repeat the previous two steps for the remaining Raster and ROI nodes. Once all nodes
are connected, you should have the following.

NAIP_DallasTX_Oc
t11_2020_Subset...
: >
o | ML Training Data
> from F—igs >
NAIP_DallasTX_Oc =
t11_2020_Subset...
- -Ml '
e 7
NAIP_SanAntonioS
E_2020_Subsetd... >
e
o ML Training Data
> from ROls >
NAIP_SanAntonioS =
E_2020_Subsetx... ), =
o

6. Inthe Tasks Search field, type Normalization Statistics. Double-click
Normalization Statistics.

Tasks

0

Normalization Statistics

- Normalization Statistics

A new Normalization Statistics node appears on the untitled node canvas.
Nommalization
Statistics
) I=
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Ull Lie rivuc cdliivabs.
Aggregator
>
oh =
Click and drag both Raster node connectors onto the Aggregator connector.

9. Click and drag the Aggregator connector onto the Normalization Statistics
connector.

10. Click and drag the Normalization Statistics connector onto both of the ML Training
Data from ROIs node connectors.

After completing these steps, your node canvas should resemble the following image:

NAIP_DallasTX_Oc
t11_2020_Subset...
ZIE0 U
L= — ML Training Data
""‘-—-——._.____ > from ROls >
NAIP_DallasTX_Oc \ - f o =
t11_2020_Subset... |, ——
o 2 \
\ or Nomalization
- Slm?tfs > <:
NAIP_SanArtonioS o = o i=
E_2020_Subsetd... \
o T — ML Training Data
—\, from ROls >
NAIP_SanAntonioS —_— &=
E_2020 Swbsetx. , Sl
o? M

Normalization Statistics collects the minimum and maximum data values from an
aggregate of input rasters. This is important during training, as the data will be scaled
between 0 and 1 using the minimum and maximum values.

Connect to a Training Node

To train with the output data produced by ML Training Data from ROIs, you will need to
aggregate the training data and connect it to a training task node. For this tutorial, we will use
the Train Random Forest task, but you can select any of the supervised classification tasks.
See ENVI Machine Learning Help for details.
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appeais.

Tasks

Train Random Forest

0

Train Random Forest

2. Double-click Train Random Forest. The node Train Random Forest appears on the
node canvas.

3. From the Basic Nodes list, double-click Aggregator. A new Aggregator node appears
on the node canvas.
Aggregator

> .
=

4. Connect the ends of both ML Training Data from ROIs nodes to the Aggregator
node connector.

5. Connect the end of the Aggregator node to the Train Random Forest node
connector.

Your canvas should be similar to the image below.

NAIP_DallasTx_Oc
111_2020_Subset.. o
o# |° \ Co— ML Training Data
\ B—— —b -
NAIP DnIuTK.Oc \ — | o = )
1112020 Subset... . | — _—
o ', | _—
. MNormalization Ti
o J Q Agoregator rain Random Forest
> = > ==p L >
NAIP_SanfntonioS = o IS \ C — =
E_zoau Subset d... | -
Te— | ML Training Data -._)
——__\,  fomAOk —
NAIP_SanAntonioS — o =
E_2020_Subset x... -~ — =
o

Add Input Parameters

Input Parameters is a basic node that is reusable by many nodes. The Input Parameters node
will be connected to multiple nodes on the canvas. By connecting input parameters, you are
building a set of task inputs that can be specified when you run your model.
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dappeals uUll Lie 1ivue Ldiivas.

Input
Fnrm.ﬁm’
=

2. Connect the Input Parameters node to the beginning (left side) of one of the ML
Training Data from ROIs nodes. The Connect Parameters dialog appears.

3. Inthe Connect Parameters dialog, click the Background Labels button under ML
Training Data from ROIs. A red line connects Input Parameters [Add New Input
(s)] to ML Training Data from ROIs [Background Labels]. Click OK.

S

111_2020_Subset..

e "-».______ ML Traning Data
o \ ———_____-_-—____ > frum?(ﬂs »—
\ _— |I o =
\ - | _
\ - —
Input \ - Mommakzation l e
Paameters, N . Shatistics / A Aggregator
ot i= =
Input Pammaters [ ML Training Data from ROIs
NAIP_Sanfntonio:
E_2020_Subsetd... Add New rput(s) Input Raster
of 22 rput ROl
NAIP_Sanfrionk$ % Background Labels
E_2020_Subset x
o i Momalize

| Output Raster UR

OK Cancel

Repeat this step for the second ML Training Data from ROIs node. You should now have
a [Background Labels] option under Input Parameters, click Input Parameters
[Background Labels], then click OK.

S

Imput Pararmsters ML Training Data from ROIs
s Background Labeds Input Raster
Add New Ingutis) \ 2% lnput ROls
e Background Labels
1 Nommalize

il Outout Flaster UR

OF Cancel
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FalaliicLel s> uidivy appedi s.

5. Inthe Connect Parameters dialog, under Train Random Forest, click Estimators,
Balance Classes, Max Depth, and Output Model URI.

All four parameters are connected by colored lines to Input Parameters Add New Input
(s). These are all parameters specific to the training task.

)

Input Pameraters Train Random Forest
' Background Labeds Input Rasters
Add New Inputis) W Model Name
e Description
Ll Estimatons
Balance Classes

i Max Festures

£5i Custom Max Features
| 150 Max Depth

008 Score

e Outiput Moded UR

O Canoesl

6. Click OK.

Your model should now resemble the following image, all connections are complete.
Note the connection to the Train Random Forest node, from the Aggregator node, and
the Input Parameters node are overlapping in the image below, there are two
connections.
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=

NAIP_DalasTX_Oc \

111_2020_Subset... > —— ML Training Data
ot 2 _‘_‘_____—'——‘:-.7., from ROls [
\ | = >
II / | e
Input Aggregator Nomalzation | ‘/r‘f_ Aggregator Train Random Forest
Parameters — Statistics ~
p—— P> > e e »

@ = 74' = A= I_ O iE =

NAIP_SanAntonioS / vy fomRO
A - - oh =

E_2020_Subsetd..
ot |7
NAIP_SanAntonioS /
E_2020_Subsetx... '____—-—f"
o =

Run the Model
With the ENVI model complete, save your workflow and run it.

1. From the ENVI Modeler menu bar, select File > Save As. The Select Output Model
File dialog appears. Specify the location to save the file and name it tutorial .model

and click Save.

2. From the ENVI Modeler toolbar, click the Run button * " The tutorial task dialog
appears with five task parameters.
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Background Labels  Background A

Estimators 100 z |

f q].,:J!-'n;:‘rr,:;_-‘.
Balance Classes ) Yes ( INo

Max Depth e .

(optional

Qutput Model

(optional)

9 * OK Cancel

k

3. You can get additional information about these parameters by clicking the Help e
button in the lower left of the dialog. The tutorial Task help appears.

Inputs  Qutputs
Background Labels stingamray

Specity the RO| dasses to be usad as background, classes of no interest. |
Estimalors vint

Speaty the numbser of decision trees in the forest, sstimators ame the predictors of the algorthm.
Balance Classes boo

Specly whether all cdasses should be considered equal during training. Helps account for classes with
fiewr samples compared 1o cassas with many axamples.

Max Depth uint

Speaty the maximum depth of the tree. If not spacified, then nodes are expanded untd all lsaves an
pure.

Output Model URI anviu |
Spacify a string with the fully qualified flaname and path of the associated OUTPUT_MODEL. K not
spachied a lempormry file will be created.

| Tags:
Revimion: 1.0.0

Show source Close

4. Click the Close button to dismiss the Help dialog.

Page 13 of 19
© 2025 NV5 Geospatial Solutions, Inc. All Rights Reserved.
This information is not subject to the controls of the International Traffic in Arms Regulations (ITAR) or the Export
Administration Regulations (EAR).



&ENVI ENVI Machine Learning Tutorial: Supervised Classification

6. Leave the default values for the Estimators, Balance Classes, and Max Depth
parameters.

7. Click the Browse button *** next to Output Model URI. The Select Output Model URI
dialog appears.

8. Select a file path and name the model urban.json, then click Open.

a2 |
! Background Labels
Estimators 100
| Balance Classes ) Yes ()Mo
Max Depth = |
| Output Model  oralData\supenised\traininglurban json .
(7] * OK Cancel

9. With all parameters set as specified, click the OK button. The ENVI Modeler nodes
change colors to green showing completion of each step in the workflow. A Machine
Learning Training progress dialog appears during the training step.
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_ —
(] = \.|III - '--..._\__\_H-h.
NAIP DalassTX Oc | ™~
l"_ﬂga'_;-b-t--. -~ - T~ ML Traning Data
o [ —_— o, fomROW
_— ( o i 3
\ | ——
5 nput e famansias VTS i e Aggregator Train Random Forest
e —— P T _»

E_2020_ s
- /
HAIP_SanfntonioS

E 2020 Sbsetx. ),
o

Training completes and nodes return to their original color scheme, the training
progress dialog closes.

10. Close the ENVI Modeler dialog.

Perform Classification

Now that the trained supervised classification model created, you can run the classification
process. You will use the Machine Learning Classification tool in the ENVI Toolbox for
these steps.

1. Inthe ENVI Toolbox, expand the Machine Learning folder and double-click Machine
Learning Classification. The Machine Learning Classification dialog appears.
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® N o w

Input Raster
Input Moded

Nomalize

Output Raster

Iz @ Displayresuk  ~* OK  Cancel

Click the Browse button ** next to Input Raster. The Data Selection dialog appears.

Click the Open File button in the bottom left of the Data Selection dialog. The Open
dialog appears.

Go to the location were you saved the tutorial data and select machine
learning\supervised\classification/NAIP DallasTX Octll 2020.tif, then click
Open.

Click OK.
Click the Browse button next to Input Model. The Please Select a File dialog appears.
Go to the location were you saved the model urban.json. Select it and click Open.

Leave the Normalize fields empty, the minimum and maximum values will be used
from the model file.

Leave the Output Raster field blank. A temporary file will be created.
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10.

11.

12.

nput Raster | | NAIP_DallasTX_Octi1_2020t .

Input Model  lachine Leaming\Supervised\urban.json

pnds- 4 Coamne-? Fllihy.

Nomalize i Max

Output Raster

0 Display result - OK Cancel

Enable Display result if is not already selected, and click OK. Classification starts and
the Machine Learning Classification progress dialog appears.

Machine Learning Classification

Exscuting RandomFomst
[ | Cancal

Classification completes after 1 to 2 minutes, time will depend on the system.

The classification raster displays in the ENVI view. The Layer Manager shows the classes
Unclassified, Water, Ground, Trees, and Manmade. The class Unclassified was not used
during the labeling process; this class represents any unclassified pixels if present. The
colors used for each label during the labeling process are also the colors used to identify
targets in the classification result.

From the ENVI toolbar, click the Data Manager button ' . The Data Manager dialog
appears.
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_f\vx"@’.

% Machine_Leaming Classification_output_raster_1°
ENVI Machine Leaming Classfication: Randor
=
Band 1
Band 2
Band 3
Band 4
[/ NAIP_SanAntonioSE_2020_Subsst.dat

| Red (635.0000)
Grean (555.0000)

| Biue (465.0000)

»  File information
» Band Selection

] Load in New View

L7

13. Right-click NAIP DallasTX Octll 2020.tif and click Load Default. The original

image is displayed in the ENVI view, the Layer Manager places the raster above the
classification raster.

14. Inthe Layer Manager, click and drag the Machine Learning Classification output*
raster above the raster NAIP DallasTX Octll 2020.tif.

Layer Manager

Lo

0

HITES

-3 View
OEL] Overview
2 F
ENVI Machine Leaming Classification:
-1 Classes
B = 0: Undassified
B = 1: Water
B = 2: Ground
B = 3 Trees
B = 4: Manmade
B T NAP_DallasTX_Oct11_2020.tf
Band 3
Band 2
Band 1

L !

The ENVI view updates with the classification raster displaying over the original image.
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16.

17.

Classiiitatuivll 1esuit Lullipal eu w e vigitial iriaye. 1uu will Hotee uie irvuce uiu ad
pretty good job identifying the correct classes, but it is not perfect. Shadows throughout
the image have been classified as Manmade. One way to try and eliminate this would be
to create a Shadows class, or collect shadows as part of the Background class.

Another imperfection is that the football stadium is partially labeled as water. This could
be mitigated by adding labeled examples of the stadium and retraining the model. Enter
the pixel coordinates 7784p,7148p in the Go To field and press Enter to jump to the
stadium.

[ -
& ENVI Machre Leaming Classificaton
L Clsses
B= 0 Unclessfed
B 1w
B= 2 Gowd
B= 1T
B = & Mesmade
B NAP DalsaTs oty 000
- Bard d
- Band2
- Band 1

Optionally, run through the classification workflow again to see how well your model
does with the additional classification scene. The image can be found in the tutorial data
machine learning\supervised\classification\NAIP SanAntonioSE 2020.dat.

When you are finished, exit ENVI.

Final Comments

In this tutorial you learned how to model a custom Machine Learning workflow to train a
Random Forest classifier using labeled data. You learned it’s possible to train a model using
multiple rasters and multiple labels and generate good results.

In conclusion, machine learning technology provides a robust solution for learning complex
spectral patterns in data, meaning that it can extract features from a complex background,
regardless of their shape, color, size, and other attributes.

For more information about the capabilities presented here, and other machine learning
offerings, refer to the ENVI Machine Learning Help.
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