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Summary of Australis Features

The Australis photogrammetric software package is designed to perform highly automated
off-line measurements from monoscopic/convergent digital image networks, ether using
digita cameras or scanned film imagery. It is equally useful for high-precison metrology
applications using ‘metric’ digital cameras (or scanned imagery) or low- to moderate-
accuracy measurement employing df-the-shelf, amateur still video CCD cameras. Through
the integrated image measurement, preliminary orientation and bundle adjustment
functionaity, one can quickly and easily obtain three-dimensiona object point coordinates
and sensor calibration data from multi-sensor, muti-image networks of an effectively
unlimited number of object points. Moreover, depending on the provison of an exterior
orientation (EO) device and high contrast targets, the photogrammetric orientation/
triangulation and caibration processes can be carried out fully automaticaly, in semi-
automatic mode, or even with manua image point measurement and a more sequential
processing flow. Audtrdis is thus ided for the teaching of photogrammetric principles and
practices and it avaluable tool in both research and for practical measurement applications.

Salient features:

Fully automated orientation/triangulation and sensor calibration when using high-

contrast targets, and an EO device (seen by all images)

This ‘one-button’ operation includes AutoScanning to measure al candidate targets,
centroiding of al valid targets, identification and measurement of the EO device, exterior
orientation, image point correspondence determination and find self-calibrating bundle
adjustment.

Alsofeatur es step-by-step processing, manual and automatic, for usein theteaching
of close-range photogrammetric principles

Ableto handle multiple sensor sand networ ks of hundreds of imagesand thousands
of object points
Can accommodate virtually any digital camera, from popular ‘off-the-shelf’” models

to large-array professional CCD cameras

Can measure and photogrammetrically process scanned film images, and
incorporatesinterior orientation capability (fiducial/reseau transfor mations)

Self-calibrating bundle adjustment incorporates flexible choice of the sensor

calibration model and has graphics display of distortion profiles



Incorpor ates different options for initial network exterior orientation, including
Relative Orientation (RO) and Resection/I nter section, with RO requiring no initial

object point coordinate information

Bundleadjustment useseither afree-network solution (viainner constraints) or one
with a surveyed control point configuration.

Allowsinteractive assignment of object space XY Z coordinate axes via so-caled 3-2-
1 method which sets coordinate system origin and axial orientation

Integratesa 3D coor dinatetransfor mation function (very useful in conjunction with

free-network solutions)
Supportsexport of XYZ object point coordinatesin DXF or ASCII format

Allows imposition of scale constraints in either post adjustment scaling or as

distance observations within the bundle estimation process

Supplementary object space analysis functions: distances and best fit line, plane,

sphere, circle, cylinder

Convenient, project-based user interface

An Australis project file stores al cameras, images, scaebars, and measurements. The
Camera and Scalebar database contains all available calibrated cameras and scalebars.

Centroid and manual target measur ement

Automated image scanning and centroid measurement of high-contrast targets (typically
retro-reflective) or manual measurement of natural features. Supports associated
automatic exterior orientation via either ‘known points or an EO device and facilitates
‘resection driveback’.

Graphics View

3D graphics view for visuaisation of point cloud, cameras, and scalebars. Includes point-
to-point distance and best-fit circle, line, plane, and sphere functiondity, as well as 2D
graphics of various image-related features (resduals, labelling, etc.)

Upgradesto Version 6.0 incorporated into Version 6.01:

The X-Y-Z axes for any 3D object point file can be set interactively viaa so-caled
3-2-1 process ( Section 9.2)

Imaging rays can be shown in the 3D graphic view, individually or collectively
(Section 7.2)

3D datafiles can now be output in DXF format (Section 3.2.6)

Camera stations can be added as object pointsto any 3D datafile (Section 7.1.7)
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1. Overview

1.1 Introduction

This document describes the functiondity of the Australis digitd photogrammetric
software package. Australis is desgned to perform automatic and semi-automatic
photogrammetric  messurements  from  digitd imagery. Using the program
functiondity one can quickly and eedly obtan three-dimensona object point

coordinates from two-dimensionad image observations.

1.2 Installing Australis

m_ﬂ
To begin the installation, run setup.exe from the .
Australis cd-rom. After the setup preparation is T e e
complete the Australis Installation screen i n........m‘:..:;-..-.,..m
appears. Choosing the Next button brings up the ﬁﬁﬁr;ﬂ_
Registration screen. Bl i)
Enter your name and company name. Seria _ﬂ
numbers are not utilised in the installation
procedure at this time. However, the serial i
number box must be filled in. A dummy number .T : o
(123-456-789) is entered automatically. Click
the Next button to proceed to the Destination
Location dialog. s b
By default, the destination folder is $:\Program S T

T o e il chck: Mt

Files\Australis, where $ represents the drive
letter where Windows 95/98/2000, NT or XP is
installed. It is recommended that this folder be

RO T g e T e Y
fie

p ich img C el i el

Leg

utilised. If it is necessary to change it, use the
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Browse button. Choose Next to go to the Setup

Typedialog.




Here, you must choose between the Compact and _

Typical setup types. The Compact setup installs ket St e e e B

necessary program files only. The Typical setup
additionally installs tutorial files and this is the

usual option selected. Select the setup you i balmiin, niay

prefer and choose Next to bring up the Select

Program Folder dialog. e L) o=
m-liﬂlélpnmhh F s i ko,

riom o e B . o o B s
rdu”umm»m; i

Here you can change the folder to which A

program icons are added. It is recommended to Lammatitas

use the default folder, Australis. Choosing Next
opens the Verify Setup Information dialog.
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By e o b sy o b L i
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iohings ek Back W o iba bt oy
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Current installation settings are displayed here.

To review or change any settings, click the Back et -
button. Clicking the Next button here will start i _f*::%m
[ ¥Pcepoim Flod il U wermiy
the file copy procedure. Upon completion, the foatne
Finish dialog appears. Tm £
o |
Choose Finish to exit the Setup program. _
Svnhn S s
Note: When Australisisinstalled, the supplied
Australis.ini file will not overwrite an existing
Australis.ini. Thus, if the newest fileis preferred, T

simply rename the current file for safe keeping.

1.3 Uninstalling Australis

From the Start menu, choose Settings and Control Panel. From the Control
Panel, choose Add/Remove Programs. Highlight Australis in the lis of avallable
programs and click Add/Remove. All program components will then be removed.




1.4 Starting the Program

Torun Australis, click the Start menu and choose Programs and Australis, or double-
click on the Australis desktop icon. To set shortcut icon, right click on the Australis
executable icon in the $\Program Files\Australis directory in Windows Explorer (the
$ represents the drive). Choose Create Shortcut from the popup menu and drag the
new shortcut to the desktop.

Upon darting Australis, either an existing project may be opened or a new project
crested. An existing project may be opened from the FILE | OPEN menu. If the
project has been opened recently, it may be reopened by sdecting it directly from the
Most Recent File ligt, which gppears a the bottom of the FILE submenu. The Most
Recent File list retains the last four projects that have been open. To create a new
project, select the FILE | NEW menuitem. A blank project template appears.

An Australis project filename has an aus (austrdis project file) extenson. To open
project files directly from Explorer, the extenson aus must be associated with the
Australis executable.

1.5 User Interface

The Audtralis user interface condsts of a Project View, Image View, and 3D
Graphic View. The Project View (Fig. 1.1) condsts of a Windows Explorer syle
interface with a tree view on the left and a lis view on the right. The tree view
contains the Camera and Scale bar Database a the top and the current project
information below. The lig view disolays detalled information about the sdected
itemin thetree view. The Image View displays the sdected image (Figure 1.2).

Points, camera stations, and scade bars are displayed in the 3D graphic view (Fig. 1.3).
Additiond functiondity such as bed-fit planes, spheres, and lines, and point-to-point
digancesisavailable here. The graphic view isdiscussed in detall in Chapter 7.
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Figure 1.2: Australis project view.

1.6 Camera and Scale Bar Database

The Camera, Scale bar and EO Device Daabase stores calibration information for all
avalable cameras, scde bars and Exterior Orientation (EO) Devices. This data is
gsored in the Australis.ini file. If any parameters are modified they are overwritten in
the ini file when the program closes. Database cameras, scde bars or EO devices can
be added, removed or edited in Australis, as described in Chapter 2.



1.7 Projects

All project data is saved in a sngle Australis project file (projectname.aus). This file
contans adl camera, image, and obsarvation data A project file may be reopened
later to continue working on the same network. Projects are described further in
Chapter 3.
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Figure 1.3: Australis 3D Graphics View.

1.8 Images

A primary function of Australis is to display digitd images and measure points of
interest within those images.  An image is typicdly measured as pat of a network
orientation/triangulation project. Image manipulation and management is described in
Chapter 4. Audtralis is presently designed to operate with black&white (8-hit)
imagery and will accommodate the image formats of BMP, Tiff and JPEG. In the
case of JPEGs, the program creates a loca 8-bit B&W Tiff copy in the project
directory for each JPEG image. These locd Tiff files are left in the project directory
and will subsequently be read in further runs of Australis. A description of the image
coordinate sysem is provided in Appendix B.



Although Australis may function normally with colour imagery, it has not been
designed to support colour and so full functionality of some features cannot presently
be guaranteed. It is highly recommended that colour images be first converted to
black & white, either as part of the normal Australis image-conversion or via an

external conversion means (with Photashop, for example).

1.9 Network Orientation and Bundle Adjustment

When targets have been observed in two or more images, the 3-dimensond
coordinates for the targets can be determined using photogrammetric orientation
procedures. Within Australis there are effectively two orientation phases. The fird is
preliminary orientetion, which is via dther rdative orientation or resection/
intersection, and the second is find (refined) orientation which uses a least-squares
bundle adjusment. If a <df-cdibraing bundle adjusment is peformed, camera
interior orientation and lens digtortion parameters are aso computed. The orientation

procedures and bundle adjustment are described in Chapter 5.

1.10 Post Orientation Processes

There are a number of operations that can be performed on the photogrammetricaly
determined XYZ object point coordinates within Australis These include setting
coordinate axes, peforming 3D transformations, carrying out sdected best-fit
functions (eg line and circle) and exporting the XYZ coordinates in DXF or ASCII
format. These capabilities are mostly described in Chapters 7 and 9.
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2. Camera, Scale Bar and EO Device Database

2.1 Cameras

2.1.1 Adding Cameras to the Database

To add a camera to the database, right click on the Camera Database icon in the
project tree view, and select Add Camera to Database from the popup menu (Fig.
2.1). This disgplays the Camera Input didog. The fidds shaded in light blue (on the
monitor) indicate the minimum amount of information about the camera that must be
input. This includes the horizontad and verticd sensor Sze (in pixds), the horizonta
and verticd pixd sze (in millimetres), and the focd length (in millimetres).  Enter the

required minimal information (plus any other known values) and dick 2]
the camerarto the database and close the didog.

2.1.2 Fiducial and Reseau Points

Australis supports the capability to re-establish the interior orientation of scanned

metric images with fiducia and reseau points (Chapter 8). For a metric camera, check

in the Camera Input didog to display the Import Fiducials button and
listbox (Fig. 2.1).

Add Camera to Databaze
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Figure 2.1: Adding a digital camera to the application database (Ieft). Camera input dialog
with fiducial import and editing (right).
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Usng the Metric button, fiducds may be imported from a file. Australis makes no
digtinction between fiducid and reseau points.  As such, both must be placed in the
same file  The file forma is identicd to tha for image coordinate files given in
Section 3.1.5. One paint per line and each line has 3 fidds, point number and x and y
coordinates (in millimetres). Entries must be space ddimited and point labels must be
integers.  Right dicking in the lig box displays a popup menu with options to add,
edit or delete points. Double clicking a point id in the ist box displays a didog to edit
the point. One or more highlighted points may dso be ddeted with the DELETE
key.

2.1.3 Removing a Camera from the Database

Highlight the icon of the camera to be ddeted from the database and click the
DELETE key. This action is permitted if the sdected camera is in the current
project, but it is not recommended. The user is prompted for verificaion before

removd.

2.1.4 Modifying Camera Data

To nodify camera data, double click on the desred camera icon. This displays the
Camera Database didog with an additiona button used to save modified camera data
(Fig. 22). Change any necessary parameters by double clicking in the appropriate
box and typing in the new vaue Fiducids may be added, deleted, or edited as

Callbration  1€:01:51, May 11, 2000
o IDCS42D I % Ser;ls:ésﬁlze Pl:d;lrl?]lze
oSPEL [KodDrsazo [ wesy y [ i | ooos
Lene TR [ o | 7ea4 g 1024 [ 0008
Current Walue Sigma
() | 20472580 | 1000
pepp | 0042281 1000
repl | 0141822 | 1000
(k1) | 275002004 | 1000
(k2] | 86023007 | 1000
() | 73641003 | 1000 Fidiats |
(P1) | 623382006 | 1000
(p2) | 17225005 | 1000 Save changes
[B1) | 1.6764e-027 | T camera
gz [77690=027 [ 1eiE Save | Cancel |

Figure 2.2: Modifying camera data



described in Section 2.1.2 by dicking the L | button. When finished sdect
the Save button. A message box verifies that the new vaues have been saved. When
a camera in the database is being used with an opened project, the project camera data
will not automaticaly replace that in the dadbase unless the update camera in
database option is selected (see Sect. 3.4)

2.2 Scale Bars

2.2.1 Adding Scale Bars to the Database

The procedure for adding a scade bar is amilar to that for a camera Right click on the
Scale Bar Database icon in the project tree view and sdect Add Scale Bar to
Database from the floating menu as shown in Fg. 23. This displays the Scale Bar
Database didog.

The minimd informetion that must be entered includes the scde bar name, the
cdibrated length (note this should be in the same units as the desred 3D object
coordinates), the standard error (can be arbitrary if it is not to be used), and the labels
for the end point targets. Note that if the scde bar is to be used rigoroudy as a point-
to-point distance observation in the bundle adjustment, the standard error of the bar
length must be included (see Section 5.1).

2.2.2 Removing a Scale bar from the Database

Highlight the scale bar icon in the database and press the DELETE key. The user is

prompted for verification before remova.

Lanase
4
ScakbBa Hanm m T
/f Yeran II
Linita F'
Mot fr=er st
T emperslurs Lings p i
Colibraind Tanpshan E
Ealbazcd Lancth | EIEAT]
Srandand Deuabon ﬁlIﬂ
ErdPari Tagstba 1
: ScaleBar Databage | I
; Add ScaleBar ta DataBaze T
/ Scalel |l| ﬂ

Figure 2.3: Adding a scale bar to the database.
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2.2.3 Modifying Scale Bar Data

Double-click on the desred scde bar icon. This agan dislays the Scale Bar
Database didog. Change any necessary parameters by double clicking in the proper

box and typing in the new vaue. Click k 2 1 to sve

2.3 Exterior Orientation Devices
2.3.1 Adding EO Devices to the Database

The procedure for adding an EO device to the database is smilar to that for a scde
bar. Right click on the EO Device Database icon in the project tree view and sdlect
ether Add EO Device to Database or Import EO Device from the floating menu, as
shownin Fig. 24.
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Figure 2.4: Adding an EO Device to the database.

The most important information to add in the EO Device Properties box are the EO
Device name and the cdlibrated coordinaies of the points (usudly 5) on the EO
devicee To add point information, dating with the centrad point and working
clockwise (see dso Fig. 3.7), right-click in the points list box and sdect add point.
Vaues can then be entered as shown in Fig. 24. As the lig of points is built, it can
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adso be edited and points can be removed, again via a right-click and choosing the
desired option.

As an dterndive to interactively adding the EO device point labeds and XYZ
coordinates, this information can be gored in an ASCII file, name.eod, and Smply
imported, the required format for each of the records in the EO device file (*.eod)
being: Point Label, X, Y, Z coordinates, all space delimited.

Further information on EO devicesis provided in Section 3.2.5 and 4.13.

2.3.2 Removing an EO Device from the Database

Highlight the EO device icon in the database and press the DELETE key. Or right-
click and sdect Remove EO Device. The user is prompted for verification before
remova.

2.3.3 Modifying EO Device Data

Right-click on the desired EO Device icon and sdect Properties. This displays the EO

Device Database didog. Change any necessary parameters and click to save.
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3. Projects

3.1 Cameras

3.1.1 Adding a Project Camera

A camera is added to the project by dragging its icon from the Database and dropping
it directly onto the Project icon.

3.1.2 Removing a Project Camera

A camera is removed from the project by right dicking its icon and sdecting Remove
Camera From Project, from the floating menu (Fg. 3.1). Or, highlight the camera
icon and press the DELETE key. When a camera is removed, dl images associated

with that camera are aso removed.

3.1.3 Adding Images to the Project @ roic
+ ﬁw View Caners Dala
All project images must be kept in a single [
}‘\L Generste Balsneed Dishortion Fiofke.
directory. To add images to the project, right ) —aetanhioda

= Lok [mage Fils Diecloy
E;' ook |mags Coondinate File Dirscloy

click on the project camera and sdlect Set | mage .,
il Scaksh Aubocan Al Images

File Directory, from the floaing menu (Fg.

31). The directory will be scanned for all Figure 3.1. Removing a project camera
images with a tif, bmp, jpg or dib extenson. Images whose resolution matches the
camerawill be automatically included into the project.

3.1.4 Removing Images From a Project

Remove a project image by right dicking its icon and sdecting Delete Image from
the floating menu (Fig. 3.2). Or, highlight theicon and pressthe DELETE key.
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Figure 3.2: Deleting a project image.
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3.1.5 Importing Image Coordinate Files

Image coordinate observations obtained from other photogrammetric  image
measurement systems can be processed with the Australis adjusment modules.  This
data is imported via individua files of measured image coordinates - one for each
image to be processed. These files must have the extensgon *.icf (image coordinate
file). The format of an image coordinate file is smple. Each line has 3 fidds, the
point labe and x and y image measurement (in millimetres) for one point. Entries
must be space delimited.

Importing image coordinate files is gmilar to importing images as described in
Section 3.1.3. All image coordinate files must be kept in a sSngle directory. Right
click on the project camera and sdlect Set | mage Coordinate File Directory, from the
floating menu (Fig. 3.1). Thedirectory is scanned for dl fileswith a*.icf extenson.

Image icons for each file will gppear under the camera icon in the tree view. When
the camera icon is sdected, image icons will aso gopear in the lig view. All
functiondity for these icons is the same as has been previoudy described except that,
because there is no bmp, tif, jpg or dib file associated with an icon, screen display of
an image is not posshle. However, the postions of the image points within the image
format will be displayed when the icon is double-clicked, which alows the user to
see where the points lie on each image. This is dso very ussful for running Australis
when there is only a project file avalable. After *.icf files have been successfully
imported, al resection and bundie adjustment capabilities are available, as described
in Chapter 5.

Note: Images and *.icf files can be mixed within a project.

3.1.6 Display and Output of Distortion Profiles

Profiles for radid and decentring digtortion are displayed by right-dicking on a
camera icon and sdecting Distortion Profiles from the resulting popup menu (Fig.
3.1). An example is shown in Fig. 3.3. The profiles are digplayed to the maximum
format disgance, which is hadf the length of the image diagord. The radid distance
and corresponding digtortion vaue are shown in the upper left of each window as the
mouse is moved across the plot. As part of the sdf-cdibrating bundle adjusment, the
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maximum radiad disance of point measurements is recorded. If this vaue exigs for
the camera in quedtion, it is disolayed as a verticd red line. Beyond this point the
digortion profile is seen as a dashed line.  This indicates tha the profile in this region
IS extrgpolated, as no image points have been measured here. The plots are based
upon the standard equations for radia and decentring distortion:

— 3 5 7
dr =K r* +K,r>+ K,r

p(r)=(p? + P2)E 12

By right-clicking on the Project Camera icon, the operator can sdect Generate
Balanced Distortion Profile (see Fig. 3.1). Australis will then create an output text
file comprisng a lig of the Gaussan radiad distortion, described for principd distance
c by Ki, Ky and Ks. Also output r an equivdent principad distance ¢ is a liging of
the ‘baanced’ radid digtortion, which has zero digtortion at a sdected radia distance
(usudly a about 2/3rds maximum
radid digance). The coefficients are
Ko, KYy, K1 and K13, The operator is
asked to interactivdly input the

balanced radius (where digtortion
will be zero) as wdl as the radid step
increments for the liging and the

maximum radial distance. For

example, for an image format of 15 x

10mm, an appropriate balance

distance might be 6mm, the maximum Figure 3.3: Camera radial and decentering profiles.
radius 9mm and the step 0.5mm. The

output file, Balance.txt, is stored in the project folder and a sample output is given in
Sect. 13.6 (Appendix C).

3.1.7 ‘High-Quality’ and ‘Low-Quality’ Images

Images can be defined as High-Qudity (HQ) or Low Quadlity (LQ). HQ implies high-
contrast imagery with nominaly dcrcular/dliptica targets (preferably retro-reflective
targets). Mogt indudrid measurements would involve HQ imagery. LQ indicaes
imagery of lower contras with less sharply defined targetss The HQ & LQ
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desgnations are used in the AutoScanning image measurement process to determine
the amount of target vaidation and image processng required. LQ requires a more
comprehendve testing of the targets prior to centroiding, and is therefore a little

dower (see dso Figure 3.8).

As shown in Figure 3.2, image qudity is indicated by the presence of HQ, LQ or no
qudity indicator (meaning qudity has not yet been set). Usng the menu option
indicated in Fig. 3.2 it is possble to toggle between HQ & LQ. This can dso be
achieved for multiple images by right-clicking on highlighted images in the project
view liging & toggling between HQ & LQ. Fndly, with the image display window
open (Fig. 1.2), the image quality can be set via a pop-up menu an the main toolbar.
Note: It is not necessary to explicitly specify an image to be HQ or LQ as the

program will assgn a vaue within the Autoscanning process.

3.2 3D Coordinate Data

Files of 3D coordinates may be imported, crested and renamed within Australis.
Additiondly, points themselves may be edited, or added and deleted from files.

3.2.1 Importing XYZ Coordinate Files

3D point coordinate files must be imported into Australis for resection driveback
(Section 4.11), for datum and redundant XYZ control, and for 3D coordinate
transformation. These are imported directly from the project tree view (Fig. 3.4).
Right click on the 3D Data icon in the project and sdect, for example, Import | 3D
Data File, Import | Driveback File, or Import | Control Points File. This displays
aFile Open didog from which the gppropriate file is chosen.

If the imported file is not dready in the project directory, a copy is placed there. The
copied filename prefix is unchanged but the extenson is st to xyz. If a file of the

ot

': 30 Data EF] SED 3D DataFile ot
[E J Hew Driveback File lg‘m
Control Points File oL Set as 4
EO Device | E Transform Cantral

35:'&'1—'3 Bundle SEIZ))L Graphic Yiew

-

Figure 3.4: Project tree (left). Importing 3D files from project tree (centre). Setting file as driver
or control (right).
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same name is dready in the project, the new filename is incremented. For example, if
the file Object.xyz is dready in the project and another file with the prefix Object is
imported, its name is changed to Object1.xyz.

Once imported, 3D files are organised under the 3D Data icon in the project tree.
There can be only one driveback and datum control file present a any one time. The
driveback icon is characterised by a “deering whed” and the datum contral file icon
by a control benchmark. Any file can be marked as driveback or control (or both)
ater import by right clicking on its icon and choosing Set as | Driver or Set as |
Control. These settings can be toggled on and off as desired.

NOTE: As a precaution, when changing drivers, measured images are marked as
“Not Resected” (the image icon border changes to red). All project images must then
be resected again (Section 5.3).

To ddete a 3D file from the project, highlight its icon and press the DELETE key.
This action does NOT delete the file from the project directory.

3D files should be formatted as shown in Table 3.1. Each line contains the point label
(aphanumeric or integer), XYZ coordinates and SX, SY, SZ dgma vadues. The
sgmas are optiond. Entries must be space delimited.

3.2.2 Creating An Empty 3D Coordinate File

To creaste an empty 3D file, right-click on the 3D Data icon in the project tree and
sdect New from the menu (Fig. 35). A new, empty file is created in the project
directory and itsicon gppears. The new filenameis by default, 3DDataFile.xyz.

Table 3.1 : 3D input file format.

11A 0.0142 -20.0702 38.5644 10e-16 1.0e-16 1.0e-16

Point12 497.8725  -5.6927 291525 10e-16 10e16 1.0e-16

13 1000.6319 78336 37.7232 10e-16 1.0e-16 1.0e-16




3.2.3 Renaming a 3D Coordinate File

To rename a 3D file dick on the text of its icon

Edit 3D Point

with the left mouse button. A second click enables Pairit 1d Current ¥ allie Sigma

. . ) . @ 0 1000
this text to be edited (Fig. 3.5 - Note: thisis not a | i |

] 1000

double click. The sequence is click, pause, and vl i

. . . Cancel | |0 [ 1000
cick). Rename the file and hit the Enter key. The
file is renamed with the new prefix. The extenson Figure 3.5: Point edit dialog.

remains xyz. A warning gppears if the new file dready exists and provides an option
to replace it. If the new file is dready in the project, the name will be incremented as
described in Section 3.2.1.

3.2.4 Adding, Deleting, Editing and Renaming 3D Points

To add a point to a 3D file, firg highlight the file icon in the project tree. Then, right
cick in the lis view on the right Sde of the screen. Choose Add Point from the
popup menu (Fig. 35). This displays the Point Edit didog (Fig. 3.6). Enter the
necessary data and click the OK button.  Individud point characteristics can aso be
edited directly by dlicking (click, pause, click) on the desred column. A smadl edit
box is displayed in which changes may be made. Upon clicking outsde the edit box
or usng the Enter key, the value is updated and saved. A priori coordinate standard

errors can be edited only for points designated as control.

test. apt

34 14D 2R
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v 0 Scaleh = L4 |LDEEE

Figure 3.6: Adding an empty 3D file (Ieft). Renaming a 3D file (centre). Adding or deleting (right).

To ddete points from a 3D file, again highlight the file icon in the project tree. In the
right dde lig view, sdect the points to be deleted. Right click and choose Delete
from the popup menu. Or, Smply hit the delete key.

To edit a 3D point, double click on the point icon in the right sde lig view. This
again displays the point edit dialog from which data may be changed (Fig. 3.6).
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A very usgful feature is the ability to rename or re-labd a point in the object point ligt,
and dso possble to re-labe dl observations associated with that point. To do this
dngle-dick on the Bundle icon in 3D Data to lig the XYZ coordinates and then
right-click on the desired point labdl.
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This feature is very useful, for example, in introducing scae control, where the labels
of the two end points of a scde bar in the scalebar database can be assigned to the
appropriate pointsin the object field, dong with dl their corresponding observations.

3.2.5 Exterior Orientation Devices

An Exterior Orientation (EO) device is an object that facilitates determination of
sensor exterior orientation (either manudly or automatically) when no coordinate data
is avalable for the target fidd. A typicd device has a minimum of five wel-
digtributed targets with known coordinates (Figure 3.7). The standard approach
would be to measure a minimum of images (at least three) which see dl or mogt of the
target aray, including the EO device. After these images are measured, the bundle
adjustment yields coordinates for al targets (see Chapter 5). This process can be
performed autometicdly if an appropriate EO device is employed. For automatic EO
device detection and measurement, Australis currently requires an EO device design
as indicated by the left-hand image in Figure 3.7. The Australis EOD requires that dl
points are located within a bounding ‘ring’, but this figure can be any shape. A circle,
rectangle, square or triangle are al acceptable.

To ensure that the automatic measurement of the EOD s as fast as possble, labd the
points in ascending numerica order from the centre point, then clockwise for the
‘outer’ points. This is not mandatory, but it represents the default labelling scheme for

maximum performance.



Figure 3.7: Representative EO devices.

There is now an EOD database, in much the same way as there was previoudy just a
canera and scae-bar database. The data for each EOD can be entered manudly
(coordinates entered via right clicking in the coordinate lis aed) or smply by
importing an EOD file in the normd way via the 3D data icon, and then dragging and
dropping it into the EOD database.

A file of EO device coordinates must have an eod extenson. The file format is
identical to that described in Table 3.1. Importing an EO device file is done as shown
in Figure 3.4. However, only one EO device may be in the project a any one time. If
a new EO device file is imported it will replace any exiding device file. The semi-
automatic EO device measurement procedure is described in Section 4.13 and fully
automatic messurement and orientation/triangulation is covered in Chap 6.

As with cameras, an EO Device is added to the project by dragging its icon from the
Database and dropping it directly into the Project.

3.2.6 Exporting 3D Coordinate Data in DXF Format

As a standard operation in Australis, adl 3D data files are saved in ASCIl format
within the Project Folder. They are thus fully accessble following an Australis run.
To ad in the importing of 3D coordinate data into CAD sysems, Australis dso
supports export of 3D data files (nominaly comprisng records of labd, X,Y,Z and
three additiond fields) in DXF format.
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To export a data file in DXF format, right-click on the desired icon in the 3D Data list
and dect Export as DXF. A DXF file will then be written with the same name
(name.dxf) to the project folder.

3.3 Scale Bars
3.3.1 Adding a Project Scale Bar

As with cameras, a scde bar is added to the project by dragging its icon from the
Database and dropping it directly into the Project.

3.3.2 Removing a Project Scale bar

Select the scale bar icon and pressthe DELETE key.

3.4 Saving Projects and Camera Data

3.4.1 Projects

To save a project sdlect either Project | Save or Project | Save As from the man
menu, or click the floppy disk button on the toolbar. By default, Australis project

files are given an aus extension. (eg. Demo2.aus).

3.4.2 Updating Camera Database

If upon completion of a project it is dedred to update the camera cdlibration
parameters within the camera database, the Update Camera in Database option can
be sdected from the menu generated by right-clicking on the project camera icon
(Fig. 3.1). Alternatively, the project camera can be ‘dragged and dropped’ into the
database.

3.5 Project Preferences

To edit project preferences choose Project | Preferences from the man menu. This
displays a tab didog from which preferences may be set for the project, adjustment
output, image point numbering, and digitiang (Fig. 3.8).

3.5.1 Bundle Adjustment Output Preferences

This form determines bundle adjustment output. In addition to the standard bundle
file, the options to output coordinate residuas and adjusted camera parameters are
checked by default. Parameter correlations may aso be output. The output of EO
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rotation matrices in the standard bundle file is optiond as is the output of omega, phi,
kappa rotation angles (azimuth, devation, roll angles are dways cal culated).

3.5.2 Image Preferences

If the Number Points box is checked, point labels are drawn on the image upon
messurement. Point labels are recorded in the project, regardless of this setting.

The Shape radio buttons determine whether a blob or a cross will be drawvn on the
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Figure 3.8: Output, image, units, digitising, project, scanning & point correspondence preference boxes.

image over the target points.

The Point Colour setting determines the colour of the observations drawn on the
image. Different colours can be set for points that have been measured manudly, or
by centroiding. Colour for fiducid points can dso be set. Resdud vector colour is

aso st here. To change any of these sttings, click the appropriate Change button
and select anew colour from the resulting Color Didog box.
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3.5.3 Project Unit Preferences

When darting a new project, the user is first prompted for project units. Choices are
millimetres, centimetres, metres, inches, feet, or yards. The project units can be
changed a any time through the Project Unit Preference tab. Any 3D files in the
project are automaticaly updated to reflect a change in units. The exterior orientation
of any camera gtations which have been resected is dso modified.

3.5.4 Digitising Preferences

The Prompt Before Overwriting Duplicate Point Numbers, and Prompt before Adding
Duplicate Pt Coordinates check boxes determine whether or not the user will be
asked before any such observations ae replaced. The threshold for determining
whether two observations have identical coordinates is set in the Duplicate Tolerance

box (in micrometres).

Max Plumb Obs Per Line determines the measurements made automatically dong an
individual plumb line (Section 4.7).

3.5.5 Auto-Save Project Preferences

The Project Preferences currently only include characterisics of the Auto-Save
feature. Auto-Saveisenabled by default and the default time interva is 10 minutes.

3.5.6 Image Scanning Preferences

Automatic image scanning is discussed in Section 4.3.  Scanning preferences include
parameters which control the finding and vdidation of targets within an image. There
are specific parameter sats for High-Quality and Low-Quadity images.

Note: Default vaues are generaly applicable.

Parameters of interest incdlude the minimum and maximum number of pixes in a vdid
target region farget area range). These are set a 4 and 200 by default. Extremely
large targets will require a larger maximum number of pixes. Also, the Driveback
Distance Threshold is set a 10 pixels by default. This vadue controls the distance
within which atarget is pogtively identified in resection driveback (Section 4.11).

A very brief account of other parametersis asfollows:
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Finding Blobs: The Target Jump is a greyvadue step above which a blob is assumed
to be present; the Target/Image ratio indicates the ratio of the blob intengty range to
the full intengty hisogram for the image and the Min Greyvalue indicates the lowest
intengity that a blob needs to have to be recognised as a potentia target.

Target Area Range: Smply expresses sze limits on targets, including those of the
EO device.

High- and LowQuality Image Scanning: The Area range check in the HQ image
scanning is as per above. In the LQ scanning, optimizing blobs removes dl pixes
which are beyond a certain multiple of standard deviations from the mean. This same
multiple is given by the Deviation Factor in the Statistic Test box. Irrespective of the
ggma vaue, Min Target Error will dso apply. The dlipse fit is a shape qudifying
function, and Refuse moving centroid indicates that a target will be disregarded if its
centroid determined in the optimisation/dlipse fitting differs by more than a certan
threshold from the centroid determined by the refined intensty weighting agorithm.
Recdl that only LQ images undergo blob optimisation and shape testing.

3.5.7 Preferences for Point Correspondence Determination

Initidly, there are three thresholds relating to the tolerances of multi-ray intersection
within the image point correspondence determination process, which commences with
a point matching via the measurement of angular departure from an epipolar plane.
The default threshold for the Max. epipolar angle diff. for mintsis 0.01 grad. After
matches are found in two images, a resection driveback gpproach is employed for the
search for candidate points in other images. The threshold vaue for this search, Max.
error for driveback, has a default value of 2 pixels. The fnd threshold relates to the
minimum acceptable angle between two candidates for corresponding rays, Min. point
intersection angle, which has adefault vaue of 10 grad.

Within the preferences for image point correspondences, it is possble to set a letter or
word prefix for autoscan points, Prefix of new points Also, there is a box to be
checked if it is desred to accept 2-ray points. Otherwise only points with three or

more rays will be consdered.

Findly within this st of preferences there are tolerances related to the search distance
beyond the EO device. Candidate image points will only be consdered if they are
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ather within so many EO device sizes (eg 10-20) or within a given distance in object

space, in project units

3.6 Project List View Functionality

As mentioned previoudy, the right sde of the project view is a lig dislay that lists
cameras, images, obsarvations, or 3D points depending on what is sdlected in the left
gde tree view. Limited functiondity is avalable from this view. If cameras or scae
bars are diglayed in the list view, double clicking on an icon will display the data for
that item. If image icons are displayed, double clicking an icon displays that image.

When 3D points are digplayed, double clicking an icon displays a didog for editing
that point. Point-to-point distances can be computed if exactly two points are selected.
Right click on one of the sdected points and then click on Distance in the resulting
pop-up menu. The distance is displayed in a message box. This distance is not saved

to afile

3.7 Relinking Project Images after Changing Project Folders

It is often required that a project file (project.aus) be moved to another folder or even
another computer. Upon opening the project in the new location it will be found that
there are no associated images since Australis will look for these in the origind
project directory. The program dlows a ‘relinking’ of images to the project in such a
gtuation.

Filerlame | | | Z | azimuth | Elevation | Rall | observations |
Imagel.bif  1065.097 -66.759 2159,993 101,905 -59.945 -3.260 135
Imagez kif 96,224 -327.5536  2504.4583 43,041  -86.674  -44.444 113
Image3.bf -1061.106 -178.818 2392.356  -90.406  -63.569 1.479 134
EEE NENEUES Imaged. kf  -1051,587 574,730 2472,305 -129,332  -59.558 -140.469 157
; Ii=8 Irnages.tif 282,009 5058708 2547739 158,530 -71.821 -159.837 135
Sootome ot g 0200 Z130.277 124,849 -55.031 0 -30.312 1533

_."-Irnagel:lljl

- Image00z

- d Inage00s

Delete Image(s)

Low Quality Image(s)
High Quality Imagers)

Enable Image(s)
Disable Imagels)

Figure 3.9: Choosing to relink images to project after a project.aus file is moved toanother directory.
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Fird, expand the lig of images such that the image names and exterior orientetion are
indicated as shown in Figure 3.9. Next, sdect the images and right click on the
sdlected lig. Within the list of options sdlect the Relink I mage(s) option.

A streen message them informs the operator that the images must have the same
names in the new directory, and that directory is then sdected. Finaly, a screen
message will indicate how many images were successfully relinked.



4. Image Handling and Measurement

4.1 Opening Images

Double click the image icon in ether the project tree or the right dde list view. Or
right click on the image icon in the project tree and sdect Display Image from the
floating menu (Fig. 3.2). Remember, that if you are usng image coordinae files or
running an Australis project from the *.aus file without imeges the imege point
locationswill dill be disolayed in the image view.

4.2 Centroid Measurements

To observe targets in an image, the gpplication must be in digitise mode. Click the
cross-hair icon on the man toolbar or sdecting Digitise Mode from the
Measurement menu. When in Digitise mode, this menu item will be checked and the
cursor appears as a cross har within the image window. Observations are made usng
ether centroid or manua measurement. To use centroiding on suitable targets, ensure
that Auto from the Measurement menu is checked (this is the default setting).
Repested sdlection of this menu item will toggle centroiding on and off (Fig. 4.1).

To make an observation usng centroiding, place the cursor near the center of the
target being observed and click the left mouse button. The centroid agorithm uses
the raw coordinates of the mouse click as a darting point. The coordinates of the
target centroid are saved. Thus, it is not necessary to be very accurate with mouse
pointing for automatic centroiding, as opposed to manua measurement
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Figure 4.1: Settings for centroid measurement and digitise mode.

Manud image point measurement can be dternaively initisted via a button on the
toolbar. In order to st the Manua option, the image measurement button must be
dready sdected (Fig. 4.1). Manud measurement is then invoked by smply dicking



the second measurement button on which there is an ‘M’. It should be remembered
that manuad measurement (yellow point labels) is not recommended in circumstances
where the imagery has good targets which are suited to the more accurate autometic
centroiding. It is, however, useful for natura festures,

Note: The button to the right of the Manud Measurement button in Fg. 4.1 has an
‘undo function’. If this button is clicked, the previous image measurement is deleted.
Clicking it twice deletes the last two measurements and so on.

sUremenc  wiew Loncrar M

|Ealb [5- F

Delete previous image point
l_'" _' measurement

A description of the pixel and image coordinate systemsis provided in Appendix B.

The centroid agorithm used will vary according to the settings chosen by the user
(Section 4.21). Different centroid dgorithms will work best with different types of
targets, and settings such as the optima centroid window Sze may vay for each

image.

If an observation is given a labd that has been previoudy used, or if two observations
are made to the target, the warnings displayed in Fig. 4.2 appear. Answering Yes in
Fig. 4.2a will replace the previoudy measured point with the newest point having the
same label. Where what is obvioudy a measured point is attempted to be measured a
second time with a different point labd, the warning in Fig. 42b appears. Answering
Yes & unticking the box has the effect of dlowing the same observation to have two
different labels & therefore to be trested as two different points. ( It is rare that such
an action would be required.)
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| 'i‘ Poini label sheady exists. Dedets ofd pond? Pearsl Consahrials alisachy aatids. Adel v Obieervaton.?
|Dthenwize no poind will b= messwed] =R O] Dibeerintion
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(@ (b)
Figure 4.2: Warnings indicating duplicate point locations or labels.
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421 Centroid Parameters

Centroiding parameters can be set usng the Centroid Info item on the Measurement
menu (Fig. 43). Each of these parameters is now addressed along with the error

message that can arise from an incorrect setting.
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Figure 4.3: Setting centroiding parameters.

Window Sze: Sas the sze of the window in which the target mugt lie (must
be < 128 pixels). If the targets are too big for the window the error is Centroid
Window Out of Range. The Centroid Window Size can adso be st in the third
edit box of the main toolbar (Fig. 4.4).

Grey Range: Spedifies the minimum range of intendity in
the centroid window. This parameter is a way to ensure L) o

the trget sands out agang the image background. If this _ _
Figure 4.4: Setting centroid

criterion is not met, there will be an eror message:  window size fromthe toolbar

Intensity Range too Low.

Min Taget: Sds the minimum Sze in pixds for
centroiding.  Attempting to centroid a target below this minimum will resuit in
the message, Image Szeistoo Small.

X/Y Rdio: Specifies the dze ratio of the centroiding window.  During
centroiding the window is shrunk around the target. This parameter is used
maintain a square window shape. If the ratio is exceeded it is likdy that the
target shapeisnot dlipticad and an Image Shape Error message results.

Image Shape: Used to predetermine the target shape. Target shape is typicaly
dliptica, however lines can dso be centroided. If the Shape Test Applied box
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is checked, target shape will be verified. Failure produces an Image Shape
Error message.

Invert Pixds: When this box is checked the pixds in the centroid window are
inverted. The target must be a high intengty festure with a rddivey low
intensity background.

Background Threshold: Sdlects the type of thresholding used. Ogptions include
additive, scde and preset values. An explanation of thresholding is beyond the

scope of this manua - if in doubt use the random option. The differences in

observed coordinates from the various thresholding agorithms are generdly in
the order of 0.03 pixds or less, which is generdly negligible in the bundle
adjustment.

Weght: Although this value can be zero, one or two, one is advised and is the
default. The centroid dgorithm cdculates the weighted mean centroid, and
this vdue effects the weight given to eech pixd. The weght indicaies the
power to which each pixd vaue is rased in caculaing the centroid. Zero is
appropriate only for binary images.

4.3 Image AutoScan

Images ae automaticdly scanned for valid targets usng the AutoScanning
functiondity. AutoScan runs from within the Image View by choosng the AutoScan
item from the Measurement menu or by usng the key combination ALT+A. All
images can be scanned by right clicking on a project camera in the Project Tree View
and sdlecting AutoScan All Images from the popup menu (Fig. 3.1). For AutoScan
All Images the AutoScanning didog is digplayed and scanning is Started with the
Start Scan button. Actual target measurement is accomplished by centroiding.

If an Australis-compatible EO device is included in the project (and the *.eod file is
entered into the project), the AutoScanning will search for and measure the EO device
and carry out a space resection for exterior orientation, for either one image or al
images. Thus, a the end of AutoScanning the prdiminary exterior orientation of the
network is established.



Scan points are displayed on the image without labels. In the Project List View, a red
(default colour) icon differentiates autoscan points from labeled points.  Additiondly,
labels are prefaced with a letter or word of your choice (see Sect 3.5.7). Scan points
ae not usad in the Resection or Bundle Adjustment functions until they have been
labded, for example after automatic image point correspondence determination or
after manud labdling, or following resection driveback. Labeing is done from the
Image View in a manner smilar to that for point centroiding described in Section 4.2.
The application mugt be in digitise mode. The mouse cursor is placed on or near a
scanned point (within the current window sze as shown in Fig. 44). The current
window can be visudised in the image with the Magnified View Window (Fig. 4.6).
There mugt be only one scan point within the window for labding. If there are
multiple scan points within the window, no action is taken. If a Driveback file is
present, Resection Driveback (Section 4.11) can be peformed after a minimum of
four scan points has been labeled.

4.4 Manual Measurement

As per the description in Section 4.2, the fird sep of Manua Measurement is to
ensure that the Manuad Mesasurement button on the toolbar is sdlected, aong with the
main ‘cross-hair’ button. In this case, image coordinates are caculated directly from
the mouse pogtion within the image window. Manua messurements can be sub-
pixel, depending on the current zoom factor. Zooming is as per Figure 45 and is
described below.

Note: To enter a point labe with the image view open, smply dart typing on the
keyboard or use the point label box (the large, left-most box) on the toolbar (see Sect
4.10).

4.5 Image View Control

To increese the accuracy of manua messurement, the user may zoom in around
targets. Sdlect Zoom Inor Zoom Out fromthe View Control menu. Or, press the
toolbar button with the + or - magnifying glass (Fig. 4.5).



In Zoom mode, the cursor is a magnifying glass.
To zoom in or out about a point, move the cursor
to the area and click the left mouse button. The
image can be refreshed to its origind dze by

Wiew Contral - Ad

e
Ful mage s
Mamnimd Yiee  ALT+M

choosng Full Image View from the View j|x|&|&] g "

Control menu or pressng the paintbrush button
on the toolbar.

4.6 Magnified View Window

Figure 4.5: Zoom mode.

The Magnified View Window (Fig. 4.6) displays the area of the image that is
currently beneath the mouse pointer or cross hair.  The displayed area is twice the Sze

of the current centroid window while the green border represents the centroid window
itsdf. This window can be usgful in differentiating individud targets in dense

clusers Activate the window using the menu command
View Control | Magnified View, or the key combination
ALT + M. Note that there is a cross in the middle of the

window to aid in precise manua point measuremen.

4.7 Image Brightness

Image brightness is adjusted by right-clicking in an open
image, and sdecting one of the menu items on the
Brightness sub menu (Fig. 4.7). Image brightness can

Figure 4.6: Magnified view window.

aso be changed using the - and =~ keyboard arrows (make sure the image view is the

active window). Note that dtering the image brightness affects the screen display

ONLY and does not change pixe vaues within the
image in memory.
4.7.1 Histogram Stretch

The Higogram Streich function uses the mean and
gandard deviations of the raw pixel vaues to determine a
pixel range over which to dretch the image. The formula
used to cdculate the range is mean +/- 2*standard
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Figure 4.7: Altering image
brightness.



deviation. This assumes that the frequency of the raw pixd vaues within the image
foom a “normd” didribution, which is generdly not true, however the result is
suitable for mogt images.  Pixd vaues within the hisogram range are scaed between
0 and 255, while dl vaues less than the range are set to 0 and dl vaues greater are st
to 255.

47.2 Restore

The Regtore function returns the image to an undtered display Sate.

4.7.3 Equalize

The Equaize function dretches the visble image pixd vaues between 0 and 255.
This is ussful when there is very little contragt in the image, or when the image is
gther under or overexposed. When utilisng retro-reflective targets, the Equdize
function may have little or no effect because the pixd range is dready gpproximately
0 to 255. This is because the background is generaly very dark while the targets are
bright.

4.7.4 Multiply By x

The Multiplication functions amply multiply the raw pixd vaue by the scde factor,

with minimum and maximum vaues of 0 and 255.

4.8 Viewing Residual Vectors

Image coordinate resduad vectors are dislayed by the “v” key, which toggles the
vector display on and off. The vectors are initidly multiplied by a display scale factor
of 500 for vighility. The “Alt plus =(+)" and “Alt plus -()" key combinations
increese or decrease the scde respectively.  The current display scde factor is
displayed on the right Sde of the status bar at the bottom of the screen. Vector colour
is set on the Image Preferences Sheet of the Project Preferences didog (Section 3.5.2).
Residua coordinates of reected points are dways displayed in red. An image with
resdud vectorsis shown in Fig. 4.8.



Figure 4.8: Image with residual vectors.

49 Plumb Lines

Plumb line images are typicdly used to modd radid lens digortion. Plumb lines that
are nearly horizontd or vertical can be measured in Australis. To activate plumb line
measurement mode, sdect Measurement | Plumb Line, then sdect eather
VERTICAL o HORIZONTAL (Fig. 49). When in Horizonta or Verticd Plumb line
mode the cursor is a cross hair with the letters HP or VP respectively.

To messure plumb lines, dick the left mouse button on a point a the sart of the line
and a second point further along the line to edablish the measurement intervdl.
Messurements are then meade
automaticdly dong the line a this

[Htput i beematiang

Flumb Line r

interva. Image coordinates can then be
writen to a file via the Output Figure 4.9: Plumb line measurement mode.
Observations fadlity in the

M easur ement menu (Section 4.14).

4.10 Point Labelling / Point Increment

Integers and adphanumeric character drings (to 12 digits) are acceptable for image
point labels. The point labd is set in the leftmogt edit box in the man toolbar (Fig.
4.10). The point increment, which operates on the right most digit of the labd, may
be dther a podtive integer (for numbers and characters) or negative integer (for
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numbers only). These vaues are changed by double cdlicking indde the edit boxes
and inserting the desired vaues.

Adiust Window Results  Help

| Camera 1D i Typ | f

{28 mmcimn e

Figure 4.10: Edit boxes in the main toolbar are for point label, point increment, and centroid window size
respectively.

Note: Point labes can dso be input by amply typing on the keyboard when the image
view isopen; it is not necessary to dlick within the edit box.

4.10.1 Skip Point

To increment the current point label by the point increment, use the Skip button on the
tool bar or the ALT + Skey combination (Fig. 4.11).

4.11 Resection Driveback L b [
S il

Resection driveback provides a semi-automated method of  Figure4.11: kip point.
target measurement. Reasonable approx. 3D point coordinates for the ‘control’ targets

(4 or more) must be available.
Resection driveback steps are asfollows:
Ensure that afile of 3D resection control coordinates isimported (Chap. 5).

Measure a minimum of 4 wel-didributed points throughout the image, ensuring
that the points are labeled correctly. Sdect the Driveback item from the
Measurement menu, use the toolbar button

marked with a D over a benchmark symboal,

: BEEEENENERE View Control &

N . ©  Centroid Inf
or use the kw combinaion ALT + D (Flg -E inf;]ril-;lm?e:tatiuru e
T w Digitize Mods
4. 12) . ol s W At
N @ | i Driveback
Delete Measuraments »
The driveback function first performs a resection Figure 4.12: Resection driveback

to determine the camga dation exterior



orientetion. By default, a closed-form resection is used and initid XYZ camera
dation coordinates are computed automaticaly (Section 5.2). If the closed-form fals

the user may provide initia coordinates.

If the resection is successful, the resulting exterior orientation and the 3D object point

coordinate parameters ae used to determine the

. . . . Australiz i
goproximate image locations of dl targets. A centroid ,.

. . (1) Fesection RMS; 0.023026
messurement is atempted a each of those postions, Continue?

and successful measurements are stored.  Following the

resection, a message box displays the RMS of the Figure 4.13: Confirming
image coordinate resduas.  If this value appears resection driveback.
unreasonably high, the driveback may be prevented by

choosing No from the message box (Fig. 4.13).

A large RMS image coordinate error vaue may suggest: 1) one or more points have
been incorrectly numbered, 2) initid camera podtion coordinates ae grosdy
incorrect, or 3) the camera cdibration is poor. It is noteworthy, however, that a poor
resection result may neverthdess ill produce sdisfactory semi-autometic imege

measurement.

4.12 Line Following

To measure regularly spaced points adong a straight line, measure the first target and
then measure the second while holding down the SHIFT key. Remaning targets are
measured dong the line defined by these two points. Point labels are automaticaly
incremented. The disance between the two initid points determines the search angle

and measurement intervd.

413 EO Device Measurement

Augdrdis-compatible EO devices can be measured fully automaticdly as pat of the
AutoScanning process (Section 4.3). All EO devices can dso be measured semi-
automaticadly according to the following procedure The EO device measurement
procedure is initicied in the image view by sdecting EO Device from the
Measurement menu or by using the hot key combination ALT+E. The cursor



changes to a crosshair/triangle combination to indicate EO measurement mode. The
first point labe in the EO device file appears in the point labe window on the toolbar.
Red line segments are drawn connecting the EO
device points as they are measured and labels
are incremented accordingly in the point labe
window. When the last point is measured, the
image is automaticaly resected. If the resection
is successful, the connecting line segments
change from red to green (Figure 4.14). The

cursor then returns to the standard crosshair

indicati ng gandard measurement mode. Figure 4.14: Successful EO resection.

4.14 Output of Image Coordinate Measurements

To output al measured image coordinate data to ASCII files, one need only click on
Output Observations in the pull-down Measurement menu. The reaulting files
imagename.icf (one for each measured image) may be opened via Notepad. Each
record in the files comprises three fidds point labd, x and y, where the units are in

millimetres.

4.15 Image Point Correspondence Determination

Following the AutoScan operation each image has effectivdy a point cloud of
measured, unlabelled targets. The pupose of the

Image Point Correspondence Determingtion is to idit | Measwement View Control  Adust Y
Canirced Inf
find s-cdled homologous or maching points Lt oo
. . v Digilize Mode
between the images forming the network. v Huto
Diiveback AleD
o _ _ _ AuteScan Alvs
Note: A prerequiste for this operation is a ED Device AleE
Dredete Meazuements .3
preliminary exterior orientation. Thus an EO mugt Output Obiservations
Phenb Line 8
have been performed via ether an EO device or via Find conesponding poirits
sandard relative orientation or resection from a S MR
subset of driveback poi nts. Figure 4.15: Point Correspondence Menu.



The Find Corresponding Points item is
found in the Measurement menu, Fg.
4.15. Sdecting this item will open the
didog box shown in Fig. 4.16. Individua
parameters are defined in Sect. 3.5.7.

It is possble to sdect and desdect the
images desred for incluson in the point
correspondence  determination. Note that
resection driveback is used a a
component of this operation to make the

process as robust and time efficent as

possible.

4.16 Point Status Summary
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Figure 4.16: Preferences for point correspondence

The Point Status Summary is a feature to dlow the user to ascertain the images and

number of images upon which a particular object point appears and has been

measured. Sdlect the Measurement Menu and Point Status and the didog box
shown in Fig. 417 will appear. The desred point label can be sdected and a list of
images ‘seeing’ the measured point will be provided.
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Figure 4.17: Point status summary
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5. Photogrammetric Orientation Procedures

5.1 The Adjustment Control Variables Dialog

This didog is diglayed by sdecting the Adjusment Controls item from the Adjust
menu (Fig. 5.1). Control options for dl adjusments (bundle, triangulation, resection,
relaive orientation) such as convergence limit, maximum iterations, and reection
limit (in micrometres) are modified here.  Additiondly, the default image coordinete
ggma (in millimetres), minimum number of acceptable rays, and the rgection criteria
can be modfied if necessay. The rgection limit is fixed by checking the
corresponding box. Total error propagation (rigorous variances) may be toggled on or
off.
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Figure 5.1: The adjustment controls dialog.

If one or more scde bars are present in the project, they will be utilised in the bundle
adjusment. If the Rigorous Scale box in the Adjusment Controls didog is not
checked then scaling will be done pogt-bundle (the box will only appear when a scde
bar is entered in the project). In this case, the scale factor is computed from the given
and adjusted vaues of the scade bar length. If multiple scae bars are used, the scade
factor is averaged. This scale factor is then gpplied to the adjusted 3D point and
image staion XYZ coordinates and their corresponding standard errors.  Checking the
Rigorous Scale box causes the given scde bar length to be used rigoroudy as an
additional observetion in the bundle adjustment. As mentioned in Section 2.2.1, if the
scae bar is to be used rigoroudy in the bundle adjustment, the standard error of the
bar length must be entered in the Scale Bar Database didog.

4?2



Appropriate default values for al controls are shown in Fig. 5.1. These sdtings are

auffident in most Stuations.  After making changes, select to close the did og.

5.2 Resecting a Single Image

Assuming sufficient observations have been made (minimum of four well-distributed
points) a resection may be peformed in either the image or project views. This is
accomplished by right dicking in the image itsdf or on the image icon and sdecting
Resect This Image from the resulting popup. This opens the Resect Camera Station
didog (Fig. 5.2).

ﬁ Gaah Resect Camera Station E
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Figure 5.2: Resect a single image from the image view (left) or the project view (centré) via the Resect Camera
Sation dialog (right).

The user can provide initid image dation coordinates for the resection by filling in
the X, Y, and Z edit boxesin the Resect Camera Station didog. Checking the Use
Given X,Y,Z box enaures that these initid vaues will be utilised. Upon dicking the
OK' button the resection is performed. If the Use Given X,Y,Z box is not checked,
automatic computation of initiadl dation coordinates is attempted by closed-form
resection. The closed-form solution is recommended. In the event that the
closed-form fails to provide adequate initid vaues the user may then supply hisher
own, checking the Use Given X,Y,Z box.

5.3 Resecting All Images in the Project

Prior to performing a bundle adjussment, al images in the project should be resected
to provide optimum exterior orientation vaues. Sdect the Resect All Project Images

item from the Adjust menu (Fig. 5.3). Resection results are summarised in the results



didog box. Any images tha fal may be resected

. . . . | adjust Window Results  Help
individualy as described in Section 5.2. '

Adjustrent Controls
Relative Orientation

Whenever the Driveback or Control file is changed it is | Resect &ll Project Images
" Triangulate

necessary to sdect Resect All Project Images agan Run Bundle

=

Figure 5.3: Adjust Commands - Resect
coordinate system compatibility in the bundle adjustment all project images.

between the prdiminary XYZ coordinae datum and that

of the control points.

prior to running a bundle adjusment. This will ensure

5.4 Performing the Bundle Adjustment

To peform the bundle adjusment, sdect Run Bundle from the Adjust menu or use
the Bundle button on the toolbar. This digplays the Bundle Adjustment didog (Fig.
54). A summay of the number of images, points, control points, and scde bars
aopears in the Summary group. The Adjustment Control Variables didog may be
accessed with the Adjustment Controls (Fig. 5.1) button in the lower |ft corner.

If a 3D datum control file has been imported, the bundle may be run as ether a free
network or a controlled adjustment, depending upon which radio button is checked in
the Adjustment Control Variables didog. If no contral file is present, only the free
network option is available and “Free Net” appearsin the Control Points box.
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Figure 5.4: Running the bundle adjustment.




Images that have not been measured or successfully resected are automaticaly
withheld from the bundle adjusment. An imege is manudly withhdd by right
cicking on its icon and sdecting Disable from the floaing menu (Fig. 3.2). The
image icon changes accordingly.

To run the bundle, press the Go button. A message indicating success or falure
appears in the Status group at the top right of the didog. Additiondly, the stoplight
icon indicates green for success or red for falure. If the adjustment is successful, the
Accept button is enabled. If the bundle is accepted, the database is modified with
newly adjusted camera parameters. The Bundle Adjustment diaog closes and the
resulting xyz file icon appears in the project tree with the name Bundle. The resulting
Bundlexyz file is automatically set asthe current driver file.

5.5 Triangulation

In cetan applicaions it may be necessary to triangulate imagery without first
performing a bundle adjusment, or occasondly a resection. As an example, consder
a work cdl congging of four cameras in fixed podtions A dngle point within the
work cdl volume can be triangulated if dl camera exterior orientations are known.
Triangulation is accessed from the Adjust Menu (Fig. 5.1).

Triangulation of two or more images (with or without bundle adjustment/resection)
can be accomplished within Australis by ether firds manudly setting the exterior
orientetion (EO) parameters of the two or more images, or by usng previoudy
resected images. To enter EO parameters, right

dick an image icon in the project view and sdect PR TR MATIY

Bl Cumenl WVake Sigma

Edit Exterior Orientation from the popup menu freasin |
[ EEOEED [
N CEEER
PP EEETEE AT
within the image. The Edit Camera Station diaog iy —

P | B A0571 0000

Canied | Aevapt ag Fasactad [

(Fig. 32). This popup menu is adso accesshle
within the image view by right dicking anywhere

is then disolayed, where the exterior orientation

parameters can be entered (Fig. 55). To permit
triangulation with this image without rigoroudy Figure5.5: Edit Camera Sation dialog.
resecting, the Accept as Resected box at the lower

right of the dialog must be checked.



To perform the actua triangulation, sdect Triangulation from the Adjust man menu
item. This digplays the Triangulate didog box (Fig 5.6). Images displayed in the list
box are only those that have been accepted as resected as mentioned above and have
a least one obsarvation.  Within the list box, images can be enabled or disabled for
triangulation by right dicking and choosng ether Enable or Disdble from the
resulting popup menu. Dissbled images ae highlighted in red (Fig 5.).
Triangulation is peformed by choodng the

. , (Trangulate |
Triangulate button. Upon completion, the totd RMS  ~_
chaable piciuias
of the image coordinate resduds is displayed. If the i Fori
Irage2 i 13
results are accepted, The Triangulate didog closes E:::jf_'; !
and the resulting xyz file icon appears in the project E::q:;_'; e
B i 1%
tree with the name Triangulate
FHS of Aeauals fum|
=

] ] ) Figure 5.6: Triangulate dialog.
5.6 Relative Orientation

The Relative Orientation (RO) capability incorporated into Australis has one
primary purpose: to establish preiminary XYZ object point coordinates of a subset of
6 or more object points seen in two images such that these can be used to support
subsequent resection and resection driveback. Thus, the user can dart the survey with
NO prdiminary object space knowledge, neither an EO device nor preiminary
gpproximate coordinates of 4 or more points are required. The RO would thus be
performed only once and involve only two images (any two which are suitable). After
RO, the process reverts to the standard resection driveback sequence familiar to
Audrdis usars. This section gives a brief guide to running the RO, the graphic
presentation of which appears in Fig. 5.7. In order to initiate RO, sdect the Adjust
menu and then Redive Orientation. A more complete account of the Redive
Orientation Procedure is provided in Tutoria 4 of Chapter 10.
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Figure 5.7: Relative Orientation dialog.

5.7 Output Files

Single output results summary files are produced by the resection, triangulation and
3D coordinate transformation commands. The bundle adjustment itsef produces up
to five files The files created are shown in Figure 58. The bundle adjusment
dways generates a 3D coordinate file and standard bundle adjustment output file.
Dependent upon the project preferences, additiona files include image coordinate
resduds, adjusted camera parameters, and correlation matrix data.

Output filenames may, by default, be prefaced with the name of the current project.
All extensons are txt. The files are written by default to the current project directory.
Eg, the following files can be generated:

Re_section._txt Ve
Trlangul ation.txt ' Wiew Resection. bxk
Bundle.txt T Wiew Bundle.bxt

Residuas.txt I Migm Carnera, bxk

Cameratxt i ?u'iew Residual ::ct

Correlation.txt : :

Trans.txt Wiew Triangulate. bxt
Sample output files are found in Appendix A. Output Figure 5.8: Output files.

files ae viewed within Australis usng the commands

in the Results menu (Fig. 5.8). The files are displayed in the Windows Notepad
editor. The BundleXYZ object coordinate file and other 3D data files can dso be
output in DXF format.
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6. Automatic Operation

Through the combination of a number of features of Australis it has been possible to
implement fully automatic orientation/triangulation and sdf-caibration of a cose
range potogrammetric network.

Prerequidtes for this are firdly an Australis-compatible EO device (Sect.3.25 and
4.13) and secondly the requirement that dl images in the network include the EO
device dong with wedl-defined, high contrast targets The am in providing this
feture is not so much to accommodate any and dl network configuraions, but more
to indicate the utility of full automation, especidly for convenient digitd camera
cdibration.

The full Automation steps, taken separately, include:

1. AutoScan of all Images — the outcome of which is measured, unlabeled image
points aswell as preliminary exterior orientation (see Sect. 4.3 and Sect. 4.13).

2. Find Corresponding Points — the outcome of which is a full set of labdled image
points (Sect 4.15).

3. Fast Bundle Adjustment — the outcome of which is a refined, but ill not find
network orientation (as per Chapter 5).

4. Postprocessing — the outcome of which is a refined image point correspondence

determination, aswell as preparation of the network for find bundle adjustment.

5. Final Bundle Adjusment — the outcome of which are the fina adjusted object
space coordinates and sensor cdibration data (as per Chapter 5).

At present the operator need only step through these operations sequentialy, or select
the angle Automatic Measurement option. The latter is initiated via either the AM
button (green arowhead) on the toolbar or through the pull-down M easurement
menu, asindicated in Fg. 6.1.
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Figure 6.1: Initiating Automatic Measurement.

The didog shown in Fig. 6.2 gopears when automatic measurement is sdected. It is
possble via the options in this didog box to run only certain phases of the automation
process, and it is aso possble to sat project preferences as per the standard
preference options for image scanning and finding corresponding points (Sect. 3.5)
and for adjustment controls (Sect. 5.1).

Automatic Measurement

I¥ Scanlmaa
Im Automatic Image Quality j Scan Preferences |
¥ Stop if ot all Images e resectad

[ Find Conssponding Powis Find Points Preferences ]

¥ Fast Bundle Adjustment
¥ Fix Carnera Pacameters except ¢, =p and ¥p
¥ Llse Fast Corvergence Fesidual BMS Threshold | ns

[¥ Postprocessing
¥ Merge |dentical Paintz Distarce Threshold I 5.00 | [ram]
¥ Remove Matched Paoints with only 2 not-rejected Obsveration
¥ Final Bundle Adjustment Audjustment Controds I
Status
]

Star sesp | Ciose |

Figure 6.2: Dialog box for automatic measurement.



Once the automatic measurement commences, the status of the process is indicated as
illustrated in Fig. 6.3 and successful completion is indicated by normd termingtion of
the bundle adjustment, Fig. 6.4.

Puboimabic Measurerment
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Figure 6.3; Satus of automatic measurement.

Automatic Measurement x|

¥ Scanlmages
Automatic Image Quality j Scan Freferences |

¥ Stopif ot all images are resected

V¥ Find Comesponding Points Find Pairts Preferences |

¥ Fast Bundle Adiustment
V¥ Fix camera parameters except ¢, ¥p and Yp
v Use fast convergence Rezidual BMS threzhold | 0h

[V Postprocessing

V¥ Merge identical points Diztance threshold I 5.00 [rim]
¥ Femove matched points with anly 2 nor-rejscted observations

¥ Final Bundle Adjustment Adjustment Contrals |

i~ Shatus

2. Bundle Iteration.  Residual BMS= 015 _A_]
3. Bundle lteration.  Residual BMS= 015
4 Bundle lteration. Residual RMS= 015

------- Final Bundle Finished - [L.5 z2c]

Process finished after 3.9 sec. :I

Start | Stop | Cloze |

Figure 6.4: Completion of automatic measurement.



7. 3D Graphic View

The 3D Graphic View serves primarily as a Smple visudisation tool (Fig. 1.3). Any
imported 3D coordinates may be displayed. For point clouds generated by the bundle
adjustment, sensor dtations and scale bars may be displayed as well.  Indeed, resected
camera dation postions may be displayed in conjunction with any set array of object
points. It is therefore important that the XYZ coordinate system of the camera dations
be consgtent with that of the object points if both are to be displayed together. For
point clouds generated by 3D transformation (Chapter 9), discrepancy vectors may be
displayed (Section 7.3). When an EO device (*.eod) file is displayed, the lines joining
the EO points are also plotted.

Additiondly, a number of andyss routines are avalable These include point-to-
point distance and best-fit lines, planes, and spheres. (DISCLAIMER: Although
provided with Australis, best-fit functiondity is yet
to be fully verified through comprehensve testing

=-{ =8| 20 Data
and is thus not fully supported at present) T G
: et as 3
The 3D view is displayed by double clicking a 3D _, E-?r;nsrmm
data file icon in the project tree or by right clicking - 78 cn .

theicon and sdlecting Graphic View (Fig. 7.1). [ s

Add Stations as Points
Make Copy

7.1 Display Controls

Figure 7.1: Displaying the 3D graphic view.
Pogtioning of the graphic dements within the view
is done primarily by moving the mouse with the right button down.

7.1.1 Rotation

Moving the mouse horizontaly across the view window with the right button down
rotates the cloud about a line pardld to its Y-axis Smilaly, moving the mouse
verticaly rotates the cloud about aline pardld to its X-axis.

7.1.2 Translation

Trandae the cloud within the window by moving the mouse with the right button
down while smultaneoudy pressing the SHIFT key.
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7.1.3 Zooming

Zooming is performed with the up and down arow keys ( - ). The up and down
arows zoom out and in respectively. If usdng a Microsoft IntdliMouse, the whed
button dso provides zooming functiondity.  Ralling the whed towards the user
zoomsin whileralling away zooms out.

7.1.4 Changing Coordinate Axes Size

The dze of the diglayed coordinate axes can be changed usng the left and right
{ Y

brac&keysi ad ]kl)' Thekey “}” increases the Sze while “{” decreasesthe gze.

7.1.5 Changing Point Intensity
For greater vighility, the intengty of displayed points can be changed using the

j < o
greater than and less than keys 1 and Z The key “>" increases the point
| » .

intengty while “<” decreases intengity.
7.1.6 Feature Identification

Points, sensor dations, and scae bars can be
identified in the graphic view by resting the cursor

31:-82.30, -285.36, 1887.71

over the feature of interest. A popup window gives

the feature description (Fig. 7.2). Points and
) ] . ) Figure 7.2: Feature identification in the
canera dations ae identified by both ther labd  graphicdisplay.

and 3D coordinates.

7.1.7 Displaying Camera Stations and Scale Bars

Resected camera dtations can be shown with any set of 3D object point coordinates,
whereas scde bars can be displayed only for point clouds generated by the bundle
adjusment. To dislay dther, right cick in the view window and sdect View
Camera Stations and/or View Scale bars in the resulting popup menu. Repest to
toggle off the digplay.

Note aso that camera station positions can be added s additiona object points to the
Bundle file. As per Fig. 7.1, smply sdect Add Stations as Points in the pull-down
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menu and the camera dations will be added in the grephics display as additiond
object points.

7.1.8 Varying Size of Displayed Camera Station Icons

To vay the size of the disolayed camera dation icons (a camera), use the “1” key on
the keyboard to reduce the size and the “2” key to increase the displayed size.

7.1.9 Selecting Points

Points must be sdlected in the view window in order to peform the andyss functions
described in Section 7.3. This is accomplished with the left mouse button done or in
combination with the SHIFT key.

To sdect a sngle point, either press the SHIFT
key and dick on the point with the left mouse
button, or with the left mouse button pressed,
drag the sdlection box (Fig. 7.3) over the point.
More points can be added to the sdection in the
same manner. To unsdlect al points, release the

SHIFT key and dick anywhere in the view with

the left mouse button. Figure 7.3: Multiple point selection by
dragging with left mouse button.

To sdect multiple points, hold the left mouse

button down and drag the displayed rectangle around the points (Fig. 7.3). New
points are added to the sdection by holding down the SHIFT key and dragging around
or by selecting single points as described above.

7.2 Displaying Imaging Rays

It is possble to indicate the imaging rays to any object point within a 3D graphics
display of points and camera dations. Measured rays to a single or multiple points can
be displayed, as is indicated in the examples shown in Fg. 7.4. To display imaging
rays, amply highlight the point or points for which imaging rays are requested and
then sdect the ‘R’ key on the keyboard (you might ned to dightly move the mouse to
the action to occur). To turn the ray display off, Smply hit ‘R a second time. The
‘R’ key toggles the display on and off.



Figure 7.4: Displaying Imaging Rays via point highlighting and the ‘R’ key.
7.3 Analysis Functions

Reaults for dl best-fit functions are dislayed in popup diaog boxes and written to
files in the project directory. No graphicd display of the results is provided a the
time of writing. Thesefiles are overwritten every time the functions are performed.

7.3.1 Point-to-Point Distance

This function is avaladble only when two points

ae g a:tai In the VI ew. S ml | a tO the “Wiew Camera Stations

Yiew Scalebars

functiondlity described in Section 36 for the m
. Best Fit

project list view, right click in the view window
and sdect DISTANCE as shown in Fig. 7.5. The
disgance between the points is given in a popup
diadog box, but it isnot saved to afile.

Figure 7.5: Computing point-to-point
distance.

7.3.2 Best-Fit Line

Two or more points must be sdected to compute a best-fit line in gpace. Right dick in
the view window and sdlect BEST FIT | LINE. Parameters of the best-fit line through
these points are computed by least-squares adjustment.  These include the components
of the lines unit directiona vector and a point on the line. Find paameters and
resduds are digplayed in a popup didog box (Fig. 7.6) and written to the file
BegtFitLinetxt in the project directory.
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Figure 7.6: Best fit lineresults.

7.3.3 Best-Fit Plane

A minimum of three points must be sdected to compute a best-fit plane.  Right dick
in the view window and sdect BEST FIT | PLANE. Plane parameters are computed
by least-squares adjustment. Find parameters and resduds are displayed in a popup
didog box smilar to Fig. 7.6 and written to the file BestFitPlaneitxt.

7.3.4 Best-Fit Circle

A minimum of 4 points must be sdected to compute a bedt-fit drde.  Right dick in
the view window and sdect BEST FT | CIRCLE. Circle parameters are computed by
least-squares adjustment. Find vaues and resduds are displayed in a popup diaog
box smilar to Fig. 7.6 and dso in BestFitCircletxt in the project directory.

7.3.5 Best-Fit Sphere

A minimum of four points must be sdlected to compute a best-fit phere. Right click
in the view window and sdect BEST HT | SPHERE. Sphere parameters are
computed by least-squares adjusment. Find parameters and resduds are displayed
in a popup didog box gmilar to Fig. 7.6 and written to the file BestFitSpheretxt in
the project directory.

7.4 Viewing Coordinate Data from 3D Transformation

With the Transxyz file displayed in the 3D graphic view, right cdick to display the
popup menu and sdlect View Discrepancy Vectors (Ctrl + V).  An initid display
scae factor is determined to ensure that the vectors are visble on screen.  The current
display scae is seen a the bottom left of the screen. The scale may be changed via
the “PgUp” and “PgDn"“ keys. Pacing the mouse cursor over a vector displays a
popup window with the point labe and corresponding vector length.  This is



illustrated in Fig. 7.7. These vectors represent the change in shape, as expressed by
relative point movements between the two files used in the 3D coordinate
transformation.

[Maciepascy Yeior Scale: 118

Figure 7.7: Display of discrepancy vectors from Trans.xyz file.



8. Interior Orientation

As mentioned in Section 21, Australis supports the

capability to re-edablish the interior orientation of e e o e,

scanned metric images with fidudid marks andior reseau  f et

Interion Oriektation Mode

points. This chapter describes the procedure.  Section Bl R

AUt
10.5 provides atutoria with two sample images. E-’T-‘;ﬁec‘*

ElHevice
8.1 Importing Fiducials Sl

Plumb Line

T e o e = e o e

The import of fiducid points and the format for a fiducid

coordinate fileis given in Section 2.1.2. Figure8.1: Invoking IO Mode.
8.2 Measuring Fiducials in 10 Mode

With the desired camera in the active project, open an image as described in Section
4.1. Measurement of fiduciad and reseau points may be accomplished manudly or
with automatic centroiding, depending on the type of point. To place Australis in
Interior  Orientation mode, sdect the MEASUREMENT | INTERIOR
ORIENTATION MODE menuitem asshown in Fg. 8.1.

This opens the Interior Orientation Results didog (Fig. 82). Cdibraed fiducid
coordinates will gppear in the didog. In switching to IO mode, the cursor is

automaticdly st to ZOOM. All point delete functiondity operates in the same
manner as in the measurement of standard image coordinates.

Interior Onientation Results
Transformation Type - epti| Cancel
" Conformal
Sigma (um) - 27.071
@ Affine Lt
Control Ohzerved Residualzs
Coordinstes Coordinstes (rmtm)
(mim) (mim)

|| e e e e e e
1 52202 52265 49772 52859 0002 0019
2 52333 52265 54858 51625 0002 -0.019
3 51060 52022 53032 52564 0002 0019
4 52333 52265 51165 51499 0002  -0.019

Figure 8.2: Interior orientation results dialog.
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The measurement proceeds as follows. Zoom in on the firg point, switch to digitise
mode and messure it.  Within two seconds the image is automaticaly refreshed to full
screen resolution and the cursor is reset to ZOOM. Remaining fiducials are neasured
in the same manner.  The Interior Orientation Results didog remans vishle
throughout the interior orientation procedure. It will be necessary to drag it out of the
way in the event that it obscures a point to be measured.

As fiducids are measred, the coordinates appear in the Interior Orientation Results
didog. Affine and conforma 2D transformations are avalable. These are toggled
usng the Trandormation Type radio buttons.  Once the minimum number of
messurements have been made for the active transformation, the transformation
parameters are determined by a least squares adjustment (3 for conformal and 4 for
affine). The measurement resduds and current Sgma are displayed asin Fig. 8.2).

When an acceptable interior orientation has been attained, sdlect the Accept button in
the upper right of the Interior Orientation Results didog. The user is prompted to
confirm that the resulting

trandformation  paameters  will  be

applied to al subsequent G
messurements  (Fig.  8.3). Upon & zg?:pgansfmmanon Parameters will be Applied to all Futher Measurements
acceptance, the Interior Orientation

Results didog is cosed and the

transformation parameters are saved. Figure 8.3: Interior orientation confirmation notice.

The remande of the image is

measured normaly. The interior orientation can however be modified at anytime by
once agan entering Interior Orientation mode and measuring additiond points or
editing the existing measurements.

Attempting image measurement before performing the interior orientation produces a
warning diaog.



9. 3D Transformation and Setting of Object
Coordinate System

9.1 3D coordinate Transformation

A three-dimendond trandformaion of a point
coordinate file is accomplished from the project
tree.  Right click on the icon of the file to be
transformed and choose Transform from the popup
menu (Fig. 9.1). From the displayed File Open
didog, double cdlick the control file for the
transformation. This digplays the 3D
Trandformation didog (Fig. 9.2). When this didog
box opens, the control and secondary files are

displayed dong with the number of common points

|:,_| 30 Data

LB Triangulate
e ] Trans
H Chiv
H H »
H H E/AD = a
i SR / NS Transform
i b Compare
/ Dot Graphic ¥iew
Export DEF. .
Add Stations as Points
Make Copy

Figure 9.1: Sarting 3D transformation.

between them (based on label). The file of trandformed coordinates is dways named
Trans.xyz and is written to the project directory. This file will be overwritten with

subsequent transformetions.
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Figure 9.2: 3D transformation dialog (left). With Accept button highlighted (right).

The rgection cutoff can be changed.

If necessary, the scae of the secondary file can

be hdd fixed by checking the Hold Scale box. Clicking the Go button performs the

transformation.
gppropriate message is displayed in the box above.
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Reaults displayed in the didog incude the number of iterations and rgected points,
the resdud RMS vdue, and the mean eror of unit weght. The RMS vdue of
differences between control and transformed coordinates is aso displayed.

Upon acceptance, the results of the transformation are written in the project directory
to the file xxx_Trans3D.txt where xxx is the project name. This file is dso overwritten
with subsequent trandformations.  An icon for the trandformed coordinates appears
under the project 3D Data Files icon. These coordinates can be viewed graphicaly as
described in Chapter 7, Section 7.3.

9.2 Setting Object Point Coordinate Axes

Within Australis, there are number of object point coordinate system orientations that
may be adopted. For example, in Rdative Orientation the origin and orientation of the
XYZ system ae defined via the ‘left camera dation podtion. In a resection
operation, the network XYZ sysem is edtablished by the coordinate sysem of the
driveback points. Also, within a free-net bundle adjusment, the coordinate system is
implicitly set, though it can be expected to be close to that of the driveback points or
the initid RO'd points. Also, we have just seen that it is possble to utilise a 3D
transformation to establish a desired XY Z reference coordinate system.

Another posshility is to interactively set the desired origin and orientation of the
reference coordinate system using the so-called 32-1 agpproach. Here, three points are
highlighted within the 3D graphics display of the object point file concerned. The

XYZ coordinate system is then assgned asfollows:
1) Thefirg highlighted point defines the new origin (0,0,0)

2) The second highlighted point defines the direction of the podtive X-axis ie
the X-axiswill run from the origin through this point.

3) The third highlighted point, dong with the fird two, defines the spatid
orientation of the XY plane, ie the esablished XY plane will contain dl three
points, with the positive Y-axis being ‘towards the third point.



4) The postive Z-coordinate axis is then set to be norma to this plane, with its
direction such that right-handedness of the coordinate sysem will be

maintained.

The scale of the coordinatesis retained throughout this process.

To initigte the 3-2-1 coordinate axes assgnment,
firg sdect (highlight usng the SHIFT key) the
three points, paying attention to the order in which
they ae highlignted (the actud point sdection
operation is described in Section 7.1.9), and then
right-click in the 3D grephic view window and
sdect 3-2-1, as indicaed in Fgure 93
Alternatively, if you wish to define the axes by
point labds sdect 3-2-1 without highlighting any
points and the menu box shown in Fg. 9.4b will
gopear. You then amply add the point labels,
noting that you can dso change the direction of

axes by ticking the gppropriate orientation choices.

Wi e a Sha tore {1

Figure9.3: 3-2-1 axes setting.

Shown in Fg. 94 is the sequence of edablishing the coordinate axes via this
approach. Fig. 9.4a shows the fird highlignted point selected. Fig. 9.4b shows dl
three points selected and Fig. 9.4c shows the find axesfor the assgned XY Z system.

@ (b)

(©)

Figure 9.4: Stages of setting an XYZ axis alignment.
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Note: It is important to note tha if the coordinate sysem of the ‘Driver’ file
(especidly the bundle file) is changed & any time via the 3-2-1 process, then dl
images will be changed into the new coordinate sysem. But, if the file is a non-driver
file then the camera station coordinates will not be changed. When setting another 3D
data file as the driver it will be important that the operator fird sdects Resect all
Project Images to bring the camera dation postions and orientation into dignment
with the new coordinate sysem of the 3D daa file The re-resection must occur
before subsequent operations such as further bundle adjusment or spatia intersection
(triangulation).
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10. Tutorials

10.1 Tutorial 1: Semi-Automatic Image Measurement

(AUSTRALISDEMO 1)

This chepter gives step by step ingructions for the measurement and adjusment of the
image files provided with the Australis Demondration Projects. Indtructions are
provided both for measuring images directly and for the adjusment of imported
image coordinate data. This first section is for ‘norma’ semi-automatic measurement
(no EO device) of the object point array shown in the following figure. It is assumed
that some or dl points have approximately known XY Z coordinates.

Thisiscdled Demo 1. It is assumed thet the files provided have been inddled as
follows

$\AustralisDemo\Demol\ Object.xyz
$\ AustralisDemo\Demo1\Seq01.bmp

Seq05.bmp

Seqll.bmp

Seq30.omp

Seq31.omp

Segd5.bmp

$\ AugtralisDemo\Demo\ImageCoordinateFiles\Seg0L.icf

Seq05.icf
Seqll.icf
Seq30.icf
Seg3Ll.icf

Seqds.icf
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Sequence:

1.

2.

Start Australis. Select FILE|[NEW to start a new project.

Sdect the object space units, in this case millimetres (this is important for correct
scding of the grgphics output — it does not effect the photogrammetric
triangulaion)

Drag and drop camera BMP-DemoCam from the Camera Database to the project.

Drag and drop the scae bar DemoBar from the Scale bar Database to the project
Demo. Note that there is not an actud scde bar present in this imagery. DemoBar
issmulated with the distance between two known points.

Right dick on the BMP-DemoCam camera icon in the Demol project and select
Set Image File Directory. This digplays the Select Image File Directory didog.
Set the directory to $\AudrdisDemo\Demol and press Open. All images are
added to the project.

Save the project as c:\AustralisDemo\Demol\Demol.aus usng ether the
FILEJ[SAVE AS menu item or the floppy disk button on the tool bar.

Right click on the 3D Data icon and sdlect IMPORT | DRIVEBACK FILE. Sdect
the file Object.xyz from the c:\AustralisDemo\Demol directory.

Open Image001 by double clicking on its icon. Measure points 11, 15, 101, and
105 using the image point map provided in the figure above.

From the Measurement menu item sdect Driveback, or press the driveback
button on the toolbar, or use the key combination ALT+D. A resection is
performed. Accept upon convergence. The remainder of the points in the image
will be measured automatically.

10. After measurement is complete, proceed to the next image via the blue arrows on

the Toolbar, or firs close the image by double clicking on the camera icon in the
upper left of the image window or dngle clicking on the x button in the upper
right of the image window.

11. Repeat steps 7 - 9 for dl remaning images (use of the blue arrows automatically

opens the next or last image). Also, if Points 15 & 105 are not imaged, use
aternatives such as 15 and 102.

12. After dl images have been measured, from the Adjust menu item sdect Resect all

Project Images. Resections will be peformed for al images usng al measured
points.
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13. Check the Parameter Correations checkbox in the Project Preferences Output
didog.

14. Run the bundle adjusment by sdecting Run Bundle from the Adjust menu item
or by dicking the Bundle button on the toolbar. Accept upon convergence (you
mugt Accept to get Resultsfiles & an updated Bundle.xyz file).

15. The output files from the adjugment may be examined by sdecting from the
Results menu: Resection.txt, Bundle.txt, Camera.txt, Residual.txt &
Correlation.txt.  (example copies ae provided in the directory
AustralisDemo\Demo2\Results).

16. View the network by double clicking on the Bundle file under the 3D DATA icon.
Perform any object point analysis required.

17. Save the project and exit.
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10.2 Tutorial 2: Automatic Measurement with an EO Device

(AUSTRALISDEMO 2)

This section gives sep by dep indructions for the automatic messurement (via
autoscanning and an EO device) for the car-door network (object shown below)
provided with the Australis Demo Project for Demo 2. It is assumed that the files
provided have been ingdled as follows:

$\ AudrdisDemo\Demo2\Imagel. tif

Image2.tif
Image3.tif
Imaged.tif
Imageb.tif
Imageb.tif

$\ AudrdisDemo\Demo2\Circle.eod

Bama EM Upmamge e i jed g, Renin Hic

|l B F w || S Fidifn

Sequence:

1. Start Audtralis. Select FILE[NEW to start anew project.

2. Sdect the object space units, in this case millimetres (this is important for correct
scding of the grgphics output — it does not effect the photogrammetric

triangul&tion)
3. Drag and drop camera DCS420 from the Camera Database to the project.

4. Right click on the DCS420 camera icon in the Demo project and select Set | mage
File Directory. This displays the Select Image File Directory didog. Set the
directory to $\AudrdisDemo\Demo2 and press Open. All images are added to
the project.

66



5.

6.

Save the project as c:\AustralisDemo\Demo2\Demo2.aus usng ether the
FILEJ[SAVEAS menu item or the floppy disk button on the tool bar.

Right click on the 3D Data icon and sdlect IMPORT | EO DEVICE. Sdlect the
file Circle.eod from c:\AustralisDemo\Demo?2

Then either choose a one-step solution:

7.

Or

10.

Sdect AM from the toolbar or Automatic Measurement from the Measurement
Menu (then go to Step 11 below).

process the automatic measurement in stages:

Right click on the project camera icon and sdlect AutoScan All Images. Press OK
if asked if previous measurements should be deleted and then press START
SCAN. Closethe didog box after the AutoScanning is complete.

Open Imagel by double dicking on its icon. Confirm tha the EO device has
been measured and the points have also been detected and measured, as indicated
by red crosses. Repesat this for each image, if you wish. You can step quickly
through the images by udng the blue forward and reverse arrows in the toolbar.
An autoscanned image appears as indicated below:

Select FIND CORRESPONDING POINTS from the MEASUREMENTS menu
and press START MATCHING. Confirm that the image point correspondence
determination has been successful and close the dialog box.

Run the bundle adjusment by sdecting Run Bundle from the Adjust menu item
or by clicking the Bundle button on the toolbar. Accept upon convergence (you
must Accept to get Resultsfiles & the Bundle.xyz file).

11. The output files from the adjustment may be examined by sdecting from the

Results menu item:
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View Bundle.txt
View Camera.txt
View Residual .txt

12. View the network by double clicking on the Bundle file under the 3D DATA
icon. Perform any object point anayss required.

13. Savethe project and exit.
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10.3 Tutorial 3: Bundle Adjustment with Imported Image
Coordinate Data

1. Peformsteps1 - 5from Section 10.1.

2. Right dick on the DC$420 camera icon in the Demo project and select Set Image
Coordinate File Directory. Then, st the directory to
$\AugrdisDemo\Demol\ImageCoordinateFiles and press ok.  All coordinate
files are added to the project.

3. After importing dl image coordinate files and the driveback file, sdect Resect all
Project | mages from the Adjust menu item. All imageswill be resected.

4. Run the bundle adjusment by sdecting Run Bundle from the Adjust menu item
or by dlicking the Bundle button on the toolbar. Accept upon convergence.

5. Theoutput files from the adjusment are asin Section 10.1.
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10.4 Tutorial 4: Relative Orientation Procedure

The RO Process

Imagine that it is desired to measure the XYZ coordinates (assume arbitrary origin, orientation and
scale at this point) of the object points indicated in the figure below, using 6 images recorded from the
camera station positions shown. Beyond certain camera calibration information, there is no knowledge

of any positional information, related to either the object points or the camera stations.

With previous versions of Australis, one could not proceed
without some initial estimates of object point position, via
either an EO device or by estimating XY Z coordinates of 4
or more points (again in an arbitrary coordinate system).
With the relative orientation (RO) capability, this
preliminary information is no longer required since it is
possible to recover through relative orientation the 3D .
shape of a configuration of any two images and a subset of l
the object points (5 is the theoretical minimum for this, Image 1 Image 2
though Australis requires 6 ‘ conjugate points').

We now advance a little and display what such a configuration might look like for the initially RO’ d
network above, remembering that only two images will
be involved & there'll be a subset of, say, 6-10 points.
Note in the figure that XY Z coordinates for the 8 points
have been determined within a coordinate system with
itsorigin at the ‘left’ camera station (the scale is set such
that the separation of images is a given, arbitrary value).
In the Australis context, what we have is an initial set of
object point coordinates which can then be used for

subsequent resection and resection driveback as the

remaining images are measured sequentially in the
normal fashion. Thus, the RO process basically starts and stops with the initial orientation of the first

two images.

Before describing the operation of the RO, consider the full orientation scenario for the 6photo
network. This is listed as follows, with the steps in italics being those appropriate for networks where

fully automatic target detection (image scanning) is applicable:
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1. Select the two images to be relatively oriented; a reasonable geometry is anticipated in this

choice.

2. Autoscan the two images to qualify all artificial targets; they are simply identified as targets

at this point.

3. Carry out an RO for the two images, choosing a subset of 6-10 well distributed points, which

will then become resection ‘ control’ points.

4. Perform an image point correspondence determination (Measurement/Find Corresponding
Poaints) to find matching points and to label them (the RO points will not be re-labelled, of

course).

5. Performaninitial triangulation to get the preliminary XYZ coordinates of all matched points.
At this stage most or all of the points within the RO’ d pair will have XYZ values & so they will

also become points to support resection and resection driveback.

6. Proceeding an image at a time, measure all remaining images, as usua with Australis, using
the RO’d points as resection control (and other points can be used as resection driveback

points).

7. A bundle adjustment can be performed whenever desired within this sequence, though one
should not of course consider self-calibration until there are sufficient images and afavourable

imaging geometry (convergence & orthogonal roll angles).

8. After the final bundle adjustment of the full network, the XYZ coordinates can be scaled as

usual viaascale bar, or transformed into adesired coordinate system viaa 3D transformation.

Sequence of relative orientation operationswith Australisfor the test network shown above

1. Thisnetwork corresponds to that in Australis Demol. Thus, start Australis, open a new project
attaching the desired camera (BMP-DemoCam) and loading the 6 images of Demol. Then,

save the project under the desired name (no object point files are needed).
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2. Select Adjust/Relative Orientation. The screen display will now be:

it I P =) Lo e e S T

Select the appropriate two images for RO using the listsfor *left” and ‘right’ images (Images 1
and 2 in our case). Also, select Scan Images if the image points are suitable for autoscanning

(they areinthis case).

3. Measure the selected 610 points. In carrying out this operation, you can toggle between
images and thus measure the first point in both images, followed by the second in both, etc.
Or, you can measure al points in one image followed by all in the second. Or, you can mix
the two. In order to have this flexibility, it isinitially assumed that the point numbering for the
RO points will be sequential from 1. This does not have to be the case and alternative labels
can be used, but keeping the correct numbering/labelling when ‘jumping’ between images
then becomes awkward. It is much more straightforward to stick with the default nhumbering
of 1,2,3, etc. for the RO points. We will assume that the 6 points indicated in the figure below

arethe only onesrequired for RO. Note that image scanning has been selected.




Select Compute RO and wait until the Accept button is illuminated. By looking over the
image coordinate residuals (v,,) and the final RMS values, it is possible to ascertain the
likelihood of a successful RO. Note that RO in this context is a preliminary process and
residuals at the sub-pixel level would be the exception rather than the norm, especially with
cameras that have not been fully calibrated. What you should look for here is an RMS figure

that is down at the level of, say, 1-5 pixels. If the result [ooks reasonable, select Accept.

Upon acceptance of the RO, afile of XYZ coords for the RO’d points is attached to the 3D
Data tree under the name of ROArray. These points then become the ‘driver points' (note the
wheel on the icon) that are used for subsequent resection. Also, by utilising the graphics
display of the ROArray and camera station positions, the operator gains a further level of

confidence that the RO has been successfully performed, asindicated in the figure below.

At this stage the RO process per se is complete. The user now has a ‘driver’ file of resection
control points as well the preliminary orientation of the first two images via RO. The
orientation of subsequent images will via resection in the standard manner of Australis

exterior orientation determination.
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7. With the particular example used (Australis Demo 1), we have also used the Autoscan feature
to qualify available targets. In the presence of a good RO result we can immediately densify

the number of available ‘driver’ points using the following steps:

a) Select Measurement/Find Corresponding Points (it might be useful to relax a few
parameter values here, eg change max epipolar angle difference to 0.02 and max
error for to 3 pixels). Note also that correspondence determination with only 2
images is likely to give some erroneous results, which may well be visible upon

subsequent 3D graphics display.

b) Select Adjust/Triangulate and then Intersect and Accept. The Triangulate file in
the 3D Data tree can now be graphically displayed, along with the camera stations.
Here, there will be the RO’d points and all other points which have been successfully
triangulated from the two RO images. For our example, this array of points is shown

below.

c) In order to use the full set of points as driver points for resection driveback, right

click onthe Triangulate dataicon and set the file asthe Driver.

Prme G earmss foueieers dder Wrche Baeer b
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] CO R Eecss s | Bjaocs paacs | oea bk Pewer,  COWS B e
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Note in the figure that there are some obvious erroneous matches giving rise to inter section
errorsand grossly wrong XYZ coordinates for 4 points (with errors also for two others). The
graphics display can be used to easily indicate these points. It is very worthwhile to then
delete the wrong image measurements and to commence the sequential measurement
process with a ‘clean’, reasonably correct driver file (remember, only approximate

coordinates are needed for resection driveback, but they should be free of grosserrors).

The remaining post-RO operation is as per the traditional Australis procedure of sequentially
measuring each image with or without resection driveback, but using the driver points for exterior

orientation viaresection.

Also, recall, that the RO process can be geometrically very weak, thus leading to unstable or even no
satisfactory solution. While this may occur, fortunately it is a reasonably infrequent occurrence. If it

occurs, simply change the object points being used for the RO, or the two images involved.
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10.5 Tutorial 5: Performing Interior Orientation

The Interior Orientation (10) operation is only appropriate for scanned
photogrammetric film images which have fiducid marks or reseaus. The section gives
ingructions for the peformance of an IO for two image files provided with the
Australis |O Demo. The demo proceeds only as far as the spatia resection stage and
there is no subsequent bundle adjustment or spatid intersection. It is assumed that the
files provided have been ingaled asfollows:

$\augtrdisdemo\interiororientation\poi ntdatall O- CarDoorControl .xyz
$\augrdisdemo\interiororientationimages\Door_|OTest.bmp
Door_|OTestRot.omp

$\audraisdemo\ interiororientation \fidudds\CRC212.xy

1. Start Australis and select FILE[NEW to start a new project. Then, select the object

goace units, in this case millimetres (this is important for correct scding of the
graphics output — it does not effect the photogrammetric triangulation).

2. Either drag and drop camera CRC212 from the Camera Database to the project,
OR if this camera is not in the database, add a new camera to the camera database
by right dicking on the Camera Database icon in the tree view. This new camera
should have the camera parameters as shown in the figure below and after creation
it should be dragged and dropped into the Project.
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3. If adding a new camera, tick the Metric button in the Camera Input didog (see
figure above). From the Import Fiducials didog, sdect the File button. From the
resulting FILE OPEN didog, sdect the file CRC212.xy from the directory
$:\australisdemolinteriororientation\fiducials Close dl didogs. This operaion
imports the necessary fiducid mark coordinates (This step is not performed when
acamera dready present in the cameralist is used).

4. Right dick on the Project camera icon (eg CRC212) and sdlect Set Image File
Directory. This displays the Select Image File Directory didog. Set the directory
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to $\AugrdisDemo\InteriorOrientation\images and press ok. Both images will
be added to the project.

5. Save the project as $:\AustralisDemo\l nterior Orientation\projectname.aus usng
ether the PROJECTISAVE (or |[SAVE AS) menu item or the floppy disk button
on the tool bar. Note that the default directory for the project file is that containing
the images. You will be prompted to save the project before proceeding beyond
this point.

6. Right Click on the 3D Data folder icon in the Project and sdect import and then
Driveback file From the Browse 3D Data Files didog, sdect file 10-
CarDoorControl.xyz from the c:\AustralisDemo\l nteriorOrientation\Point-data
directory. Thiswill then show as the driveback file under the 3D Data icon.

7. Double dick Image00l to display (the following large figure shows one of the
two images).

8. From the Measurement menu, sdect Interior Orientation Mode. The Interior
Orientation Results didog will be digplayed. Automdtic centroiding will be
turned off and the cursor set to ZOOM. Move the Interior Orientation Results
didog out of theway of dl fiducid marks.

9. Move the cursor to and zoom in to view the firg fiducid. (Note: the fiducids have
been atificidly marked in these images, i.e. as F1, F2, F3, and F4; see the image
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digilay figure, and the fiducid is the dot in the middle of the inner-mogt of the
par of marks) Y ou may have to adjust the brightness to see the fiducid properly.

Note: Enaure that the correct fiducid number (initidlyl) is visble in the point
id edit box on the tool bar. Switch to digitise mode and measure Fiducia 1.
You will need to point carefully as automeasure will have been turned off, so
where you click is the recorded position.

10. Repeat step 9 for dl four fiducids. You will have to drag the Interior Orientation
Results didog out of the way if it obscures points. After dl fiducids have been
meesured, residuds from the affine or conformd trandformation are displayed.
You can toggle between the affine and conformd trandformation solutions. Also,
you can remeasure any fiducid you wish, but you mus insert the correct point
number first. Sample results for the transformation are shown in the figure below.

Interior Orientation Results

- Transtormation Type o

= Conformal
' Affine

Sigma [um)

Control Chserved Residuals
Coordinates Coordinates Cmim]
(rmirm) (mim)

wslie] x|y |ox [ | [y s
S22027 52265 49762 52841 0005 0037

1
2 52333 52265 54630 S1619 0008 -0.037
3 -51.880 -52022 -530068 -52562 0003 0037
4 RPFFF_RPIRS S IR S ARR NNNE N ﬂf? er
4 4

11. Choose the Affine radio button and press the Accept button in the upper right
hand corner of the didog. A confirmation didog will be displayed. Upon
acceptance, afine transformation parameters will be gpplied to dl further
measurements.

12. The remainder of the standard image coordinates can now be measured manually
utilisng the image point map of the car door provided above (Normdly this is an
automeasure operation but here the image qudity does not support autometic
centroiding). Note that after the 10 procedure (acceptance of the transformation),
the cursor reverts to Automeasure, so you will have to reset it to manud (untick
Auto in the Measurement menu).

13. After measuring sufficent points, resect by right dicking on the image and
sdecting Resect from the resulting popup menu.

Steps 713 may be repesated for the second image of the car door. Beyond this point,
the Audrdis process follows exactly as in Tutorid 1, through measurement and
resection of al images and then bundle adjustment.
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11. Appendix A: Hot Keys

Thefollowing key combinations are shortcuts for standard commands.

11.1 Image View

Alt+D
Alt+H
Alt+V
Alt+R
Alt+S
Alt+M
Alt+ A
Alt+E

® J

\Y

Alt + = (+)
Alt+- ()

Resection Driveback

Measure Horizonta Plumbline
Messure Verticd Plumbline

Full Imege View

Sip Point

Show Magnified View

AutoScan

EO device measurement mode
Opens previous image

Opens next image

Increases image brightness
Decreases image brightness

Toggles display of resdud vectors
Increase resdud vector display scade
Decrease resdud vector display scae

11.2 3D Graphic View

>
<
PgUp
PgDn

1)
{D
Ctrl + C
Ctrl + S
Ctrl +V

Increase point intengity

Decrease point intendty

Increase discrepancy vector display scae
Decrease discrepancy vector display scae
Zoom out

Zoomin

Increase size of coordinate axes display
Decrease size of coordinate axes display
Toggle display of camerasin bundlexyz
Toggle display of scaebarsin bundlexyz
Toggle display of discrepancy vectorsin transxyz
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12. Appendix B: Australis Image Coordinate
System Description

12.1 Introduction

This gppendix is intended to quel any confuson concerning the image coordinate
gydem utilised in Australis.  This is not a concern for projects in which image
measurement and adjustment are both performed within Australis. However, if ether
one or the other is carried out in a different software package, the user must take care
that the image coordinate system definitions are identica. Specificdly, in the case
that

1) If image coordinates measured in a separate program are imported into
Australis for adjustment, or

2) If image coordinates measured in Australis are exported for adjusment in a
Separate program.

In ether gtuation, if the image coordinate systems are not the same, a @nverson to

or from Australis image coordinates will be required.

12.2 Pixel and Image Coordinate Systems

The pixd and image coordinate systems used in Australis are shown in Figure 1. The
pixel coordinate system origin is a the centre of the pixd at the tp left of the sensor
with the pogdtive X-axis directed towards the right and the podtive Y-axis directed
downwards. The image coordinate system is centred on the sensor with the postive
X-axis again directed towards the right and the poditive Y-axis directed up. In Figure
1, the solid outer border represents the physica sensor extents, while the dashed
interior border is meant as an ad in visudisng the podtion of the pixd coordinate
sysem.
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Figure 27: Australis coordinate systems. Image coordinate systemis centred on the image while the pixel coordinate
systemorigin is placed at the centre of the upper |€ft, top pixel, with postive y downwards.

12.3 Converting from Pixel to Image Coordinate System

The location of an atificid target or natura feature measured ether manudly or by
the centroid technique is recorded to sub pixd accuracy in the pixel coordinate system
as shown in Figure 1. A hdf pixd is subtracted from both x and y to account for the
fact that the pixel coordinate system is centred at the top left pixel. Before use in any
adjusment, the measured coordinates are then converted to the image coordinate

system asfollows.

1) The centre of the sensor in the pixel coordinate system is determined by

anXPixelso

CentreX =¢———+- 05
e 2 g
CentreY = ?MQ- 0.5
e 2 @
2) The measured image coordinates are then

XImage = (XPixel - CentreX)” XPixelSze
Yimage = (CentreY - YPixel) ~ YPixelSze
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13. Appendix C: Sample Australis Output

13.1 Resection

Australis: Resection Results
21 February, 2001 20:27:01
Results for |nmage001
Station Fi nal Fi nal
Vari abl e Val ue Accur acy
X 1787. 6574 9. 6933E- 002
Y -3417. 8803 3. 7875E- 002
z 2440. 6117 2. 6038E- 002
AZ 13.5642 3.9367E- 002
EL -15.5787 1.5877E-002
ROLL 178. 9910 2. 2490E- 003
Resected residuals for [nage001
POl NT X Residual (um Y Resi dual (um
11 -0.2 -0.4
12 -0.0 -0.1
13 -0.2 -0.1
14 -0.1 0.0
15 -0.2 0.3
21 -0.1 -0.2
22 0.1 0.1
etc
92 -0.0 0.1
102 -0.2 0.2
103 -0.5 0.1
104 -0.2 0.2
105 0.1 -0.4
RMS 0.2 0.2
Total RMS 0.2

ETC...



13.2 Bundle Adjustment

13.2.1 Standard Output

Qi ck Summary

Proj ect:

Adj ust rent :

Fol di ng Met hod:

Scal i ng:

Units:

Nunber of Points:
Nunber of | nages:
Number of Scal e Bars:
Nurmber of Iterations:

El apsed CPU Ti ne:

Australis Bundl e Adjustnment Results File: Bundle.txt

26 Novenber, 2001 20: 35: 22

C.\ Austral i sDeno\ Denbl\ Denpl- Resul t s\ Denpl. aus
Free Network

St andar d

Post Bundl e

nm

50

6

1

3

0.22 seconds

Post Bundl e Scal e Results

Label
1
11

Results for Station

Adj usted Exterior Orientation Paraneters (angles are deci mal degrees,
| mage001 Fi | eName Seqg45. brmp Caner a BMP- DenpoCam
Station Initial Tot al Fi nal Initial Fi nal
Vari abl e Val ue Adj ust ment Val ue Standard Error Standard Error
X 1788. 7034 -0.0068 1788.6966 1. 0000E+003 5. 7350E- 001
Y -3419. 7280 -0.0008 -3419.7288 1. 0000E+003 7. 4269E- 001
Z 2440. 9586 0. 0301 2440. 9887 1. 0O000E+003 4.7542E- 001
AZ 13. 5582 - 0. 0002 13. 5581 1. 0000E+003 6. 7906E- 001
EL -15. 5817 - 0. 0004 -15. 5822 1. 0000E+003 7. 0804E- 001
ROLL 179. 0036 - 0. 0000 179. 0035 1. 0000E+003 3.5017E- 001

# Label # | nput Measur ed
Rays 2 Rays Distance Di stance
5 65 4 2217.1700 2217.1700

D st ance
D fference
0. 0000

XYZ are nm)

Lens 20mm



Results for Station

Station
Vari abl e

X

Y

z
AZ
EL
ROLL

..ETC.

Initial

Val

1853

- 3633

153
15
21.
-0

ue

4207

93

16

8809

56

19

4063
4555

Results for Station

Station
Vari abl e

X

Y

z
AZ
EL
ROLL

Sta

#
| mage001
| mage002
| mage003
| mage004
| mage005
| mage006

0.23

Initial

Val

-902

- 3691.

147.
- 26.
20
- 6.

RV of
X

eeeooo

Tot al

ue

4136
2881

97
88

19
11

2088
9047

18
16
30
16
21
31

| mag

Adj ust ment

| mag

Adj ust ment

Summary of

e002

Tot al

-0.0073
-0. 0203
0. 0217
-0. 0001
-0. 0004
- 0. 0000

e006

Tot al

-0.0168
-0.0124
0. 0179
-0. 0000
-0. 0003
0. 0003

Fi | eName SeqO05. bnp

Fi | eName Seq01. brp

F

nal

Val ue

1853
3633
153
15
21.
-0

F

4134
9519
9026
5618
4059
4556

nal

Val ue

-902
3691.
147.
- 26.
20
- 6.

mage

| mage Residual s

[cloNoNoNoNe)

20
14
a7
16
15
19

Resi dual s (RVB)

y
0.

24

Xy
0.23

o000 o0

Xy
19
15
40
16
18
26

4304
3005
9898
8811
2085
9044

Standard Error

RPRRRRR

Standard Error

PR RPRR R R

Initial

. 0O000E+003
. 0000E+003
. 0000E+003
. 0O000E+003
. 0000E+003
. 0000E+003

AN UI~NO

Initial

. 0O000E+003
. 0O000E+003
. 0000E+003
. 0000E+003
. 0O000E+003
. 0000E+003

ANOD_~NO

Canera BMP- DenoCam

Fi nal

Standard Error

. 1776E- 001
. 8552E- 001
. 0562E- 001
. 9291E- 001
. 0751E- 001
. 1556E- 001

Canera BMP- DenoCam

Fi nal

Standard Error

. 7810E- 001
. 4802E- 001
. 7799E- 001
. 7006E- 001
. 3009E- 001
. 0402E- 001

Lens 20mm

Lens 20mm

Coordi nate Residuals (units are mcronetres)

Nunber of non-rejected
poi nts

Si gma0
0. 485

50
50
39
30
50
50

Degr ees of

Fr eedom
501

Cbservati ons
538

Par anet er s
196

Constraints
159



Standard Errors FromLiniting Error and Total

Labe
11
12
13
14
15
21
22

. ETC.

94

95
101
102
103
104
105

RV is

Mnimmis
at point

Maxi mumi s
at point

Labe
11
12
13
14

Error Propogation (XYZ are in mm

0. 0225

0. 0181

0. 0307
15

Limting Tot al Si ghti ngs
Si gma Esti nat es Si gma Esti nat es # Li st 111111111122222222223
sX sY sZ sX sY sZ RVE Rays 123456789012345678901234567890
0.0221 0.0449 0.0209 0.0262 0.0490 0.0246 0.3 5 YY*YYY
0.0188 0.0412 0.0196 0.0212 0.0419 0.0209 0.4 6 YYYYYY
0.0201 0.0472 0.0207 0.0216 0.0481 0.0242 0.3 6 YYYYYY
0.0251 0.0519 0.0239 0.0279 0.0515 0.0256 0.3 5  YYYNYY
0. 0275 0.0588 0.0256 0.0327 0.0630 0.0307 0.2 4  YYNNYY
0.0187 0.0409 0.0192 0.0201 0.0436 0.0206 0.4 6 YYYYYY
0.0188 0.0410 0.0191 0.0212 0.0420 0.0206 0.3 6 YYYYYY
0. 0253 0.0507 0.0216 0.0270 0.0504 0.0227 0.3 5  YYYNYY
0.0275 0.0567 0.0243 0.0313 0.0580 0.0272 0.1 4 YYNNYY
0.0181 0.0397 0.0177 0.0223 0.0486 0.0214 0.5 6 YYYYYY
0.0185 0.0397 0.0181 0.0207 0.0401 0.0202 0.2 6 YYYYYY
0. 0203 0.0459 0.0196 0.0214 0.0468 0.0230 0.2 6 YYYYYY
0.0253 0.0505 0.0216 0.0265 0.0497 0.0230 0.4 5  YYYNYY
0. 0274 0.0564 0.0243 0.0340 0.0587 0.0298 0.2 4 YYNNYY
Sunmary of Sunmmary of
Linmiting STD Error Estimates Total STD Error Estinates
X Y X Y
0. 0224 0.0477 0. 0208 0. 0248 0. 0496
0.0181 0. 0397 0.0177 0. 0190 0. 0401
101 102 91 41 102
0.0276 0. 0588 0. 0256 0. 0340 0. 0630
75 15 15 105 15
Triangul ated Obj ect Space Coordinates (XYZ are in nm
Si ghti ngs
# Li st 111111111122222222223
X Y z RVE  Rays 123456789012345678901234567890
-83.3378 -283.0137 2189.7323 0.3 5 YY* YYY
410.9437 -286.6406 2182.9382 0.4 6 YYYYYY
1028. 9717 -36.5983 2183.8520 0.3 6 YYYYYY
1464. 0432 -30.4780 2182.1954 0.3 5 YYYNYY



| rage

| mage

| mage

| mage
11

| mage

I mage

| mage

Tot al

15

1962

..ETC.

83
84
85
91
92
93
94
95
101
102
103
104
105

Coor di nat e Rej ect

1047
1482.
1974.
- 87
432
1050
1482.
1976
-91.
429.
1049
1483.
1977

Nunber | nmage001

Number | nage002

Nunmber | nage003

Nurber | nage004

Nunmber | nage005

Nunber | nage006

Rej ecti ons

1

7297

3752
9998
4774
2180
4906
1395
7969
3257
4325
8676
1224
3399
1755

ons

- 28.

-7.
-4,

- 288.
-291.
-7.
-5.
-4.
- 288.
-291.
-7.
- 6.
-5.

7270

1235
6887
1900
8214
5680
5789
8114
5677
7467
8781
9173
1398
8383

2179

1156
1145
1152
1021.
1032
1034.
1030
1027
902
907
909
911.
914.

8744

0437
2279
7266
8410
6039
1734
2886
6914
4639
0290
2066
1188
4262

©coocooooo0o00000
NDBAMNNOORFRPRWNNWEDNPRE

~AOOOoOOODMGIOOOO N OO

87

YYNNYY

YYYNYY

YYNNYY

YYYNYY
YYNNYY

YYYNYY
YYNNYY



13.2.2 Camera Output

Australis Bundl e Adjustnment Results: Canera Paraneters

26 Novenber, 2001  20:35:22
Project: C:\AustralisDeno\Denol\ Denpol- Resul t s\ Denol. aus
Adj ust ment :  Fr ee- Net wor k
Nurmber of Points: 50
Nunmber of |nmages: 6
RV of | nage coords: 0.23 (um
Results for Canera 1 BMP- DenoCam Lens 20mm
Sensor Size Pi xel Size (mm
H 1524 0. 009
vV 1012 0. 009
Caner a Initial Tot al Fi nal Initial Fi na
Vari abl e Val ue Adj ust nent Val ue Std. Error Std. Error
C 20. 3830 0. 00001 20. 3830 1. 0e+003 3. 368e-003 (nM
XP 0. 0937 - 0. 00002 0. 0937 1. 0e+003 2. 700e-003 (mm
YP 0. 0702 0. 00000 0. 0702 1. 0e+003 3.377e-003 (n)
Kl 2.36392e-004 9.941e-008 2.36491e-004 1. 0e+003 5. 283e- 006
K2 2.69044e-007 -3.683e-009 2.65360e-007 1. 0e+003 1. 831e- 007
K3 -6.53174e-009 4.654e-011 -6. 48520e- 009 1. 0e+003 1. 986e- 009
P1 7.39063e-006 -6.054e-007 6.78520e-006 1. 0e+003 2. 329e- 006
P2 1.21095e-005 4.550e-007 1.25645e-005 1. 0e+003 2. 783e- 006
Bl 3.41866e-027 2.927e-028 3.71132e-027 1. 0e-016 4.847e-017
B2 -6.07214e-027 -6.482e-028 -6.72032e- 027 1. 0e-016 4.847e-017
Maxi mum Cbservational Radial D stance Encountered: 7.6 mm

Exterior Orientation Summary (Xc, Yc, Zc are in project units, rotations are in deci nal degrees)
Station | mage Xc Yc Zc Al pha El ev. Rol

1 | mage001 1788. 69659 -3419. 72879 2440.98873  13.558074 -15.582166 179.003534

2 | mage002 1853. 41338 -3633.95192  153.90262 15.561791  21.405924  -0. 455581

3 | mage003 -766. 05593 -3486. 66554  857.24939 -23.245430 10.304050 -91.797034

4 | mage004 1877.17657 -3598. 03953 1975.30470 22.174863 -7.402492  88. 950822

5 | mage005 -638. 09728 -3533.53957 1980.03752 -23.096045 -7.344403 -178.399762

6 | mage006 -902. 43042 -3691.30052  147.98981 -26.881088 20.208480 -6.904405



13.2.3 Residual Output

| mmge Coordi nate Residuals

21:36:55

Resul ts:

Australis Bundl e Adjust nent

2001

21 February,

C:\ Austral i sDeno\ Denpl\ Test 44. aus

Pr oj ect :

poi nts ***

contro

There are no explicit

is Free-Network --

Adj ust ment

Triangul ated residuals

zZZzZ
M—aHOOAM

~cococococo
'

zZz
—O0O0O0O—AN

xooocooo
. .

AdHO MW
~0ocoocoo

NS AN
xo0ooooo

*
TN ®®
~ooanNocoo

*
NN M
xo0ooooo

NN oo
~ooococoo

—“o-onNA
xOOOo oo Oo
'



Etc...

Summary of Residuals

Sta
#
mage001
mage002
mage003
mage004
mage005
mage006

.23

[eNoNoNoNoNolbd

Tot al

Station Residuals Number of
y Tot al Poi nts
8 0. 20 0.19 50
6 0.14 0.15 50
0 0. 47 0. 39 39
5 0.16 0.16 30
1 0.15 0.18 50
1 0. 20 0. 26 50
Resi dual s
y Tot al Cbservati ons Constraints
24 0.23 538 159

0

Par anet ers
196

Degr ees of
Freedom
501

Mean Error
Unit Wei ght
0. 485

of



13.2.4 Correlation Output

Australis Bundle Adjustnment Results: Correlation Matrices
21 February, 2001 21: 36:55

Project: C:\AustralisDenmo\Denmpl\ Test 44. aus

Canera Correlation Matrix

C XP YP K1 K2 K3 P1 P2 B1 B2

C 1.000 -0.282 0. 750 0.241 -0.262 0. 226 0.214 -0.634 -0.000 -0.000

XP 1.000 -0.236 -0.100 0.132 -0.117 -0.957 0. 217 0. 000 0. 000
YP 1.000 -0.027 -0.052 0. 043 0.196 -0.941 -0.000 -0.000
K1 1.000 -0.941 0. 880 0. 080 0.065 -0.000 -0.000
K2 1.000 -0.981 -0.116 0.010 -0.000 0. 000
K3 1.000 0.101 0. 006 0.000 -0.000
P1 1.000 -0.189 -0.000 0. 000
P2 1.000 -0.000 0. 000
B1 1.000 -0.000
B2 1.000

Correl ati ons between Camera and | nage EO Paraneters

I mge 1: Seq45. bnp

X Y 4 A E R

C 0.708 -0.918 0.417 -0.037 -0.727 0.125
XP -0.289 0.273 -0.009 0.862 0.196 -0.901
YP 0.549 -0.817 0.135 -0.064 -0.922 0.162
K1 0.020 0. 058 0.019 -0.073 0. 006 0.072
K2 -0.117 0.039 -0.015 0. 064 0.051 -0.081
K3 0.096 -0.028 0.039 -0.061 -0.053 0.072
P1 0.154 -0.237 ~-0.037 -0.903 -0.147 0.923
P2 -0.456 0.713 -0.133 0.079 0.890 -0.164
B1 -0.000 0. 000 0. 000 0.000 -0.000 -0.000
B2 -0.000 0. 000 0.000 -0.000 0. 000 0. 000

..etc.
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| mge 6:

[eNeolololoNoNoNoNoNe)

[eNeololololoNoNoNoNe)

SeqO01. bnp

[eNeololololoNoNoNoNe)

[eNeololololoNoNoNoNe)

[eNeololololoNoNoNoNe)

[eNeololololoNoNoNoNe)

92



13.3 3D Transformation

Australis Results:
21 February,

Qui ck Sunmary

Cont rol

Points to Transform
Transformed Coordi nat es:
Nunber of Common Points:
Nunber of Rejected Points
Nunmber of Iterations
RMS of residuals:

Si gma0
Resi dual Error Cutoff:

2001

3D Transformation
20: 28: 21

C:\ Austral i sDemp\ Denp1\ Obj ect . xyz
C:\ Austral i sDenp\ Denpl\ Bundl e. xyz
C:\ Austral i sDemo\ Denp1\ Tr ans. xyz

0

[eNeoNoNe NIt N

. 0193
. 0198
. 0700

Final Transformati on Paraneters

Par anet er
Xo -0. 689347
Yo -0. 350286
Zo 1.317747
Scal e 1. 000515
Onega -0.005142
Phi 0.011645
Kappa 0.001289

Secondary Coordi nate Residual s

RPRRRR
ORWN R
G

WNNNDN
RPOOR_rWN
C
©00000000000

w
N
'

Standard Error

[eNeoNoNoNoNoNe)

VX

. 07734

02983
00954
02008
07636
00124
03286
00439
00290
06499

. 00402
. 03350

. 007007
. 011886
. 007066
. 000004
. 000413
. 000210
. 000229

©coooo00000000

VY

. 11670

00179
01371
03060
08455
01148
00106
01760
01447
07751

. 01358
. 00814

[eNeololoNooloNoloNoNoNe)

\'74

. 00081
. 00172
. 01501
. 02488
. 08237
. 01388
. 00383
. 01685
. 00997
. 06490
. 00427
. 00395

* %

* %

* %

rejected **

rejected **

rejected **
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.etc.

102 -0.00424 -0.02954 0. 00601

103 0. 00885 -0. 01066 -0.00386

104 0. 04148 0. 02635 0. 00204

105 0. 00008 0. 02662 0. 02866

RMS Val ues: 0. 02255 0.01943 0.01518 RMS XYZ = 0.01929
Transformed Coordi nates Di fferences
Label X Y Z DX DY Dz
11 -83.30981 -283. 09095 2189. 68378 0.07738 -0.11676 0. 00082
12 410. 95906 -286. 70085 2182. 88270 0. 02985 -0.00179 0.00173
13 1028. 96406 -36. 63866 2183. 80960 0. 00955 -0.01371 -0.01502
14 1464. 02462 -30. 50664 2182. 14929 0. 02008 0. 03061 0. 02490
15 1962. 70598 -28.74141 2179. 82809 0.07639 0. 08458 0. 08243
21 -79.71844 -284. 47689 2041. 43308 -0.00125 -0.01149 0.01389
22 375. 45032 -288. 46030 2035. 53770 0. 03288 0. 00106 -0.00382
23 1034. 05377 -37.76455 2027.99146 0. 00439 -0.01761 -0.01686
etc
lOI' -91. 40240 -288. 73416 902. 46129 -0.04021 0.01323 -0.04570
102 429. 87495 -291. 85885 907. 01439 0. 00424 0. 02955 -0.00601
103 1049. 10353 -7.88306 909. 19973 -0.00885 0. 01067 0. 00386
104 1483. 31002 -6.09403 911. 10661 -0.04150 -0.02637 -0.00205
105 1977. 13946 -5.78070 914. 40526 -0.00008 -0.02663 -0.02868
RMS Wt hout Rejected Points: 0.02256 0.01944 0. 01519
RMS XYZ: 0.01930

RMS Wth Rejected Points: 0.02827 0. 02985 0. 02091

RMS XYZ: 0.02663



134 Best-Fit Functions

13.4.1 Best Fit Line

Australis Results: Best Fit

11 August, 1999

Qui ck Sunmary

Number of Points: 10
Rej ected Points: 0
Iterations: 11
RMS of residuals: 5.68418
Sigma0: 6.22671
Resi dual Error Cutoff: 1000.00000

Li ne Paraneters

Xo: 1981. 229778
Yo: 0. 000000
Zo: 544. 340946
u: -0.006960
V: -0.021465
W 0. 999745

Li ne

16:58: 26

Coordi nate Residuals (Departures from Best-Fit

Label X Y
15 1962. 62897 -28.82430
25 1971. 84918 -29. 43300
35 1969. 86819 -31.37187
45 1972. 56938 -33.40734
55 1975. 75028 -34.67249
65 1981. 12588 -34.67170
75 1982. 77854 -2.51019
85 1974. 43913 -4.14389
95 1976. 28757 -4.50250
105 1977. 13940 -5.75154

z

2179.
2031.
1880.
1727.
1579.
1420.
1277.
1152.
1027.

914.

74484
75925
37529
66659
15715
28492
33833
70978
68798
43507

RMS

Li ne)

PRPNOOFRONO-N

w

VX

. 21823
. 97506
. 05890
. 41862
. 73039
. 00205
. 64732
. 56072
. 58148
. 51686

. 89914

. 28896
. 50297
. 68384
. 99633
. 44881
. 85868
. 21972
. 91315
. 87110
.19178

. 03831

o [eNeoNoNoNoNoNoNoNoNe]

\74

08478
06052
07194
17457
25520
29867
. 33005
. 17352
. 11503
. 03650

. 18826

-
N0 WN ©

VXYZ

. 57398
. 68687
. 38337
. 00919
. 57109
. 95911
. 80057
. 27532
. 08145
. 66572

. 84529



13.4.2 Best Fit Plane

Australis Results: Best Fit Plane
11 August, 1999 16: 56: 26

Qui ck Summary

Nunber of Points: 30
Rej ected Points: 0O
Iterations: 2

RMS of residuals: 8.7142

Resi dual Error Cutoff: 26.1427

Pl ane Paraneters

A:. -0.005
B: 1.000
C. 0. 027
D: -11.578
Resi dual s
Label Resi dua
13 6. 79617
14 10. 70422
15 9. 90815
23 1. 36640
24 5.20209
25 5.18705
33 -3.05561
34 -0.20628
35 -0.90225
43 -7.35767
44 -5.41673
etc
93 4.14867
94 3.73217
95 2.48855
103 0. 38264
104 0.13420
105 -1.87700

T
®

. 71420



13.4.3 Best Fit Circle

Qui ck Sunmary

Number of Points:

Rej ect ed Points:
Iterations:

RMS of residuals:

Resi dual Error Cutoff:

Circle Paraneters

Xo
Yo
Zo
R

Resi dual s

Label

Australis Results:

20 October

49
0
4
3.8807
11. 6420

5455. 876
2455. 083
2378. 190
3917. 324

Resi dua

. 63056
. 67758
50205
59227
21768
74174
31885
53639
07335
. 15235
. 49120
. 09862

.
OEROPORPOWRON

[¢)
prty
o

. 27568
. 00143
. 89842
. 39797
. 53536

'
A WNEFLO

w

. 88066

1999

Best Fit Circle
14:04: 21

97



13.4.4 Best Fit Sphere

Australis Results: Best Fit Sphere
20 Cctober, 1999 14:05: 14
Qui ck Sunmary

Number of Points: 24
Rej ected Points: O
Iterations: 5
RMS of residuals: 0.0081
Resi dual Error Cutoff: 0.0244

Sphere Paraneters

Xo: 0. 001

Yo: 8.141

Zo: -0. 015

R: 3.910

Resi dual s

Label Resi dua
1138 0. 00334
1139 -0.00044
1140 0. 00494
1141 0. 00588
1142 0. 00404
1143 0. 01029
1144 -0.01714
1145 -0.00021
1146 -0.00902
1147 -0. 00287
1148 -0. 02059
1149 -0.00581
1150 -0.00740
1151 -0.00583
1152 0. 00446
1153 0. 00522
1154 -0.00758
1155 0. 00637
1156 0. 00393
1157 0. 00785
1158 -0. 00206
1159 0. 00250

RMS

o

. 00814



13.5 Triangulation

Qui ck Summary

Australis Results:
21 February,

2001

Triangul ati on
21:35:34

Azi

mut h

. 5619
. 8006
. 5066
. 3580
. 4088
. 7047

St andar d

X
0014
0024
0080
0063
0327
0090
0063

Project: C:\AustralisDeno\Denpl\ Test44. aus
Number of Points: 50
Number of | mages: 6
St ati ons Used
Fi | eName X Y Z
Seq45. bnp 1814. 7573 -3433.5120 2437. 2603
Seq05. bnp 1848. 0030 -3653. 9937 142. 7191
Seqll. bnp -774.1859 -3496. 0633 849. 5344
Seq30. bnmp 1884. 8347 -3619. 6522 1973. 3173
Seq31l. bnp -644. 1330 -3557.0841 1976. 9736
Seq01. bmp -920. 2665 -3695. 8416 147. 6548
Summary of Residual s
Station Station Residuals
Fi | enanme # X Y Tot a
Seq45. bnp 1 3.36 1.58 2.63
Seq05. bnmp 2 2.28 3.59 3.01
Seqll. bnp 3 2.52 3.64 3.13
Seq30. bnp 4 3.16 5.68 4. 60
Seq31l. bnp 5 2.22 4.74 3.70
SeqO01. bnp 6 2.54 7.73 5.76
Total Residuals
X Y Tot a
2.69 4.86 3.93
Poi nt Coordi nat es
Label X Y Z
11 -83.3905 -282.9801 2189.6747
12 410. 9346 -286.6349 2182.8934
13 1028.9331 -36.8009 2183.7988
14 1464. 0412 -30.4125 2182. 1455
15 1962. 4943 -28.8263 2179.6313
21 -79.8986 -284.5062 2041.4619
22 375.2925 -288. 4275 2035.5225
23 1033.8880 -37.8562 2028.0283

[eNeoNoloNolNoNoNe]

. 0130

[eNeoNoloNoNoNoNe]

Y
0020
0035
0119
0091
0494
0130
0091

. 0196

El evati on
. 6360
. 6588
. 7608
. 6976
. 4449
. 4154

Errors

coooooo0

4
0015
0025
0081
0065
0337
0092
0064

. 0131

X

POONOOOO
I\JO)@O)U‘I@I\JI—'%

mmmpmmmm%#

<
)

Rol
179. 0076
-0.3472
-91.9078
88. 9508
178. 4217
-6.8262

Si ghti ngs
Li st 1111111111222222222233333333334
1234567890123456789012345678901234567890
YYYYYY
YYYYYY
YYYYYY
YYYNYY
YYNNYY
YYYYYY
YYYYYY
YYYYYY



RMS is

M ni mum i s
at point

Maxi mum i s
at point

1049.
1480.
1974.
-92
428
1047
1481
1974

. 0465
. 5315
. 6268
. 8791
. 1675
. 8438
. 3344
. 4475

0868
8356
0012
. 2683
. 7434
. 9823
. 2024
. 5739

0. 0436

0. 00

0.07

14
11

73

105

-31. 7443
-29.5052
-285. 4632
-289.0785
- 38. 2324
-33. 0651
-31. 5451
-286. 9442

2028.
2031.
1887.
1881.
1881.
1877.
1880.
1736.

3928
7622
7758
5903
7791
1649
4794
9539

-7.4707 1035. 0840
-6.0278 1031. 3112
-5.5753 1028. 7341

-289. 3157
-292. 0658
-7.7697
-6.3398
-6.9730

0.0

903
907
910
912
915

655

0. 0020

0.1

11

173
105

. 2382
. 5270
. 2399
.3391
. 7042

0.0100 0.0147
0.0336 0.0511
0.0164 0.0241
0.0131 0.0191
0.0191 0.0288
0.0173 0.0255
0.0361 0.0551
0.0234 0.0346

coooooo0

. 0102

0343
0167
0132
0191
0174

. 0366
. 0236

0.0663 0.1001 0.0655
0.0641 0.0959 0.0627
0.0718 0.1094 0.0718
0.0623 0.0923 0. 0620
0.0630 0.0914 0.0622
0.0750 0.1125 0.0743
0.0725 0.1082 0.0709
0.0773 0.1173 0.0774

0.0433

0. 0015
11

0.0774

100

aoo
~ow

NNFRPRPRPRPFEPNO
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ODONO O
P WNNW
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YYYNYY
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13.6 Balancing Radial Distortion
(file: balancetxt)

Australis Results: Qutput of Lens Distortion Data

1. Gaussian Lens Distortion

Canera: BMP- DenpCam
Project: C\AustralisDeno\Denol\ Denol- Resul t s\ Denpl. aus
Date: 26 Novenber, 2001 20: 32: 16

For principal distance c, radial distortion correction dr (nicrons) is
given for any radial distance r (mm) as:

dr = KL*r"3 + K2*r"5 + K3*R\7
correction dx = x-dr/r
correction dy = y-dr/r

c = 20. 383
K1 = 2.36491e-004
K2 = 2.65360e- 007
K3 = -6.48520e- 009
r (mm dr (mcrons)
0.0 .0
1.0 0.2
2.0 1.9
3.0 6.4
4.0 15.3
5.0 29.9
6.0 51.3
7.0 80. 2
8.0 116. 2
9.0 157.1
10.0 198. 2
11.0 231.1
12.0 242.3
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2. Bal anced Radial Lens Distortion

Canera: BMP- DenpoCam
Project: C \AustralisDeno\Denol\ Denpol- Resul t s\ Denpl. aus
Date: 26 Novenber, 2001  20:32:16

For ' bal anced' principal distance cb, radial distortion correction

dr(mcrons) is given for any radial distance r (m) as
dr = kO*r + k1*r~3 + k2*r"5 + k3*r~7

cb = 20. 152 mm
kO = -1.13323e-002
ki = 2.33811e-004
k2 = 2.62353e-007
k3 = -6.41171e-009
r (mm dr (mcrons)
0.0 0.0
1.0 -11.1
2.0 -20.8
3.0 -27.6
4.0 -30.2
5.0 -27.1
6.0 -17.2
7.0 -0.0
8.0 24.2
9.0 53.3
10.0 82.6
11.0 103.9
12.0 103.6
Curve bal anced about a radial distance of 7.0 mm
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