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How to use thisCameraCalibratorOperational Guide

Introduction

STEP 1: Read Section 1, Overview of Automatic Camera Calibration, to familiarize
yourself with the basic photogrammetric technology and reqgeinésn

STEP 2: Review the Quick ReferertoeMenus, Toolbar Buttons, Cursors and the Ima
and 3D Views provided in Appendix A, pagé

Conducting a Calibration Project i there are three options here, automated calibration using
targets, automatic targetless calibratiorand calibration using manual image measurement

STEP 3: Follow the project sap described in Section 2, pagand conduct
photography

STEP 4: With acquired images loaded into thggato perform image measurement
network orientation andelf-calibration via one of the following three options

M\,

Automatic Calibration Automatic Targetless Calibration via manual
using targets (coded + Calibration using imagemeasurement, using
uncoded) featurebased matching | targets or natural featse
Section 3pagel2 Section 4 pagel6 Appendix B page35

] il i

STEP 5: Output of camera calibration results, Section 5, 2&geojecihamecal and
projectnamext files generated when project is saved. Calibration report generated.

This concludes the basic camera calibration process, with further stages being optional

OPTIONAL STEP 6: Set absolute scale and XYZ axes aligninpritarily for
indication of associated accuracy attained in photogrammetric 3D point determinat
within the selfcalibrating bundle adjustment, Section 6, page

OPTIONAL STEP 7Additional runs of seltalibrating bundle adjustment and output
further refined camera calibration parameters, Section 7,3sBgeojecthhamecal and
projectnamext files generated when project is saved. Calibration report generated.

OPTIONAL STEP 8Camera seltalibration in the presence of object space constrai
namely camera station positions and ground control points, with a focus of calibrati
UAV/drone photogrammetry, Section 8, paye
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Calibration Network: Image and Object Point Configuration

>30 targets and >10
codes, or rich texture for
targetlessorientation

Preferably >1€12
imaaes

aAESR WLR NI

Wil yRaoOl LISQ
orientation, ie occasionally
roll camera bv 90 dearees

Points distributed over all
areas of the image format,
even out to the far corners




1. Overview of Automatic Camera Calibration

Two options are available withthe CameraCalibratorfor automatic camera calibratipone employs
targets and the other is targetless. The principles for each are the same, since the recovery of camera
calibrationparameters is via a sailibrating bundle adjustmeint both cases

1.1 Basic Rules forCamera Setting foiSelf-Calibration

There are four basic ruléisat applyto recording images for camera sedlibration:

1 The camera lens should not be refocusdeting the photography sessi@kutofocus turned off).
9 Similarly, thelens zoom should not be adjusted during the photography session.

T1f the camera has an 6auto rotated function,
shouldbe turnedff (Autorotate turned off).

1 The imagery should be recorded at the highest possible resolution (i.e. image size) and highest
guality. For example, a6lmegapixel camera should recor@ thegapixel images at highest
possibleéimagequality (JPEGimage formais fine).

If retro-reflective targets are to be used, the camera will require a flash. If the flash is to@uhdiiggt
intensity cannot be controlled, sometimes taping a small pieadité paper over the flash will cut
down the intensity so as to not saturate the retrotargets.

1.2 Camera Setup an8cenelayout

If a target array is being employeatie following should be kept in mind:

T Number of targetA mixedsetof366 0 di f f er ent coded targets (als

targets is requiretbr automatic calibrationNote that retroreflective codes areusable and by
affixing codes to plastic backings, they will last a lot longed remain flat Whereas a minimum
number of codes for a mixed target range might be 10, it is possible to have the target array
comprising only codes. The target dots should be at least 5 pixels in diameter in the images.

1 Shape of the target arraltis preferd | e f or the target field to ha

some of the targets out of the plane by2D96 of the photographic distance. A target array with
3D distribution ismuch more desirable thanplanar arraysee Figure 1.1)

1 Camerato-object distace The size of the target field will depend upon the distance from which
images are to be taken. To determine this, first set the camera at the focus and zoom setting that
you intend to use for subsequent photogrammetric measurement, as it is crite#drie the
camera at the same zoom/focus that will be normally be employed. Typically, the focus will be

set to infinity and the zoom at one of 1its O0h

view). Once these settings are made the operatobalance the requirements of imaging distance
versus target field dimensions. Note that in determining the distance, the sharpness of focus in the
images is not oparamounimportanceif targets are employed\n accurate calibration can be
performed \ith slightly defocused images. This can arise from infinity focus being set, but then
the camera used over a distance of ordyrBor so.

1 Both target array stability and fixed focus/zoom are very important. The targets cannot be allowed
to move at all. Ithe camera has a manual focus or focus lock, it is very useful to set this and then
leave it set for the subsequent 3D measurement projects. Also, attention needs to be given to
lighting, with images displaying optimal target intensities and underexpagpending on the
coded target material being usdtkperiment with your camera & lens settings to determine
optimal values

1 A suitableimage network geometry for camera calibration is shown by2kstation network in
Figure1.1. The convergence angleoth horizontaland vertical if feasiblg between the outer
rays shoul ditibadso vefy desitalde tolh@ve gonvergence in both directions
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1 Note the use of orthogonal roll angles for the cantereei mages are i n Ol andsca
andninei n oOpdnttiasi tabsolutely critical t hatlt t hi s 8
i s not important whi arbasonabnea gueishoadbe. r ol | ed 90¢,

1 A sufficient number of images enerally 1612. Due to the process being automatiere is
essentially n@ost in time in adding additional image® even 30 images is practical.

1 The target field should fill as much of the image format as possible in each image. It does not
matter f some points are missed on certain images, but it is important to have image point coverage
throughout the full format of the focal plane.

1 Camera calibration should be performed periodically, say ewéyn®nths for normal digital
cameras, or more ofteéhthe camera is accidentally dropped or it is used in a relatively rough
environment.

Figure 1.1

In the case of targetless orientation and-selibration, the geometric requirements remain the same,

with two special considerations: firstly, tseene must be richly textured to support feature detector

base image matching, and also the convergence angle may need to be lessened for the same reason. To
compensate to some degree for the lessened convergence, additional images can be addeddas indicat
by the network geometry in Figure 1.2

Figure 12



1.3 Calibration Process

The basic procedure for fully automatic camera calibration withknCameraCalibratorfollows
closely that for a normal auton@photogrammetric measurement:

)

ii)

Establish thetarget arrayor object scene for targetlessientation. The principle of a well
spreadpoint array which fills the image format and is preferably qptemarshould be adhered
to. A suitablearray is shown in Figurgé.1 (If codesonly are to be employeds in theAutoCal
procedurethe use ofnore than %-20 codeswould bewarrantedl.

Determine the camera station geometry and record the imagi#EGSS(at full resolutionand
highest quality. The primary items to remember are tlggtthe camera statioretwork provides
strong convergence angj&3 The images are taken such that at leasthirdo f t hem ar e
( 90¢e r; 0)tha todes arg distinguishable with each code dot being of high contrast and
larger than 5 pixels in diameter in theaigery or the targetless scene has good texture for image
matching and d) it is preferable if all codes do not lie in the same plane

Load the images into a new CameraCalibrator prgjest describeth Chapter2. At this point
the project camera withave been identified and the image thumbnails will be displayed in the
thumbnail window.

The automatic image measurement and camerecakifration process is initiatedthe exact
procedure for which will be described in Chapter 3 for automatic calibratéocoded targets,
andin Chapter 4 for targetless orientatidkppendix B describesself-calibration via manual
image measurement.

Thederivedcamera calibration parametersay be any or all ahose listed in the dialdgelow,
Figure 1.3 which is obtained by doubldicking on the camera icon (see Chap®gr The
corresponding image coordinate correction functions are provided in Appgendipage 45.

Camera parameters X

Information Sensor specifics

Model: NIKON CORPORATION NIKON D200 Sensor Size Pixel size
(pixels): (mm):

Calibration date: 04/02/2014 10:44am Change camera H | 3872 | 0.006100

Unique identifier: D200 PRO-Arts Add unique ID v [2592 [0.006100

Focal length and principal point (mm)

o [17.6201 ™ Fix Fix all

xp: |-0.0399 ™ Fix Free all Run Calibration Bundle

yp: |-0.1915 [ Fix Zero all (not c)

Radial distortion

Ki: |2.7463e-04 [ Fix R
i Show Distortion Curves
K2: [-5.9171e-07 [ Fix k4: |0.0000e+00 ¥ Fix

K3: |2.0835e-10 [ Fix ks: | 0.0000e+00 M Fix Export PDF Report

Decentering distortion Linear distortion Update Database
pi: |1.2906e-05 [ Fix B1: |0.0000 [v Fix

P2: [5.0365¢-03 [ Fix B2: [0.0000 ¥ Fix oKk

Figuresl.3

1 Focal Length and Principal Point CoordinatéEhe principal point offsetindicate by how
far the optical axis of the lens is displaced from the centre of the image format. Gegerally
andypar e cl ose to zero (e.g. O0O.5mm or | ess).
Distance, which changes with focusing. Tin@minal lens focal length usually relates to
infinity focus.

51
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91 Radial Distortion.The three parametets;, K; and Kz describe the radial lens distortion
correctionfor the camera lens. Radial distortion can reach significant levels in digital camera

lenses and it needs to be corrected when computing 3D point position to even modest accuracy

levels. Radial distortion also varies with focusing which is a further neasbto alter focus

or zoom within a measurement network. Note that there are also two additional radial
distortion parameter$.andKs, which are only appropriate for fisheye lenses with fields of

view of up to approximately 130Fisheye lens calibriain will be discussed in a following
section.

9 Decentering DistortionThe parameterB; and P, express the effect of the decentering of
optical elements within the lens assembly. This error source is generally quite small and can

typically be ignored in &lbut high accuracy applications. Thu’, and P, can often be
constrained to zero.

9 Linear Distortion. The parameter8; and B, effectively model any relative error in the

specified pixel size. They can generally
The calibration parameters resulting from ®elfCalibration can be viewed in the Camera

Parameters dialog (Figude3) by doubleclicking on the camera icon.

vi) Save the calibration datdJpon completion of thealibrationrun the user is asked whethenthe

be

wish to update the local camera database with the new calibration data. The normal response

would beYes The project can then be saved.

vii) Export a full camera calibration repoih PDFformat by selectingxport PDF Report (Figure
1.3)

1.4 Fisheye Len€alibration

CameraCalibratorsupports the seffalibration of fisheye lenses up to a maximum field of view of
around 138 under the implicit assumption that the lens adheres to a central perspective projection. The
parameters(, and Ks modelthe 9" and 11" order radial distortion effects, and they should only be

employed for fisheye camera networks where the geometry of theimatje configuration is strong
and there are a lot of degrees of freedom, ie many camera stations and many poinssrilvetediin
three dimensions. Fisheye camera sedilibration is a very specialized application tfe

CameraCalibratorand it requires that considerable attention be paid to network design and quality of
imagery. For albtherlensegnonfisheye) the @rameterKsandkss houl d be O6fi xedd

2. CameraCalibratorSetup

This chapter describes theopedure for initiating &ameraCalibrator project and importing the

images intdhe project. Thatepsbeyond that point will depend upon whether a targeted, targetless or

manual image measurement approach is adopted, and these will be described in Caagt:iang
Appendix B respectively.

2.1 Importing Project Images

Upon runninghe CameraCalibratorand commencing a new project, the operator first seéfdeffNew

from the mairFile pull-down menu. The first function to perform is the importing of selected images

into the project. This is carried out as follows:

1 If the project is newCameraCalibratorwill initiate the Import Imagedunction. Alternatively,
this can be selected withle|Import Images for an existing project.

1 The user then selects from the Image Browser the folder holding the images. At thithgoint

window shown in Figure 2.1 appears. An image inSbkct Image(d)st is transferred into the

projectbyf i r st highlighting the i mage or i mages

t o

and



moves all i mages i nt o buttétnanoves hmlhlighted images iounoftha r | vy ,
project |ist, and 6<<6 removes all i mages.

1 Asingle image at a time can be selected, or multiple images can be highlighted by either dragging
the mouse over the images (as shown in Figure 2.imletdise click ad drag) or holding down
the CTRL key while selecting multiple images. Holding down the SHIFT key means all images
between the two selected images will be highlighted.

I CameraCalibratorcurrently supports JPEG (*.jpg) and TIFF (*.tif) image formats.

Image Browser

Project Image(s)

Select Image Directary.

Images are -
selected by —
highlighting -
the chosen - §'
0t humb
III
Figure 2.1

T If the image files do not contain information which identifies the camera(s), a warning message is
displayed. This indicates that before the importing of images into the projectacdae must be
entered either manually, or by selecting the appropriate camera fr@artteraCalibratorcamera

database.

1 Once the images are selected, they will appear as in Figure 2.2 and to enter them into the project
the user selecBK.

Images
selected
for the
project

LA

I

Figure 2.2

1 Image thumbnails will then be showo the left of the workspace, below the camera icon, as
indicated in Figure 2.3. An image or images can be displayed in the workspace byadiiokivig
the image thumbnails.

10



§8) CameraCalibrator - Untitled = X
File Edit Photogrammetry Window Help
DEW s ANDE BE Re

v?e." lﬂ dd. TADSCO006JPG

‘ A
Camera: NIKON

CORPORATIO-N NIKON D2....

1: DSC_0006.JPG

Figure 23

2.2 Project Settings

CameraCalibratorhas options for basic project settings, which can be accessdedijBroject
Settings The Project Settingslialog is shown in Figure 2.

Project Settings >
Note: TheProject ~Targets Default points for 3-2-1
Settingdialog can M Retro . I Catour Origin point
only be accessed whery [ Passive Mispotlabel: |

either an existing . e T R
project has been € *ee ane point label:

opened or after the ~Scale options .
. . ) Remove Scan Points
Images are lmported [ Scale via codes :
for a new project Code target size (mm): Set/Change Units
C3 ®6 C12 2 Save as Default | CK |
Figure 24

The user can select the type of targets being empl@gedQuick Referencéppendix A§, whether

the network igo automatically scaled via the coded targets (different target types have different coded
target size options) and whether the origin and orientation of the XYZ object point coordinate should
be automatically assigned via three selected coded targete. diieealso other options for removing
those scanned 2D points not resulting in a 3D poséiaifor setting projet units (mm, m, inches or

ft). Settings can also be left at their default values for automaticfaegedrientation and calibration.

2.3 Selecting the Camerand Calibration Parameters

The CameraCalibratorequires a camera to be assigned to the images in the project. Generally, there
is only one camera per project, but there may be more than one:tasdafe list of cameras and their

key metric design characteristics is provided with @emeraCalibratorsoftware. The operator
generally does not have to identify the camera or cameras used in the project; this is done automatically.
Figure 25 shows a sample of the list of camera parameters that can be displayed in the main window
by doubleclicking on thecamera icon. Calibration values can be changed interactively, though this is
rarely required At the outset, there should be an approximate value for the focal length/principal
distance and all other parameters will likely have zero values.

Note: In situdions the camera is not in th@lobal Camera Databaset is helpful i though not
mandatoryi to know the correct image pixel size. A default value of 0.00%Emicrons)s otherwise
assignedo pixel sizeandthe othercalibration parameters are scaledadingly.

11



Note in Figure 2.%hat there are tickoxes against all parameters. This allows the operator to choose
which parameters are to be determined within thecsdilbration. The most common parameter set is
0 f c, ®,6x0K1, KoaKs, Ri@relP.e r s

t hat i

3. Automatic Calibration with Coded Targets

3.1 Procedure

ndi

DEE Y AEAR BE

¥ e

‘ n
Camera: NIKON
CORPORATION NIKON D2...

1: DSC_0006.0PG

| ™
|5

Camera parameters

Information

Model: NIKON CORPORATION NIKON D200

Calibration date: see parameters
Unique identifier: default

Focal length and principal paint (mm)
e | I~ Ax
xpr |-0.0262 [~ Fx
yp: [-0.2051 [~ Fix
Radial distortion

Ki: |2.7903e-004 [ Fix
K2: [-6.3595¢-007 [~ Ax
K3: |3.6792e-010 [ Fix
Decentering distortion

p1: [7.1960e-008 [~ Fix

P2: [6.0804e-005 I Fix

Change camera

Add unique ID

Fix all
Free all

Zero all (not ¢)

Fisheye
Ka: [0.0000¢+000
Ks: [0.0000e+000

Linear distortion

Sensor specifics
Sensor Si
(pixels):

H |3872
v [2592

v Fix

r Pixel size
(mm):

0.006100

0.006100

Run Calibration Bundle

Show Distortion Curves
Export PDF Report

Update Database

B1: [0.0000
B2: [0.0000

v Fix

v Fix

oK

cated

Figure 25

by the

i n

The most common mode of operatiorited CameraCalibratoiis fully automatic 3Dorientation where

a network of multiple images covering an array of object targetbées recorded with a specific

geometric network of camera stations. An eghmis indicated in Figure 3.1.

t

he

The photogrammetric network of images and object points must have the following characteristics if
the CameraCalibratoris to perform a fully automat measurement:

i) Every targetted object point must appear in two or more images that provide good ray intersection
geometry (see Figure 3.1). The targéisth codes and single points (natural or artificetpuld

be ashighly contrasted against tHeckgroundas possiblefor example,as is achieved with

artificial targetseithercodeso r g4 ditoch are a light colour on a dark background.

i) There needs to be a sufficient number of coded targets, such that any five cgdesd rtaust
appear on two or more images. It is not necessary that all andesther targetare seen in all

Figure 3.1

images, but codes provide the link between images so having subsets of five or more codes seen

in two or more images is quite important.

12



ii) A strong convergent geometry is preferable, as indicated in Figure 3.1.

iv) In order to seic al i br ate the camera(s), i mages must [
orientations, i e t he °betveea images. Iis notmécassehdve or 6 r o
exactly half with a 90roll and half with no roll, but some of the images and preferably more than
30% must be orthogonally rolled.

3.2 Autoscanning Control Dialog and Parameters

Image-Scanning & Auto-Measurement settings

After the loading of images into a new projedte tfirst | mage scan tolerances (left-mouse dick on image)
operation undertaken by th€ameraCalibrator is the
scanning of images to determine image point measureme
of codes and other candidate targets. TAigoscanning
process has a number of control parameters, which are set
the dialog shown ifrigure 3.2 After opening an image, the
dialog is selected using either tiekey within the Image
View or the pulldown Photogrammetry menu selection
Image Scan Settings(an Image View window must be
active). The window within the dialog shows the portion o
the image where the user leftcked.

The Autoscanningarameters are: Threshold d 21 (R

1) TheThresholdadjustmentThis isused to include only
those target blobs whose intensity iffisiently greater ~ Minwidh  — | 3
than the surrounding background. The threshold gre waxwidth _J— 100 ? |
value step between background and a target will t
larger for a highly reflective target. The default setting i
20 grey values (the maximum for a#bB image is 255) Point measurement tolerances

W/H ratio J 30 ?

and a suitable $ing for retrotargetsor bright white Minimum pts | Reset Defaults | Maximum pts |
targets against a moderately dark background i | =
anywhere from 15 to 50. e £ Sk

Int. angle

Typically, sliding the threshold value to the right cause
less blobs to be found, and more blobs (ie higher nois

Min. rays

L_L—L—
S

are found when it is moved tbe left. Driveback

2) The Optimize!option is selected if the user wishes tC  sae defaults | Load defauls | ok |
automatically sethe threshold. This featurean also
autodetectthe type of coded targets usédough it is Figure 3.2

best to do this via thRroject Settings

3) TheMaximum Width(or diametey simply specifies the largest size that a blob may have to be
classed as a valid target. The default size is 50 niihanum size for a blob can also be set, at 3
or more pixelsThe ideal sizes for target blobs are from 5 to 30 pixels.

4) Thewidth-to-heightor6 W/ H 6 is anmeedsureoof blob shape. A value of 1 would normally indicate
a nearcircular blob. A value of more than 3 (the default) would indicate a very thin, elongated
blob, which is likelythen to be deemadvalid.

The image mesurement tolerance parametezkate tathe point measurement process and specifically
to the determination of matching unlabelled image points. These parameteRardteValue
Intersection Angle Minimum Number of Rayand Driveback ToleranceThe functon of these
individual adjustments is as follows:

1) TheRank Valuexpresses the geometric tolerance applying to thintagsection geometry during
the determination of corresponding rooded targets in multiple images. There is a range of values
from 1 to 5, with three being the default. Basically, the smaller the value, the larger the number of

13



possible point matchedof true targets and erroneous 4spbt targets). Thus, although more
possible matches will be made, the automeasure process willlsiewas this value is decreased
towards 1. The admission of possibly many more erroneous point matches is not such a problem
because these will usually be edited out in the final bundle adjustmenteddmemended action

here is tostart with the defaultetting of 3. If valid target points are missed, then reduce the val

to 2, and furthereduce the value to 1 if true target points are still missed.

2) Thelntersection Angle Limis an important tolerance to apply since it is often the case in networks
with many images that erroneous targets arising from such factors as sun reflections are seen in
closely adjacent images, which often means that they have very small angles of intersection. This
is depicted in Figure.3, where the point out in the righide of the figure has a maximum
intersection angle of 5 degrees. Theersection Angle Limitan be used to omit such points.

Figure3.3

As arecommended actiothe default setting of 15 (deg.) should be used. To include points with

a smaller intersection angle, move the slider to the left; the minimum admissible angle is 3 degrees.
To omit more points, move the slider to the right, but note that this adjustaramit be used to

reject points with an intersection angle of more than 40 degrees.

3) Minimum Number of Ray3his setting operates the same as the intersection angle condition,
except that here points can be omitted in situations where they do nat bafficient number of
intersecting rays. The minimum number of raysditomeasure is 2 and points with more than 10
rays cannot be omitted via this adjustment. The default number, which is recommended for strong
multi-image networks, is 4.

4) TheDriveback Tolerancapplies to the finding of image points corresponding to 3D object points.
Based on the image orientatiaihe CameraCalibratorlooks within a certain location for a
candidate image point matching a given object point.OfiebackToleranceexpresses the size
of the window in which the search will be conducted. The tolerance value goes from 1 pixel to 15
pixels, with the default being 5 pixels. In general, this tolerance rarelg teebd adjusted.

The Camera Calibratorhas thregore-programmedmage Scanningnd Automeasuréettings These
areMinimum Pts which has the tightest tolerances and thus produces the fewest number of 3D points
(those with the best qualityMaximum Ptswhich has the most relaxed tolerances and thudupses

the maximum number of matched 3D points; &edault Points which represents the typical settings

for retroreflectiveor high-contrast passiveargets.

As towhen to adjust the scanning settings,@hselectioncan be carried out before or afterfartoscan

(eg AutoCal or R++), but if after, the autoscanning must be repeated with the new settings. The
recommended time to adjust the target detection criteria is after the images are initially loaded into the
project, before the firsautoscan. Open a representative image, make the necessary adjuatmdents
then run the autoscanning Autocal or R++.

3.3 Two Optionsfor Automatic Calibration via Targets

The CameraCalibratoroffers two modes of automatic, targesed calibration. The firsutoCal,
utilises only coded targets, whereas the second, AutoMeadRite-puses both codes and any validated
single dot/bloktype targets. Thus, the latter of these is generally nmrehensive and much more

14



commonly used, but occasions my arise where it is only desired to utilise coded &irgtiseight
codes or more per imaggearecommendedhinimum.

33.1R++

The AutoMeasur@rocess is initiated by selectiRy+ on the toolba The operator then sele@ggin,
as shown in Figure 8. Once the operation is complete, as indicated by’thel i br at i on €é ¢
dialog the operatocan review thérief resultssummaryand selecClose.

b NEAE N

Auto-reference X

Images Scanned
Images Scanned
8/8
Stations Solved
Stations Solved

8

Referencing progress =
Referencing progress

pair: 14 of 14

Points Referenced Points Referenced

231

Bundle Tteration Bundle Finished

Iter: 6 Pt:

Bundle RMS (microns) Bundle RMS (microns)

'6‘ Calibration bundle adjustment completed. 0.48
y
°

Time taken:
Hours: 0
Minutes: 0

. Seconds: 15
ﬁ Begm Begin

View updated camera parameters now ?

Continue Continue

Figure 34

Pl

The basic 3D photogrammetric network is now measwed displayed in the 3D View. Thiseans

that its shape is determined, but not its size or alignment with a chosen XYZ coordinate system. The
operator can assess the results ofpihetogrammetric orientation and se#librationby referring to
theResults Summarwhich is accessed frothe Stoolbar button.

Note: The recovery of camera calibration parameters is independent of absolute scale and coordinate
alignment within the object space. However, sinceGameraCalibratorprovides an estimate of the
photogrammetric triangulaticaccuacy attained in the XYZ obgt point coordinatest may be useful

to correctly scale the object point coordinate system and nominally align the axes viathp®&ess

(see Sedbn 6 on page 21

The project should be saved at this point, via the abife|Savefunction. The project file, which can
be reopened at any time is callg@jectnamecal.
3.3.2 AutoCal

Automatic orientation and calibration utilising only coded targpdtsitiated by choosingutoCal from
the pulkdown Photogrammetry menu This process concludes with a listing of the updated camera
parameters, as shown in Figurg.3.
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Figure 35

4. TargetlessAutomatic Calibration

A featurebased matching (FBM) approach has been implemented @atheraCalibratotto facilitate

fully automatic multiimage network orientation and camera calibration without the use of artificial
targets. An example setflibration network is shown in Figudel. The first thing to note in the figure

is the very large number of objganints, generally totalig several hundred to several thousdndhis

case the total is just under 9000.

Figure4.1

Whereas thautomated targdtee selfcalibration functionality offers a lot of flexibility, success with
the process is still contingent upon havivah suitable network geometry and images with sufficient
texturevariation to enable unambiguous feature detdoased matchingThe operational stepghat
follow the importing of images arthe settingof desired calibration parameseffree or fixedareas
follows:

4.1 Initiating Automatic Targetless Orientation

Select the toolbar button to initiate automaticientation. This will bring up th&argetFree
Workflow Dialogshown in Figurel.2 It is not necessary to alter the Image Scan Sett@yp&f FBM.
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