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OrthoEngine Workbook

Introduction

Welcome to the second part of the Introduction to OrthoEngine training course.
This training manual is written for new and experienced users of remote
sensing and digital photogrammetry software.

The OrthoEngine Workbook allows you to chose the type of math models and
projects you are most likely to use in your work.

Exercises This workbook has seven exercises, each with its own dataset:
« 1 - Digital Airphoto Project
» 2 - Satellite Orbital Modelling Project - SPOT
* 3 - Rational Functions - QuickBird RPC Project
* 4 -ASTER DEM Extraction and DEM Editing
* 5-Simple Math Modelling - Polynomial Project
* 6 - Mosaic Only Project

* 7 - Raw Image Mosaic Project

The data you will use in this course can be found in the OE Data folder supplied
on the accompanying CD. You should copy this data to your hard disk.
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OrthoEngine Workbook

Starting OrthoEngine

Windows To start OrthoEngine on Windows systems:

Systems 1. Click the Start button, click Programs, click PCI Geomatics, click
Geomatica Vx.x and then click OrthoEngine.

Alternatively, if the Geomatica Toolbar is running, click the OrthoEngine
button.

The OrthoEngine window opens.

Unix Systems To start OrthoEngine on Unix systems:
1. Enter the Unix environment.
2. At the command prompt, type orthoeng.

Alternatively, click the OrthoEngine icon on the Geomatica toolbar.

Figure 1.1
OrthoEngine window % OrthoEngine -1O0] x|
File Utilities Options  Help

Frocessing step *@%\& :
|F'r0iect =1

2 PCI Geomatics



Digital Airphoto Project

Exercise

1

The Aerial Photography Math Model is a rigorous model based on the
geometry of a frame camera. This model can compensate for the effects of
varying terrain and for the distortions inherent to the camera, such as the
curvature of the lens, the focal length, the perspective effects, and the
camera’s position and orientation. The computed math model calculates the
camera’s position and orientation at the time when the image was taken.

x\ Note

Standard Aerial

Digital/Video

You should not use the Aerial Photography Math Model when you are
using only a portion of the original image, when the image has been
geometrically processed, or when you do not have (or cannot estimate) the
camera calibration information.

Both standard aerial and digital/video cameras are supported within
Geomatica OrthoEngine.

Analog airphotos are recorded on photographic film. The photographs often
measure 9 inches by 9 inches in size and usually contain calibration (fiducial)
marks. Normally, a camera calibration report is supplied with the images. The
camera calibration report provides data about the camera, such as the focal
length, fiducial coordinates, and radial distortion parameters. The photographs
need to be scanned into digital form in order to be used as raster images within
Geomatica OrthoEngine.

Digital/Video frame images are generated from CCD arrays (Charged Coupled
Devices). Oftentimes, a camera calibration report is not supplied with the
images. However, most companies that provide calibration services for
standard aerial cameras can provide camera calibration services for digital and
video cameras. The minimum measurements required are the focal length,
which is determined when the lens is set, and the chip size, which can be
obtained from the camera manufacturer.

In this exercise, you will use a block of six digital photos with GPS/INS data
to compute the exterior orientation. The digital airphotos for this exercise are
provided courtesy of Airborne Scientific (www.airbornescientific.com) and
can be found in the Digital AP folder.
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OrthoEngine Workbook - Exercise 1: Digital Airphoto Project

Work Flow for Digital Airphoto Projects
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GCPs and Tie
Points (TPs)

GCPs/TPs and
GPS/INS

GPS/INS

Exterior Orientation

Exterior orientation is the position and orientation of the camera when the image
was taken. In other words, it is the relationship between the ground and the image.
Many photogrammetric cameras are equipped with onboard Global Positioning
Systems (GPS) and sometimes with Inertial Navigation Systems (INS) or Inertial
Measurement Units (IMU) as well. These systems collect the exterior orientation
directly on the aircraft.

The exterior orientation can be calculated using one of three methods:

Set the Exterior orientation to Compute from GCPs and tie points if you do not have
GPS/INS data for your project. For the Aerial Photography model, the minimum
requirement is that you have at least two GCPs on at least one photo in the project,
to ensure scale. However, there should be a few photos with 3 GCPs in the project.
This provides correct levelling and scale for the math model. Tie points can hold
the rest of the project together.

If you have GPS/INS data but would like to improve the model with GCPs and TPs,
select Compute from GCPs and tie points for the Exterior orientation option.

If you have accurate GPS/INS data or the exterior orientation was calculated with
another application, select User Input as the Exterior orientation option on the
Project information dialog box. This option does not allow you to collect GCPs or
tie points for the project.

Term

Whereas the interior orientation defines the relationship between the image
and the camera, the exterior orientation defines the relationship between the
camera and the Earth. Specifically, the exterior orientation defines the spatial
position and angular orientation of a photo.

Setting up the Project

OrthoEngine works on a project-by-project basis. Therefore, you need to open an
existing project or create a new project before you gain access to the functions
within OrthoEngine. In this exercise, you will create a new project.

To create a new project:

1. From the File menu on the OrthoEngine window, click New.
The Project Information dialog box opens.

2. Click Browse and navigate to the Digital AP folder.

3. For the File name, enter digital.prj.

PCl Geomatics



OrthoEngine Workbook - Exercise 1: Digital Airphoto Project

Figure 1.1

Project Information dialog
box for the Aerial
Photography Math
Modelling Method with a
digital camera

Figure 1.2
Set Projection dialog box

4. Click Open.

The path and filename appear in the File name box in the Project Information

dialog box.

Kansas.

Under Options, select Digital/Video as the Camera type.

selected.

i Project Information

In the Name box, enter Digital airphoto project.

For the Math Modelling Method, select Aerial Photography.

Filename: |digital.pri Browse |

Mame: |Digital airphoto project

Description: |Digital airphoto project for Johnson County, Kansas

— Math Modelling Method — Optio:

& Aerial Photography

Camera type:
 Satelite Orbital Modeling —_ -
 Falpnomial |D|g|ta| £ Wideo ;I
" Thin Flate Spine Exterior arientation:
" Rational Functions |E0mpute from GCPs and tie points ;I

" None [mozaic only)

ﬂl ()8 | Cancel |

10. Click OK.

In the Description box, enter Digital airphoto project for Johnson County,

For Exterior orientation, ensure Compute from GCPs and tie points is

The Project Information dialog box closes and the Set Projection dialog box

opens.

ﬂ Set Projection ﬂ

Output projection

IMeter 'I Earth Model...l IMETEH Morel

Output pizel spacing: I m
Output line spacing: I m

GLCF Projection
IMeter 'I Earth Model...l IMETEH Morel

Set GCP Projection bazed on Output Proiectionl

ﬂl ()8 | Cancel |
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Output
Projection

Figure 1.3
Projection parameters

Focal Length

Principal Point
of Symmetry

Setting the Projection Parameters

The projection information needs to be set once, at the beginning of each project.

The Output Projection defines the final projection for orthoimages, mosaics, 3D
features, and digital elevation models (DEMs).

To set the projection information:

1. Set up the Set Projection dialog box as shown in the figure below.

ﬂ Set Projection ﬂ

Output projection

IUTM 'I EarthModeI...lIUTM 155 D02 Morel

Output pizel spacing: ID.2EDDDDD m
Output line spacing: ID.2EDDDDD m

GLCF Projection
IUTM 'l EarthModeI...lIUTM 165 D02 Morel

Set GCP Projection bazed on Output Proiectionl

@I ()8 | Cancel |

2. Click Accept.

The Set Projection dialog box closes and the Digital / Video Camera
Calibration Information dialog box opens.

Entering the Camera Calibration Data

The Camera Calibration Information dialog box lets you enter critical information
about the camera that was used to acquire the digital airphotos in your project.
Entering the camera calibration data is necessary to establish the interior
orientation.

The focal length must be entered before you can continue with the project. This
value should be supplied with the airphotos.

The principal point of symmetry is the point on the image where a ray of light
traveling perpendicular to the image plane passes through the focal point of the lens
and intersects the film. In a perfectly assembled camera, the principal point of
symmetry would be where the lines of opposing fiducial marks on an image
intersect. However, in most cameras a slight offset occurs. The perspective effects
in the image are radial about this point. This parameter is optional, but the offsets
are usually specified in the camera calibration report and are referred to as the point
of symmetry or the calibrated principal point.

PCl Geomatics



OrthoEngine Workbook - Exercise 1: Digital Airphoto Project

Chip
Information

Radial Lens
Distortion

Decentering
Distortion

Image Scale

Earth Radius

The Chip Size is the physical size of the Charged Coupled Devices (CCDs) in
digital or video cameras. Since images from digital and video cameras do not
contain fiducial marks, the size of the CCDs is used to calculate the geometry of
the camera. Most cameras have square sensor cells, but some (especially video
cameras) may have rectangular sensor cells.

The Y Scale Factor is the ratio between the horizontal and the vertical size of each
sensor cell in digital or video cameras. It is used when the CCD pixels are not
square.

Radial Lens Distortion is the symmetric distortion caused by the lens due to
imperfections in curvature when the lens was ground. It is recommend that you
obtain the Radial Distortion values for digital cameras. Since the manufacturing of
digital cameras and their lenses is often not as precise as that for high-end
photogrammetric cameras, the Radial Distortion tends to be higher.

Decentering Distortion is the non-symmetric distortion due to the misalignment of
the lens elements when the camera is assembled. Decentering Distortion values
may be provided to you as P1 to P4 coefficients or in tabular format. It is
recommend that you obtain the Decentering Distortion values for digital cameras.
Since the manufacturing of digital cameras and their lenses is often not as precise
as that for high-end photogrammetric cameras, the Decentering Distortion tends to
be higher.

The image scale gives OrthoEngine an idea of the size of the photos. If the scale is
not known, OrthoEngine attempts to make a best estimate.

Term

Image Scale is the ratio of the size of the objects in the image to the size of the
objects on the ground. This parameter is optional, except when you want to
import GPS/INS observations and use them during the automatic tie point
measurements.

The Earth radius is an optional parameter, which is entered in unit of meters. If the
Earth radius is entered, the bundle adjustment and ortho generation steps assume
there is some notable curvature of the Earth over the area of interest, and correct

for this curvature.

By default, the Earth is assumed to be flat. Since airphotos are usually very large
scale, of the order of 1:8000, the error due to this radius is negligible. Correction
for the Earth radius is only needed for photos with a scale of 1:20000 or smaller.
Since this is not the case for your project, leave this field blank.
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To enter the Camera Calibration Data:

1. Enter the camera calibration information from the table below.

Table 1: Camera Calibration Data

Focal Length 28.653
Principal point of symmetry X =-0.048 Y =0.106
Chip Size Width = 36.000 Height = 24.000
RO 0 R4 0
R1 0 R5 -1.685e-007

Radial Lens Distortion

R2 0 R6 0
R3 0.0001207 R7 7.014e-011
P1 -3.125e-006 | P3 0
P2 1.563e-007 | P4 0

Decentering Distortion

2. Click OK.
YN
(g Tip

If you wish to modify the camera calibration information at any time, reopen the
Camera Calibration dialog box.

Saving your Project

To save your project file:
*  From the File menu on the OrthoEngine window, click Save.

The project information is saved in the digital.prj file.

Adding Images to the Project

This section describes how to load the airphotos into the project file. The project
file will then contain the file name and location of each input photo.

To add the airphotos to the project:
1. In the Processing step list on the OrthoEngine window, select Data Input.

A new toolbar with six icons appears. You can use the Data Input toolbar to
open a new or existing image, import GPS/INS data from file or enter it
manually, change photo orientation and define a clip region.

2. On the Data Input toolbar, click Open a new or existing image.
The Open Image dialog box opens.

3. Inthe Open Image dialog box, click New Image.
The File Selector dialog box opens.

PCl Geomatics 9



OrthoEngine Workbook - Exercise 1: Digital Airphoto Project

Figure 1.4
Understanding omega,
phi and kappa

4. From the Digital AP folder, select all 6 tif files and click Open.

The Multiple File selection message window opens. This window indicates
the total number of files that are detected, and the total number to be loaded
into the project.

5. Click OK.

You now have six photos listed in the Open Image dialog box.

Importing GPS/INS Data

The position of the camera means the x, y, and z location of the camera’s focal
point measured in a right-handed mapping coordinate system. The orientation of
the camera is given by omega (the rotation about the x axis), phi (the rotation about
the y axis), and kappa (the rotation about the z axis) as shown in the figure below.
The x, y, and z coordinates and the omega, phi, and kappa angles are referred are
collectively to as the six parameters of exterior orientation.

If you have an existing triangulation solution for the project, you can import it as a
known solution for the exterior orientation. It allows you to skip GCP and tie point
collection if you are confident of the accuracy of the data. GPS/INS and
triangulation data are usually already calibrated to the orientation of the images,
but may require kappa rotations in some cases. It is quite common for some
formats, such as Albany and Pat-B, to have kappa values rotated due to different
flight lines. You should rotate the kappa value according to the scanning direction.
Kappa is the counter-clockwise angle required to rotate from map north to image
north (up).

10
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Figure 1.5

Import Exterior
Orientation Data From
Text File dialog box

For this project, the exterior orientation will be calculated using GPS/INS data as
well as GCPs and tie points.

To import the GPS/INS data:

1. On the Data Input toolbar, click Import exterior orientation data from text
file.

The Import Exterior Orientation Data From Text File dialog box opens.

&% Import Exterior Orientation Data From Text File i =] |

— Projection

Output projection: UTM 155 D-02

Input projection: 17 <] Eatth Model.. | [ITH 155 D-02 More

Set Input Projection bazed on Output Proiect\onl

Input angle unit. ~ * Degrees  { Radians ¢ Grads ¢ DMS
— File Information

File format: |Image\D KYZ =l

ACCURACY: | o | &Y | v

| ellmega I eFhi I ekappa

Tet file: | Browse |

— Extracted Data
Image 1D kS b £

ST 2

Select Alll Select Nnnel Delelel

Edit Selected Image:
’7Flotate kappa [degrees) : 90 180 90 ‘
@?l OF | Cancel | Impart |

2. In the File Information section, for the File format select ImagelD X Y Z
Omega Phi Kappa.

3. Enter the following accuracy information:

Table 2: Accuracy information

eX 0.05 eOmega 0.2
eY 0.05 ePhi 0.2
eZ 0.2 eKappa 0.015

The eX, eY, and eZ are measured in projection units, and the eOmega, ePhi, and
eKappa are measured in decimal degrees. The dataset or GPS/INS sensors usually
contain the estimated accuracies. The estimated error values are used to
automatically weight the exterior orientation data with GCPs and tie points during

PCl Geomatics
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OrthoEngine Workbook - Exercise 1: Digital Airphoto Project

the computation of the math model. They are also used to constrain positioning of
the exterior orientation data in the math model solution.

4. Click Browse beside the Text file box and navigate to the Digital AP folder.
In the File Selector dialog box, select eo.txt and click Open.

6. In the Import Exterior Orientation Data From Text File dialog box, click
Import.

7. Click OK.

The GPS/INS data have are now a part of the project and give enough
information to compute the math model.

Collecting Tie Points Automatically

Term

A tie point is a feature that you can clearly identify in two or more images that
you can select as a reference point.

Tie points do not have known ground coordinates, but you can use them to extend
ground control over areas where you do not have ground control points (GCPs).
Used in rigorous models such as Aerial Photography and Satellite Orbital (high and
low resolution) math models, tie points identify how the images in your project
relate to each other.

Automatic Tie Point collection is used to eliminate the time consuming and
repetitive task of identifying common points between overlapping images. Image
correlation techniques are used to find matching points in a particular distribution
in your imagery.

Automatic Tie Point collection can be run on any project that meets one or more of
the following criteria:

* The exterior orientation of each image has already been computed
based on GCPs and/or TPs.

» There are at least three TPs between each pair of overlapping images.

» GPSis used to supply the XY, and Z coordinates for each image center,
and the Omega, Phi, and Kappa rotations are supplied by INS or are
estimated by the user. Omega and Phi rotations are usually near zero.

To collect tie points automatically:
1. In the Processing step list, select GCP/TP Collection.
2. On the GCP/TP Collection toolbar, click Automatically collect tie points.

3. Set up the Automatic Tie Point Collection dialog box as shown in the figure
below.

12
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Figure 1.6
Automatic Tie Point

Collection dialog box

L/

<

I\

% Automatic Tie Point Collection =
r— Diistribution Pattern Image to Proce:
' Entire image & &llimages
" Overlap area © Working image
— Optio: Processing Start Time
Tie points per area: |9 ﬁ % Start now
Matching threshold: |0.8 Hesetl © Start at [hh:zn] =]
Search radius: 50 PFixels I‘I 2 =i IDD =i & lam
Approx. elevation:  |285 m Cpm.
Auiliary Information
Selectl DEM: C:AGe...\dem.pix
Frogresz Information
@?l Collect Tie Pointsl

4. Click Collect Tie Points.

A progress bar appears at the bottom of the dialog box to monitor the status.
After the process is complete, a message box opens indicating the total
number of tie points found.

5. In the Message box, click OK.
6. Close the Automatic Tie Point Collection dialog box.

Tip

This is a good time to save your project file.

Verifying Automatic Tie Points

Automatic tie points should always be verified to ensure that a given point was
collected for the same feature in your imagery. This is especially important if there
are clouds, shadows or snow in the imagery as the image correlation technique used
for the TP collection process sometimes fails in these regions. It is also important
to check for tie points collected on cars or buildings as these features may not be
located at the same position due to movement or radial displacement, respectively;
these points should be deleted.

To verify the automatic tie points:
1. On the GCP/TP Collection toolbar, click Open a new or existing image.

The Open Image dialog box opens. The four airphotos are listed as
Uncorrected Images.

2. One at a time, select each file and click Quick Open.
Each of the four airphotos open in a separate viewer.

3. On the GCP/TP Collection toolbar, click Manually collect tie points.
The Tie Point Collection dialog box opens.

4. Ensure that the Auto Locate option is selected.

PCl Geomatics
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OrthoEngine Workbook - Exercise 1: Digital Airphoto Project

5. In the Tie Point Collection dialog box, click the tie points, one at a time.

The viewers updates to display the imagery at 1:1 resolution centered on the
selected TP.

6. Ifan automatic TP does not fall on the same feature in both images, select the
TP in the Tie Point Collection dialog box and click Delete.

Tip
Each automatic TP should be checked as even TPs with a low RMS can be
incorrectly placed on two different features.

7. Once you are finished verifying the automatic tie points, click Close on the
Tie Point Collection dialog box.

Collecting Ground Control Points

Ground coordinates can come from a variety of sources such as the Global
Positioning System (GPS), ground surveys, geocoded images, vectors,
Geographic Information Systems (GIS), topographic maps, or chip databases. A
GCP determines the relationship between the raw image and the ground by
associating the pixel (P) and line (L) image coordinates to the x, y, and z
coordinates on the ground.

You can refine the GPS math model or verify its accuracy with GCPs. To do so,
you must collect at least the minimum number of ground control points and tie
points needed to build a math model solution without the GPS or INS data.

For this project, you will collect GCPs from a text file. Ground control points
collected with a GPS will often be delivered in a text file. Each point will have X,
Y, E and possibly point Id information. Before you collect ground control points in
the field, you need to ensure that you can clearly see that location in the raw image.
The pixel and line coordinates for the uncorrected image must be determined
manually and transferred to the GCP Collection dialog box.

To import GCPs from a text file:

1. Open Imagell.tif and make it the Working image.

2. On the GCP/TP Collection toolbar, click Collect GCPs Manually.
The GCP Collection dialog box opens.

3. Inthe GCP Collection dialog box, select Compute Model.

Residual errors will be calculated for each GCP and listed in the Residual
column.

Residual errors are the difference between the coordinates that you entered for the
ground control points (GCPs) or tie points and where those points are according to
the computed math model.

14
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IXYE Format

Figure 1.7
Read GCP from Text File
dialog box

4. For the Ground control source, select PIX/Text file.
The Read GCP from PIX/Text File dialog box opens.
5. Click Select and navigate to the Digital_AP folder.

6. Select Imagell.gep and click Open.
7. Under Sample formats, choose IXYE.

The format of the Image11.gcp file is IXYE, which means that each row of text

contains the following information from left to right:

* The GCPID (1)

* The georeferenced East/West coordinate (X)

* The georeferenced North/South coordinate (Y)
* The elevation (E)

The Pixel and Line position for each point will be taken from Image11.tif.

8. Click Apply Format.

The GCPs are listed under GCPs extracted from file.

Wigw/E dit |

GCPs extracted from file

243 0.oon 0.oon 357063 .690000 4308517 66400(
249 0.ooo 0.ooo 357655.857000 4308483 30000(

-ioix
Selectl GLCF input file: |E:\Geomatica\DE [ratatDigital_AF4mage1l.gop
Preview
248 357063 .690000000 4308517 664000000 2863200
249 357655.857000000 4308483 .300000000 282 .195(
4] | i
Format: Sample formats:
I<YE PLY -
I HrPL _I
IPL=Y
HrPLDI
GLCF Projections: KYLP

1| | i
@I ()8 | Cancel |
9. Click OK.

The GCP Text File dialog box opens.

PCl Geomatics
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OrthoEngine Workbook - Exercise 1: Digital Airphoto Project

Figure 1.8
GCP Text File dialog box

Figure 1.9
ID 248 on Image11.tif

% GCP Text File
ferencing: UTk 155 D-02

ID: 248 X: 357063.69 ¥: 4308517 66 E: 286
ID: 249 X: 357655.86 ¥: 4308483 .30 E: 282

Trangfer to GCF collection panel |

1 O |

To locate the GCPs on the raw image:

1. Inthe GCP Text File dialog box, select ID 248 and click Transfer to GCP

collection panel.

The IXYE coordinate is transferred to the GCP Collection dialog box. If Auto
locate is selected in the GCP Collection dialog box, OrthoEngine estimates
the position of the GCP in the uncorrected image. In the viewer for Imagell,
the crosshair has automatically moved near the correct position.

2. Refer to the figure below to more accurately position the crosshair on the

uncorrected Imagel1.tif image.

g Yiewer: Image ID: Imagel1 - ...Digital_AP%Imagel1.tif

wiorking | Use Point @ @ @ @ @ 'I,"'_Il"," - () 'C:)T - 111

¥ | 2195.875P 2350.000L

[F-97 G107 B:95  [«20

16
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Figure 1.10

ID 249 on Image11.tif

g Yiewer: Image ID: Imagel1 - ...Digital_AP%Imagel1.tif

“Wwiotking | Use Point

When you are satisfied with the position of the crosshair, click Use Point on
the toolbar in the Imagel1.tif viewer.

The image coordinates for ID 248 are transferred to the GCP Collection
dialog box. They should be approximately:

2195.9 pPixel
2350.0 Line
In the GCP collection dialog box, click Accept.

The GCP information is transferred to the Accepted Points list for the GCP
with Point ID G0001.

In the GCP Text File dialog box, select ID 249 and click Transfer to GCP
collection panel.

Refer to the figure below to more accurately position the crosshair for 249 on
the uncorrected Image11.tif image.

w [4316.125P 2665.000L [F129G:116E128 [20

7. Adjust the position of the crosshair on Imagel1 and when you are satisfied

with its location, click Use Point on the viewer toolbar.

The image coordinates for ID 249 are transferred to the GCP Collection
dialog box. They should be approximately:

4316.0 Pixel
2664.5 Line
In the GCP collection dialog box, click Accept.
The GCP information is transferred to the Accepted Points list.

PCl Geomatics
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OrthoEngine Workbook - Exercise 1: Digital Airphoto Project

IPLXYE Format

9. Close the GCP Text File dialog box.

Tip

This is a good time to save your project file.

To save time, the remaining GCPs for Image16.tif and Image17.tif will be
imported from a text file in IPLXYE format.

The format of the Image16.gcp file is IPLXYE, which means that each row of text
contains the following information from left to right:

* The GCPID (I)

»  The image pixel position (P)

*  The image line position (L)

*  The georeferenced East/West coordinate (X)

*  The georeferenced North/South coordinate (Y)
*  The elevation (E)

To open Image16.tif as the working image:
1. On the GCP/TP Collection toolbar, click Open a new or existing image.
2. Select Imagel6 from the list and click Quick Open & Close.

A viewer opens displaying Imagel6.

Note

One image is always the Working image, while the other images are the
Reference images. Click Reference on the viewer toolbar to change the status
of an image to Working.

To import GCPs for Image16.tif:

1. Inthe GCP Collection dialog box, click Select PIX/Text File.
The Read GCP from PIX/Text File dialog box opens.

Click Select and navigate to the Digital AP folder.

Select Imagel6.gcp and click Open.

Under Sample formats, choose IPLXYE.

A

Click Apply Format.

Information for each point is listed in the GCPs extracted from file section.

18
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Figure 1.11

Read GCP From Text
File dialog box for GCPs
with IPLXYE information

-
~

|
o
y‘/

¥ Read GCP from Text File

=10l x|

Selectl GLCF input file: |E:\Geomatica\DE [ratatDigital_AF%magel6.gop

Wigw/E dit | e LI

AT

Preview
HCT? 2192 .000000000 23.625000000 3563961520010
HCTH 3645.375000000 915 .000000000 3560267160010
1| | i
Format: Sample formats:
JIPLvE IPLE «
PL=Y
HrPL
IPL=Y
T HrPLDI
GLCF Projections: YHLP

GCPs extracted from file

1

NCT? 2192.000 23.625 356396152000 4308490 11600(
NCTS 3645.375  915.000 356026 716000 4308724 83500(

| i
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6. Check that the GCPs are listed correctly in the GCPs extracted from file area.

7. Click OK.

After the GCPs are read in, the GCP ID number for each point is displayed in
red. Check to see that the GCP positions are correct.

To import the GCPs for Image17.tif:

1. Open Imagel7.tif.

2.  With Imagel7.tif as the Working image, import GCPs from the

Imagel7.gcp text file.

Note

When a photo is selected as the working image, the GCPs collected for this
image are listed in the GCP Collection dialog box.

Tip

This is a good time to save your project file.

PCl Geomatics

19



OrthoEngine Workbook - Exercise 1: Digital Airphoto Project

Collecting Stereo GCPs

A stereo ground control point (GCP) is a cross between a regular GCP and a tie
point. It is a feature with known ground coordinates that you can clearly identify in
two or more images. They have the same Point ID, Easting and Northing
coordinates and elevation value, but the pixel and line location is different in each
image. They are used to determine the stereo parallax between two or more
images.

To collect Stereo GCPs:

1. Ensure that the viewers for Image16 and Image17 are open, as well as the
GCP Collection dialog box.

2. Make Imagel6.tif the Working image.
In the GCP Collection dialog box, locate and select Point ID NCTS.

The GCP image and georeferenced position information is loaded based on
the Image16.tif photo. If Auto Locate is selected, this GCP is loaded in each
of the viewing windows.

4. Make Imagel7.tif the Working image.

A list of GCPs collected for the Working image now appears in the GCP
Collection dialog box. The identification of the desired stereo point, NCT8, is
listed in the GCP Collection dialog box for Imagel7. The Georeferenced
Position information for this point is shown in the dialog box.

5. Place your cursor on the feature corresponding to point NCT8 on the Working
image and click Use Point.

The Image Position information updates in the GCP Collection dialog box.
6. Click Accept.

This point is now registered to the same georeferenced location on the earth
for both overlapping images, making it a Stereo GCP.

7. Repeat these steps to make NCT6 a stereo GCP on Image16.

Check Points

In the GCP Collection dialog box, to the right of the Point ID text box, you can
select whether the current point is a Ground Control Point (GCP) or a Check Point
(Check). A GCP is used in computing the geometric model, whereas a Check Point
is used to check the accuracy of the computed geometric model. Check Points are
not used in the model calculations.

This is a good time to save your project file.
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Figure 1.12
Image Layout

Displaying the Layout of the Images

The Image Layout feature is a quality control tool that reveals the relative
positioning of the image footprints and displays a plot of the distribution of the
ground control points (GCPs) and tie points for the entire project.

Use the Display Image Layout tool to ensure that your GCPs and tie points are well
distributed in the project.

=10l x|
Overview Imagel?
+Imagel1s
+Imagel2
+Imagel16 . .
tImagell " 2lmagel?-
+Imagel? kimags10 *
Q?l Cloze |

Calculating the Sensor Model

The computation of a rigorous math model is often referred to as a bundle
adjustment. The math model solution calculates the position and orientation of the
sensor at the time when the image was taken. Once the position and orientation of
the sensor is identified, it can be used to accurately account for known distortions
in the image.

When the model is calculated, the image is not manipulated. OrthoEngine simply
calculates the position and orientation of the sensor at the time when the image
was taken.

To run the bundle adjustment:
1. There are three ways you can update the bundle in OrthoEngine:

* By activating the Compute Model option in the GCP or Tie Point
Collection dialog box

* By clicking Compute Model in the Model Calculations Processing step
* By clicking Compute Model in the Residual Reports dialog box
2. Delete any GCPs or tie points in the project that have high residuals.

Now that the model has been computed, you can extract a DEM, extract features in
3D and/or orthorectify the images.

PCl Geomatics

21



OrthoEngine Workbook - Exercise 1: Digital Airphoto Project

Creating Epipolar Images

Figure 1.13
DEM From Stereo toolbar

Figure 1.14
Generate Epipolar
Images dialog box and
parameters for digital
airphoto project

Epipolar images are stereo pairs that are reprojected so that the left and right
images have a common orientation, and matching features between the images
appear along a common x axis. Using epipolar images increases the speed of the
correlation process and reduces the possibility of incorrect matches.

To create the epipolar images:
1. From the Processing step list, select DEM From Stereo.

A new toolbar with five icons appears.

ﬂ OrthoEngine: Digital airphoto projeck

=10l x|

File Utilities Options  Help

= SRS Sl
|

Processing step
|DEM From Stereo

2. On the DEM from Stereo toolbar, click Create Epipolar Image.

3. Set up the Generate Epipolar Images dialog box as shown in the figure below.

ﬂ Generate Epipolar Images. - |EI|1|
Epipolar zelection:
b aximum overlapping pairs ;I Minimum percentage overlap: |45 ill
— Left Image — Right Image
Imagell Awailable(Open): C:Gia
Imagell Awailablei{Open): C:™Ge
Imagel? Awailablei{Open): C:™Ge
Inagels Awailable(Open): C:™G
Inagelt Ava:i.lahle(Open) LD NG
2920 AT I TR _'I_I
Channel: ' Channels I‘I Channel: ' Channels I‘I
Al Al
Add Epipolar Pairz To Tablel
Epipolar pairs:
Mumber Select Left File Fiight File Left Channels Fiight Channel
1 v Image10 Image11 1 1
2 v Image11 Imagel2 1
3 v Imagel5 Imagel6 1 1
4 v Imagel6 Imagel? 1 1
5 v Imagel? Image10 1 1
«| | »
Select Alll Select Nonel Hemovel Remove &ll|  Switch Pairs | Switch &l Pairs
Optio: Processing Start Time
Working cache (MEL: [400 = || & Statnow
7 Start at (e
Down zample factor: |2 ill I—[ *I]I—*I &
Down sample filker: IAvera & 'I = =l =
P : a Cipm
@?l Save Setup| Generate Pairs
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4. Click Save Setup.

This saves the epipolar image generation options and uses them for batch
processing with Automatic DEM Extraction.

5. Click Close.

Extracting the DEM

Figure 1.15

Automatic DEM
Extraction dialog box with
parameters for the digital
airphoto project

W

To extract the DEM:

1. On the DEM from Stereo toolbar, click Extract DEM Automatically.

The Automatic DEM Extraction dialog box opens.

If the epipolar pairs do not exist or are not available (offline), OrthoEngine
will automatically generate the epipolar pairs using the options that you saved
in the Generate Epipolar Images dialog box.

2. Fill in the Automatic DEM Extraction dialog box as shown in the figure

below.

=olx]|

Pixel zampling interval:
I~ Use clip region
[¥ Fill holes and filter

[¥ Create score channe!

Output DEM channel type: |16 bit signed -I

2 ~| Resolution: 1.1

I~ Delete Epipolar Pairs sfter use

Lower right: |357739 280000 ><|4E‘.DB1 25.780000 Y
Resolution: I'I.T ><|T.1 W
DEM bounds: % Allimages € Selected images

Output option: |Highest score -

Recnmputal

Steren pairs:
Select Left Image Right Image E pipolar Pair Epipolar DEM DEM Repoart
W Image10 Imagel1 Qffline Image10_Imagel1_dem.pix Image10_Image11_dem.ipt
W Image11 Image12 Qffline Imagel1_Imagel2_dem.pix Image11_Image1Z_dem.ipt
o Image15 Imagel6 Offline Imagel15_Imagel6_dem.pix Image15_Image16_dem.ipt
v Image16 Imagel? Offline Imagel16_Imagel7_dem.pix Image16_Image17_dem.ipt
o Imagel1? Image10 Offline Imagel7_Imagel 0_dem.pix Image17_Image10_dem.ipt
Select All| Select Nunel
r— Epipolar DEM Extraction Options — Geocoded DEM
. X [¥ Create Geocoded DEM
Minimum elevation: 260
[~ Delete Epipolar DEMs after use
I aximum elevation: 320 Bt s [
Failure: value: -100 -
|E “Geomatica OE Data\Digital_&Pgeo_dem. pix
Background value: 150
Upper left: [355766.500000 [4203306.250000
DEM detail: b edium ‘I

[~ Extraction Start Time:

{+ Start now
€ Start at [(hhzmm)

= | = L

€ pm

e

Extract DEM Clase |

3. Click Extract DEM.

A Progress Monitor opens showing the status of the extraction process.

4. When the DEM has extracted, click Close.

Tip

This is a good time to save your project file.

PCl Geomatics
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Orthorectification

Figure 1.16

Ortho Image Production
dialog box with
parameters for digital
airphoto project

Orthorectification is the process of using a rigorous math model and a digital
elevation model (DEM) to correct distortions from the platform, the sensor, earth
terrain and curvature and cartographic projection in raw images. The rigorous math
models, such as the Aerial Photography or Satellite Orbital math models, provide
a method to calculate the position and orientation of the sensor at the time when
the image was taken. The DEM is a raster of terrain elevations.

A raster DEM is required for orthorectification. The DEM you extracted for this
project could be used for this process, however, you will use dem.pix which covers
a slightly larger area.

To orthorectify the images:
1. From the Processing step list, select Ortho Generation.
2. Click Schedule Ortho Generation.

The Ortho Image Production dialog box opens.

3. Set up the Ortho Image Production dialog box using the parameters shown in
the figure below.

&%iortho Image Production x|

Images to process:

Awailable images

= Imagel0: Create new fils Izl
Image11: Create new file

Imagel2: Create new file
d Image15: Create new file
Image16: Create new file

Image infarmation far lmagel 7

— Uncorrected Image Ortho Image

Image: C:h\GeomaticatOE ... \magel 7.k File: IolmageW 7 pis Browsel
Status: Model up-to-date Status: Mo ortho generated
Input channels: @ Al Mew file will be CREATED.

@ Diemick l— Sizer 3% 5125x 3452 B-bit [52 ME) [E stimate]
Upper left: |355?49.2SDD bs |4308989.?500 A

Lawer right: ISE?DBD R000 ® Id?.DB‘I 16.7500 he Recompute

[~ Apply input channel selection to all fles

Ortha Generation Options

—DEM Proceszing Option Processzing Start Time
Browse | Source: 1: dem pix ‘working cache: |128 j MBytes Rt ' Start now
o ) | = Start at [hh:mm)
Elevation scale: Sampling interval |4 =
7 Fezampling: Cubic - I |12 ﬁ i} ﬁ = am
Elevation offset: =i I
Auto clipedge: |0 ;I Percent 1.

Elevationunit: @ Meter Feet
Fiter Sies: %] = v =

Birowze | Kermel files

Q?l Generate Orthos |

¥ &pply DEM options to all images

4. Click Generate Orthos.
A Progress Monitor opens to show the status of the operation.

The ortho photos can be examined in Focus to see how well features are
coregistered.
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Tip

This is a good time to save your project file.

You can proceed to mosaicking the images using the steps outlined in Module 6 of
the Geomatica OrthoEngine Course Guide.

In this exercise you:

+ Created an Aerial Photography Modelling project
* Input four digital airphotos

«  Computed exterior orientation from GPS/INS data and refined the model
with GCPs and TPs

+ Extracted a DEM from epipolar images

»  Orthorectified the airphotos

PCl Geomatics
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Satellite Orbital Modelling

Exercise

Project - SPOT 2

Figure 2.1
Satellite Orbital Modelling
Options in OrthoEngine

There are four options for the satellite orbital modelling method in
OrthoEngine: Toutin’s Model (Low Res), Toutin’s Model (High Res), the ASAR/
RADARSAT Specific Model and the Low Resolution AVHRR model.

i Project Information =
Filename: |new.pri Browsel
Mame: |New Project
Description: |

— Math Modelling Method — Optio:

¢ herial Photography % Toutin's Model [Low Fies): ASAR, ASTER, CBERS,

# Satelite Dibital Modeling DM, EOC, ERS, RS, JERS, LANDSAT

' Polynomial MERIS. PALSAR, RADARSAT, SPOT

€ Thin Plate Spline " Toutin's Model [High Res): CARTOSAT, EROS,

¢ Rafional Functions FORMOSAT, IKONDS, DRBVIEW, QUICKEIRD, SPOT
" ASAR/PALSAR/RADARSAT Speciic Modsl

" Low Resolution; &¥HRR

" None [mozaic only)

()8 | Cancel |

N Note

Toutin’s Model

You should not use the Satellite Orbital Math Model when you are using
only a portion of the original image, when the image has been
geometrically processed, or when you do not have (or cannot estimate) the
orbit information.

Toutin’s Model is a rigorous model developed by Dr. Toutin at the Canada
Centre for Remote Sensing to compensate for distortions, such as sensor
geometry, satellite orbit and attitude variations, earth shape, rotation, and
relief. This model is used for high and low resolution imagery.

The following sensors are currently supported in the Satellite Model:

Table 1: Supported Sensors

ASAR ERS MERIS
ASTER FORMOSAT ORBVIEW
CBERS IRS PALSAR
DMC IKONOS QUICKBIRD
EOC JERS RADARSAT
EROS LANDSAT SPOT

PCI Geomatics
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N\

ASAR/
RADARSAT
Specific Model

N

Low Resolution
Model

Note

The processing steps for optical and radar projects are the same.

The ASAR/RADARSAT Specific Model is designed for stereo DEM extraction and
image orthorectification of ASAR or RADARSAT data.

Compared with Toutin’s model for radar data, the ASAR/RADARSAT Specific
model takes greater advantage of the satellite’s ancilliary information delivered
with the raw data. This in turn dramatically reduces the requirement for numerous
well-distributed ground control points for ortho and DEM generation, while still
maintaining positional accuracy and high levels of detail.

The addition of ground control points, although not necessary, will refine the model
and improve its accuracy. Unlike the General High Resolution model used for radar
data, Tie Points (TPs) are not required nor is it possible to collect tie points for this
type of project.

Note

The RADARSAT Specific Model produces better ortho images and DEMs,
when GCPs are limited.

The Low Resolution Model is only for GCP collection or GCP editing. Low
resolution imagery such as AVHRR is orthorectified in PClI GeoComp.

In this exercise, you will use Toutin’s Model with SPOT data to extract a DEM and
orthorectify two images.

The data for this project can be found in the SPOT folder.

28
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Work Flow for Satellite Orbital Modelling

Data Create a Project
Preparation
Input Data
Collect GCPs/TPs
Calculate Sensor Model
v | ]
iewi Extract DEM i _
Data . 3D Viewing fi‘oiiCStereO Build DEM from Use Existing
Extraction * Lines/Points DEM
v Images « GCPs/Match Points
3D Feature . Eonttours
1 * Rkasters
Extraction TIN
A 4
Data Orthorectification
Correction
Mosaicking
Manual Automatic
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Setting up the Project

Figure 2.2

Project Information dialog
box for Satellite Orbital
Modelling

OrthoEngine works on a project-by-project basis. Therefore, you need to open an
existing project or create a new project before you gain access to the functions
within OrthoEngine. In this exercise, you will create a new project.

To create a new project:

1.

® =N @

From the File menu on the OrthoEngine window, click New.

The Project Information dialog box opens.

For the File name, enter spot.prj.

Click Open.

Click Browse and locate the SPOT folder.

The path and filename appear in the File name field in the Project Information

dialog box.

i Project Information

In the Name box, enter SPOT Project.

Filename: |C:\G eomaticat0E DatahSPOT \spat. pri

Browse |

Mame: |SF'DT Project

Description: |SF'DT ortho project for Irvine, CA

— Math Modelling Method

| ferial Photograpthy

& Satellite Drbital Modelling
| Folynomial

1 Tikin Flate Spline

= Fiatiotial Functions

€ None [mozaic only)

— Optio:

& Toutin's Model [Low Res): 454F, ASTER, CEERS,
DMC, EOC, ERS, IRS, JERS, LANDSAT
MERIS, PALSAR, RADARSAT, SPOT

 Toutin's Model [High Fles): CARTOSAT, EROS,
FORMOSAT, IKOMOS, ORBVIEW, QUICKBIRD, SPOT

0 BEARYEAL SARREDARSAT Specific Mods]

= Low Besolutior: &HER

@I ()8 | Cancel |
9. Click OK.

In the Description box, enter SPOT ortho project for Irvine, CA.
For the Math Modelling Method, select Satellite Orbital Modelling.
Under options, select Toutin’s Model (Low Res).

The Project Information dialog box closes. The Set Projection dialog box

opens.
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Figure 2.3

Set Projection dialog box
for Satellite Orbital
Modelling

Setting the Projection Parameters

To enter the projection parameters:

1. Inthe Set Projection dialog box, enter the projection parameters as shown in

the figure below.

ﬂ Set Projection

Output projection

Output pizel spacing: I‘ID.DDDDDDD m
Output line spacing: I‘ID.DDDDDDD m

IUTM 'I Earth Model...l IUTM 11 S EQ0D Morel

GLCF Projection

Set GCP Projection bazed on Output Proiectionl

IUTM 'I Earth Model...l IUTM 11 S EQ0D Morel

@I ()8 | Cancel |
2. Click OK.

Adding the Images to the Project

Figure 2.4
Data Input Processing
Step

For most sensors, OrthoEngine uses the Read CD-ROM option on the Data Input
toolbar to read the raw satellite data, save the imagery into a PCIDSK file, and add
a binary segment containing the ephemeris data (orbit information) to the file.

In this exercise, the images have already been read to PCIDSK format. In this case,
you will use the Read PCIDSK file option from the Data Input toolbar.

To import satellite data from a PCIDSK file:

1. On the OrthoEngine window in the Processing step list, select Data Input.

A new toolbar with four icons appears on the OrthoEngine window.

E OrthoEngine: SPOT Project

Bl Utites Optons Help

=1o| x|

Frocessing step E :
|Data|nput =] @ ==

2. On the Data Input toolbar, click Read PCIDSK file.

The Open Image dialog box opens.

Make sure the Uncorrected images option is selected.

4. Click New Image.

The File Selector dialog box opens.

PCl Geomatics
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5. From the SPOT folder, select spotleft.pix and spotright.pix and click Open.

The Multiple File selection message window opens indicating the total
number of files that are detected, and the total number to be loaded into the

project.

6. Click OK.
The File Selector dialog box closes. Both SPOT images are now part of your
project.

Tip

This is a good time to save your project file.

Saving your Project

To save your project file:

»  From the File menu on the OrthoEngine window, click Save.

The spot.prj file is saved to the SPOT folder.

Collecting Ground Control Points

Term

A ground control point (GCP) is a feature that you can clearly identify in the raw
image for which you have a known ground coordinate.

Ground coordinates can come from a variety of sources such as the Global
Positioning System (GPS), ground surveys, geocoded images, vectors,
Geographic Information Systems (GIS), topographic maps, or chip databases. A
GCP determines the relationship between the raw image and the ground by
associating the pixel (P) and line (L) image coordinates to the x, y, and z
coordinates on the ground.

How Many The minimum number of GCPs you need to collect depends on the type of data you
GCPs? are correcting, the processing level of that data, and which math model you are
using. For more information, please refer to Appendix A in the Introduction to
OrthoEngine course guide.
%\ Note
It is usually recommended to collect twice the minimum number of GCPs to
ensure accuracy.
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Figure 2.5
GCP/TP Collection
toolbar

You will collect GCPs from a geocoded image and import GCPs from a text file.

To open the working image:

1. From the Processing step list, select GCP/TP Collection.

Eight icons appear in the main toolbar representing functions you can use
during GCP and TP collection.

E OrthoEngine: SPOT Project — |EI |i|

Bl Utites Optons Help
m)| =
O EERE
J el w7 4

Frocessing step =)
[GCP/TP Collection | @ e lve-r

Gt

2. On the GCP/TP Collection toolbar, click Open a new or existing image.

The Open Image dialog box opens. Both SPOT input images are listed as
Uncorrected Images.

3. Select the spotleft.pix file and click Quick Open & Close.
The Open Image dialog box closes. A viewer opens containing the
spotleft.pix image.

To set up for GCP collection from a geocoded image:

1. On the GCP/TP Collection toolbar, click Collect GCPs Manually.
The GCP Collection dialog box opens.

2. Inthe GCP Collection dialog box, select Compute Model.

Residual errors are calculated for each GCP and are listed in the Residual
column.

Residual errors are the difference between the coordinates that you entered for the
ground control points (GCPs) or tie points and where those points are according to
the computed math model.

3. For the Ground control source, select Geocoded image.

A File Selector dialog box opens.
4. From the SPOT folder, select spotmos.pix and click Open.

The spotmos.pix file is loaded in a viewer as the Geocoded Image.

In the GCP Collection dialog box, click Browse beside the DEM box.
6. From the SPOT folder, select SPOTDEM.PIX and click Open.

The DEM File dialog box opens. This allows you to select the channel
containing the DEM information in the file. There is only one channel in
SPOTDEM.PIX.

7. Click OK.

PCl Geomatics
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To collect GCPs from a geocoded image:

1. Inthe spotmos.pix viewer, place the crosshair on the lower right corner of the
image at the position shown in the figure below.

Figure 2.6
Crosshair location e Viewer: Geocoded Image: spotmos.pix - ..

Use Point| |81, ® @ [ fig] |y - ot - 011 -] &£ 11

(circled in black) for first
GCP

|¥ w (438967 500E 3713722 500N [G:s1

2. On the viewer toolbar, click Zoom to 1:1 Image Resolution.

3. Place the cursor on the location shown in Figure 2.7, zooming in as necessary.

Figure 2.7
Crosshair location
(circled in black) for
G0001
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4. On the Geocoded Image viewer toolbar, click Use Point.

The georeferenced coordinates for this location are transferred to the GCP
Collection window. They should be approximately:

438962 X
3713710 Y

5. On the GCP Collection dialog box, click Extract Elevation.

If Auto locate is selected in the GCP Collection dialog box, OrthoEngine
estimates the position of the GCP in the uncorrected image. In the spotleft

viewer, the crosshair has automatically moved close to the correct position for
G0001.

6. Adjust the position of the crosshair on spotleft and click Use Point on the
viewer toolbar.

The image coordinates for GO001 are transferred to the GCP Collection
dialog box. They should be approximately:

4708 Pixel
5439 Line
7. Click Accept.

The GCP information is transferred to the Accepted Points list for the GCP
with Point ID G00O1.

8. Collect two more GCPs for spotleft.pix using spotmos.pix as the geocoded
image.

In order for Auto locate to work, place the crosshair on a feature in the
geocoded image, click Use Point and extract the elevation for this location.

Mo -
f"\ji)f Tip
) The same workflow is used when collecting GCPs from a geocoded image and
geocoded vectors.
N ‘ /
~ "

Tip

This is a good time to save your project file.

Ground control points collected with a GPS will often be delivered in a text file.
Each point will have X, Y, E and possibly point Id information. Before you collect
ground control points in the field, you need to ensure that you can clearly see that
location in the raw image. The pixel and line coordinates for the uncorrected image
must be determined manually and transferred to the GCP Collection dialog box.
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IXYE Format

Figure 2.8

Read GCP From Text
File dialog box for GCPs
with IXYE information

To import GCPs from a text file:

1. For the Ground control source in the GCP Collection dialog box, select PIX/
Text file.

The Read GCP from PIX/Text File dialog box opens.
2. Click Select and navigate to the SPOT folder.

Select spotleft 1.GCP and click Open.
4. Under Sample formats, choose IXYE.

The format of the spotleft 1.GCP file is IXYE, which means that each row of text
contains the following information from left to right:

«  The GCP ID (I)
* The georeferenced East/West coordinate (X)

* The georeferenced North/South coordinate (Y)
* The elevation (E)

The Pixel and Line position for each point will be taken from the uncorrected
spotleft.pix image.

5. Click Apply Format.
The GCPs are listed under GCPs extracted from file.

¥ Read GCP from Text File 10l =|

Selectl GLCF input file: |E:\Geomatica\DE [ratatSPOT spotleft_1.GCP
Preview

GO011 410201.79 3760300.65 170.69
GO012 434461.75 3733786.19 374.9
GO013 429461 .69 3728549 .39 56.69

Format: Sample formats:
JizrE LY -
HrPL

Apply Format IPLY

Aoy Foma| [P
T YELP

GCP Projections: [y

ViewJEditl

GCPs extracted from file

Goo11 0.oon 0.oon 410201.790000 3760300.65000(
Goo1z 0.oon 0.oon 434461 750000 3733786.19000(
Goo13 0.ooo 0.ooo 429461 690000 3728549 39000(

1| | i
@I ()8 | Cancel |
6. Click OK.

The GCP Text file dialog box opens.
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To locate the GCPs on the raw image:

1.

Figure 2.9

G0011 on SPOtIeﬂ-piX g Yiewer: Image ID: spotleft - ...Data'SPOT' spotleft.pix - |EI|1|

-I'. » — ;': ¥ (1 > . !
v w [1152.500P 15465000 [G:ez [«1.0

In the GCP Text File dialog box, select G0011 and click Transfer to GCP
collection panel.

The IXYE coordinate is transferred to the GCP Collection dialog box. If Auto
locate is selected in the GCP Collection dialog box, OrthoEngine estimates
the position of the GCP in the uncorrected image. In the viewer for spotleft,
the crosshair has automatically moved near the correct position for GOO11.

Refer to the figure below to more accurately position the crosshair on the
uncorrected spotleft.pix image.

3. Once you are satisfied with the position of the crosshair, click Use Point on

the toolbar in the spotleft.pix viewer.

The image coordinates for GO011 are transferred to the GCP Collection
dialog box. They should be approximately:

1152.5 Pixel
1546.5 Line
In the GCP collection dialog box, click Accept.

The GCP information is transferred to the Accepted Points list for the GCP
with Point ID GOO11.

In the GCP Text File dialog box, select G0012 and click Transfer to GCP
collection panel.
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Figure 2.10
G0012 on spotleft.pix

6. Refer to the figure below to more accurately position the crosshair on the
uncorrected spotleft.pix image.

g Yiewer: Image ID: spotleft - ...Data'SPOT' spotleft.pix

“Wwiorking | Use Paint @ @ @ @ @ ]

A

i

BN Y5
- a

v |3882.500F' 3587.500L

7. Adjust the position of the crosshair on spotleft and click Use Point on the
viewer toolbar.

The image coordinates for G0012 are transferred to the GCP Collection
dialog box. They should be approximately:

3862.5 Pixel
3587.5 Line
8. In the GCP collection dialog box, click Accept.

The GCP information is moved to the Accepted Points list for the GCP with
Point ID G0012.

9. Select G0013 in the GCP Text File dialog box and click Transfer to GCP
collection panel.

10. Use the figure below to help determine the location of G0013 on spotleft.pix.
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Figure 2.11

G0013 on spotleft.pix
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11. Adjust the position of the crosshair on spotleft and click Use Point on the
viewer toolbar.

The image coordinates for G0013 are transferred to the GCP Collection
dialog box. They should be approximately:

3557.5 Pixel
4208.2 Line
12. In the GCP collection dialog box, click Accept.

The GCP information is moved to the Accepted Points list for the GCP with
Point ID G0013.

Tip

This is a good time to save your project file.

To save time, the remaining GCPs for spotleft.pix and spotright.pix will be
imported from a text file in [PLXYE format.
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IPLXYE Format The format of the spotleft 2.GCP file is IPLXYE, which means that each row of
text contains the following information from left to right:

* The GCP ID (I)

»  The image pixel position (P)

*  The image line position (L)

*  The georeferenced East/West coordinate (X)

*  The georeferenced North/South coordinate (Y)
*  The elevation (E)

To import the remaining GCPs for spotleft.pix:
1. In the GCP Collection dialog box, click Select PIX/Text File.
The Read GCP from PIX/Text File dialog box opens.
2. Click Select and navigate to the SPOT folder.
Select spotleft_2.GCP and click Open.
4. Under Sample formats, choose IPLXYE and click Apply Format.

Information for each point is listed in the GCPs extracted from file section.

Figure 2.12
Read GCP From Text 101 x|
File dialog box for GCPs - i
with IPLXYE information Selectl GLCF input file: |E.\Geomatlca\DE [ratatSPOT spotleft_2 GCP
Preview
GO014 3015.5 4820.5 421746.82 3724032 9.14 N
GO015 2345.5 4160.5 416139.05 3732099.03 16.76
GO016 2555.5 5306.5 415284 .49 3720518.52 25.6
GO017 1876.5 5078.5 408444 61 3724433 .42 1 .83
GO0018 1597.5 2001.5 413845.93 3754793 .55 98 .76
GO019 1798.5 1313.5 417939 .51 3760939.91 148 44
GO020 3248.5 1001.5 434830.65 3760256 .46 191.11
mAN?1 3949 E 1410 E 441640 72 3I7CAC12 A3 167 7R LI
Format: Sample formats:
IIF'LXYE

Apply Formatl

GLCF Projections:
Wiews/Edit |

GCPs extracted from file

GO014 3015.500 4820.500 421746.820000 3724032 0000«

GO01S 2345.500 4160.500 416139.050000 3732099.030

GO016 2555.500 5306.500 415284 490000 3720518 520¢

GO017 1876.500 5078 .500 408444 610000 3724433 4200

Goola 1597.500 2001.500 413845.930000 3754793 5500

GO019 1798.500 1313 .500 417939.510000 3?60939.910[,'
3

~ONAR ANARN AN Annd Fon AnAnan rrn1n AncAAre Acn

1

@I ()8 | Cancel |

5. Check that the GCPs are listed correctly in the GCPs extracted from file area.
6. Click OK.

After the GCPs are read in, the GCP ID number for each point is displayed in
red. Check to see that the GCP positions are correct.
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To import the remaining GCPs for spotright.pix:

1.
2.

On the GCP/TP Collection toolbar, click Open a new or existing image.
From the SPOT folder, select spotright.pix and click Quick Open & Close.

A second viewer opens containing the spotright.pix image. This is now the
Working image.

In the GCP Collection dialog box, click Select PIX/Text File.

The Read GCP from PIX/Text File dialog box opens.

Click Select and navigate to the SPOT folder.

Select spotright. GCP and click Open.

Under Sample formats, choose IPLXYE and click Apply Format.
Information for each point is listed in the GCPs extracted from file section.
Check that the GCPs are listed correctly and click OK.

After the GCPs are read in, the GCP ID number for each point is displayed in
red. Check to see that the GCP positions are correct for spotright.pix.

Collecting Stereo GCPs

A stereo ground control point (GCP) is a cross between a regular GCP and a tie
point. It is a feature with known ground coordinates that you can clearly identify in
two or more images. They have the same Point ID, Easting and Northing
coordinates and elevation value, but the pixel and line location is different in each
image. They are used to determine the stereo parallax between two or more
images.

To collect Stereo GCPs:

1.

Ensure that both overlapping images are open, as well as the GCP Collection
dialog box.

Make spotleft.pix the Working image.
In the GCP Collection dialog box, locate and select Point ID G0011.

The GCP image and georeferenced position information is loaded based on
the spotleft.pix image. If Auto Locate is selected, this GCP is loaded in each
of the viewing windows.

Switch the spotright.pix image from Reference to Working.

A list of GCPs collected for the Working image appears in the GCP
Collection dialog box. The identification of the desired stereo point, G0011, is
listed in the GCP Collection dialog box for spotright. The Georeferenced
Position information for this point is shown in the dialog box. However, the
Image Position information for the Working image is not available, since you
have not yet associated the point GOO11 with spotright.

Place your cursor on the feature corresponding to point GO011 in spotright.pix
and click Use Point.

The Image Position information updates in the GCP Collection dialog box.

PCl Geomatics

41



OrthoEngine Workbook - Exercise 2: Satellite Orbital Modelling Project - SPOT

Figure 2.13
Changing G0022 on
spotleft.pix to a Check
Point

6. Click Accept.

This point is now registered to the same georeferenced location on the earth
for both overlapping images, making it a Stereo GCP.

7. Collect another stereo GCP based on Point ID G0014.

Check Points

In the GCP Collection dialog box, to the right of the Point ID text box, you can
select whether the current point is a Ground Control Point (GCP) or a Check Point
(Check). A GCP is used in computing the geometric model, whereas a Check Point
is used to check the accuracy of the computed geometric model. Check Points are
not used in the model calculations.

To create a Check Point:

1. Select spotleft.pix as the Working image.

2. Inthe GCP Collection dialog box, below Accepted Points, select G0022 or a
GCP with a high residual value.

3. From the list beside the Point ID box, select Check.

% GCP Collection for spotleft =
Ground control source: | Text file =
Select Text File... |
DEM: | Browsel
¥ Auta locate [~ Compute model

Working Image: spotleft
Paint Projection: UTk 11 D000

PaintID: 502z llece &
Image piel: [316.5 +- {01 P
Image line:  [1715.5 +- {01 L
Easting (<1 [431529.340 ++ (1.0 m
Marthine 1 [37RIR9R 1R i ™

4. Click Accept.

This point is now a Check Point and is not included in the bundle adjustment.

To convert a Check Point to a GCP:

1. Select the Point ID that is the Check Point you want to make into a GCP, in
this case G0022.

2. From the list beside the Point ID box, select GCP.
3. Click Accept.

This point is once again a GCP and is included in the bundle adjustment.
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Collecting Tie Points Manually

Term

A tie point is a feature that you can clearly identify in two or more images that
you can select as a reference point.

Tie points do not have known ground coordinates, but you can use them to extend
ground control over areas where you do not have ground control points (GCPs).
Used in rigorous models such as Aerial Photography and Satellite Orbital (high and
low resolution) math models, tie points identify how the images in your project
relate to each other.

To collect tie points manually:

1.

10.

11.

12.

On the GCP Collection toolbar, click Collect tie points.

The Tie Point Collection dialog box opens.

In the Auxiliary Information section, click Select.

From the SPOT folder, select SPOTDEM.PIX and click Open.

The DEM File dialog box opens where you select the channel containing the
DEM information. This will be your source of elevation for your tie points.

Entering tie point elevation is optional. You can either load a DEM or select
the Elevation option and manually enter the elevation. The elevation of the tie
point is automatically incorporated into the math model.

Click OK.
Make spotleft.pix the Working image.

Find a location in spotleft.pix that can be clearly seen in the overlap area in
spotright.pix, zooming in as necessary.

Place the cursor at this location and click Use Point.

If Auto locate is selected in the Tie Point Collection dialog box, OrthoEngine
estimates the position of the Tie Point on spotright.pix. You need to refine the
position of the crosshair on spotright.pix before accepting the tie point on this
image.

Place the cursor at the same location in spotright.pix, zooming in as
necessary.

In the spotright viewer, click Use Point.

In the Tie Point Collection dialog box, click Accept.

The point is listed in the Accepted Tie Points table.

Collect at least four more tie points to tie the two images together.

For Auto locate to work, you need to click Use Point on the Working image
after placing the crosshair on a feature that can be seen in both images. It does
not matter which image you set as the Working image.

When you are finished collecting your tie points, click Close.
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\
\

zgl/"i Tip
’ This is a good time to save your project file.

Collecting Tie Points Automatically

Automatic Tie Point collection is used to eliminate the time consuming and
repetitive task of identifying common points between overlapping images. Image
correlation techniques are used to find matching points in a particular distribution
in your imagery.

To collect tie points automatically:
1. On the GCP/TP Collection toolbar, click Automatically collect tie points.

The Automatic Tie Point Collection dialog box opens.

2. Setup the Automatic Tie Point Collection dialog box as shown in the figure

below.
Figure 2.14
Automatic Tie Point % Automatic Tie Point Collection =
Collection dIaIOg box r— Diistribution Pattern Image to Proce:
" Entire image & &llimages
& Overlap area © Working image
— Optio: Processing Start Time
Tie points per area: IS E % Start now
Matching threshald: |0.75 Hesetl € Sttt at (hhimm)
Search radius: 100 PFixels |12 Bv o E & lam
Approx. elevation:  |300 m Cpm.
Auiliary Information
Selectl DEM: SPOTDEM.PI<
Frogresz Information
@?l Collzct Tie Paints Cloze

3. Click Collect Tie Points.

A progress bar appears at the bottom of the dialog box to monitor the status.
After the process is complete, a message box opens indicating the total
number of tie points found.

4. Click OK to exit the Message box.
Click Close.

N

; This is a good time to save your project file.
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Verifying Automatic Tie Points

Automatic tie points should always be verified to ensure that a given point was
collected for the same feature in your imagery. This is especially important if there
are clouds, shadows or snow in the imagery as the image correlation technique used
for the TP collection process sometimes fails in these regions.

To verify the automatic tie points:

1. On the GCP/TP Collection toolbar, click Collect tie points.
The Tie Point Collection dialog box opens.

2. Ensure that the Auto Locate option is selected.

3. In the Tie Point Collection dialog box, click the tie points that have an ID
beginning with A, one at a time.

The viewers update to display the imagery at 1:1 resolution centered on the
selected TP.

4. If an automatic TP does not fall on the same feature in both images, select the
TP in the Tie Point Collection dialog box and click Delete.

5. Once you are finished verifying the automatic tie points, click Close.

Tip
Each automatic TP should be checked as even TPs with a low RMS can be
incorrectly placed on two different features.

Tip

This is a good time to save your project file.

Displaying the Layout of the Images

The Image Layout feature is a quality control tool that reveals the relative
positioning of the image footprints and displays a plot of the distribution of the
ground control points (GCPs) and tie points for the entire project.

To check the layout of your images:
1. On the GCP Collection toolbar, click Display overall image layout.

The Image Layout window opens. The Overview area shows the center of
each image in the project. The top of the window points northward.

2. Under Overview, click a crosshair to reveal the image’s footprint.

In the right side of the window, the selected image is displayed with a red
frame, while the other image is framed in blue. The GCPs are displayed as red
squares, while the TPs are displayed as blue squares.
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Figure 2.15
Image Layout window =loix]
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3. To open an image, double-click the image footprint or click Quick Open.
If you are not satisfied with the distribution, edit your GCPs and tie points.
4. Click Close.

Calculating the Math Model

The computation of a rigorous math model is often referred to as a bundle
adjustment. The math model solution calculates the position and orientation of the
sensor at the time when the image was taken; when the model is calculated, the
image itself is not manipulated. Once the position and orientation of the sensor is
identified, it can be used to accurately account for known distortions in the image.

To run the bundle adjustment:
1. There are three ways you can update the bundle in OrthoEngine:

* By activating the Compute Model option in the GCP or Tie Point
Collection dialog box

* By clicking Compute Model in the Model Calculations Processing step
* By clicking Compute Model in the Residual Reports dialog box
2. Delete any GCPs or tie points that have high residuals in the project.

Now that the model has been computed, you can extract a DEM, extract features in
3D and/or orthorectify the images.
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Creating Epipolar Images

Figure 2.16
DEM From Stereo toolbar

Figure 2.17
Generate Epipolar
Images dialog box and
parameters for SPOT
project

Epipolar images are stereo pairs that are reprojected so that the left and right

images have a common orientation, and matching features between the images
appear along a common x axis. Using epipolar images increases the speed of the

correlation process and reduces the possibility of incorrect matches.

To create the epipolar images:
1. From the Processing Step list, select DEM From Stereo.

A new toolbar with five icons appears.

ﬁ OrthoEngine: SPOT Project — |EI |i|
Bl Utites Optons Help

Frocessing step @ T‘l .;D.. A‘:‘
|DEM From Stereo =] L*h E'I,I j"& k*

2. On the DEM from Stereo toolbar, click Create Epipolar Image.

3. Set up the Generate Epipolar Images dialog box as shown in the figure below.

¥ Generate Epipolar Images 10l =|
Epipolar zelection:
Uszer select ;I Iinimum percentage averlap: IED E
— Left Image — Right Image

L | I RRET | 2l
Channel: ' Channels I‘I Channel: ' Channels I‘I
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Epipolar pairs:

Mumber | Select Left File | RightFil. |  LeftChannels | Right Channel

1 v spotleft | zpatright | 1 | 1
«| | »

SelectAIIl SelectNonel Hemovel Remove &ll|  Switch Pairs | Switch &l Pairs

Optio: Processing Start Time

‘working cache [MBJ: [128 =] || & statnow

" Start at [hhzmm)
Down zample factor: |2 =
=l B =] = Eam
Dowen zample filter: IAverage - I

Cipm

@?l Save Setup| Generate Pairs Cloze
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4. Click Save Setup.

This saves the epipolar image generation options and uses them for batch
processing with Automatic DEM Extraction.

5. Click Close.

Extracting the DEM

To extract the DEM:
1. Onthe DEM From Stereo toolbar, click Extract DEM Automatically.
The DEM Extraction dialog box opens.

If the epipolar pairs do not exist or are not available (offline), OrthoEngine
will automatically generate the epipolar pairs using the options that you saved
in the Generate Epipolar Images dialog box.

2. Set up the Automatic DEM Extraction dialog box as shown in the figure

below.
Figure 2.18
Automatic DEM =il
Extraction dialog box with —
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—Epipolar DEM Estraction Options———————— —~ Geocoded DEM
. X [¥ Create Geocoded DER
Minimurn elevation: 0
I~ Delete Epipolar DEM: after use
I aximurn elevation: 1800 Eotfpul laram ElDWSEl
Failure walue: -100 -
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Background walue: -150
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¥ Fil holes and fier — Ertraction Start Timg
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[~ Delete Epipolar Pairs after use £ Start at (hkemm)
B = [ =& am
C pm
©?| Estract DEM|  Close |

3. Click Extract DEM.

A Progress Monitor opens showing the status of the extraction process.

4. When the DEM has extracted, click Close.

‘ /,//
il

=
S

Ll

This is a good time to save your project file.
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Orthorectification

Figure 2.19

Ortho Image Production
dialog box with
parameters for SPOT
project

Orthorectification is the process of using a rigorous math model and a digital
elevation model (DEM) to correct distortions from the platform, the sensor, earth
terrain and curvature and cartographic projection in raw images. The rigorous math
models, such as the Aerial Photography or Satellite Orbital math models, provide
a method to calculate the position and orientation of the sensor at the time when
the image was taken. The DEM is a raster of terrain elevations.

A raster DEM is required for orthorectification. The DEM you extracted for this
project could be used for this process; however, you will use SPOTDEM.PIX
which covers a slightly larger area.

To orthorectify the images:
1. From the Processing step list, select Ortho Generation.
2. Click Schedule Ortho Generation.
The Ortho Image Production dialog box opens.
3. Set up the Ortho Image Production dialog box as shown in the figure below.
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[~ Apply input channel selection to allfiles Upper left: [410000.0000 » |3755000.0000 v
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4. Click Generate Orthos.
A Progress Monitor open showing the status of the orthorectification process.

The orthos can be opened in Focus to see how well features are coregistered.

This is a good time to save your project file.
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You can proceed to mosaicking the images using the steps outlined in Module 6 of
the Geomatica OrthoEngine Course Guide.

In this exercise you:
» Created a Satellite Orbital Modelling project
* Input two SPOT images
+ Collected GCPs and TPs
» Extracted a DEM from epipolar images

*  Orthorectified the images
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Rational Functions - Exercise
QuickBird RPC Project 3

Understanding the Rational Functions Math Model

The Rational Functions math model is a math model that builds a correlation
between the pixels and their ground locations. Use this math model when you
are missing the information needed for a rigorous math model, when the
sensor model is proprietary (classified), when the image has been
geometrically processed, when the data provider computed the math model
and distributed it with the image, or when you do not have the whole image.

)" Tip

Because rational polynomials also consider elevation, it can be more
accurate than the Polynomial or Thin Plate Spline math models.

The rational polynomial coefficients can be computed in two ways: they can be
calculated from GCPs or they can be imported from a file.

Compute from This is a simple math model you can use to correct any image data using
GCPs rational polynomials when you have no orbit segment or camera model
information, or if geometric correction has already been applied to the data.

OrthoEngine can calculate the polynomial coefficients from GCPs. The
minimum number of required GCPs is determined by multiplying the number
of coefficients by 2 and then subtracting 1. For example, if you wanted to use
10 coefficients, you would multiply 10 by 2 and then subtract 1, which means
you would need 19 GCPs per image.

You have a choice to select the number of coefficients to be used in the fitted
polynomial. The minimum is 3 and maximum is 20. Using more coefficients will
result in a more accurate fit in the immediate vicinity of the GCPs, but it may
introduce new and significant errors in the image away from the GCPs. The
errors introduced into the imagery may be worse than the original errors that
needed correcting.

)~ Tip

Using 10 coefficients is recommended as is usually produces the best
results.
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%\ Note

If you select the Compute from GCPs option using the Rational Functions
method, you cannot extract a DEM.

Extract from This is a rigorous model that automatically uses the rational polynomial coefficients

Image File (RPCs) provided with the data to build a correlation between the pixels and their
ground locations. The image distribution agency computes the polynomial
coefficients for each image and distributes the data with the images. This is only
available for CARTOSAT, IKONOS, QuickBird, and OrbView imagery, or images
distributed in NITF 2.0 format with the RPC image support data included in the
NITF file.

You can refine the math model solution built from the coefficients by adding GCPs.
If you have one or two GCPs per image, you can perform a zero-order
transformation. A zero-order transformation produces a translation for x and y only.
If you have at least three GCPs per image, you can perform a first-order
transformation. A first-order transformation produces a translation and a rotation.

Usually performing a first-order transformation is best, except when the GCPs are
not well distributed. If your GCPs are clustered together, a first-order
transformation may introduce new and significant errors in the image away from
the GCPs. If your GCPs are not well distributed, you will probably obtain better
results from the zero-order transformation.

N Note

If you extract a DEM from stereo data, the height generated will be in Ellipsoidal
heights. You can convert the geocoded DEM datum using "Convert DEM
Datum" under "Utilities" in the OrthoEngine window.

In this exercise, you will create a rational functions project with two QuickBird
images. The math model will be refined by collecting a few GCPs on each image.
Additionally, the images will be tied together with tie points.

The data for this project can be found in the QB_RPC folder. QuickBird images
provided for this exercise are courtesy of DigitalGlobe (www.digitalglobe.com).
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Work Flow with a Rational Functions Project
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Setting up the

Project

OrthoEngine works on a project-by-project basis. Therefore, you need to open an
existing project or create a new project before you gain access to the functions
within OrthoEngine. In this exercise, you will create a new project.

To create a new project:

1. From the File menu on the OrthoEngine window, click New.
The Project Information dialog box opens.
2. Click Browse and locate the QB_RPC folder.
3. In the File name box, enter denver_qb.prj and click Open.
The path and file name appear in the File name box.
4. In the Name box, enter QB RPC Project.
5. In the Description box, enter QB RPC ortho project for Denver, CO.
6. For the Math Modelling Method, select Rational Functions.
7. Under Options, select Extract from Image File.
Figure 3.1
Project Information dialog 2% project Information |
box Filename: | C:\GeomaticahOE DatahGB_RPChderver_gb.pi Browse|
Mame:  |0B RPC Project

Description: |QB RPC ortho project for Derver, CO

— Math Modelling Method — Optio:
¢ herial Photography " Compute from GCPs
" Satellite Orbital Modeling O (Bl il e
" Polynomial

WITF, CARTOSAT, [KOWOS, OREVIEW, QUICKBIRD
" Thin Plate Spline

& Fiational Functions
" None [mozaic only)

()8 | Cancel |

8

. Click OK.

The Project Information dialog box closes and the Set Projection dialog box
opens.

Setting the Projection Parameters

To enter the projection parameters:

L.

Enter the projection parameters in the Set Projection dialog box as show in the
figure below.
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Figure 3.2

Project Information dialog
box for Rational
Functions project

ﬂ Set Projection ﬂ

Output projection
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2. Click OK.

Adding Images to the Project

N

Before you start working with the imagery, you need to import the data to the
project. QuickBird scenes will either be delivered in GeoTiff or NITF format.

Note

Both the QuickBird Basic 1B product and the Ortho Ready Standard product
are supported in OrthoEngine.

Due to the size limitations of CDs, OrthoReady Standard data may be delivered as
image tiles with RPC data. The RPC data is used with the Rational Functions math
model and covers the entire scene, not the individual tiles. Therefore, you must
reassemble the tiles into one scene before importing it into your project. Up to 81
QuickBird tiles can be assembled at a time (9 rows by 9 columns).

OrthoEngine will automatically read the RPC information provided with the data.
The RPC data is delivered as an ASCII text file ending in .RPB.

Note

To assemble a QuickBird OrthoReady Standard scene delivered in tiles, you
must create a Rational Functions, Extract from Image File project. To stitch
scenes acquired along the same path, you must create a Satellite Orbital
Modelling project.

To open the Assemble QuickBird Tiles dialog box for a Rational
Functions project:

e From the Utilities menu, select Assemble QuickBird Tiles.
To open the Stitch Image Tiles dialog box for a Satellite Orbital
Modelling project:

*  From the Utilities menu, select Stitch Image Tiles.
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Figure 3.3
Data Input toolbar

You will now add two images to the project.

To add the images to the current project:
1. On the OrthoEngine window in the Processing Step list, select Data Input.

A new toolbar with two icons appears.

% orthoEngine: QB RPC Project 10l =|
File Utilities Options  Help

Processing step 1k
|Data Input =l ovod

2. On the Data Input toolbar, click Open a new or existing image.
The Open Image dialog box opens.

3. Click New Image.
The File Selector dialog box opens.

4. From the QB_RPC\P001 folder, select 02SEP19175401-M1BS-
000000184308_01_P001.TIF and click Open.

The 02SEP19175401-M1BS-000000184308 01 POO1.TIF file is now part of
your project.

5. Inthe Open Image dialog box, click New Image.
The File Selector dialog box opens.

6. From the QB_RPC\P004 folder, select 020CT15174416-M1BS-
000000184308 01 _P004.TIF and click Open.

The 020CT15174416-M1BS-000000184308 01 PO004.TIF file is now part of
your project.

7. Click Close.

Saving your Project

To save your project file:
*  From the File menu on the OrthoEngine window, click Save.

The project file denver _qb.prj is saved in the QB_RPC folder.
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Collecting Ground Control Points

RPC
Adjustment
Order

Figure 3.4
GCP/TP Collection
toolbar

N Note

GCPs are optional in a Rational Functions, Extract from Image File project
because the imagery is delivered with RPCs. However, even 1 or 2 GCPs can
greatly improve the accuracy of the model.

When working with a Rational Function, Extract from Image File project, you can
select in the RPC adjustment order list the polynomial order you want to use to
calculate the math model. OrthoEngine supports both zero and first order RPC
polynomial adjustments. For a Rational Functions, Extract from Image File project,
the RPC adjustment order under Auxiliary Information in the GCP Collection dialog
box is set to 0 by default. For IKONOS images a zero order polynomial adjustment
is adequate in most cases. For QuickBird images a first order polynomial
adjustment is required to achieve the best results.

In order to apply the first order polynomial adjustment, you need a minimum of
three ground control points per image.

For this project, GCPs will be collected manually and from a GCP text file. A zero
order polynomial adjustment will be used as there will not be 3 GCPs on each
image.

To open the Working image:

1.  On the OrthoEngine window in the Processing step list, select GCP/TP
Collection.

A new toolbar with seven icons appears in the main panel. The icons on the
toolbar access functions for GCP and TP collection.

% orthoEngine: QB RPC Project 10l =|

M M L
|

File Utilities Options  Help

Processing step
[GEP/TP Collection =l T k*,,
+ +

2. On the GCP/TP Collection toolbar, click Open a new or existing image.
The Open Image dialog box opens. Both QuickBird images are listed.

3. Select the 02SEP19175401-M1BS-000000184308_01_PO001.TIF file and
click Open.

The Database Channels dialog box opens.
4. Below the list of Database Channels, click 3, 2, 1.

In this case, 1:3, 2:2, 3:1 will load a true color composite.
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5. Click Load & Close.

A viewer opens displaying the 02SEP19175401-M1BS-000000184308
01_POO1.TIF image in true color.

6. Close the Open Image dialog box.

In this exercise, the crosshair will be placed at the location of the GCP in the viewer
and the E, N coordinates will be entered manually into the GCP Collection dialog
box. The elevation will be extracted from dem.pix.

To set up for manual GCP collection:

1. On the GCP/TP Collection toolbar, select Collect GCPs Manually.
The GCP Collection dialog box opens.

2. Beside the DEM box, click Browse.

3. From the QB _RPC folder, select dem.pix and click Open.

The DEM File dialog box opens. This allows you to select the channel
containing the DEM information in the file. There is only one channel in
dem.pix.

4. Click OK.

To collect the first GCP manually:

1. Inthe POO1.TIF viewer, place the crosshair near the middle-left side of the
image as shown in the figure below.

Figure 3.5

Crosshair location for first 2% viewer: Image ID: 025EP19175401-M1E5-000000184308_01_P001 - ..0000154

Working | Use Point @ @ @ @ @ ﬁvo‘]’ V-:C:):-Tv 111

GCP on P001.TIF

[*] w [763.0P 2077.00 F: 236G 300B: 1¢[«1.0
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Figure 3.6

Crosshair location for
second GCP on PO01.TIF

S kW

On the P001 viewer, click Use Point.

The raw image coordinates for this location are transferred to the GCP
Collection window. They should be approximately:

768.4 P

2077.6 L

For Easting (X), enter 480051.003.

For Northing (Y), enter 4419873.200.

On the GCP Collection dialog box, click Extract Elevation.
Click Accept.

The GCP information is transferred to the Accepted Points list for the GCP
with Point ID G00O1.

Note

One image is always the Working image, while the other image is the
Reference image. Click Reference on the viewer toolbar to change the status
of an image to Working.

To collect the second GCP manually:

1.

In the POO1.TIF viewer, place the crosshair near the right side of the image as
shown in the figure below.

w [5437.0F 198311 [F: 146G 255 E: 1i[#1.0
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N

B

2. On the P001 viewer, click Use Point.

The raw image coordinates for this location are transferred to the GCP
Collection window. They should be approximately:

5487.0 P

1983.1 L

For Easting (X), enter 492915.256.

For Northing (Y), enter 4419851.443.

On the GCP Collection dialog box, click Extract Elevation.
Click Accept.

The GCP information is transferred to the Accepted Points list for the GCP
with Point ID G0002.

A

Tip

This is a good time to save your project file.

Collecting GCPs for the Second Image

To open the second image as the Working image:
1. On the GCP/TP Collection toolbar, click Open a new or existing image.
The Open Image dialog box appears. Both QuickBird images are listed.

2. Select 020CT15174416-M1BS-000000184308 01_P004.TIF and click
Open.
The Database Channels dialog box appears.

3. Below the list of Database channels, click 3, 2, 1.
In this case, 1:3, 2:2, 3:1 will load a true color composite.

4. Click Load & Close.

A viewer opens displaying 020CT15174416-M1BS-
000000184308 01 POO04.TIF in true color. This is now the Working image.

5. Click Close.

Ground control points collected with a GPS will often be delivered in a text file.
Each point will have X, Y, E and possibly point Id information. Before you collect
ground control points in the field, you need to ensure that you can clearly see that
location in the raw image. The pixel and line coordinates for the uncorrected image
must be determined manually and transferred to the GCP Collection dialog box.

The GCPs for 020CT15174416-M1BS-000000184308 01 P004.TIF will be
transferred to the GCP Collection dialog box from a text file containing the X, Y,
Z values for each point. The pixel/line coordinate will be determined by manually
locating the GCP on the raw image.
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IXYE Format

Figure 3.7

Read GCP From Text
File dialog box for GCPs
with IXYE information

To import GCPs from a text file:

1. For the Ground control source in the GCP Collection dialog box, select PIX/
Text file.

The Read GCP from PIX/Text File dialog box opens.
2. Click Select and navigate to the QB_RPC\P004 folder.
Select 004.gcp and click Open.
4. Under Sample formats, choose IXYE.

The format of the 004.GCP file is IXYE, which means that each row of text
contains the following information from left to right:

*  The GCPID (I)

* The georeferenced East/West coordinate (X)

* The georeferenced North/South coordinate (Y)

* The elevation (E)

The Pixel and Line position for each point will be taken from the uncorrected P004
image.

5. Click Apply Format.
The GCPs are listed under GCPs extracted from file.

-ioix
Selectl GLCF input file: |E:\Geomatica\DE DratahB_RPCWPO044004.gcp

Preview

Gooo3 479834 . 216427866 4403550 . 546646114 1842 260000010
Gooo4 468374 684887776 4418998 638228597 2489.00187211(

| H

Sample formats:

GLCF Projections:

Wigw/E dit |

GCPs extracted from file

Goooa 0.oon 0.oon 479834 216428 4403550 54664¢
Gooo4 0.ooo 0.ooo 468374 684888 4418993 63822¢

1| | i
@I ()8 | Cancel |
6. Click OK.

The GCP Text file dialog box opens.
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Figure 3.8
Location of GO003 on
P004

To locate the GCPs on the raw image:

L.

v w [6152.5F 7197 5L [F: 287G 383E: &[0

In the GCP Text File dialog box, select G0003 and click Transfer to GCP
collection panel.

The IXYE coordinate is transferred to the GCP Collection dialog box. If Auto
locate is selected in the GCP Collection dialog box, OrthoEngine estimates
the position of the GCP in the uncorrected image. In the viewer for P004, the
crosshair has automatically moved near the correct position for GO003.

Refer to the figure below to more accurately position the crosshair on the
uncorrected P004 image.

When you are satisfied with the position of the crosshair, click Use Point on
the toolbar for the P004 viewer.

The image coordinates for GO003 are transferred to the GCP Collection
dialog box. They should be approximately:

6152.5 Pixel
7197.5 Line

In the GCP collection dialog box, click Accept.

The GCP information is transferred to the Accepted Points list for the GCP
with Point ID G0003.

In the GCP Text File dialog box, select G0004 and click Transfer to GCP
collection panel.

Use the figure below to more accurately position the crosshair on the
uncorrected P004 image.
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Figure 3.9

Location of GO004 on 2% viewer: Image ID: 020CT15174416-M1BS-000000184308_01_PO04 - 000 _ o) x|

wiorking | Use Point @ @ @ @|§ 'I,"'_Il"," - () 'C:)T - 111

P004

v w [1723.0F 1531 5L [F: 2726 338E: 2[x.0

7. When you are satisfied with the position of the crosshair, click Use Point on
the toolbar for the P004 viewer.

The image coordinates for G0013 are transferred to the GCP Collection
dialog box. They should be approximately:

1789.0 pPixel
1531.5 Line
8. In the GCP collection dialog box, click Accept.

The GCP information is moved to the Accepted Points list for the GCP with
Point ID G0004.

!@f Tip

This is a good time to save your project file.

Collecting Stereo GCPs

A stereo ground control point (GCP) is a cross between a regular GCP and a tie
point. It is a feature with known ground coordinates that you can clearly identify in
two or more images. They have the same Point ID, Easting and Northing
coordinates and elevation value, but the pixel and line location is different in each
image. They are used to determine the stereo parallax between two or more
images.

Before collecting stereo GCPs, ensure that both overlapping images and the GCP
Collection dialog box are open.
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To collect Stereo GCPs:
1. Make POO1.TIF the Working image.
2. Inthe GCP Collection dialog box, locate and select Point ID G0001.

The GCP image and georeferenced position information is loaded based on
the POO1 image.

3. Switch the PO04.TIF image from Reference to Working.

A list of GCPs collected for the Working image appears in the GCP
Collection dialog box. The identification of the desired stereo point, GO001, is
listed in the GCP Collection dialog box for P004. The Georeferenced Position
information for this point is shown in the dialog box. However, the Image
Position information for the Working image is not available, since you have
not yet associated the point G0001 with P0O04.

4. Place your cursor on the feature corresponding to point GO001 on P004.TIF
and click Use Point and then click Accept.

The Image Position information updates in the GCP Collection dialog box.
This point is now registered to the same georeferenced location for both
overlapping images, making it a Stereo GCP.

To change the RPC Adjustment Order:

*  On the GCP Collection dialog box, change the RPC adjustment order from
Oto1.

A first-order transformation will be applied.

Check Points

In the GCP Collection dialog box, to the right of the Point ID text box, you can
select whether the current point is a Ground Control Point (GCP) or a Check Point
(Check). A GCP is used in computing the geometric model, whereas a Check Point
is used to check the accuracy of the computed geometric model. Check Points are
not used in the model calculations.

To create a Check Point:

1. Select PO04.TIF as the Working image.

2. Inthe GCP Collection dialog box, select G0004.

3. From the list beside the Point ID box, select Check.
4. Click Accept.

This point is now a Check Point and is not included in the bundle adjustment.

To convert a Check Point to a GCP:

1. In the GCP Collection dialog box, select G0004.

2. From the menu below the Point ID text box, select GCP.
3. Click Accept.

The point is now a GCP again and is included in the bundle adjustment.

64

PCI Geomatics



) —
)

N
A

<

Tip

This is a good time to save your project file.

Collecting Tie Points Manually

Term

A tie point is a feature that you can clearly identify in two or more images that
you can select as a reference point.

Tie points do not have known ground coordinates, but you can use them to extend
ground control over areas where you do not have ground control points (GCPs).
Used in rigorous models such as Aerial Photography and Satellite Orbital (high and
low resolution) math models, tie points identify how the images in your project
relate to each other.

Although the RPC method only requires a small number of GCPs and TPs, high
accuracy may not be achieved if the GCPs are not well distributed within the block.
To improve the accuracy, a DEM can be used if it is available. During each bundle
adjustment iteration, the computed elevation of each tie point can be replaced by
the elevation at the computed TP X and Y coordinates from the DEM, similar to the
results of changing the planimetric TPs into altimetric points. This method also
helps to improve the relative accuracies between the ortho images, which helps to
minimize differences during the mosaicking process.

To set up for manual tie point collection:

1. On the GCP/TP Collection toolbar, click Collect tie points.

2. The Tie Point Collection dialog box opens.

3. In the Tie Point Collection dialog box, select Compute Model.

Residual errors are calculated for each TP and are listed in the Residual
column.

Residual errors are the difference between the coordinates that you entered for
the ground control points (GCPs) or tie points and where those points are
according to the computed math model.

4. In the Auxiliary Information area, click Select.
From the QB_RPC folder, select dem.pix and click Open.

The DEM File dialog box opens where you select the channel containing the
DEM information. This will be your source of elevation for your tie points.

Entering tie point elevation is optional. You can either load a DEM or select
the Elevation option and manually enter the elevation. The elevation of the tie
point is automatically incorporated into the math model.

6. Click OK.
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Figure 3.10

Overlap area outlined by

a black rectangle

L/

i

AW

In the figure below, the area of overlap between the two QuickBird images is
represented by a black rectangle.

E Viewer: Image 1 028EP18

Feference | Use Point

ﬁviewer: Image 1 020GT1

Working | Use Point

=

"105d14'01.38W 39d55'39.25N F: 2361G: 300 6: 188

I' "105[!14'04.32\/\/ 3905E'04.94N |R. 263 G: 347 B: 227

To collect tie points:
1. Make P004.TIF the Working image.

2. Find a location in PO04.TIF that can also be clearly seen in the overlap area in
POO1.TIF, zooming in as necessary.

3. Place the cursor at this location and click Use Point.

If Auto locate is selected in the Tie Point Collection dialog box, OrthoEngine
estimates the position of the Tie Point on POO1.TIF. You need to refine the
position of the crosshair on POO1.TIF before accepting the tie point on this
image.

4. Place the cursor at the same location in POO1.TIF, zooming in as necessary.
In the POO1.TIF viewer, click Use Point.

6. In the Tie Point Collection dialog box, click Accept.
The point is listed in the Accepted Tie Points table.

7. Collect at least two more tie points.

Ensure the tie points and GCPs are well distributed.

Tip

This is a good time to save your project file.
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Collecting Tie Points Automatically

Figure 3.11
Automatic Tie Point
Collection dialog box

Automatic Tie Point collection is used to eliminate the time consuming and

repetitive task of identifying common points between overlapping images. Image
correlation techniques are used to find matching points in a particular distribution

in your imagery.

To collect tie points automatically:

1. On the GCP/TP Collection toolbar, click Automatically collect tie points.

The Automatic Tie Point Collection dialog box opens.

2. Set up the Automatic Tie Point Collection dialog box as shown in the figure

below.

% Automatic Tie Point Collection

r— Distribution Pattern
" Entire image
& Overlap area

Image to Proce:
& &llimages
© Working image

— Optio: Processing Start Time
Tie points per area: IS—E % Start now
Matching threshald: le € Sttt at (hhimm)
Search radius: 100 Fixels |12 2 IUU E &lam
Approx. elevation: W m Clpm,
Auiliary Information
Select| DEM: dem pix
Frogresz Information
|
@I Callect Tie Paints Cloze

3. Click Collect Tie Points.

A progress bar appears at the bottom of the dialog box to monitor the status.

After the process is complete, a message box opens indicating the total

number of tie points found.

4. Click OK to exit the Message box.

Click Close.

Tip

This is a good time to save your project file.
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Verifying Automatic Tie Points

Automatic tie points should always be verified to ensure that a given point was
collected for the same feature in your imagery. This is especially important if there
are clouds, shadows or snow in the imagery as the image correlation technique used
for the TP collection process sometimes fails in these regions.

To verify the automatic tie points:

1. On the GCP/TP Collection toolbar, click Collect tie points.
The Tie Point Collection dialog box opens.

2. Ensure that the Auto Locate option is selected.

In the Tie Point Collection dialog box, click the tie points that have an ID
beginning with A one at a time.

The viewers update to display the imagery at 1:1 resolution centered on the
selected TP.

4. If an automatic TP does not fall on the same feature in both images, select the
TP in the Tie Point Collection dialog box and click Delete.

5. Once you are finished verifying the automatic tie points, click Close.

o .
,[\l/‘* Tlp
v Each automatic TP should be checked as even TPs with a low RMS can be
incorrectly placed on two different features.
B —
(¢~ Tip

This is a good time to save your project file.

Displaying the Layout of the Images

The Image Layout feature is a quality control tool that reveals the relative
positioning of the image footprints and displays a plot of the distribution of the
ground control points (GCPs) and tie points for the entire project.

To check the layout of your images:
1. On the GCP Collection toolbar, click Display overall image layout.

The Image Layout window opens. The Overview area shows the center of
each image in the project. The top of the window points northward.

2. Under Overview, click a crosshair to reveal the image’s footprint.

In the right side of the window, the selected image is displayed with a red
frame, while the other image is framed in blue. The GCPs are displayed as red
squares, while the TPs are displayed as blue squares.
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Figure 3.12
Image Layout window

JRI=TEY
0 Y 025EF19175401-+41B5-0000001

+025EP191 7540

+020CT15174416-M1B5-0000007 343 +DZSEPTST7EHOT MBS0

=2

+020CT 54:7441 E-+1B5-0000007134303_01_P004

I Click on Image to zelect. Double click to open

1 O |

3. To open an image, double-click the image footprint or click Quick Open.
4. Ifyou are not satisfied with the distribution, edit your GCPs and tie points.
5. Click Close.

Calculating the Sensor Model

When the model is calculated, the image is not manipulated. OrthoEngine simply
calculates the position and orientation of the sensor at the time when the image
was taken.

The computation of a rigorous math model is often referred to as a bundle
adjustment. The math model solution calculates the position and orientation of the
sensor at the time when the image was taken. Once the position and orientation of
the sensor is identified, it can be used to accurately account for known distortions
in the image.

To run the bundle adjustment:
1. There are three ways you can update the bundle in OrthoEngine:

* By activating the Compute Model option in the GCP or Tie Point
Collection dialog box

* By clicking Compute Model in the Model Calculations Processing step
* By clicking Compute Model in the Residual Reports dialog box
2. Delete any GCPs or tie points that have high residuals in the project.

Now that the model has been computed, you can extract a DEM, extract features in
3D, orthorectify and/or mosaic the images.

Because there is little overlap between these QuickBird images, you will only
orthorectify and mosaic the images.

PCl Geomatics

69



OrthoEngine Workbook - Exercise 3: Rational Functions - QuickBird RPC Project

Orthorectification

Orthorectification is the process of using a rigorous math model and a digital
elevation model (DEM) to correct distortions from the platform, the sensor, earth
terrain and curvature and cartographic projection in raw images. The rigorous math
models, such as the Aerial Photography or Satellite Orbital math models, provide
a method to calculate the position and orientation of the sensor at the time when
the image was taken. The DEM is a raster of terrain elevations.

The Ortho Photo Production dialog box sets up and schedules the photos for
orthorectification. Several photos can be selected and processed in batch mode.

In this exercise, you will set up and orthorectify two QuickBird images.

To set up the images:

1. On the OrthoEngine window in the Processing step list, select Ortho
Generation.

A new set of tools appears.

Figure 3.13
Ortho Generation toolbar E OrthoEngine: QB RPC Project — |EI |i|

Bl Utites Optons Help

Frocessing step
|Ortho Generation =] @ EHJ

2. Click Schedule ortho generation.

The Ortho Image Production dialog box opens.

In the Available Images list, use the Shift key to select both images.
4. Click the arrow to move the images to the Images to Process list.

In the Images to Process list, select the 02SEP19175401-M1BS-
000000184308 _01_PO01.TIF file.

6. In the Ortho Image section, enter the File name oP001.pix.
This will be the output file name for the ortho image.

7. In the Images to Process list, select the 020CT15174416-M1BS-
000000184308_01_P004.TIF file.

The 020CT15174416-M1BS-000000184308 01 P004.TIF image is
highlighted.

8. In the Ortho Image section, enter the File name oP004.pix.

This will be the output file name for the ortho image.
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Figure 3.14
Ortho Photo Production
dialog box
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Selecting the Digital Elevation Model

A digital elevation model (DEM) is a digital file of terrain elevations for ground
positions. It is a raster representing the elevation of the ground and objects, such
as buildings and trees, with pixel values in the images.

In most cases, the best source of elevation for your project is a good DEM. You
may want to use a DEM when you are orthorectifying an image to provide
geometric correction for relief displacement, or when you do not have surveyed
elevation measurements for your ground control points (GCPs) and/or tie points.

You should make sure that the DEM will provide the level of accuracy that you
require for your project, and that it includes the features that you are trying to
analyze.

A DEM'’s accuracy depends on:
* The scale of the source data

* The spacing of the data samples

To locate the DEM:

1. Inthe DEM section, click Browse.

2. From the QB_RPC folder, select the file dem.pix and click Open.
The Database Channels dialog box opens.
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Background Background elevation represents those areas inside the DEM for which there is no

Elevation data provided. For DEMs generated by OrthoEngine, the background elevation
defaults to -150. Other DEMs have different background elevation values that you
must know before they can be used.

N Note

It is critical that the background elevation be set to the correct value, if there
are areas of no data in the DEM.

To set the background elevation:

1. After selecting the DEM file, click DEM Info in the Database Channels
dialog box.

A message box appears and shows the three lowest and three highest values
on the DEM.

2. Look for any large positive or negative value inside the DEM such as -9999.
This may be a background value.
Click OK to exit the DEM Info message box.

4. For the current project, there is no background elevation but you can enter the
value -150 in the Background Elevation box.

To select the DEM:
1. Click OK in the Database Channels dialog box.

The Database Channels dialog box closes. The DEM is selected.
2. After selecting the DEM, click Recompute Ortho Bound.

This will reset the Upper Left and Lower Right values, which represent the
computed footprint of the image on the ground.

To generate the ortho images:
1. Click Generate Orthos.

The Ortho Production Progress monitor opens and shows the status of the
orthorectification process for each image. After all the orthos are generated,
the following message appears: A/l Processing Completed.

2. Click Close.

The message Ortho done appears beside each image in the Available Images
list, indicating that the original images are now orthorectified. The files
containing the corrected images are named oP001.pix and oP004.pix.

N LS
S .
(¢~ Tip

This is a good time to save your project file.
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Defining Bitmaps

Figure 3.15
New Bitmap dialog box

Bitmaps are pseudo-images. They have the same pixel and line dimensions as the
image data in the PCIDSK file, however, each pixel of a bitmap is only 1-bit deep.
In other words, the gray value of a bitmap pixel can be either zero (pixel not “on”)
or one (pixel “on”). Bitmap pixels with a value of one will be visible (they take on the

color of the graphic plane in which they are loaded). Bitmaps are used most
commonly for delineating masks or training areas.

You will now launch Focus to create a bitmap mask to exclude cloud and shadow

areas from the calculation of the color balancing histogram when performing
automatic mosaicking.

To launch Focus:
¢ On the Geomatica Toolbar, click the Focus icon.

The Focus window opens.

To create a bitmap layer:
1. From the QB RPC folder, open the oP001.pix file.

This is the orthorectified image you just created.

2. In the Maps tree, right-click the New Area and select New Bitmap Layer.

The New Bitmap dialog box opens.

% New Bitmap x|

—Geaoreferencing

(" Use Area Georeferencing
(8 Use Layer Georsfarsncing  [oP001.pix1.2.3 hd|
" User- entered

[oTh -] EarthModeI.._“UTM 135 D-02 Mme|
Bounds: IGeocoded vl

et Left |4??92?.BBD E |4426316.1BD [+
Lt Bight: |498?84.4BD E |44D?BD1.360 [+
Pixel Size: |2.44DDDD ® |2.44DDDD kg
Output Database Size Pixel: 7720 Line: 7670

@ oK | Cancel |

In the New Bitmap dialog box, select Use Layer Georeferencing.
4. For the source of the layer georeferencing, select 0P001.pix.
Click OK.

A New Bitmap Layer is added to the Maps tree under the area you selected.

Now that you have created a new empty bitmap layer, you will define mask areas

over the clouds and shadows in the image.
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To define mask areas:

1. Make sure the New Bitmap Layer is selected in the Maps tree.
2. On the Editing toolbar, click the New Shapes arrow and select Polygon.

Figure 3.16
Polygon New Shapes tool F3

<unnamed project>: Unnamed Map
File Edit ‘iew Layer Analysis Tools  Help

+,y i)

B Rectangle
O Elipse
Q Trace
B9 Raster Seading...

3. Inthe Focus viewer, trace the outline of the polygon by clicking at the end of
each line segment.

Figure 3.17
Defining bitmap masks % <unnamed project=: Unnamed Map = |EI il
File Edit Wew Layer Analysis Tools Help
DﬁE%FJ@@@%\
Bovob E‘ ‘gf"q:g [ErTg
Meps | Files |

E@]‘ Unnamed Map
[ IEI Mew Area

W H oP001. pm 2.3

Scale: 53,400 «0.25  |480023.030E 4417562 660N F: 0
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Figure 3.18
New Item Detected dialog
box

4. To complete the polygon, double-click near the first point in the mask area.
The polygon is automatically closed and filled.

5. Identify other areas in the image you want to exclude when calculating the
color balancing histogram in automatic mosaicking.

These can include areas of cloud, shadow or very dark water areas.

To edit the mask areas:

1. On the Editing toolbar, click the Raster Erase arrow and select Erase
Polygon.

2. Use your mouse to trace over the pixels you want to remove from the mask
area.

3. Double-click to erase.

Now that you have defined the bitmap mask of the areas to be removed from
calculating the color balancing, you will save the bitmap layer to the ortho image.

To save the bitmap layer:
1. In the Maps tree, right-click the New Bitmap Layer and select Save.
The New Item Detected dialog box opens.

“ New Item Detected — O] x|

—Input

Layer. New Bitmap Layer

— Output

File: | hd| Elrowse...l
Farmat. [PCIDSK (pix) | Options...l

Layer: |New Bitrmap Layer hd|

@ Save | Cancel |

2. From the File list, select o0P001.pix.
In the Layer text box, enter Bitmap Mask Layer and click Save.

The bitmap layer is saved to the ortho image file and is listed as a bitmap layer
in the Files tree.
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Mosaicking

Figure 3.19
Mosaic toolbar

Figure 3.20
Define Mosaic Area
dialog box

Term

Mosaicking is joining together several overlapping images to form a uniform
image.

Defining a Mosaic Area
Before you create a mosaic, you need to define an empty mosaic file.

To define the Mosaic Area:

1. On the OrthoEngine window in the Processing Step list, select Mosaic.

A new toolbar with four icons appears. The toolbar contains functions for
defining a mosaic area, manual mosaicking, reapplying manual mosaicking,
and automatic mosaicking.

% orthoEngine: QB RPC Project 10l =|
File Utilities Options  Help
Processing step 1L ii’@ iV@ . LZ-B
- [ [
IMosdic =l jrwt [T || |

| Define mosaic area |

2. On the Mosaic toolbar, click Define mosaic area.

The Define Mosaic Area dialog box opens.

% Define Mosaic Area o ]

Select Existing Mosaic File |

Defing New Mosaic Area |

— Mosaic Extent:

IUL % LR Comer vl

Upper left #:
|462931.440

Upper left '
[4427316.560

Lawer right #:
|435749.840

Lawer right
|4402033.280

— Moszaic File Infoimation
Dimensiong: 13860 P« 10362 L

Chanrels: 4= I'IE bit unsigned - I
Size: 1036 MBytes

Resolution < 2.440 m

Resaolution y: 2.440 m

Create Mosaic File |

I Mouse can be used to resize or move mosaic area.

7 s |
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By default the bounds of the Mosaic Area are the maximum extents of the images

in the project. The size of the mosaic area can be changed manually using your

mouse. Alternatively, you can enter corner coordinates for the mosaic area. For this
exercise, you will use the default maximum extents of the images in the project.

Click Create Mosaic File.
4. In the File box, type auto_mosaic.pix.
Click Create Later.

By clicking Create Layer, the mosaic file and the automatic mosaic will be

created at the same time.

You are now ready to automatically mosaic your images.

Automatic Mosaicking

To mosaic the files automatically:

1. On the Mosaic toolbar, click Automatic Mosaicking.

2. Setup the Automatic Mosaicking dialog box as shown in the figure below.

Figure 3.21
Automatic Mosaicking % Automatic Mosaicking: C:\Geomatica’,0E Data',QB_RPC',auto_mo x|
dialog box .

Image |0 Oitha D Statuz Usze Maormalization
025EP19175401-+1H oP0O1 Updated b Mone hd
020CT15174416-M1E| oPO04 Updated b Mone hd

Orthos in mosaic:ﬂ Nonel Allin mosaicl
Mormalization: |N0ne ;I Apply to Al
Adaptive filter size [ image]: |2D.D
— Mozaicking Option r— File Option:
[¥ Regenerate offline orthos Freview file:
[v Clear moszaic file before mosaicking |E:\Geomatica\DE DatabGB_RPChauto_ Browsel
Starting image : Directony for temparary files:
|D2SEP1 9175401-M1B5-0000001 2430 3 |C:\Geomatica\DE Data\GB_RPCY Browsel
Color balance: External bitmap file:
Method: |Overlap area - | Browsel
fatch area 7] IBDD Mozaic reference image;
Tirirm histogranm [#]; ID.D Browse
¥ lgnore pixels under bitmap mazk. I _I
Cutlines: — Generation Start Time
Selected method:  |Edge features - " Start now
[~ Use existing cutlines " Start at (whem)
= = =l ¢
Blend width: [ = B =l = o
[T
|F|equired temporary hard dizk space: 1063.1 [ME]
@?l Generate Preview | Generate Mosaic Cloze
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%\ Note

Pixels values under the mask will be ignored when calculating the color

balancing if Ignore pixels under bitmap mask is select. OrthoEngine uses the
last bitmap segment in each image file as the mask.

3. Click Generate Preview.

This creates a low-resolution version of the mosaic. It is saved in the file that
you entered in the Preview file box.

Figure 3.22

Mosaic Preview window E...l:"-.,auto_mosaic_prev.pix

EQ® ol t-or--

-8 P04
B/ Cutline

Ei--& oP00!
BT Cutline
g T Label

v

x\ Note

Mosaic previews are useful for testing the results of several mosaic parameter
settings and inputs through lower resolution mosaic previews. This saves time
and disk space traditionally used in experimenting with mosaic parameter
settings through the generation of full-resolution mosaics.

W | 480942 006E 4414683 250M

4. Click Generate Mosaic.

This creates a full-resolution version of the mosaic. A message window

appears after the mosaic is generated to indicate that automatic mosaicking is
complete.

5. Click Close.
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Figure 3.23
View of the mosaic

Viewing the Mosaic

To view the mosaic:

1. From the File menu on the OrthoEngine window, select Image View.
The File Selector dialog box opens.

2. From the QB_RPC folder, select auto_mos.pix and click Open.
A viewer opens and displays the mosaic.

Alternatively, you can open the mosaic in Focus.

ﬂ Yiewer: ...0B_RPChauto_mosaic.pix

Iv |— v |4SDSDB.998E 4415683 996N R: 209G: 300B: 213 #0.03

In this exercise you:

» Created a Rational Functions project with the Extract from Image File
option

* Input two QuickBird images in TIFF format

+ Collected GCPs and TPs

+  Orthorectified the images

» Defined bitmaps for exclusion in color balancing

+ Automatically mosaicked the two images
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ASTER DEM Extraction Exercise
and DEM Editing 4

The ASTER Earth Observation Satellite offers nearly simultaneous capture of
stereo images, minimizing temporal changes and sensor modeling errors.
Band 3 of the VNIR sensor includes two channels, a Nadir looking scene and
a Backward looking scene. This provides stereo coverage from which a DEM
can be automatically extracted.

Aster Level 1A and Level 1B are both supported for DEM extraction and
orthorectification by OrthoEngine. Each processing level has its own set of
benefits and draw backs that you need to consider. Level 1A is not corrected,
level 1B is and therefore has the potential to produce less accurate results than
level 1A when you are using quality ground control (the difference is negligible
if you are relying on the GCPs supplied with the sensor). Level 1A also enables
you to use the stitching function to stitch continuous scenes from the same
path. This can reduce the number of GCPs and tie points required and reduces
the seam you may get mosaicking DEMs from the same path.

Level 1A has an offset in the SWIR bands that is fairly significant so if you need
these bands for multi-spectral analysis you may want to consider level 1B as
this offset is corrected for in level 1B, but not level 1A. Also level 1B has been
rotated so the stitching routine cannot be used with level 1B imagery.

In this exercise you will start a Satellite Orbital Modelling project. You will
import the 3n and 3b images to two separate PCISDSK files. Tie points will be
collected for the project to improve the math model computed from the pseudo
GCPs. After extracting the epipolar images, a DEM will be extracted and
edited.

The data from this project can be found in the ASTER folder.
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Work Flow for Satellite Orbital Modelling

Data
Preparation

Create a Project

Input Data

}

Collect GCPs/TPs

}

Calculate Sensor Model

v

A 4

A 4

A

Data
Extraction

3D Viewing

3D Feature
Extraction

Extract DEM
from Stereo
Images

Data
Correction

Build DEM from
¢ Lines/Points
* GCPs/Match Points
* Contours
* Rasters
* TINs

Use Existing
DEM

A 4
Orthorectification

v
Mosaicking

:

Manual

!

Automatic
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Substituting the DEM

Aster data is delivered with a set of pseudo GCPs that do not have elevation. If you
do not collect any GCPs for your project, OrthoEngine assumes an elevation for
the pseudo GCPs by using the USGS GTOPO30 DEM of the world which has been
downsampled to 4 km. This dataset (demworld.pix) is included with your
Geomatica installation and can be found in the etc folder.

If you have a DEM of higher resolution for your area of interest, you can rename it
demworld.pix and place it in the etc folder. Using a DEM with finer resolution will
improved the accuracy of your model.

To substitute a higher resolution DEM for demworld.pix:
1. Open an Explorer window to see the files on your hard drive.
Navigate to the etc folder in the Geomatica_v10 folder.

Rename the file demworld.pix to demworld_bk.pix.

Copy the file SRTM_dem.pix from ASTER to the ete folder.
Rename SRTM_dem.pix to demworld.pix.

A

Starting a New Project

OrthoEngine works on a project-by-project basis. Therefore, you need to open an
existing project or create a new project before you gain access to the functions
within OrthoEngine. In this exercise, you will create a new project.

To start a new project:

1. From the File menu on the OrthoEngine window, click New.
The Project Information dialog box opens.

2. Click Browse and locate the ASTER folder.
For the File name, enter aster_dem.prj.

4. Click Open.

The path and file name appear in the File name box in the Project Information
dialog box.

In the Name box, enter ASTER DEM Project.

In the Description box, enter ASTER project - no ground control.
For the Math Modelling Method, select Satellite Orbital Modelling.
Under Options, select Toutin’s Model (Low Res).

Click OK.

The Project Information dialog box closes. The Set Projection dialog box
opens.

v N W
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Figure 4.1
Set Projection dialog box

Setting the Projection Parameters

Projection information for the data can be obtained from the metadata that
accompanies the ASTER HDF file (*.hdf.met file). This metadata file can be
opened in a text editor to view the approximate georeferencing of the corner
coordinates for the file.

To enter the projection parameters:

1. Enter the projection parameters in the Set Projection dialog box as shown in
the figure below.

N

Output projection

IUTM 'l EanhModeI.._llUTM IMTENZ Morel

Output pixel spacing: |15.DDDDDDD M
Output line spacing: |15.DDDDDDD M

GCP Projection
IUTM 'l EanhModeI.._llUTM IMTENZ Morel

Set GCF Projection based on Output Projectionl

@ oK | Cancel |

2. Click OK.

Adding Images to the Project

Figure 4.2
Data Input toolbar

To read the ASTER 3N data to PCIDSK:
1. On the OrthoEngine window in the Processing step list, select Data Input.

A new toolbar with four icons appears on the OrthoEngine window. With the
Data Input toolbar, you can input data from either CD-ROM, tape, PCIDSK
file, or a generic image file.

% orthoEngine: ASTER DEM Project 10l =|
File Utilities Options  Help

Processing step E
[Daa I A1 R ==

2. On the Data Input toolbar, click Read CD-ROM data.
The Read CD-ROM dialog box opens.

3. Fill in the Read CD-ROM dialog box based on the information in the figure
below.
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Figure 4.3
Read CD-ROM dialog =[E

box for the 3N channel

—Data Source

D Format: |ASTER HDF) =

Select | LD header filename: IE:\G eomaticaVJE Data' ASTERMawhAST_L14_003 10192

Requested channels: 1| 2I3N SBl 4| 5| El ?I BI Sl 1U| 11| 12I 1 3| 14'

SAR Tiype: ® ERS O RADARSAT
— Data Output
FCIDSE. filename: |C: WaeomaticahOE DatahASTER3n.pix Browsel
Create linked il © Yes &Ko
Feport filename: |E: YWGeomaticat0E Data'ASTER3n.pt Browsel

Scene description: IASTEF! 3n Marth Adriatic Shaore

&7 Fead | Cloze |

4. Click Read.

A Progress Monitor opens showing the status of the operation.

To read the ASTER 3B data to PCIDSK:

1. Inthe Read CD-ROM dialog box, click 3N to clear this channel as the
Requested channel.

2. Beside Requested channels, click 3B.

3. Fill in the Read CD-ROM dialog box based on the information shown in the
figure below.

Figure 4.4
Read CD-ROM dialog =10/
box for the 3B channel
—Data Source
CD Format; |ASTER HDF) B3|

Select| CO header filename: IC:\G eomaticaV0E DatavASTERYawtAST_L14_003 10192

Requested channels: 1|2I 3NI3B 4I 5| Bl ?I BI Sl 1D|11|12I13l14l

SEE Type: @ ERS O RADARSAT
— Data Output
FCIDSE. filenarme: IE: WEeomaticah0E DatahaSTER3b. pix Browse |
Create linked files ) ves 1Ko
Report filename: |C: Waeomaticah0E DatahASTER3burpt Browse |

Scene description: IASTEH 3b Morth Adriatic Shore

2? Read | Close |

4. Click Read.
5. Click Close.

(. Tip

Rl

This is a good time to save your project file.
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Stitching Image Tiles

Figure 4.5
Stitch Image Tiles dialog
box

Some ASTER, IKONOS, QuickBird, and SPOT images may be delivered to you as
image tiles with orbital data for each tile. If the image tiles were cut from a strip of
data acquired on the same day in a single pass of the satellite, you can stitch the
tiles into one image and rebuild the orbital data for the whole strip. Therefore, you
can work with one large image instead of working with several smaller images,
which offers some advantages:

* Fewer images to orthorectify and mosaic.

* Fewer ground control points (GCPs) to collect since you have to
compute fewer math models.

* More coverage by the math model by bridging over obscured areas,
such as areas under cloud cover, where you cannot collect GCPs.

However, computing the math model on the image tiles may provide better fit to the
ground control than a math model for a large scene.

Note

For ASTER, only level 1A data can be stitched as the level 1B data has been
rotated.

Once you have read each tile to a PCIDSK file, you can stitch each 3N tile into one
image and each 3B tile into one image.

To open the Stitch Image Tiles dialog box:
*  From the Utilities menu, select Stitch Image Tiles.

The Stitch Image Tiles dialog box opens.

x

E Stitch Image Tiles
Satelite; @ ASTER ( IKONOS  QUICKBIRD ( SPOT

Elrowsel

Image file 1:
Image file 2: Elrowsel
Image file 3: Elrowsel

Image file 5

Elrowsel
Outputfilename: Elrowsel

| sich | Close |

|
|
|
megefie 4 | Browse|
|
|

You do not need to use the Stitch Image Tiles tool in this exercise.
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ASTER is not delivered with ephemeris data. Instead, the images include a set of
computed Ground Control Points (GCPs) based on the ephemeris. The GCPs
included with ASTER imagery are often referred to as pseudo GCPs since they do
not include elevation values.

If you do not collect any GCPs, approximate elevations are assumed for the
pseudo GCPs using the USGS GTOPO30 DEM of the world which has been
downsampled to 5 km. This dataset (demworld.pix) is included in your Geomatica
installation and can be found in the etc folder.

The nadir (3n) and backward-looking (3b) images do not use the same pseudo
GCPs. In mountainous areas, it is likely that one or both of the images may tilt due
to the GCPs that are being used. This may cause shifts between the two images.
The prevent the two images from shifting relative to one another, tie points need to
be collected.

Tie points may still have high residuals because the model based on pseudo GCPs
may have relative errors. However, the tie points will bring the images together and
significantly improve the relative model.

Note

For ASTER imagery, pay particular attention to your tie point collection if you
have not collected GCPs and are only using the pseudo GCPs provided with
the data. Collect at least 20 TPs making sure to cover the edges well and
ensure a good distribution through the middle of the scenes.

Collecting Tie Points Manually

To setup for manual tie point collection:
1. From the Processing step list, select GCP/TP Collection.
2. On the GCP/TP Collection toolbar, click Collect tie points.
The Tie Point Collection dialog box and the Open Image window open.

3. In the Open Image window, double-click the 3b image, then double-click the
3n image.

Each image is displayed in a viewer.
4. In the Tie Point Collection dialog box, select Compute Model.

Residual errors will be calculated for each TP and are listed in the Residual
column.

Residual errors are the difference between the coordinates that you entered for
the ground control points (GCPs) or tie points and where those points are
according to the computed math model.

5. Inthe Auxiliary Information area, click Select.
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6. From the ASTER folder, select SRTM_dem.pix and click Open.

The DEM File dialog box opens where you select the channel containing the
DEM information. This will be your source of elevation for your tie points.

Entering tie point elevation is optional. You can either load a DEM or select
the Elevation option and manually enter the elevation. The elevation of the tie
point is automatically incorporated into the math model.

7. Inthe DEM file dialog box, enter a Background elevation of -150 and click
OK.

To improve the accuracy of the model, a DEM can be used if it is available. During
each bundle adjustment iteration, the computed elevation of each tie point can be
replaced by the elevation at the computed TP X and Y coordinates from the DEM,
similar to the results of changing the planimetric TPs into altimetric points. This
method also helps to improve the relative accuracies between the ortho images,
which helps to minimize differences during the mosaicking process.

To collect tie points manually:
1. Make 3n the Working image.

2. Find a location in 3n.pix that can be clearly seen in the overlap area in 3b.pix,
zooming in as necessary.

3. Place the cursor at this location and click Use Point.

If Auto locate is selected in the Tie Point Collection dialog box, OrthoEngine
estimates the position of the Tie Point on POO1.TIF. You need to refine the
position of the crosshair on 3b.pix before accepting the tie point on this
image.

4. Place the cursor at the same location in 3b.pix, zooming in as necessary.
In the 3b viewer, click Use Point.

6. In the Tie Point Collection dialog box, click Accept.
The point is listed in the Accepted Tie Points table.

7. Collect at least seven additional tie points.

-

T

L/

Tip

This is a good time to save your project file.
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Collecting Tie Points Automatically

Figure 4.6

Automatic Tie Point
Collection dialog box

N ‘ /
~(y)~ Tip

Automatic Tie Point collection is used to eliminate the time consuming and

repetitive task of identifying common points between overlapping images. Image
correlation techniques are used to find matching points in a particular distribution

in your imagery.

To collect tie points automatically:
1. On the GCP/TP Collection toolbar, click Automatically collect tie points.

The Automatic Tie Point Collection dialog box opens.

2. Set up the Automatic Tie Point Collection dialog box as shown in the figure

below.

¥ automatic Tie Point Collection

r— Distribution Pattemn
" Entire image
® Overlap area

—Image to Process
& allimages
 warking image

— Ophions Processing Start Time
Tie points per area: |2U E ¢ Start now
atching threghold: Fﬂl " Start ot (i)
Search radius: 100— Pixels |12 ﬂDD ﬁ & am
Approw. elevation:  |300 i Cipm.
Auziliary Information
ﬂl DEM: SRTM_dem.pix
Progress Infarmation
|
@I Callect Tie Paints Cloge

3. Click Collect Tie Points.

A progress bar appears at the bottom of the dialog box to monitor the status.

After the process is complete, a message box opens indicating the total

number of tie points found.

4. Click OK to exit the Message box.

Click Close.

This is a good time to save your project file.
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Verifying Automatic Tie Points

Automatic tie points should always be verified to ensure that a given point was
collected over the same feature on your imagery. This is especially important if
there are clouds or snow in the imagery as the image correlation technique used for
the TP collection process sometimes fails in these regions.

There is some cloud cover in the southern portion of the images. Any tie points
collected over clouds should be deleted.

To verify the automatic tie points:

1. On the GCP/TP Collection toolbar, click Collect tie points.
The Tie Point Collection dialog box opens.

2. Ensure that the Auto Locate option is selected.

3. In the Tie Point Collection dialog box, click the tie points that have an ID
beginning with A one at a time.

The viewers update to display the imagery at 1:1 resolution centered on the
selected TP.

4. If an automatic TP does not fall on the same feature in both images, select the
TP in the Tie Point Collection dialog box and click Delete.

5. Once you are finished verifying the automatic tie points, click Close.

7[’\1/‘7 Tip
Each automatic TP should be checked as even TPs with a low RMS can be
incorrectly placed on two different features.

Displaying the Layout of the Images

The Image Layout feature is a quality control tool that reveals the relative
positioning of the image footprints and displays a plot of the distribution of the
ground control points (GCPs) and tie points for the entire project.

To check the layout of your images:
1. On the GCP Collection toolbar, click Display overall image layout.

The Image Layout window opens. The Overview area shows the center of
each image in the project. The top of the window points northward.

2. Under Overview, click a crosshair to reveal the image’s footprint.

In the right side of the window, the selected image is displayed with a red
frame, while the other image is framed in blue. The TPs are displayed as blue
squares and if there were any GCPs in the project, they would be displayed in
red.
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Figure 4.7
Image Layout dialog box
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3
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@ Close |

3. To open an image, double-click the image footprint or click Quick Open.
4. Ifyou are not satisfied with the distribution, edit your GCPs and tie points.
5. Click Close.

Calculating the Sensor Model

When the model is calculated, the image is not manipulated. OrthoEngine simply
calculates the position and orientation of the sensor at the time when the image
was taken.

The computation of a rigorous math model is often referred to as a bundle
adjustment. The math model solution calculates the position and orientation of the
sensor at the time when the image was taken. Once the position and orientation of
the sensor is identified, it can be used to accurately account for known distortions
in the image.

To run the bundle adjustment:
1. There are three ways you can update the bundle in OrthoEngine:

* By activating the Compute Model option in the GCP or Tie Point
Collection dialog box

* By clicking Compute Model in the Model Calculations Processing step
* By clicking Compute Model in the Residual Reports dialog box
2. Delete any GCPs or tie points that have high residuals in the project.

Now that the model has been computed, you can extract a DEM, extract features in
3D, orthorectify and/or mosaic the images.
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Creating Epipolar Images

Epipolar images are stereo pairs that are reprojected so that the left and right
images have a common orientation, and matching features between the images
appear along a common x axis. Using epipolar images increases the speed of the
correlation process and reduces the possibility of incorrect matches.

To create the epipolar images:

1. From the Processing step list, select DEM From Stereo.

A new toolbar with five icons appears.

Figure 4.8
DEM From Stereo toolbar % OrthoEngine: ASTER DEM Project =lal x|
File Utilities Options  Help
Processing stej L:I_ w0
|DEM Frong1 Stepreo | @QES E'EI ﬁj&& @ﬂ |
2. On the DEM From Stereo toolbar, click Create Epipolar Image.
3. Set up the Generate Epipolar Images dialog box as shown in the figure below.
Figure 4.9

Generate Epipolar
Images dialog box

B Generate Epipolar Images 1ol =|

E pipolar selection:
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3n Awvailable{Open): C:“Geomatic:

L4 | 2| Ll | 2l
Channel  Channels |1 Channel: * Channels |1

oAl Al

Add Epipalar Pairs To Table

Epipolar pairs:
MHumber Select Left File Right File Left Channelz Right Channels
1 L4 3n 3b 1 1
« | »

SelectAIIl SelectNonel Hemovel HemoveAIIl Switch F'airsl Switch All Pairs

Options Pracessing Start Time

Working cache (MB): [128 =] || Statnow
7 Start at [hh:mm
Down sample Factor: |2 E ! ]
[Ea~ = Lt
Down sample filker: IAverage 'I IS P,

@?l Save Setup| Generate Pairs Cloze |
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4. Click Save Setup.

This saves the epipolar image generation options and uses them for batch
processing with Automatic DEM Extraction.

5. Click Close.

Extracting the DEM

In OrthoEngine, you have the option of extracting and geocoding a DEM in one
processing step. When you use the Automatic DEM Extraction dialog box to
complete the entire process in one operation, OrthoEngine builds a model based
on all the selected epipolar pairs and uses that model when the DEMs are
geocoded. The geocoded DEMs are automatically stitched together and saved in
a file. Because OrthoEngine uses a model to process all the epipolar pairs, the
resulting integrated geocoded DEM is slightly more accurate than if you completed
the process manually.

In this exercise, you will not extracting and geocoding the DEM in one step
because the extracted DEM requires editing over the water and clouds. You will
take advantage of the epipolar image channel in the epipolar DEM to edit the DEM.

An epipolar DEM file contains at least two channels, the DEM and a copy of the
epipolar image. A score channel can also be optionally included. The score channel
will be discussed later in this exercise.

To extract the epipolar DEM:
1. On the DEM From Stereo toolbar, click Extract DEM automatically.

2. Setup the Automatic DEM Extraction dialog box as shown in the figure
below.

PCl Geomatics
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Figure 4.10
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3. Click Extract DEM.

A Progress Monitor opens showing the status of the extraction process.

4. When the DEM has extracted, click Close.

Tip

L/
q %4

This is a good time to save your project file.

Editing the Epipolar DEM

DEMs may contain pixels with failed or incorrect values. You can edit a DEM to
smooth out irregularities and create a more accurate model. For example, areas
such as lakes often contain misleading elevation values; setting those areas to a
constant value improves the model.

Before you geocode the extracted DEM, you will edit the epipolar DEM to take
advantage of the epipolar image data in 3n_3b_dem.pix.

To set up for DEM editing:

1. On the DEM From Stereo toolbar, click Manually edit generated DEM.
Geomatica Focus and the DEM Editing dialog box open.

2. Inthe DEM Editing dialog box, click Browse.
From the ASTER folder, select 3n_3b_dem.pix and click Open.
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4. From the Layer list, select channel 3.

A Geomatica Focus message window opens asking if you would like to
display the raster with File or Math Model georeferencing.

5. Select File and click OK.

6. Inthe DEM Special Values section, enter a value of -100 for Failed and -150
for Background.

7. In the Output section, select the Save option.
From the File list, select 3n_3b_dem.pix.
9. From the Layer list, select New Layer.

x Note

If you want to apply the edits repeatedly and achieve a cumulative effect on the
data, enable the Load results to input check box.

Figure 4.11
DEM Editing dialog box X
— Input
File: IC:\Geomatica\DE Data" 45 TERYIn_3b_dem.pix ﬂ Browse...l
Layer: I 3[165] orthoerExtracted DEM: Failed=-100 Back=-150 ﬂ

—DEM 5Special ¥alues

Failed: ID Background: I Elevation at cursor: 853
— Output
" Display
* Save v Display saved results
File: IC:\Geomatica\DE Data'aSTERY3n_3b_dem.pix ﬂ Browse...l
Layer: INew Layer ﬂ

v Load results to input

— Maszk Operations

=) 8l /]

—drea Fills Under Mazk
Fill wising: |Average of Each Shape ;I e | Fill |

— Filtering and Interpolation

IHemo\-’e Maize Filter vl ((E Elzgr:‘.lszM Apply |
Q?l Close |

Mo Filehame
Mo mask loaded ...

To set up bitmaps and the image layer:
1. In Focus, click the Files tab.
2. In the Files tree, expand the list of Rasters for 3n_3b_dem.pix.
3. Right-click channel 1 and select View As Grayscale.
The epipolar image is displayed in the view area.

4. In the Files tree, right-click the 3n_3b_dem.pix file and select New Bitmap
Layer.
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5. Repeat step 4 to add 3 additional New Bitmap layers.

6. Rename the bitmaps in the Files Tree according to the following table:

Table 1: Bitmap names for 3n_3b_dem.pix

Segment number Bitmap name

4 Adriatic Sea

5 large lake

6 small lake

7 clouds and shadow

Now that you have added the new bitmap layers, you will use the Raster Seeding
tool to grow and fill regions of similar pixels. The resulting bitmap masks will be
used for DEM editing.

To use the Raster seeding tool:

1. In the Files tree, right-click bitmap layer 4 and click View.

The empty bitmap layer is listed in the Maps tree.

2. Inthe Maps tree, select bitmap layer 4.

3. On the Editing toolbar, click the New Shapes arrow and select Raster
Seeding.

The Raster Seeding dialog box opens.

Figure 4.12
Raster Seeding dialog x|
box — Input Layer
Selection criteria: |3n_3b_dem.pix:1. orthoer:lmagery copied from C:\Geomatica\0E Data%aSTERYE] 3n_3b. ;I Layers |
Selected layers:  3n_3b_dem.pix:1. orthoen:imagery copied from C:\GeomaticatOE Data'ASTERYe] 3n_3b.
Output Layer
’VSeIected layer: 3n_3b_dem.pix:d. Adriatic Sea ‘
— Propertie:
Input pixel value tolerance: |3 ﬁ1>< ;I
Meighbarhood : ™ 4 Connect " 8 Connect
@?l Cloze |
4. For the Selection criteria, select channel 1.
This is the epipolar image.
5. For the Input pixel value tolerance, enter 3.
6. On the Zoom toolbar, click Zoom to Overview.
x Note
If you change the zoom level for the image, the Raster Seeding dialog box will
close. Make sure you reset the Input Layer in the Raster Seeding dialog box to
channel 1.
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7. With the Raster Seeding dialog box open, click the open water at the right of
the image and the small area in the bottom left corner.

The bitmap is created for pixels with +/- 3 DN based on the seed pixel where
you clicked.

Figure 4.13

Mask of the Adriatic Sea 4 <unnamed project=: Unnamed Map - Ol x|
File Edit View Layer Analysis Tools Help
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x Note

You can vary the tolerance of the growth in the Raster Seeding panel to slowly
adjust the size of the grown region. Higher tolerance settings create large
growth regions and lower tolerance settings create smaller growth regions.
You can use the Raster Seeding function in conjunction with the Undo
command to grow regions of various sizes.

To fill and edit the remaining water bodies:
1. Display bitmaps 5 and 6.

2. Repeat this raster seeding process for the remaining water bodies in the
image.

The Output Layer should be bitmap 5 for the large lake at the top of image
and bitmap 6 for the small lake below the large lake. Make sure you use
channel 1 as the Selection criteria for the seeding of each of the lakes.

3. Use the figure below as a guide for where to begin the seeding for each
bitmap segment.

PCl Geomatics 97



OrthoEngine Workbook - Exercise 4: ASTER DEM Extraction and DEM Editing

Figure 4.14

Location of water bodies
in the epipolar image.
The numbers on the
image indicate the start
location for raster
seeding and the
corresponding output
bitmap segment.
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4. Clean up the bitmap mask 4 using the Polygon tool to include haze and cloud
pixels over the sea that were not included during seeding.

5. In the Maps tree, right-click each of the bitmap layers and click Save.

Using the Mask Operations in the DEM Editing dialog box, you can either create
or load existing bitmap masks. You will remove the bitmap masks you created
from the Maps tree and load them through the DEM Editing dialog box.

To remove the bitmaps from the Maps tree:

* Right-click each bitmap layer and click Remove.

To open a bitmap layer and fill an area with a constant elevation:

1. Under Mask Operations in the DEM Editing dialog box, click Open a Mask
Layer.

2. From the File list in the Select Layer dialog box, select 3n_3b_dem.pix.
3. From Layers Available list, select 4 and click OK.

Bitmap layer 4 is listed in the Maps tree and in the Mask Operations area in
the DEM Editing dialog box.

4. Inthe Area Fills Under Mask area, select Specified Value from the Fill using
list box.

5. Accept the default Value of 0 for this mask as it lies over the Adriatic Sea.
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Figure 4.15

Bitmap mask over cloud
and shadow area in
epipolar image

In the Area Fills Under Mask section, click Fill.

The pixels under the mask are now assigned a value of 0. The output is saved
into the new Channel 4 in which the edits will be applied repeatedly and
cumulatively.

Repeat steps 1 to 6 to fill pixels under mask 5 with a value of 8.
Repeat steps 1 to 6 to fill pixels under mask 6 with a value of 19.
In the Maps tree, right-click bitmap layer 6 and click Remove.

Unfortunately, much of the southern part of the image near the coast is obscured
by cloud and shadows. The elevations extracted in these areas will not be valid. If
the cloud cover was not so extensive, a mask could be created over the clouds and
the elevations under the mask could be interpolated from surrounding pixels. For
this particular image however, the areas affected by clouds are too large to use
interpolation for editing. You will instead create a mask for the cloud and shadow
areas. The elevations under the mask will be set to a new no data value.

To fill mask 7 for the cloud and shadow areas:

1.

2
3.
4

4 <unnamed project:=: Unnamed Map = |EI il

In the Files tree, right-click bitmap layer 7 and click View.
In the Maps tree, clear the visibility of raster layer 4.
Select bitmap layer 7.

From the Editing toolbar, select the New Shapes Polygon tool and create a
masks over the cloud and shadow areas that can be seen in the epipolar image.

Zoom in as necessary to create a detailed bitmap.

Ble Edit Yiew Layer Anaysis Tools Help
DSHES[E«+ 408 XKBE o~ EHHNAd®oQU iy 0k

LR AR N AAL

R-se-lL-G-la-a- L7400
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E--[0] New Area
Ef \l 3n_3b_dem pix?. clouds
D""'EE In_3b_dem.picd. Mew L
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Figure 4.16
Geocode Extracted
Epipolar DEM dialog box

5. Once you have finished creating the mask for the cloud and shadow areas,
right-click the bitmap layer and select Save.

6. Remove bitmap 7 from the Maps tree.

To assign a background value to the cloud and shadow areas:

1. Under Mask Operations in the DEM Editing dialog box, click Open a Mask
Layer.

2. From the File list in the Select Layer dialog box, select 3n_3b_dem.pix.
3. From Layers Available list, select 7 and click OK.

4. Inthe Area Fills Under Mask area, select Specified Value from the Fill using
list box.

Enter a Value of -150 and click Fill.

AN

In the Maps tree, right-click raster layer 4 and click Save.
7. Close the DEM Editing dialog box and Exit Focus.

A background value was assigned to the cloud and shadow areas because you do
not want elevations to be interpolated here during the geocoding of the DEM. You
do however want to interpolate an elevation for the original no data value pixels
outside of the cloud and shadow areas. This will be done automatically when
geocoding the epipolar DEM.

To geocode the DEM:
1. On the DEM From Stereo toolbar, click Geocode Extracted Epipolar DEM.
The Geocode Extracted Epipolar DEM dialog box opens.

¥ Geocode Extracted Epi x|
— Input DEM

File: Browsze |

I
Selectl DEM channel: I 'I

Failure walu: I
Background value: I

Input *Window

* Full image  Windaw

[ ffzet: I F'I Lt
Size; I F'I Lt

— Output DE R

File: Browse |

Pixel spacing: I m
Fill hales: IYes - l

@l Geocode DEMl

Close |

2. In the Input DEM area of the dialog box, click Browse.
3. From the ASTER folder, select 3n_3b_dem.pix and click Open.
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4. Ensure that DEM channel 4 is selected.
This is the New Layer where the DEM edits were saved.
5. For the Failure value, enter -100.
6. For the Background value, enter -150.
7. In the Output DEM area, click Browse and locate the ASTER folder.
8. For the File name, enter geo_dem.pix and click Open.
9. For the Pixel spacing, enter 60 m.
10. In the Fill holes list, select Yes.
11. Click Geocode DEM.
A Progress Monitor opens to show the status of the operation. A message
window opens when the geocoding is complete.
To view the geocoded DEM:
1. From the File menu on the OrthoEngine window, select Image View.
The File Selector dialog box opens.
2. From the ASTER folder, select geo_dem.pix and click Open.
A viewer opens and displays the geocoded and interpolated DEM.

Alternatively, you can open the mosaic in Focus.

Figure 4.17

Geocoded DEM i viewer: ...Data\ASTER ,geo_dem.pix

Iv |— v |334DS4.?50E 4630860, 750N R: 203G: 203 B: 203 #0.35

An additional step not included in this exercise would be to replace the background
values over the cloud areas with data from the SRTM DEM.
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The Data Merge tool in Focus could be used to resample the SRTM data to the
same projection and resolution as the geocoded DEM. You could then write an
EASI model to create a bitmap for areas of cloud and shadow that have a
background elevation value of -150 and replace these values with elevation values
from the SRTM layer.

In this exercise you:

Created a Satellite Modelling project

Imported the 3N and 3B bands of an ASTER image to PCIDSK files
Manually and automatically collected tie points

Extracted and edited an epipolar DEM

Geocoded the DEM
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Simple Math Modelling -

Exercise

Polynomial Project 5

Simple math models, such as Polynomial and Thin Plate Spline use ground
control points (GCPs) to calculate a transformation that will warp the raw image
to fit the ground coordinates. The warping of the raw image is known as
geometric correction.

Polynomial Method

This transformation model creates a new geocoded image space, where
interpolated pixel values are later placed during resampling. The procedure
requires that polynomial equations be fitted to the GCPs using least squares
criteria to model the correction in the image domain without identifying the
source of the distortion. One of several polynomial orders may be chosen,
based on the desired accuracy and the available number of GCPs.

Thin Plate Spline Method

Thin Plate Spline (TPS) provides an attractive alternative to the traditional
polynomials. With this method, all GCPs are used simultaneously to derive the
transformation. The derived functions have minimum curvature between
control points and become almost linear at great distances from the GCPs.

However, when using TPS to geo-register a photograph or an image in rough
terrain, it is usually necessary to acquire hundreds of GCPs. The reason is that
there needs to be a point at every extreme of the terrain, such as at peaks or
valley bottoms and along breaklines.

In general, the Polynomial method is best for the geo-registration of images
with high relief, while the Thin Plate Spline method is best for images with low
relief.

Rational Functions Compute from GCPs Option

The Rational Functions math model solution uses the GCPs to build a
relationship between the pixels and the ground locations. The math model is
computed for each image separately. It uses a ratio of two polynomial functions
to compute the image row, and a similar ratio to compute the image column.
All four polynomials are functions of three ground coordinates: latitude,
longitude, and height or elevation.

The Rational Functions math model can be more accurate than the Polynomial
or Thin Plate Spline math models since it considers elevations.
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In this exercise you will start a polynomial project and input a raw landsat image.
GCPs will be collected from geocoded vectors and a gecoded image. The raw
landsat image will then be geometrically corrected.

The data for this project can be found in the Polynomial folder.

Simple Math Model Project Work Flows

Polynomial / Thin Plate Rational Functions Compute
Spline Math Model from GCPs Math Model
Data Create a Project Create a Project
Preparation
Input Data Input Data
Collect GCPs Collect GCPs/TPs
Data . Build.DEM from Use Existing
Extraction » Lines/Points DEM
» GCPs/Match Points
* Contours
* Rasters
* TINs
A\ 4 A 4
Data Geometric Correction Orthorectification
Correction H
Mosaicking Mosaicking
; | ! |
Manual Automatic Manual Automatic
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Setting up the Project

Figure 5.1
Project Information dialog
box

OrthoEngine works on a project-by-project basis. Therefore, you need to open an
existing project or create a new project before you gain access to the functions
within OrthoEngine. In this exercise, you will create a new project.

To create a new project:

1.

B project Information il

From the File menu on the OrthoEngine window, click New.
The Project Information dialog box opens.

Click Browse and locate the Polynomial folder.

In the File name box, enter landsat_poly.prj and click Open.

The path and file name appear in the File name in the Project Information
dialog box.

In the Name box, enter Landsat Polynomial Project.

In the Description box, enter Landsat Polynomial project - Southern
Quebec.

For the Math Modelling Method, select Polynomial.

Filename: IC:\GeDmatica\Landsat\landsat_poly.prj Elrowsel

MName: ILandsat Folynomial Project

Description: ILandSat Palynomial project - Southern Quebec

Math Modelling Method
(" Aerial Phatagraphy
" Satellite Orhital Modelling
& Polynomial

(" Thin Flate Spline

(" Rational Functians

" Mone {mosaic anky)

@7 | oK Cancel

7

. Click OK.

The Project Information dialog box closes and the Set Projection dialog box
opens.

Setting the Projection Parameters

To enter the projection parameters:

1.

Enter the projection parameters in the Set Projection dialog box as show in the
figure below.

Note that the Output projection and the GCP Projection are not the same.
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Figure 5.2

Project Information dialog
box for Rational
Functions project

N

Output projection
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Output pixel spacing: ISD.DDDDDDD M
Output line spacing: ISD.DDDDDDD M

GCP Projection
[Long/tat =] Eauth Madel. | [LONG/LAT D122 More |

Set GCF Projection based on Output Projectionl
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2. Click OK.

Adding Images to the Project

N

Figure 5.3
Image Input toolbar

Before you start working with the imagery, you need to import the data to the
project. For simple math modelling projects (Polynomial, Thin Plate Spline and
Rational Functions from GCPs), the input images can be in any GDB supported
format.

Note

Compressed formats (JPEG, SID, ECW) should be avoided as input files for
OrthoEngine as this slows down the processing speed for the project.

To input the imagery to the project:

1. On the OrthoEngine window in the Processing Step list, select GCP
Collection.

A new toolbar with five icons appears

E OrthoEngine: Landsat Polynomial Project — |EI |i|

Bl Utites Optons Help
LY 1‘
\‘+ ++

& ¥

Processing step - ]
[GcP catlection = @1+ b=

At et e

2. In the GCP Collection toolbar, click Open a new or existing image.
The Open Image dialog box opens.
Click New Image.

4. From the Polynomial folder, select landsat raw.pix and click Open.

The landsat raw.pix image is added to the project and is listed in the Open
Image dialog box.
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Tip

This is a good time to save your project file.

Saving your Project

To save your project file:
*  From the File menu on the OrthoEngine window, click Save.

The project file denver_gb.prj is saved in the Polynomial folder.

Collecting Ground Control Points

How Many
GCPs?

Term

A ground control point (GCP) is a feature that you can clearly identify in the raw
image for which you have a known ground coordinate.

The minimum number of GCPs you need to collect depends on the simple math
model you are using as well as the terrain of the imagery. As you increase the
number of GCPs in a polynomial project, you can increase the polynomial order of
the project.

Table 1: Minimum Required GCPs for Polynomial Orders 2 - 5

Required GCPs Order

7 2nd
11 3rd
16 4th
22 5th

It is good practice to collect more GCPs than are required to reduce the effect of
GCPs which have the largest positional errors on the georeferenced data or the
uncorrected image.

N Note

A higher order polynomial will result in a more accurate fit in the immediate
vicinity of the GCPs, but it may introduce new and significant errors in the
image away from the GCPs. The errors introduced into the imagery may be
worse than the original errors that needed correcting.
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Figure 5.4

Crosshair location
(circled in black) for first
GCP on geocoded
vectors

To open the Working Image:

L.

In the Open Image dialog box, select landsat_raw.pix and click Open.
The Database Channels dialog box opens.

Below the list of Database Channels, click 3, 2, 1.

In this case, 1:3, 2:2, 3:1 will load a true color composite.

Click Load & Close.

A viewer opens displaying the landsat raw.pix image in true color.

To set up for GCP collection GCPs from geocoded vectors:

L.

On the GCP Collection toolbar, click Collect GCPs Manually.
The GCP Collection dialog box opens.

For the Ground control source in the GCP Collection dialog box, select
Geocoded vectors.

From the Polynomial folder, select roads.pix and click Open.
The Database Vector Segment dialog box opens.
Select the ROADSEG layer and click Load and Close.

A viewer opens displaying the roads vector layer.

To collect GCPs from geocoded vectors:

L.

In the Vector File viewer, place the cursor on the location shown in the figure
below.

ﬂ Yiewer: Yector File: ...a'\Polynomial'roads.pix

v

v| 73d56'57. 73w 45d25'04.83N
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Figure 5.5
Crosshair location
(circled in black) for
G0001 on
landsat_raw.pix

2.

3.

On the Vector File viewer, click Use Point.

The georeferenced coordinates for this location are transferred to the GCP
Collection window. They should be approximately:

73d56’°57” w
45d25°05” N

In the landsat raw.pix viewer, place the crosshair on the same feature.

- O « 31 - I|||

|* w [3789.000P 3118.2500 [F: 41 G: 448: 56

4. When you are satisfied with the location of the crosshair, click Use Point on
the viewer toolbar.
The image coordinates for G0001 are transferred to the GCP Collection
dialog box. They should be approximately:
3789 pPixel
3118 Line
5. On the GCP Collection dialog box, click Accept.
The GCP information is transferred to the Accepted Points list for the GCP
with Point ID G00O1.
6. Repeat steps 1 to 6 to collect 2 additional GCPs using the roads vector layer.
7. When you have finished collecting the additional GCPs, click Close.
Tip

This is a good time to save your project file.
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%\ Note

Ground control points used in a project can come from a variety of sources
which may not use the same projection parameters. The GCP Projection
parameters in the Set Projection dialog box allow you to adjust the projection
for each reference data.

To change the GCP Projection:

1.
2.

On the OrthoEngine window in the Processing step list, select Project.
On the Project toolbar, click Set output and GCP projection.
The Set Projection dialog box opens displaying the current GCP Projection.

In the Set Projection dialog box, click Set GCP Projection based on Output
Projection and click OK.

To set up for GCP collection from a geocoded image:

1.

On the OrthoEngine window in the Processing Step list, select GCP
Collection.

On the GCP Collection toolbar, click Collect GCPs Manually.

For the Ground control source in the GCP Collection dialog box, select
Geocoded image.

The File Selector dialog box opens.

From the Polynomial folder, select landsat_geo.pix and click Open.
In the list of Database Channels, click 3, 2, 1.

Click Load & Close.

A true color composite of landsat geo.pix opens in a Geocoded Image
viewer.

To collect GCPs from a geocoded image:

L.

In the Geocoded Image viewer, place the crosshair near the upper right corner
of landsat_geo.pix at the position shown in the figure below.
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Figure 5.6
Crosshair location
(circled in white) for
G0004 on
landsat_geo.pix

¥ w|498144 533E 5138210533 R: 73 G: 74 B: 87

2. Zoom to 1:1 image resolution and place the cursor on the location shown in
the figure below.

Figure 5.7
Crosshair location
(circled in black) for
G0004 on
landsat_geo.pix

Iv '|498819.125E 5136735.250N R: 76 G: 81 B: 95
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3. On the Geocoded Image viewer toolbar, click Use Point.

The georeferenced coordinates for this location are transferred to the GCP
Collection window. They should be approximately:

496883 X

5138721 v

Once there are three GCPs in the project and Auto locate is selected in the
GCP Collection dialog box, OrthoEngine estimates the position of the GCP in
the uncorrected image. In the landsat_raw viewer, the crosshair has
automatically moved close to correct position for G0004.

4. Adjust the position of the crosshair on landsat raw and click Use Point.

The image coordinates for G0004 are transferred to the GCP Collection
dialog box. They should be approximately:

276 Pixel

132 Line

5. On the GCP Collection dialog box, click Accept.

The GCP information is transferred to the Accepted Points list for the GCP
with Point ID G0004.

6. Repeat steps 1 to 5 to collect 4 additional GCPs using the geocoded image.

Distribute the GCPs as evenly as possible on landsat raw. You are only
collecting 8 GCPs in this exercise. However, you would ideally want to
collect more GCPs, especially when using a Polynomial order greater than
one.

(7 Tip

This is a good time to save your project file.

Changing the Polynomial Order of the Model

First-order polynomial transformations can model a rotation, a scale and a
translation. As up to 21 additional terms are added, giving a fifth-order polynomial,
you can achieve more complex warping. However, using a lower order
transformation reduces the time needed to complete the correction, and less
geometric distortion may occur in areas with no GCPs.

In order to change the polynomial order to 2 for landsat_raw, you need to have 7
GCPs on this image. If there are fewer than 7 GCPs collected for an image and the
polynomial order is changed to 2, no residual will be reported for the GCPs.

To change the Polynomial Order:
*  From the Polynomial Order list in the GCP Collection dialog box, select 2.
Notice that the RMS for the GCPs has changed.
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Check Points

In the GCP Collection dialog box, to the right of the Point ID text box, you can
select whether the current point is a Ground Control Point (GCP) or a Check Point
(Check). A GCP is used in computing the geometric model, whereas a Check Point
is used to check the accuracy of the computed geometric model. Check Points are
not used in the model calculations.

To create a Check Point:

1. Inthe GCP Collection dialog box, below Accepted Points, select the GCP
with the highest residual.

2. From the list to the right of the Point ID text box, select Check.
3. Click Accept.

This point is now a Check Point and is not included in the model calculations
for the image.

Note

When using the Thin Plate Spline math model for your project, the residual
errors will always indicate zero. Use Check Points to check the accuracy of the
model.

To convert a Check Point to a GCP:

1. Select the Point ID that is the Check Point you want to make into a GCP.
2. From the list beside the Point ID box, select GCP.

3. Click Accept.

This point is once again a GCP and is included in the model calculation.

Displaying the Image Layout

The Image Layout feature is a quality control tool that reveals the relative
positioning of the image footprints and displays a plot of the distribution of the
ground control points (GCPs).

To check the layout of your image:
1. On the GCP Collection toolbar, click Display overall image layout.

The Image Layout window opens. The Overview area shows the center of
each image in the project. The top of the window points northward.

2. Under Overview, click the crosshair to reveal the image’s footprint.

In the right side of the window, the selected image is displayed with a red
frame. The GCPs are displayed as red squares.
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Figure 5.8
Layout dialog box

Image

Image Layout == il
Quick Open landsat_raw

+landsat_raw +landsat_raw

ICIick on Image to select Double click to open

@ Close |

3. To open an image, double-click the image footprint or click Quick Open.
4. If you are not satisfied with the distribution, edit your GCPs and tie points.
5. Click Close.

Computing the Simple Math Model

The computation of the simple models is done automatically as you add ground
control points (GCPs) to the project. The image is not manipulated at this point. The
simple math model uses the GCPs to calculate a transformation that will warp the
raw image to fit the ground coordinates. Since the math model calculates a solution
for each image, no tie points are used.

In Rational Functions (Option: Compute from GCPs), Polynomial, and Thin Plate
Spline projects, images are not connected together with tie points. Therefore, the
math model and the resulting residual errors are calculated for each image

separately. If you selected the Thin Plate Spline math model for your project, the
residual errors will always indicate zero. Use Check Points to check its accuracy.

Troubleshooting the Math Model

Residual errors are the difference between the coordinates that you entered for the
ground control points (GCPs) and where those points are according to the
computed math model. You can see the residual errors for the image on the GCP
Collection windows in the Residual column or you can generate a Residual Report
for the entire project.

In most projects you should aim for the residual errors to be one pixel or less.
However, you should also consider how the resolution of the image, the accuracy
of your ground control source, and the compatibility between your ground control
source and the images can affect the residual errors.
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For this particular exercise, you should be able to keep the RMS below 1 pixel as
you used 1:50 000 vectors and a 30 m geocoded image as the reference data.

To examine the residual values:

1. Ensure the overall RMS for landsat _raw is below 1.0 Pixel.
Residuals can also be reported in ground units.

2. Delete or verify any points that have a residual greater than 1.

Ensure you have at least 7 GCPs if you wish to use a 2nd order polynomial
model.

3. Close the GCP Collection dialog box.

Tip

This is a good time to save your project file.

Once you have an acceptable math model solution, you can geometrically correct
the image. If there were more than 1 image in the project, you would also be able
to mosaic your images.

Geometric Correction

Geometric correction is carried out in a two-step process:

» Transformation of Pixel Coordinates: Each pixel in the target or
georeferenced image is transformed according to the warping
polynomial to determine a sampling location in the source or
uncorrected image.

+ Resampling: Resampling determines the pixel values to be filled in the
georeferenced image from the uncorrected image.

Geometric Correction versus Orthorectification

Geometric correction does not involve rigorous mathematical modelling nor the
use of a DEM. Geometric correction only corrects the data in the X and Y
directions. Therefore, orthorectified images are not generated.

On the other hand, orthorectification is the process of using a rigorous math model
and a digital elevation model (DEM) to correct images in the X and Y directions, as
well as in the Z direction.

To geometrically correct the image:
1. In the Processing step list, select Geometric Correction.

A toolbar with three icons appears.
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Figure 5.9 Geometric

Correction toolbar

Figure 5.10
Geometric Corrected
Image Production dialog
box

E OrthoEngine: Landsat Polynomial Project

Bl Utites Optons Help

=1o| x|

Frocessing step
|Geometric Correction

EpY

e

| DOP 00L 00X 00Y Int3d 330 490 |

2. On the Geometric Correction toolbar, click Schedule geometric correction.

The Geometric Corrected Image Production dialog box opens.

3. Inthe list of Available images, select landsat_raw and transfer it to the list of

Images to process.

4. Set up the remaining parameters in the Geometric Corrected Image
Production dialog box as shown in the figure below.

Awailable images:

&% Geometric Corrected Image Production x|

Images to process:

Image information for landsat_raw

— Uncomrected Imag

Image: C:\Geomatic... Yandzat_raw. pix
Status: Madel up-to-date

Input channels: Lol |
" Channels

I~ Apply input channel selection to all files

l— Size:

Corrected Imag

File: Inlandsat_raw.p\x

Statug: No ortho generated
Mew file wil be CREATED.

£+ 5320 5 4112 B-bit (125 ME] (Estimate)

Brnwsel

Upper left: |4?01 30,0000

x |51 44220.0000 s

Lower right: |828?32.D1 o

. [5020830.5850

T Recompute |

Cormection Options

— DER Processing D ption:
Browse | Source: ‘whorking cache: 128—5 IMBytes Rl
Elewvation scale: I— Sampling interval |4 5
Elevation offset: I— Resampling: Cubic b
Elevation unit: @ Meter, € Feet fillerSizer % I ﬂ i I ﬁ
¥ Apply DER options to allimagzs MI Ferre file:

Processzing Start Time
& Start now
" Start at [hkcmm)

[iz = =& an

Cpm

o1

Correct Images | Cloze |

5. Click Correct Images.

A Progress Monitor appears showing the status of the geometric correction

process.

6. When the Geometric Correction is finished, click Close.

Tip

This is a good time to save your project file.
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Figure 5.11

View of olandsat_raw.pix,
landsat_geo.pix and
roads.pix in Focus

To verify the corrected image with the reference data:
1. On the Geomatica Toolbar, click the Focus icon.

The Focus window opens.
2. From the Focus File menu, select Open.

The File Selector dialog box opens.

3. From the Polynomial folder, select olandsat_raw.pix, roads.pix and
landsat_geo.pix and click Open.

Examine how well the raw image was geocoded.

innamed project>! Unnamed Map
Fle Edt Miew Layer Andyss Tools Help

(SRS E«e¢08XnE v« EECQ® KT 6

e I
MapleiIesl

P,
>

2@ Unnamed Map
E‘IEI Mew Area
8- &t roads.pix?. ROADSEG
E--\ﬂ olandsat_|
=i B landsat_geo.pix3.2.1

Scale: 166,000 x1.0 V|582930.DBBE 5029718.473N B 46 G: 46 B: 60

In this exercise you:

+ Created a Polynomial project
* Input one uncorrected image
+ Collected GCPs from two sources of reference data

+ Geometrically corrected the image
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Mosaic Only Project

Exercise

6

For some mosaic projects, you may find that you already have a number of
existing georeferenced images. The images might come from one or more of
the following groups:

* Georeferenced images from a previous project.
» Tiles of georeferenced imagery from a data supplier.

» Tiles of an existing mosaic delivered by a contractor.

If yourimages are already georeferenced, you can mosaic the images together
without performing any geometric correction or warping.

Term

Mosaicking is joining together several overlapping images to form a
uniform image.

In this exercise you will start a mosaic only project to automatically mosaic
two images. The automatically generated cutlines will then be edited manually
to exclude an area of cloud in the mosaic. The mosaic will be regenerated with
the new cutlines, but using the same color balancing from the automatic
mosaic.

The data for this project can be found in the Mosaic Only folder. QuickBird
images provided for this exercise are courtesy of DigitalGlobe
(www.digitalglobe.com).
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Work Flow for Mosaic Only Projects

Data Create a Project
Preparation
Input Georeferenced Images

Data
Extraction

A 4
Data Mosaicking
Correction |

Manual Automatic
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Setting up the Project

Figure 6.1
Project Information dialog
box

OrthoEngine works on a project-by-project basis. Therefore, you need to open an
existing project or create a new project before you gain access to the functions
within OrthoEngine. In this exercise, you will create a new project.

To create a new project:

1. From the File menu on the OrthoEngine window, click New.

The Project Information dialog box opens.

Click Browse and locate the Mosaic_Only folder

In the File name box, enter mosaic_only.prj and click Open.

In the Name box, enter Mosaic Only Project.

In the Description box, enter QuickBird mosaic project for Denver, CO.

For the Math Modelling Method, select None (mosaic only).

S kv

i Project Information =

Filename: |E:\G eomatica\0E DatatMosaic_Onlymozaic_only. pri Browse |

Mame: |Mosaic Only Project

Description: |QuickBird mosaic project for Denver, CO
— Math Modelling Method
" #erial Photography
" Satellite Drbital Madelling

" Polynomial
" Thin Plate Spline
© Fiational Functions

' None [mozaic only)

@I ()8 | Cancel |
7. Click OK.
The Project Information dialog box closes and the Set Projection dialog box
opens.

Setting the Projection Parameters

No geometric correction is performed for Mosaic-only project files. Therefore, the
Output Projection represents the projection of the mosaic file; all input images
must be in the same projection.

For a Mosaic Only project, the output projection and resolution will be set
automatically from the first image that you add to your project.

To set the projection automatically:
1. In the Set Projection dialog box, click Cancel.

The Set Projection dialog box closes and a Warning message window opens.

PCl Geomatics

121



OrthoEngine Workbook - Exercise 6: Mosaic Only Project

Figure 6.2
Warning message
window

il

The projection information is not complete. You can enter the
information or itwill be read in automatically from the firstimage.

2. Click OK.

The output projection and resolution for the project will be automatically set
to the projection and resolution of the first image added.

Adding Images to the Project

Figure 6.3
Image Input toolbar

N

Before you start working with the imagery, you need to import the data to the
project. For a mosaic only math modelling project, the input images can be in any
GDB supported format.

Note

Compressed formats (JPEG, SID, ECW) should be avoided as input files for
OrthoEngine as this slows down the processing speed for the project.

To add the images to the project:
1. On the OrthoEngine window in the Processing Step list, select Image Input.

A new toolbar with two icons appears

% orthoEngine: Mosaic Only Project 10l =|
File Utilities Options  Help

Processing step 1k
|Image Input = e

2. On the Image Input toolbar, click Open a new or existing image.
The Open Image dialog box opens.
Click New Image.
4. From the Mosaic_Only folder, select PO01.pix and P004.pix and click Open.

The Multiple File selection message window opens. This window indicates
the total number of files that are detected, and the total number to be loaded
into the project.

5. Click OK.

The two images are listed in the Open Image dialog box.
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Saving your Project

To save your project file:

*  From the File menu on the OrthoEngine window, click Save.

The project information is saved in the mosaic_only.prj file.

Defining Bitmap Masks

Figure 6.4
New Bitmap dialog box

Bitmaps are pseudo-images. They have the same pixel and line dimensions as the
image data in the PCIDSK file, however, each pixel of a bitmap is only 1-bit deep.
In other words, the gray value of a bitmap pixel can be either zero (pixel not “on”)
or one (pixel “on”). Bitmap pixels with a value of one will be visible (they take on the

color of the graphic plane in which they are loaded). Bitmaps are used most
commonly for delineating masks or training areas.

Before you perform automatic mosaicking, you will launch Focus to create bitmap

masks to exclude cloud and shadow areas from the calculation of the color
balancing histogram when performing automatic mosaicking.

To launch Focus:

e On the Geomatica Toolbar, click the Focus icon.

The Focus window opens.

To create a bitmap layer:

1. From the Mosaic_Only folder, open the P001.pix file.
2. In the Maps tree, right-click the New Area and select New Bitmap Layer.
The New Bitmap dialog box opens.

% New Bitmap

— Georeferencing

( Use Area Georeferencing

® Use Layer Georeferencing |F>DD1 pix1.2.3
" User-entered

[oTh =] Earth Model. | [UTh 135 D02
Bounds: IGEDCDded vl

UpperLeft [478138.080 E  [422038 400

Lower Bight: |493914.560 = |44131?4.32E| il
Pixel Size: |2.44[|E|[|E| * |2.44E|E|[|EI b
Output Database Size Pixel: 6467 Line: 3632

= oK

Cancel |

3. Inthe New Bitmap dialog box, select Use Layer Georeferencing.

4. For the source of the layer georeferencing, select P001.pix.
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5. Click OK.
A New Bitmap Layer is added to the Maps tree under the area you selected.

Now that you have created a new empty bitmap layer, you will define mask areas.

To define mask areas:
1. Make sure the New Bitmap Layer is selected in the Maps tree.
2. On the Editing toolbar, click the New Shapes arrow and select Polygon.

Figure 6.5
Polygon new shapes tool % <unnamed project=: Unnamed Map
File Edit ‘iew Layer Analysis Tools  Help
D@E%IF'@;@%M\ iy ©
T IR TR |@ BT -7 Yo
B [ = Rectangle
O Elipse
QTrace
B9 Raster Seading...
3. Inthe Focus viewer, trace the outline of the polygon by clicking at the end of
each line segment.
Figure 6.6
Defining bitmap masks % <unnamed project=: Unnamed Map

Bl Edit Wew Layer Analysis Tools Help

X o[-

Maps | Flles
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Figure 6.7
New Item Detected dialog
box

4. To complete the polygon, double-click near the first point in the mask area.

The polygon is automatically closed and filled.

5. Identify other areas in the image you want to exclude when calculating the

color balancing histogram in automatic mosaicking.

These can include areas of cloud, shadow or very dark water areas.

To edit the mask areas:

1. On the Editing toolbar, click the Raster Erase arrow and select Erase

Polygon.

2. Use your mouse to trace over the pixels you want to remove from the mask
area.

3. Double-click to erase.

Now that you have defined the bitmap mask of the areas to be removed from

calculating the color balancing, you will save the bitmap layer to the ortho image.

To save the bitmap layer:

1. In the Maps tree, right-click the New Bitmap Layer and select Save.

The New Item Detected dialog box opens.

% New Item Detected

=10] x|

—Input

Layer. New Bitmap Layer

— Output
File:

Layer:

hd| Elrowse...l

Farmat. [PCIDSK (pix)

;I Options...l

|N ew Bitmap Layer

=

o]

Sawve | Cancel |

2. From the File list, select P001.pix.
3. Click Save.

The bitmap layer is saved to the ortho image file and is listed as a bitmap layer
in the Files tree.
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Mosaicking

Figure 6.8
Mosaic toolbar

With OrthoEngine there are two methods for generating a mosaic: automatic
mosaicking and manual mosaicking.

Automatic Mosaicking

Although you can create your mosaic one image at a time by using Manual
Mosaicking, most of the time you will use Automatic Mosaicking to do the bulk of
the work, and you will use Manual Mosaicking to edit portions of the mosaic file.
Some projects may require more editing than others such as those containing large
bodies of water or urban areas with buildings leaning in different directions. In
addition to reducing your work load, Automatic Mosaicking will often produce a
more seamless look than if you had attempted to create the mosaic by hand.

Manual Mosaicking

You can use Manual Mosaicking to create your mosaic one image at a time, to edit
the cutlines in an automatically mosaicked project or to replace unsatisfactory
areas in the mosaic. For each image that you want to include in the mosaic file, you
must complete four steps in sequence; select an image to add, collect the cutline,
adjust the color balance and add the image to the mosaic area.

In this exercise, you will use automatic mosaicking to do the bulk of the work.
Manual mosaicking will then be used to edit the cutlines and replace unsatisfactory
areas in the automatic mosaic.

Defining a Mosaic Area

Before you create a mosaic, you need to define an empty mosaic file.

To define the Mosaic Area:

1. On the OrthoEngine window in the Processing Step list, select Mosaic.

A new toolbar with four icons appears. The toolbar contains functions for
defining a mosaic area, manual mosaicking, reapplying manual mosaicking,
and automatic mosaicking.

=10l x|

ﬂ OrthoEngine: Mosaic Only Projeck

File Utilities Options  Help

Processing step ILILT iﬁ”ﬁ.‘ iv@ irL:_B
IMosdic =l jrwt el | |l

B

2. On the Mosaic toolbar, click Define mosaic area.

The Define Mosaic Area dialog box opens.
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Figure 6.9

D.eflne Mosaic Area E Define Mosaic Area _I— _ID il
dialog box

Select Existing Mosaic File |

Define New Mosaic Area |

—Mosaic Extents
juLaLRComer |

Upper leftx:
[468511 720

Upper lefty:
[4422177 920

Lower right =
483914 560

Laower right %
4410678 200

—Mosaic File Information
Dimensions: 10411 Px 4713 L

Channels:  3x |1 B hit unsigned - l

Size: 281 MBytes
Fesolution X 2.440 m
Fesolution ¥:2.440 m

[v Inputimage Background Yalue: ID

Create Mosaic File |

IMouse can be used to resize or move mosaic area.

ﬂ Close |

By default the bounds of the Mosaic Area are the maximum extents of the images
in the project. The size of the mosaic area can be changed manually using your
mouse. Alternatively, you can enter corner coordinates for the mosaic area. For this
exercise, you will use the default maximum extents of the images in the project.

Click Create Mosaic File.
4. In the File box, type denver_mosaic.pix.

If a path is not specified, this file will be saved in the folder where the project
file is saved.

5. Click Create Later.

By clicking Create Later, the mosaic file and the automatic mosaic will be
created at the same time.

6. Click Close.

You are now ready to mosaic your images.

Automatic Mosaicking

To mosaic the files automatically:
1. On the Mosaic toolbar, click Automatic Mosaicking.

2. Set up the Automatic Mosaicking dialog box as shown in the figure below.
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Figure 6.10
Automatic Mosaicking
dialog box

ﬂ Automatic Mosaicking: C:Geomatica',0E Data'Mosaic_Only' den ﬂ
— Ortho:
Image |0 Oitha D Statuz Usze Maormalization
PO PO Updated v Mone >
FO04 FO04 Updated v Mone >
Orthos in mosaic:ﬂ Nonel Allin mosaicl
Mormalization: |N0ne ;I Apply to Al
Adaptive filter size [ image]: |2D.D
— Mozaicking Option r— File Option:
[~ Clear mosaic file before mosaicking Preview file:
o e ——— |E:\Geomatlca\DE Data'Moszaic_Onlytde Browsel
|F'DD‘I ﬂ Diirectory for temporary files:
. |E:\Geomatica\DE Data‘Moszaic_Only
Color balance:
Method: [Overlap area - External bitmap file:
atch area [%]; IBDD | Browsel
Tirirm histogranm [#]; ID.D Iezaic reference image;
[+ lanore pizels under bitmap mask | Browsel
Cutlines: - -
Selected method:  |Edge features <] | [~ Generation Start Time
L ) & Start o
I~ | Use existing cutlines € Start at (hhum]
art at [hh:mm
Blend width: [ =
= =l ¢
I‘I 2 = IDD = & am
Cipm
|F|equired temporary hard disk space: 318.0 [MEB]
@?l Generate Preview | Generate Mosaic Cloze

N Note

Pixels values under the mask will be ignored when calculating the color
balancing if Ignore pixels under bitmap mask is select. OrthoEngine uses the
last bitmap segment in each image file as the mask.

3. Click Generate Preview.

This creates a low-resolution version of the mosaic. It is saved in the file that
you entered in the Preview file box.

@”\ Note

Mosaic previews are useful for testing the results of several mosaic parameter
settings and inputs through lower resolution mosaic previews. This saves time
and disk space traditionally used in experimenting with mosaic parameter
settings through the generation of full-resolution mosaics.

4. Click Generate Mosaic.

This creates a full-resolution version of the mosaic. A message window
appears after the mosaic is generated to indicate that automatic mosaicking is
complete.
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Viewing the Mosaic

To view the mosaic:

1. From the File menu on the OrthoEngine window, select Image View.
The File Selector dialog box opens.

2. From the Mosaic Only folder, select denver mosaic.pix and click Open.
A viewer opens and displays the mosaic.

Alternatively, you can open the mosaic in the Focus viewer.

Figure 6.11
Image view of
denver_mosaic.pix

¥ w|432006.979E 4417221.599M R: 173G: 246 B: 174

Editing the Cutline

The cutline for P004.pix needs very little editing as the automatic mosaicking
already excluded most of the cloud and shadow areas from P001.pix. Remember
that the bitmap masks you created over POO1.pix were to exclude those areas from
the color balancing - not to exclude them from the mosaic.

You will use the Manual Mosaicking tools to edit the cutline for P0O04.
Alternatively, you could export the vector cutlines to a PCIDSK file, edit the
cutline in Focus and then import the edited vector file to the project.

To edit the cutline:

1. In the Mosaic toolbar, click Manual mosaicking.
The Manual Mosaicking dialog box opens.

2. In the Project image files table, select P004.

The Mosaicking Steps options are now active.
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Figure 6.12

White rectangle outlines
the vertices on the cutline
for PO04 to be shifted to
the right

Figure 6.13

White rectangle outlines
the area where the cutline
was edited on P004

Under Mosaicking Steps, click Collect cutline.

Select a vertex near the upper-right edge of the image.

Using the Move, Delete and Insert editing tools, edit a portion of the cutline
to the right, as shown in the figures below.

Mosaicking Steps
" Selectimage to add
® Collect cutline

(" Color balancing
(" Addimage to mosaic

Cutline information:

Add

95 [479589.32

Mowve | Delete

D X Y -

90 [479599.08  |4418332.45

91 [479589.32 |4416391.04

92 [479599.08  |4415410.56

93 [479579.66 |4415449.60

94 [479579.656 |4415488.64
4418517.92

Insert

Finish | Mew

Irmpart

Export

|Linear ;Il_aygut |Interleave colar ;Igglh"ﬁ

When using the editing tools, click the same button again to end the edit.The figure
below shows a possibility for how the cutline could be edited.

Mosaicking Steps
" Selectimage to add
® Collect cutline

(" Color balancing
(" Addimage to mosaic

y Manual Mosaicking:

Cutline information:

ID . v |«
92 [480211.52  |4418605.76

93 [480216.40

95 [479930.92

4415693.60

4419464.64
96 [479930.92 |4419474.40
97 [479940.68  |4419532.96

98 [479950.44

441963056 |-

Add

Mowve | D

elete

Insert

Finish | Mew

Irmpart

Export

Blend wicith:

@l

6. When you are satisfied with your edits, click Close.
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Figure 6.14
Reapply Mosaicking
dialog box

Tip

This is a good time to save your project file.

Manual Mosaicking was used to edit the cutline for P004. You will now use the
Reapply Mosaicking tool to apply the cutline changes to the mosaic while using the
same color balancing options from the automatic mosaic.

To reapply the mosaic:

1. On the Mosaic toolbar, click Reapply mosaicking.

2. Ensure that POO1 is listed above P004.

E Reapply Mosaicking: C:"Geomaticatmosaic_only'.d
Cutlines:
Image ID Ortha ID Status Use =
PO01 PO01 Updated v
PO04 PO04 Updated v

alx|=]=]

selectAll| Deselectall|

—Processing Options

@ Currentresolution  ( Different resolution

[¥ Clear mosaicfile

—Processing Start Time ——
(& Start now
(" Start at (hh:mm)

|12 il””

ﬂ @ am

C

|D MBytes of disk space required.

o1

Generate Mosaic

Close

3. Click Generate Mosaic.

The Reapply Mosaicking Progress window opens and show the status of the

mosaicking process.

When the mosaicking has completed, click Close.
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To view the mosaic:

L.

From the File menu on the OrthoEngine window, select Image View.

The File Selector dialog box opens.

From the Mosaic_Ony folder, select denver_mosaic.pix and click Open.

A viewer opens and displays the mosaic.

Alternatively, you can open the mosaic in a Focus window.

In this exercise you:

Created a Mosaic Only project

Input two georeferenced images

Defined bitmaps for exclusion in color balancing
Automatically mosaicked the two images

Manually edited cutlines and reapplied the mosaicking
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Raw Image Mosaic Project

Exercise

v

Since raw (unreferenced) images contain the distortions inherent to the
sensor, itis unlikely that features will align well in the overlapping areas without
compensating for these distortions. If you are lacking the ground control
needed to correct your images, you can adjust the alignment of the features in

the raw images by building a math model based on image (pixel and line)

coordinates.

To create a mosaic with raw images, you have to build a project using the
Polynomial or Thin Plate Spline math model, collect ground control points,
geometrically correct the images, and then mosaic them.

In this project, you will mosaic two ASTER images that are not georeferenced.
Before they can be mosaicked, one image will be registered to the other image

using a polynomial transformation.

The data for this project can be found in the Raw_Image folder.
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Simple Math Model Project Work Flow

Data
Preparation

Data
Extraction

Data
Correction

Create a Project

v

Input Data

v

Collect GCPs

v

Geometric Correction

Mosaicking

v

v

Manual

Automatic
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Setting up the Project

OrthoEngine works on a project-by-project basis. Therefore, you need to open an
existing project or create a new project before you gain access to the functions
within OrthoEngine. In this exercise, you will create a new project.

To start a new project:

1.

vk wD

Figure 7.1

Project Information dialog E® project Information x|
Filename: Iraw,rnusaic.prj Browse

Name IRaWimage Mosaic Project

box

Description: IRaWImage Polynomial Mosaic Project- ASTER Nepal

hath Modelling Method
" Agrial Photography
 Satellite Oraital Modelling
® Paolynomial

" Thin Flate Spline

(" Rational Functions

& Mone (mosaic anky)

On the OrthoEngine window in the File menu, click New.
The Project Information dialog box opens.

Click Browse and locate the Raw_Image folder.

In the Filename box, enter raw_mosaic.prj.

In the Name box, enter Raw Image Mosaic Project.

In the Description box, enter Raw Image Polynomial Mosaic Project -
ASTER Nepal.

For the Math Modelling Method, select Polynomial and click OK.

The Project Information dialog box closes and the Set Projection dialog box
opens.

@ (o] | Cancel |

Setting the Projection Parameters

For a raw image mosaic project, the math model will be built on a pixel/line
coordinate system. This is not a true projection system but allows the images in the
project to be referenced to one master image.

To enter the output projection parameters:

1.
2.

From the list to the left of the Earth Model button, select Pixel.
For both the Output Pixel Spacing and the Output Line Spacing, enter 1.

This represents the desired resolution of the output images in pixel units.
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To enter the GCP projection parameters:

L.

Under GCP Projection, click Set GCP Projection based on Output
Projection.

The GCP Projection adopts the same settings used for the Output Projection.
Click OK.

The Set Projection dialog box closes.

Adding the Images to the Project

\

Figure 7.2
GCP Collection toolbar

For a simple math modelling project (Polynomial or Thin Plate Spline), the input
images can be in any GDB supported format.

Note

Compressed formats (JPEG, SID, ECW) should be avoided as input files for
OrthoEngine as this slows down the processing speed for the project.

To input the imagery to the project:
1.

E OrthoEngine: Raw image Mosaic Project — |EI |i|
Bl Utites Optons Help

On the OrthoEngine window in the Processing steps list, select GCP
Collection.

A toolbar with five icons appears.

Processing step - ]
[GCP Collection = @1+ D‘-—

& ¥

G

=
s

On the GCP Collection toolbar, select Open a new or existing image.
The Open Image dialog box opens.

Click New Image and locate the Raw_Image folder.

Using the CTRL key, select north.pix and south.pix and click Open.
Click OK on the Multiple File selection message box.

The two images have been added to the project and are listed in the Open
Image dialog box.

Saving your Project

To save your project file:

From the File menu on the OrthoEngine window, click Save.

The project information is saved in the raw_mosiac.prj file.

136

PCI Geomatics



Collecting Ground Control Points

Figure 7.3

Overlap between
north.pix and south.pix
bounded by white area

When creating a project to mosaic raw (unreferenced) images, you can choose one
of the raw images as the source or “master image” for the coordinates. By matching
a feature in the master image to a feature in an overlapping raw image, you can
transfer the pixel and line coordinates from the master image to its overlapping
images.

In this exercise, south.pix will be the master image. Y ou will reference north.pix to
this master image. In the figure below, the area of overlap between the two ASTER
images is represented by a white rectangle.

north.pix

south.pix : Brearan.

[5G 34B:73

=lol x|
© @] 7|47 - ot -+ 11

Warking

-

To set up for GCP collection:

1.

In the Open Image dialog box, select north and click Quick Open and Close.
The north.pix file opens in a viewer as a 1:1, 2:2, 3:3n composite.

On the GCP Collection toolbar, click Collect GCPs Manually.

The GCP Collection dialog box opens.

In the GCP Collection dialog box, select Geocoded image as the Ground
control source.

A File Selector dialog box opens.

From the Raw_Image folder, select south.pix and click Open.
A Database Channels dialog box opens.

Select Channels 1, 2, 3 and click Load & Close.

The south.pix file opens in a Geocoded Image viewer as a 1:1, 2:2, 3:3n
composite.
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Figure 7.4
Location of GO001 on
south.pix

To collect GCPs for north.pix:
1.

In the south.pix viewer, locate a prominent feature like a fork in a river in the
overlap area, zooming in as necessary.

Select the feature by clicking on it with the mouse.

The crosshair now appears at this location. The pixel and line coordinates for
this location are shown in the status bar in the viewing window.

In the current example, the red crosshair is positioned near the top of
south.pix at the fork of a river and a stream.

E Viewer: Geocoded Image: south.pix - - |EI |i|

UsePoint|® @ @@@

e O -t &l Ey ||||

|* w [2477.000P 351 000L

|F:103 G: 69 B: 54

When you are satisfied with the location of the crosshair, click Use Point on
the Geocoded Image viewer toolbar.

The image coordinates for GO001 are transferred to the GCP Collection
dialog box.

In the north.pix viewer, locate the same feature, zooming in as necessary.
Select the feature by clicking it with the mouse.

In the north.pix viewer, click Use Point.

The ID G0001 is placed beside the red crosshair.

In the GCP Collection dialog box, click Accept.

The GCP information is transferred to the Accepted Points list for the GCP
with Point ID G0001.

Repeat steps 1 to 7 to collect 6 - 9 additional GCPs that are well-distributed in
the overlapping area.
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Once there are three GCPs in the project and Auto locate is activated in the GCP
Collection dialog box, OrthoEngine estimates the position of the GCP in the
uncorrected image. This will save you time in looking for the same feature on
north.pix. However, you will need to adjust the position of the crosshair on
north.pix before accepting its autolocated position as a GCP.

Tip

This is a good time to save your project file.

Note

If using the Thin Plate Spline math model for a raw image mosaic project, you
can estimate and enter nominal height if you do not have the actual elevation
value.

Displaying the Image Layout

Figure 7.5
Image Layout window

The Image Layout feature is a quality control tool that reveals the relative
positioning of the image footprints and displays a plot of the distribution of the
ground control points (GCPs).

To check the layout of your image:

1. On the GPP Collection toolbar, click Display overall image layout.

The Image Layout window opens. The left section of the viewer displays the
center position of north.pix. The top of the window points northward.

2. Under Overview, click the crosshair to reveal the image footprint.

The right section of the viewer displays all of the GCPs as red squares.

_|olx]
north

+narth +nofth

ICIick on Image to select. Double click to open

@ Close |
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3. Ifyou are not satisfied with the layout and distribution of the points, double-
click the image footprint under the Overview area to open the image.

4. Change or add points using the GCP Collection dialog box until you are
satisfied with the result.

5. After you are finished, click Close.

Computing the Simple Math Model

The computation of the simple models is done automatically as you add ground
control points (GCPs) to the project. The image is not manipulated at this point. In
a project using pixel coordinates, the simple math model uses the GCPs to
calculate a transformation that will warp the raw image to fit the pixel coordinates
of the master image. Since the math model calculates a solution for each image,
no tie points are used. Additionally, the math model and the resulting residual
errors are calculated for each image separately.

For this particular exercise, you should be able to keep the RMS below 1 pixel as
you used a 15 m master image as our reference data to transform a 15 m source
image.

To examine the residual values:
1. Ensure the overall RMS for north.pix is below 1.0 Pixel.

Residuals can also be reported in ground units.

2. Delete or verify any points that have a residual greater than 1.
Close the GCP Collection dialog box.

S Tip

This is a good time to save your project file.

Once you have an acceptable math model solution, you can geometrically correct
the image.

Geometric Correction

Geometric correction is carried out in a two-step process:

» Transformation of Pixel Coordinates: Each pixel in the target or master
image is transformed according to the warping polynomial to determine
a sampling location in the source or uncorrected image.

* Resampling: Resampling determines the pixel values to be filled in the
output image from the uncorrected image.

The north.pix file will be registered to south.pix, which is being used as the master
image.
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Figure 7.6
Geometric Correction
toolbar

Figure 7.7

Geometric Corrected
Image Production dialog
box

0
o

ol

To geometrically correct the image:

1. In the Processing step list, select Geometric Correction.

A toolbar with three icons appears.

=10l x|

@ OrthoEngine: Raw image Mosaic Project

Ble Utdites Options Hep
= ] |

|Open an image |

Processing step
IGEDmEtric Correction

2. On the Geometric Correction toolbar, click Schedule geometric correction.
The Geometric Corrected Image Production dialog box opens.
In the list of Available images, select south.

4. In the Uncorrected Image section of the dialog box, select Use raw image as
master.

g Geometric Corrected Image Production 5‘

Available images:

Images to process:

- noith: Create new file =

J Hi

=] [

Image information for south
— Uncomected Image Corrected Imag
Image: C:\Geomaticatraw_...\south. pis File: Erowse
Status: Mo model computed ot I 4
St
Input channels: & Al
' Channels | e
[~ Apply input channel selection to all files Usoer loi I K I i
Lawer righl:l X | i Hecompulel
[w Use raw image as master
Correction Options
—DEM Praceszing Optiot: Processing Start Time
m] Saurce: ‘working cache: [64 =] MBytes RAM (% Start now
Elevation scale: I Gampling interal: |4 E ® Sl o]
: = IH o= [ & & am

oo [ || Resameing [Nearst I = = P
Eleyation it @) Meter € Feet Fit Size: 5] ﬂ 4| ﬁ
¥ | &pply DEM aptions b &l images Browse | Kermel file:

ﬂl Correct Images Cloze |

5. Inthe list of Available images, select north and transfer it to the list of Images
to process.

6. For this exercise, use the default Processing Options.
7. Click Correct Images.

8.  When the Geometric Correction is finished, click Close.

Tip

This is a good time to save your project file.

PCl Geomatics

141



OrthoEngine Workbook - Exercise 7: Raw Image Mosaic Project

Mosaicking

Figure 7.8
Mosaic toolbar

Figure 1.9
Define Mosaic Area
dialog box

Before you create a mosaic, you need to define an empty mosaic file.

To define the Mosaic Area:

1. On the OrthoEngine window in the Processing steps list, select Mosaic.

A new toolbar with four icons appears. The toolbar contains functions for
defining a mosaic area, manual mosaicking, reapplying manual mosaicking,
and automatic mosaicking.

DrthoEngine: Raw image Mosaic Project — |EI |i|
Bl Utites Optons Help

Pracessing step ILILE iﬁ“
|Mosaic ;I j t [ ]

|Define mosaic area |

[ ]
7
él
[ ]
)

|
]
o]
]
| |

2. On the Mosaic toolbar, click Define mosaic area.

The Define Mosaic Area dialog box opens.

B Define Mosaic Area -0 |i|

Select Existing Mosaic File |

Define New Mosaic Area |

—Mosaic Extents

UL & LR Cormer vl

Upper left =
000

Upper left'y"
|-2345.000

Lawer right =
|5392.000

Lower right "
|4302.000

—hosaic File Information
Dirnensions: 6392 Px 8847 L
Channels:  3x IB hit vl

Size: 162 MBytes
Resolution X:1.000 p
Fesolution v:1.000 p

Create Mosaic File |

IMouse can be used to resize or move mosaic area.

ﬂ Close |

A graphical representation of the available images appears in the viewer. The
figure shows the overall coverage of the images associated with the project, as well
as their positions relative to each other. The crosshairs represent center of each
image.
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Figure 7.10
Automatic Mosaicking
dialog box

By default the bounds of the Mosaic Area are the maximum extents of the images
in the project. The size of the mosaic area can be changed manually using your
mouse. Alternatively, you can enter corner coordinates for the mosaic area. For this
exercise, you will use the default maximum extents of the images in the project.

Click Create Mosaic File.

4. In the File box, type raw_meosaic.pix and click Create Later.

By clicking Create Later, the mosaic file and the automatic mosaic will be
created at the same time.

5. Click Close.

You are now ready to mosaic your images. Automatic mosaicking will be used for

this exercise.

To set up for automatic mosaicking:

1. On the Mosaic toolbar, click Automatic mosaicking.

2. Set up the Automatic Mosaicking dialog box as shown in the figure below.

Starting image :

[~ Clear mosaic file before mosaicking

ﬂ Automatic Mosaicking: C:Geomatica',0E Data'Raw_Imageiraw | ﬂ
— Ortho:
Image |0 Oitha D Statuz Usze Maormalization
north onorth Updated v Mone >
zouth zouth Updated v Mone >
Orthos in mosaic:ﬂ Nonel Allin mosaicl
Mormalization: |N0ne ;I Apply to Al
Adaptive filter size [ image]: |2D.D
— Mozaicking Option r— File Option:
[¥ Regenerate offline orthos Freview file:

Diirectory for temporary files:

|E:\G eomaticat0E Data‘\Raw_mageiraw Browse |

| harth
Color balance:
Method:

Cutlines:
Selected method:

Overlap area

atch area [%]; IBDD
Tirirm histogranm [#]; ID.D

[ lgnore pixels under bitmap mazk.

Edge features

I~ | Use existing cutlines

Blend width:  [3 =

External bitmap file:

ﬂ |E:\Geomatica\DE Data“Flaw_magey Browsel

Mozaic reference image;

Browse |

Browse |

— Generation Start Time
= & Start o
" Start at [hhzmm)

[z o = &

Cipm

|F|equired temporary hard dizk space: 94.4 [MB]

21

Generate Preview |  Generate Mosaic

Cloze
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%\ Note

The Generate Preview button generates a low-resolution version of the
mosaic. This is useful for testing parameters to obtain a seamless mosaic.

3. Click Generate Mosaic.

A message window appears after the mosaic is generated to indicate that
automatic mosaicking is complete.

4. Click Close.

To view the mosaic:

1. From the File menu on the OrthoEngine window, select Image View.
The File Selector dialog box opens.

2. From the Raw_Image folder, select raw_mos.pix and click Open.
A viewer opens and displays the mosaic.

Alternatively, you can open the mosaic in Focus.

Figure 7.11
View of the mosaic E\fiewer: «\Raw_Image'raw_mos.pix - |EI|1|

e - BT+ 51 - e |

'|—v 3HBETIP 4201 42590 R: 74 G: 42B: 74 #0.05

In this lesson you:

* Created a polynomial math modelling project
» Referenced a raw image to an uncorrected reference image

* Automatically mosaicked the images
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