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1. Introduction
PHIDIAS is a photogrammetric application for the CAD system
MicroStation. The area of application extends preferably on closerange applications such as the measuring of buildings, industrial
plants or also traffic accident sites. But also aerial image evaluations
to the plotting of large surfaces are possible. The data basis are digital
or digitized images which are loaded for the evaluation into the
individual viewing windows (views).
The embedding of the photogrammetric evaluation in an efficient
CAD environment like MicroStation meets the typical approach with
the image measurement: the photogrammetric evaluation consists
essentially of the processes measuring, drawing and constructing,
which spread variously into each other.
By measuring the geometrical shape of the object to be surveyed is
determined. This is at the same moment the primary goal of the
photogrammetric evaluation and is based as is well known on the
basic principle of intersection of several image rays. An individual
point of the object is herewith determined according to coordinates by
the intersection of at least two rays. As a prerequisite for this the
orientation of the images must be known. I.e. the exposure situation
must be geometrically reconstructed before, what is done in the
course of the so-called image orientation.

The principle of the photogrammetric evaluation, shown using two photos, image 1
and image 2 (in the drawing as a negative): Let the orientation parameters of image
1 and 2 be known. Then the three-dimensional coordinates of an object point result
as intersection of the image rays of corresponding image points.

The image coordinates of the discrete points are measured during
evaluation in the photos, namely in each image individually. Then the
determination of the three-dimensional object coordinates is only a
simple computational process. While evaluation each point can be

measured in more than two images (maximum 8) by which the
measuring accuracy can be clearly increased.
By drawing the measuring results are permanently recorded and
visualized for the user. Hereby, usually the contours of the object are
recorded and are stored as a – generally three-dimensional – CAD
drawing. To draw the user of PHIDIAS uses the full extent of the
CAD functions of MicroStation. This means, for example, that
typical commands of MicroStation like "place line" or "place arc" are
applied as usual.
Constructing stands as a collective term for all further work which is
necessary to finish the photogrammetrically obtained CAD drawing
to a complete, dimensioned plan. Thus, for example, object
symmetries and object identities can be advantageously taken during
the evaluation and thus the evaluation effort may be reduced by using
CAD specific functions like mirroring and copying. Or sometimes
object parts must be reconstructed because of missing visibility
exclusively on the basis of geometrical conditions like orthogonalities
or parallelities. The efficient CAD functionalities of MicroStation
can be helpful for all these procedures.
Because the photogrammetric evaluation is in the first instance only a
raw drawing, in many cases this must still be cartographically
postprocessed. The measuring accuracy is always only finite and
therefore, the drawing as a result of the photogrammetric
measurement shows regularly inhomogenities. This means, for
instance, that a right angle in the object is in the drawing not exactly
the same or that drawing elements which must lie in a plane are not
exactly planar. The removal of this inhomogenities finally comes up
to graphic editing of the drawing elements, what is a typical domain
of the CAD environment again.
The integration of PHIDIAS into the CAD system MicroStation
allows the advantageous combination of the measuring, drawing and
constructing during the photogrammetric evaluation, where all
activities are done within the CAD environment.
The digital photogrammetric application PHIDIAS comes in the
following system variants:
PHIDIAS-MS

Multi-image evaluation system for the photogrammetric
processing of comprehensive surveying tasks without
restriction on size and complexity of the objects.
Combined evaluation of image data together with
superimposed point clouds recorded from laser scanner
instruments.
PHIDIAS-LIGHT Functional capability identically with PHIDIAS-MS, only
with restriction of the number of images to 20
PHIDIAS-SCAN3D Functional capability similar to PHIDIAS-MS, but without
bundle adjustment, special for measuring in point clouds.
Feasibility for orientation of single images by space
resection.

PHIDIAS-DUO

PHIDIAS-MONO

Stereo evaluation system with the restriction on image
pairs for the three-dimensional measurement of limited
object areas, with simplified orientation calculation
without simultaneous calibration
Mono evaluation system with the restriction on single
photos; convenient for the photogrammetric survey of
plane objects

The individual systems differ concerning their functionality, so that
possibly every surveying task with which the photogrammetric
measuring method is suited can be done efficiently.
The object of the present manual is the description of the full version
PHIDIAS-MS.
The image orientation is an extensive subject and would, as a separate
chapter, exceed the limit of this manual. That is why the explanation of the
orientation module of PHIDIAS-MS is in a separate manual (PHIDIASMS Image Orientation).

2. Overview
The evaluation of the images in PHIDIAS, i.e. the
reconstruction of the object geometry using the photos, takes
place within the CAD environment of MicroStation. To
create a drawing, the graphical functions of MicroStation are
used as familiar in principle. The few particularities to be
noted here are explained in chapter 10.
A user who is familiar with MicroStation does not need to
adapt and can work as usual. The command to draw a line – as
an example of the reconstruction of an object edge – is given
as usual as "place line". PHIDIAS recognizes whether this
line is drawn as part of the photogrammetric evaluation. Then
the image coordinates measured with the cursor are
intercepted and the line is created therefore with respect to the
photogrammetric restitution geometry. (Further explanations
on the graphical evaluation see chapter 10.)
For that, however, the drawing can be created with respect to
the photogrammetric imaging geometry, some preparations
are necessary. In the following an overview of the individual
steps of these preparations is given in a table.
1
2

Process

Purpose / Result

Set up Project
Environment
Set up Project

Creation of a project directory and acquisition of camera as well as
if necessary control point data
Creation of a project file for the storage of all project data relevant
to evaluation
Determination of the transformation parameters for the conversion
of the pixel coordinates into the image coordinate system of the
camera
Determination of the image coordinates of control points and new
points for the image orientation
Calculation of the orientation parameters (exterior orientation) and
if necessary of the camera calibration (interior orientation)

3

Measure Fiducial
Marks

4

Measure Image
Points
Execute Image
Orientation

5

Chapter
4
5
7
8
9

Overview about the individual preprocessing steps of the photogrammetric evaluation with PHIDIAS. The
steps are to be carried out generally once at the beginning of a new project.

It will be presumed that the photos made for the
photogrammetric survey are present as digital images in an
admissible format (TIF, JPG, BMP or PCD) on the hard disk
of the computer or on CD.

3. The Working Environment of PHIDIAS
The explanations in this manual assume that the user is
familiar with the operation of MicroStation in the outlines. If
questions arise about the program system MicroStation, the
extensive standard documentation of MicroStation should be
used first.
PHIDIAS is an additional application to MicroStation. At
the installation of PHIDIAS some adaptations to the
configuration and the defaults of MicroStation are done
(Further explanations about installing PHIDIAS are found in
the adequate installation guide).
These adaptations concern the following items:
Loading the Application
Tentative Point (Snap Function)
Shape of the Cursor
Color Table
Seed File
Menu Adaptations
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All adaptations are realized in the so-called PHIDIAS
workspace under MicroStation which is set up usually
during the installation. The user does regularly not need to
take care of these settings.
After the installation this workspace named PHIDIAS can be
activated in MicroStation while starting program. In the first
dialog, the MicroStation Manager, the new workspace (User)
can be selected.
As an alternative to the selection of the workspace in the
MicroStation Manager the working environment PHIDIAS
can also be selected permanently while starting MicroStation,
if the program is started with the command
\...\ustation.exe –wuphidias
Under Windows MicroStation is usually called via a program
link. Then it is to be taken into care that the aforementioned
command is linked with the program symbol. It is convenient
to make a copy MicroStation link and to change the attributes
of this link. In the dialog box Attributes, under Link,the option
-wuphidias should be appended to the destination
program. If the settings of the working environment of
PHIDIAS get lost for any reason, the original settings can be
restored by reinstalling the files PHIDIAS.UCF and
PHIDIAS.UPF from the CD.

After extensive personal adaptations of the defaults and
configuration it is advisable to make backup copies of the files
PHIDIAS.UCF and PHIDIAS.UPF, so that at a reinstallation
these settings do not get lost.

3.1 Load the Photogrammetric Application
PHIDIAS must at first be loaded as additional application
(MDL program) in MicroStation, so that the PHIDIASspecific functions are available. During installation of
PHIDIAS generally MicroStation is set up such that the
additional application is automatically activated at every start
of MicroStation. The user regularly does not need to take
care of the loadingof the photogrammetric application.
The photogrammetric component PHIDIAS consists of the
files
• PHIDIAS.MA and PHIDIAS.DLL
• MBUN.MA and MBUN.DLL
• MHOM.MA and MHOM.DLL
• MDVT.MA and MDVT.DLL
• MPAB.MA, MPAB.DLL and MPABGEO.DLL
which are stored according to installation in the directory
\...\mdlapps\
For that the MDL modules are automatically loaded at every
start of the program, proceed as follows (this is already
default in the workspace PHIDIAS):
1. First select the menu item Workspace >
Configuration...

2. In the dialog box Configuration there is as category the
item Design Applications which is selected with the
mouse.
3. Now from the list of the Available Applications, with the
button Add, all desired MDL modules can be transferred
now to the list of the Applications To Load.
4. With OK, the changes are accepted permanently.
At the start of MicroStation it is not pointed specially to the loading
process of the mentioned modules. Whether the application is active is
seen as the menu item PHIDIAS appears in the menu bar.

3.1.1 Load Manually
Should for any reason the loading process does not take place
– for example because you work with another workspace – it
can also be done manually. In the input prompt the following
command is to be entered then, for example:
mdl load phidias <ENTER>
or
mdl load mbun <ENTER>
If the modules could be loaded properly with the mentioned
commands, a suitable message appears in the command
window or in the status line. Via the menu item Extra >
MDL Applications you obtain at any time a list of the
loaded and available applications.

3.1.2 Unload Manually
The photogrammetric application PHIDIAS can be unloaded
manually again with, e.g.
mdl unload phidias <ENTER>,
or
mdl unload mbun <ENTER>,
what is not necessary, however, during normal application
operations.

3.2 Tentative Point (Snap Function) and Magnification
The allocation of the mouse buttons can be changed in
MicroStation arbitrarily (see documentation there). Thus by
default with the left mouse button a data point is placed or an
action is confirmed and the right mouse button is allocated to
the reset function with which functions can be cancelled or
selections rejected. The allocation of both keys should not be
changed.
The snap function (tentative point) is assigned in
MicroStation generally to the middle mouse button because it
is used relatively often.
At photogrammetric evaluation with PHIDIAS the middle
mouse button should remain reserved for the Magnification
function because this is used more often than the snap
function. With the magnification function any section of the
digital image can be magnified, so that individual image
positions can be localized with higher precision. The
magnification factor can be set arbitrarily between the values
1 and 8, with 3 as default.
The tentative point must be assigned in this case to another
key combination (e.g., left mouse button together with the Alt
key).
Internally the magnification function is realized in PHIDIAS
by the Cursor 3 of MicroStation. I.e. as long as the
photogrammetric application PHIDIAS is active, the Cursor
3 stands for the magnification.
While working with PHIDIAS we have in summary the
following key assignments:
Cursor 3 (Magnification)
Tentative point

middle mouse button
Alt + left mouse button

Binding of the mouse buttons during photogrammetric evaluation

Changing of the button assignments is done in MicroStation
as follows (already preset in the workspace PHIDIAS):

1. First the menu item Workspace > Button
Assignments... is selected.
2. In the list the line Cursor 3 is highlighted with the
mouse button.
3. The field Button Definition Area (labeled Press
here...) appears below the list box. The cursor is
moved onto this area and then the middle mouse button is
clicked. In the column Invoked by, Middle Button or
Button 3 should be shown now.
4. Afterwards in the list the line Tentative Point is
clicked which thus becomes marked.
5. As before, the cursor is moved onto the highlighted Button
Definition Area and then the key combination Alt + left
mouse button is pressed.
6. With OK, the changed button assignments will be kept
permanently.
Thus during later evaluation any image detail can be
magnified with the middle mouse button. The snap function of
MicroStation is now on Alt + left mouse button.

3.3 Cursor Size
By default, while entering data points the cursor in
MicroStation has the shape of a little cross. For
photogrammetric evaluation it is generally more helpful if the
crosshair extends over the whole screen, which is why at the
installation usually the crosshair cursor is set to the large size.
The adaptation of the cursor size is done as follows (it is done
generally at the installation of PHIDIAS):
1. The menu item Workspace > Preferences is
called.
2. In the list Category the item Input is selected.
3. Afterwards, under Pointer Size, the size can be
changed from Normal to Full View.

4. If the dialog box is left with OK, the big crosshair is now
available at data input.

3.4 Color Table
In MicroStation up to 256 different colors can be
distinguished at the same moment for representation of the
drawing elements. Internally it is worked with 256 color
numbers and is recorded in so-called color tables which
colour corresponds to which number. The color table are not
fixed, they can be adapted individually.
The digital images are loaded with PHIDIAS for the
photogrammetric evaluation in the view windows (views). If a
graphic mode with more than 256 colors is set (so-called High
Color or True Color), the attached color table PHIDIAS is not
relevant. The user thus does not need to worry about that.
For the case, nevertheless, that the graphics system used can
distinguish maximum only 256 colors (8 bits) and at the same
moment gray value images are given, it must be worked in
PHIDIAS with a special color table, so that the representation
of the gray values on the screen is very realistic.
The color table provided for PHIDIAS is after the program
installation available as a file PHOCAD.TBL by default in the
directory c:\phidias\. In order to use this color table, it
has to be activated. (This is in general already done at the
installation of PHIDIAS).
1. At first the menu item Settings > Color
Table... is selected. The dialog box appears for the
adaptation of the color table.

2. Under the point File > Open... another dialog box
is activated for opening a color table. Here the file
PHOCAD.TBL is selected in the directory \phidias\.
3. Then by pressing the button Attach the new color table
becomes available.
Now the new color table provides for the fact that the photos
are shown possibly realistically on the screen.
Should the color table file PHOCAD.TBL not exist, the color
chart can be regenerated in PHIDIAS also with a specific
command.
To this, enter in the keyboard command line the command
defcolors.

The above described generation of the color table is only necessary
– as already mentioned – if the current graphic mode is set to
maximum 256 colors and gray step images are used. Whether the
wrong color table is set, you recognize primarily by the fact that the
images are shown in low definition or with coarse gray value
gradation.

3.5 Seed File
Every new drawing in MicroStation is based on a so-called
seed file. Seed files are for their part usual drawing files
(DGN files) which contain certain defaults for the work with
MicroStation. For instance, three-dimensional drawings are
based on a seed file named seed3d.dgn. MicroStation is
delivered with several seed files for different areas of
application.
All drawings which are created with PHIDIAS within
photogrammetric evaluation, must be based on a 3D seed file.
This can be seed3d.dgn or – better - PHOCAD.DGN
This file is to be found in the directory
\phidias\
With the setup of a new project and the creation of a new
drawing the mentioned seed file should be given. Thus it is
also guaranteed that the color table (see chapter 3.4) necessary
for the correct representation of the photos is used.

3.6 Menu Extensions
The photogrammetric component PHIDIAS gets by with a
few additional commands. To the input of these commands
three possibilities are open to the user:
•

Input through toolbox icons

•

Inputs through the menu extension of the main menu

•

Inputs with keyboard commands in the Key-in window

The PHIDIAS toolbox-frame is opened using the menu item
PHIDIAS > Functions of the main menu.

Toolbox
"PHIDIAS"

The toolbox-frame contains further tool boxes (palettes)
which "can be pulled out" – as habitually done in
MicroStation. The meaning of the individual switches and
menu items is described in the following chapters of this
manual.

3.7 Environment Variable PHOCAD
The photogrammetric application PHIDIAS works with a
basic configuration whose settings can be used for most
practical projects. In detail these settings concern information
about the preferably used camera file, about the default
search-path for the images, about the reserved image memory
(RAM) etc. further details to the configuration you find in
chapter 4.4.
The mentioned configuration data as well as some other
information in connection with the project management are
administered in a so-called INI file, as a rule in a file named
PHOCAD.INI. So that it is guaranteed with every new project
that the identical INI file is used, an environment variable
named PHOCAD is set accordingly. The environment
variable must contain path and name of the INI file and is set
with the set command. For example
set phocad=c:\phidias\phocad.ini
According to installation the INI file should be in the
directory \phidias\ and be named PHOCAD.INI. Under
the operating system Windows the environment variable is set
in the system control.
Should the environment variable not be set or the given INI file not be
found, the program creates a new INI file in the current directory
which is filled then with default values.

4. Set up Project Environment
At the beginning of a new project the following steps are to be
carried out regularly:
1st Step
2nd Step
3rd Step
4th Step
5th Step

Create Project Directory
Acquire Camera Data and if necessary,
Control Points
Create New Drawing
Adapt Configuration if necessary
Adapt Settings if necessary
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Now the individual steps are described.

4.1 Create Project Directory
All files (images, drawings, point and orientation data) which
belong to a separate project should be stored for clarity in a
separate directory. For example,
e:\phidias\proj001\
In which way a new directory can be created depends on the
operating system and is not to be described at this place in
more detail.

4.2 Acquire Camera and Object Point Data
PHIDIAS does not assume the knowledge of the calibration
parameters of the used cameras (inner orientation) in general.
The calibration parameters can also be determined in the
course of the image orientation, provided that enough
observations exist. However, anyway the fiducial mark
coordinates and are required – for the orientation calculation –
approximate values of the camera parameters. If the camera
data are not known, estimated values must be assumed. It is
sufficient as a rule, if for the calibrated focal length the focal
length of the lens used is taken, and all other values are set to
zero.
The camera data become in a file with the name extension
KAM and the coordinates of the control points – as far as
available – in a file with the extension OPK. The acquisition
of camera and control point data can occur basically in three
ways:
•

With PHIDIAS own acquisition editor MSEDIT

•

or with the program module for the image orientation
(see manual PHIDIAS-MS Image Orientation)

•

or with a usual ASCII editor (e.g., NOTEPAD). This
possibility requires the precise attention of the data
formats.
As a rule the orientation program or the acquisition editor MSEDIT
should be used because thus the observance of the necessary data
formats is guaranteed.

4.2.1 Acquisition with MSEDIT
Together with PHIDIAS a program MSEDIT is delivered
with which simply and reliably the camera and control point
data can be entered.
The program MSEDIT is called from the operating system
level by entering
msedit <Enter>
Under Windows a so-called DOS box must be opened first.
Then the user can select which data are to be entered:
+------------------------------------+
| Input Control Points
|
| Input Camera Data
|
+------------------------------------+
Menu to access the data acquisition

4.2.1.1 Control Points
After the call of Input Control Points a window
appears at first for the definition of the File name.
+-------------------------------------------------------------+
| ENTER CONTROL POINTS ------|
| ----------------------------------------------------------- |
| Object Points in (.OPK) : E:\PHIDIAS\PROJ001\PROJX.OPK
|
| ----------------------- :
Start
|
+-------------------------------------------------------------+
Start mask at the beginning of control point acquisition

The control points are stored in the object point file (OPK
file), for this purpose the name of that file is to be defined.
The name of the OPK file – in this example projx – should be
identical with the project name (see chapter 5). Also the path should
correspond with the new project.

Provided that already object points are in the given file, these
are read after Start at first and are displayed on the screen.
No
---------102
103
104

X
---------101.460
100.000
101.460

Y
---------100.000
100.000
100.000

Z
---------100.000
102.655
102.655

Display of already acquired control points on the screen

In the respective last line of the point list the control point
data are entered in the mask fields. If the cursor is in the last
mask field, the input of ENTER causes the takeover of the
current record.
If the cursor is however in the list of the already acquired
control points, by the ENTER-key the suitable record can be
changed by operating.With DEL a record is deleted.
With ESC (perhaps repeatedly) the environment will leave
again the control points input. The program displays a
selection window to decide wether to save the acquired
control point data:
+-------------------------------------------------------+
|
Finish Input of Control Points; Save Points
|
|
Finish Input of Control Points; Do Not Save Points |
|
Continue Input of Control Points
|
+-------------------------------------------------------+
Options at finishing input of control points
The control point coordinates are often calculated with suitable
geodetic software. Then the coordinates of the object points are in
any form in a file. In these cases it will be more useful to copy these
data with an usual editor (‘copy and paste’) in the object point file
instead of invoking the data by hand. Pay attention in any case to
the correct data format of the object points, in particular to the flag
for the point type (see chapter 4.2.2).

4.2.1.2 Camera Data
The acquisition of the camera parameters takes place in
principle just like those of the control point coordinates. At
first it is asked for the file of the camera data:
+-------------------------------------------------------------+
| INPUT CAMERA DATA -----|
| ----------------------------------------------------------- |
| Camera Data in (.KAM) : E:\PHIDIAS\PROJ001\PROJX.KAM
|
| --------------------- :
Start
|
+-------------------------------------------------------------+
Start mask at beginning of camera data acquisition
As with the file of the object points the file name (e.g., projx) and path
should be identical with those entered at setup of the project.

The camera data consist of two groups:
•

from the calibration parameters like calibrated focal
length, principal point etc.

•

as well as from the required coordinates of the fiducial
marks or réseau crosses. The latter are required for the
transformation of the pixel coordinates measured in the
images in the camera coordinate system.

Calibration parameters
If already camera records exist, the calibration parameters are
listed on the screen. Otherwise the user gives the desired
values in the provided mask fields.
No.
---30
55

ro
c
xh
yh
---- -------- ------- ------20.0 37.2734 0.0245 -0.0814
20.0 28.0000 0.0000 0.0000

A1 e-4
-------0.2078
0.0000

A2 e-7 A3 e-10 B1 e-5
---------------------0.4064 0.0000 0.0000
0.0000 0.0000 0.0000

B2 e-5
------0.0000
0.0000

Display of already entered camera data. For each camera in the project there must be a record. For an
uncalibrated camera approximate values are to be entered.

The input of new data occurs in the mask fields. A complete
record is accepted if the cursor stands in the last mask field
and the ENTER key is pressed.
Fiducial mark definition
In order to enter or change the fiducial mark coordinates the
key combination Ctrl-R is pressed and the cursor must be in
the lines with already acquired records. With the fiducial mark
definition there are basically 3 possibilities:

•
•
•

Coordinates from up to 8 single marks
Use of a réseau file
Definition of a regular réseau grid

Therefore, to Ctrl-R a window with a suitable choice list
appears.
+------------------------+
|
1. Coordinates
|
|
2. Réseau file
|
|
3. Regular Réseau
|
+------------------------+
Choice menu for fiducial mark definition

Now the cursor beam must be moved in the desired definition
type which is selected with ENTER then.
– Fiducial mark definition by coordinates
The first possibility is the standard case of the fiducial mark
definition. Here can be entered the required coordinates of up
to 8 fiducial marks, which may be in an arbitrary arrangement.
At menu item 1. Coordinates the following mask
window is opened for input of the x- and y coordinates:
+------------------------------------------------+
| FIDUCIAL MARK COORDINATES
|
| ---------------------------------------------- |
| 1st mark x: -18.0000
|
|
y: 12.0000
|
| 2nd mark x: 18.0000
|
|
y: 12.0000
|
| 3rd mark x: 18.0000
|
|
y: -12.0000
|
| 4th mark x: -18.0000
|
|
y: -12.0000
|
| 5th mark x:
0.0000
|
|
y:
0.0000
|
| 6th mark x:
0.0000
|
|
y:
0.0000
|
| 7th mark x:
0.0000
|
|
y:
0.0000
|
| 8th mark x:
0.0000
|
|
y:
0.0000
|
+------------------------------------------------+
Dialog box for the input and change of required coordinates for the
fiducial marks. If no coordinates have been acquired yet, all values are set
to 0.0.

By entering Ctrl-Z the dialog box is closed again and the
current fiducial mark coordinates are accepted.With ESC the
window closes without change. Only coordinate pairs are
accepted with at least one coordinate (x or y) different from
0.0. Moreover, there must not be identical coordinate pairs.

The order of the fiducial marks is fundamental arbitrarily. The
numbering and definition of the fiducial marks in the following sketch
serves as a suggestion and in the interest of the uniformity this order
should be kept.

Suggestion to the definition of the order of the fiducial marks using by default 4 or 8 fiducial
marks. Basically the number can lie between at least 2 and maximum 8 and it should be taken
care of a favorable distribution above the whole image plane. Even if basically only four
fiducial marks are to be measured, it is advisable to enter the coordinates of all 8. At the later
fiducial mark measurement undesired marks can simply be skipped; if, however, a mark is not
visible because of lacking contrast, then replacement marks can easily be used.
Nowadays digital cameras are often used in practice. In this case the size of the sensor should
be found out and then the coordinates of the 4 corners may be deduced from these values (see
the left figure).

– Fiducial mark definition by réseau file
This definition type is provided for highest accuracy demands.
A camera with a réseau grid is assumed whose grid crosses
have been measured with high accuracy. The calibration of
the grid crosses usually takes place on a comparator before the
installation of the réseau plate and must in general be
requested separately from the manufacturer. The results of the
réseau calibration are exact required coordinates for each
cross which are stored as a list in a file. In every line stands a
coordinate pair, beginning with the cross in the upper left
corner and then continuing row-wise.
If the definition type 2.Réseau File was selected, it
appears in the lowest line of the screen a field for the input of
the file name. The name of the réseau file is arbitrary in
principle, as default file extension should be used .REF. For
example:
E:\PHIDIAS\PROJ001\PROJX.REF
The input is accepted with ENTER; with ESC the input
process is cancelled without changes.
– Fiducial mark definition by a regular réseau grid
If the camera is equipped with a réseau plate and higher
accuracy demands are desired, a regular réseau grid can be
defined. For this, only the number of rows and columns as

well as the distances between the crosses are entered. It is
assumed that the réseau plate was manufactured with
sufficient accuracy, what will do in most cases of application.
The menu item 3. Regular Réseau leads to another
dialog box for specification of the réseau grid.
+----------------------------------------+

|
|
|
|
|
|
|

RESEAU GRID
---------------------------------Number
x: 7
y: 5
Distance x: 5.5000
y: 5.5000

|
|
|
|
|
|
|
+----------------------------------------+
Dialog box for the definition of a regular réseau grid

Now here the suitable parameters are to be entered which are
to be inferred usually from the manufacturer's information.
The inputs can be accepted with Ctrl-Z.With ESC the dialog
box is closed without changes again.
The input and change of the camera parameters and those of
the control points are basically identical otherwise. The
camera data input will leave with ESC. Then the possibilities
with regard to saving at the end of the camera data acquisition
are:
+-----------------------------------------------------+

| Finish Camera Input; Save Data
| Finish Camera Input; Do Not Save Data
| Continue Camera Input

|
|
|

+-----------------------------------------------------+

Options at finishing the camera data input

4.2.2 Manual Acquisition
The camera and object point data can be entered alternatively
also by hand with a usual editor. Every record must stand in a
separate line.
The following data formats are to be noticed:

4.2.2.1 File of the Object Points (.OPK)
Example: 41 7 881.734 531.331 106.003
41 point number
7 flag (7=control point, 8=tie point, 9=datum point,
10=inactive point).
881.734 X coordinate

531.331 Y coordinate
106.003 Z coordinate

The above enumerated elements must be completely (even if
the value is 0.0), otherwise the record is not complete and is
ignored.

4.2.2.2 File of the Camera Data (.KAM)
Example: 3 1 20.0 35,000 -0.0213 0.1776 0.0010 0.002 0.003 0.004 0.005 (..)
3
1
20.0
35.000
–0.0213
0.1776
0.0010
0.0020
0.0030
0.0040
0.0050

camera number
flag (1 = active, –1 = inactive)
r0 – zero-crossing of the curve for the radial-symmetrical distortion
c – calibrated focal length in mm
Xh – principal point position (x coordinate) in mm
Yh – principal point position (y coordinate) in mm
A1 – 1. polynomial coefficient of the radial-symmetrical distortion (10-4)
A2 – 2. polynomial coefficient of the radial-symmetrical distortion (10-7)
A3 – 3. polynomial coefficient of the radial-symmetrical distortion (10-10)
B1 – 1. polynomial coefficient of the tangential distortion (10-5)
B2 – 2. polynomial coefficient of the tangential distortion (10-5)

The above enumerated parameters must be complete, otherwise the record is not
correct and is ignored.
In addition, yet the data of the fiducial marks are appended to
each line in case, thus, for example, with 4 marks:
Example: (..) 4 -18.000 12.000 18.000 12.000 18.000 -12.000 -18.000 -12.000

–18.000
18.000
18.000
–18.000

4
12.000
12.000
–12.000
–12.000

number of fiducial marks
coordinates of the 1st mark
coordinates of the 2nd mark
coordinates of the 3rd mark
coordinates of the 4th mark

As the first number the amount of fiducial marks must stand.
Then the coordinate pairs of the suitable marks will follow.

4.3 Create New Drawing
The graphic result of a photogrammetric evaluation with
PHIDIAS becomes more exactly said in a MicroStation
drawing, in a DGN file. That is why the first step – after
MicroStation was started – is to create a new, at the
beginning still empty drawing file. This process does not
differ basically from the approach like with every other new
drawing which is made with MicroStation; for PHIDIAS
only one special seed file is used.

1. After the start of MicroStation the dialog box for the
creation of a new drawing is opened from the manager
with the command sequence File > New...
(If MicroStation is already loaded, the same menu item can
be selected in the main menu.)
2. The name of the drawing file is entered in the dialog box.
The drawing usually gets the same name like the project,
for instance , projx.dgn. As directory the project
directory (see chapter 4.1) should be entered.
3. For the creation of a new drawing the seed file must be
still specified. All drawings for the evaluation with
PHIDIAS are based on 3D seed files, e.g. ,
PHOCAD.DGN in the directory \phidias\ (compare
chapter 3.5).
Thus a new (empty) drawing was created and the user is in the
CAD environment of MicroStation.

4.4 Adapting Configuration
Under the concept Configuration in PHIDIAS different
parameters are defined which apply project-general to a
workplace or a company. The adaptation of these parameters
is not mandatory, nevertheless, it contributes to a simplified
use.
The configuration parameters are administered in a dialog box
which is opened as follows:
1. One selects the menu item PHIDIAS > Configuration.
or
On the keyboard the command phocad config is
entered in the key-in field.

Then the dialog box Configuration appears on the screen.

Dialog box for the
PHIDIAS configuration

The configuration parameters consist in detail as follows:
Camera File

Source file for the camera data
If a project is newly created, the program searches at first for a
KAM file which corresponds with the project name. If such a
file does not exist yet, it is attempted to make a copy using the
source file.

Folder Images

With the naming of a camera file it can be provided in an easy
manner for the fact that with all projects the same camera data
are used.
The input of a file name is only necessary if the same control
point coordinates apply to all projects. An entry, e.g., by the use
of control point frame in the industrial quality control is
convenient.
The input of a file name is only necessary if for all projects
identical additional observations should be used.
Default search-path for the images

Image Type

If a valid search-path is given, the program looks at first here for
images. Therefore, in every file name dialog the given place is
automatically set; then the disk drive and directory does not
need to be changed.
Default file name extension of the images

Control Point File

Additional Observations

RAM for Images max. MB

With every file name dialog the name extension set here is used
for the display mask (e.g., *.TIF). Valid image file types are
TIF, JPG, BMP and PCD.
Amount of RAM to be used for loaded images in MByte
(default is 100 MByte)
The operating speed of PHIDIAS can be increased clearly if the
images – very completely – can be loaded in the RAM, because
then braking accesses to the hard disk remain undone.
Nevertheless, the program needs the explicit information of the
free memory.
Generally the value to be entered here depends on the operating
system and the equipment of the computer. At least approx. 16 –
30 MB are used under Windows by the RAM for the operating

system and MicroStation.
Because the values given here are not in general valid, possibly
the RAM size is to be determined experimentally. If the value is
set too high, this becomes in case apparent by a clear decrease in
execution speed of MicroStation, because program code must
be swapped out. In this case the value must be reduced again.

With OK, the information is stored in the configuration file of
PHIDIAS.

4.5 Settings
The menu item PHIDIAS > Settings or the keyboard
input phocad settings leads to a dialog box which
allows project-specific settings:

The setting possibilities refer in detail to the following data:
Point Size
Active Points
Inactive Points

Within the scope of the image orientation among other things
the image coordinates of the control points and tie points are
measured. Then every measured point is marked on the screen
with a circle and the accompanying point number. The
appearance of these point numbers can be adapted if required.
With Point Size the text height and text width of the point
numbers is changed. By default the value 1.0 stands here. An
adaptation of the size value can for example be convenient if the
graphics screen is set to a very high resolution (more than 1280
x 1024) because then the point numbers are only badly legible.
The registered number is to be understood as a factor: then with
2.0 – as an example – the point numbers would be shown in
double size.

Target Distance

Beyond it, the color in which the point numbers are displayed
can be changed. In particular with color images this can be
attached if the photos own about one mainly reddish image
contents. In this case the contrast of red point numbers would be
too unfavorable. The color for active points and inactive points
can and should be chosen differently. With the first
measurement of the image points all points are active generally.
Nevertheless, if necessary some points are excluded in the
course of the image orientation by the calculation because, e.g.,
faulty measurements are. Then these points are inactive and can
be distinguished by the different color very easily.
The target distance determines the coarse distance between
camera position and object. The front and back representation
depth in the view as well as the size of the AccuDraw compass

is dependent on this value.
A too small value leads to a too small AccuDraw compass, a too
large value leads to a too largeAccuDraw compass and to
inexact representation. Arcs are shown, for example, as
polygons.
Epipolar Lines

Distortion exact

Default is 10.0.
For the evaluation in several images at the same time the socalled Epipolar Lines can be helpful. An epipolar line is the
projection of the baseline in the respective image planes, thus
the projection of the connecting line between two exposure
stations.
As soon as a point is measured in at least one image, the epipolar line is determined and can be shown in all oriented images.
Then all other homologous points in the remaining images must
lie in theory on the respective epipolar line. The epipolar lines
should be used principally for the coarse localization of the
homologous image points. Looking up these points succeeds as
a rule more easily and more reliably if it can be searched along
the epipolar line. One should on no account carry out the
measurement of the homologous image points in such a way
that the point will lie exactly on the epipolar line. The actual
measurement of the points should take place only based on the
representation in the photos, notwithstanding the epipolar line
The lens distortion is by default averaged over the whole area of
the view. Therefore, with lenses with strong distortion it can
arrive that lines do not agree exactly with the image lying
underneath. By zooming in the shift disappears again.
To obtain an exact representation also with strong distortion in
every zoom step,the distortion correction can be applied to the
images. If this switch is active, the images are so transformed
before the representation in the view that the distortion is
compensated. Because this process takes up time and hard disk
space at the first loading of the images, this option is switched
off by default.

Photo-CD Resolution

If this option is switched on, a transformed copy is created in the
preview directory ProjectName.prv for every image under the
name ImageNumber.img. If the transformed image already
exists, it is loaded immediately without delay. In case of
insufficient storage these files can be deleted. They are
automatically regenerated if required.
Here for images in the PCD format you can choose the
resolution. The value is stored in the project file and applies to
all images in the project. An individual setting for individual
images is not possible.
Possible resolutions are:
192 x 128
384 x 256
768 x 512
1536 x 1024
3072 x in 2048 (default)
If the setting is changed after the fiducial marks or réseau
measurement, the fiducial mark measurement must be repeated.

5. Project Management
All data are administrated in PHIDIAS project-wise. The
parameters related to the photogrammetric evaluation are
stored in a so-called project file (PRJ file), i.e. in a file with
the name extension PRJ, as well as in a PHO file (extension
PHO).
In connection with PHIDIAS are the following actions of
importance:
Set up New Project
Open Existing Project
Save Project
Close Project
Change File Names
Adapt Project Dimensions

Chapter 5.1
Chapter 5.2
Chapter 5.3
Chapter 5.4
Chapter 5.5
Chapter 5.6

5.1 Set up New Project
To set up a new project the following steps are to be done:
1. Choose the function new project from the toolbox
PHIDIAS-Project
or
activate the menu item PHIDIAS > Project >
New...
or
enter on the keyboard the command project new.
2. A dialog box New Project appears for the new creation of
a project. The name of the new project is entered in the
suitable input field, for example, projx.prj. As
directory the project directory created before is to be
chosen as a rule (chapter 4.1).
3. With OK, the new project is accepted.
Now the further proceeding depends on whether a camera
file with the same name (here projx.kam) exists. If
such a file already exists, the dialog is finished and the
project is created.

If no camera file of the same name exists, there are two
possibilities:
a) If under the menu item PHIDIAS > Configuration
a valid camera file is defined as source, this is used. Then
a copy of the camera file defined there is automatically
created.
1. If a source file does not exist, another dialog box Define Camera File appears. Now
the user must give an available camera file which can serve as a copy source. The
name of the camera file plays no role; the file must contain only all camera records
required within the project.
With OK, the choice of the camera file is confirmed.
A new project is created thus with all necessary basic settings.

5.2 Load an Old Project
If an already existing project is to be worked with, only the
corresponding project file (PRJ file) has to be loaded.
1. Choose in the toolbox PHIDIAS-Project the function
Open Project
or
select the menu item PHIDIAS > Project >
Open...
or
enter the keyboard command project open
2. In the dialog box Open Project appearing now the desired
project file is marked by mouse click. If necessary the
directory must be changed.
Then with OK, the respective project is opened and is
available for processing.
If you choose the function Load Photos and no project has
been opened or newly created yet, the dialog Open Project
automatically appears first.

5.3 Save Project
In PHIDIAS all project data are automatically saved in
principle if the program leaves or a project is closed (chapter
5.4). In the normal operation the user must not take care of the
permanent saving of the data.
Independently from this the project data can be saved any
time occasionally.
1. Choose in the toolbox PHIDIAS-Project the function Save
project
or
Choose the menu item PHIDIAS > Project >
Save
or
Enter on the keyboard the command project save
A suitable message appears as confirmation of the saving
process in the status bar of MicroStation.
The project will be saved automatically when the orientation
program (bundle adjustment) is called.

5.4 Close Project
At quitting PHIDIAS or MicroStation there principally
appears an inquiry whether the current project should be
saved. The inquiry likewise appears if a new project is opened
and the old project has still unsaved changes.
To close the project during the evaluation – without ending
the photogrammetric application – can be convenient, for
example, if the images are no longer needed, in order to work
on the drawing exclusively with the CAD functions of
MicroStation.
1. Choose in the toolbox PHIDIAS-Project the function
Close Project
or
Choose the menu item PHIDIAS > Project >
Close
or

enter on the keyboard the command project close.
Afterwards the loaded images disappear from the views.

5.5 Change File Names
Within a project different files are required, most of which are
needed for the image orientation. The names of these files are
derived generally from the project name and the difference is
made by the file name extension. Thus, for instance, the file of
the object point coordinates has by default the extension OPK.
In special situations deviating from the default names can
become necessary, thus for instance if a certain camera file
(KAM file) is to be used. For these cases the names of
individual files can be changed specifically.
1. The dialog for changing of file name is opened by
selecting the menu item PHIDIAS > Project >
Files
or
on the keyboard with the command project files
Then the dialog box PHIDIAS Project Files appears with all
file names of the current project. Then in the text fields you
can carry out the desired changes.

Dialog box for
changing file names

All files which already exist in the given directories are
marked with a little cross.

If the project files were moved into another directory or were
copied, an adaptation of the file names is necessary. In this
case the directory path can be changed for all files uniformly
if the button Change Folder is clicked. Then the dialog box
Select New Directory for the definition of the new directory
path will open. Pay attention with the information of the new
directory to the fact that this also exists; otherwise the change
is not accepted.
This function causes only one change of the directory names
in the project file. The files are not moved.
The changes are accepted with OK, otherwise the names are
preserved.

5.6 Adapt Project Dimensions
Basically there are in PHIDIAS no restrictions concerning the
project size. Nevertheless, for programming reasons some
information referring the project dimensions must exist, so
that the suitable memory can be provided.
With every new installation of a project the default dimensions are automatically accepted which might be sufficient for
most practical application cases. These dimensions are in
detail:
images per project
object points (control points and new points)
models (created in the relative orientation)
additional, non-photogrammetric observations

200
5000
1000
1000

1. The adaptation of the project dimensions is done in the
submenu PHIDIAS > Project > Dimension...
or
with the keyboard input project dimension
Thus, for example, by default maximum 200 images can be
processed in a project. If the project dimensions exceed the
defaults, they have to be adapted accordingly. Among other
this will be necessary, if the execution of the image orientation aborts with the reference to too little memory.
In the dialog box Project Dimension you can enter now the
necessary values.
If the dialog box is closed with OK, the new dimension
information is accepted. However, the new settings for the

project dimensions are effective only when the project is
reopened. Therefore, a change of the dimensions leads to the
inquiry whether the project should be reloaded. A confirmation with OK, possibly entails loaded images to be removed
from the views and reloaded. If you choose the switch
Cancel, the settings become effective only by the next
opening of the project.

In single cases – e.g., with photogrammetric deformation
measurements – in comparison to the number of images
overproportionally many image points are measured. The
purpose of the image point measurement lies in these cases
less in the orientation of the photos than rather in the highprecise determination of the object points. Then the whole
number of measured image points grows fast to several
thousand.
In this connection it is important to know that the number of
the measurable image points is also limited. This limit
depends indirectly on the before-mentioned project
dimensions, namely the following formula is valid:
Max. image points = (images * object points) / 10
If the maximum dimensions are set for the images, for
instance, at 50 and for the object points at 1000, up to 5000
image points can be measured as a maximum within a project.
As soon as this limit is reached, the program displays a
corresponding message; then no more points can be measured.
As a remedy the dimension values simply are to be increased
for the images and/or for the object points and the
measurement can be continued afterwards.

6. Load Images
For the purpose of evaluation or for the image point
measurement the images are loaded in the suitable view
windows of MicroStation (views). Several images can be
displayed always at the same moment. In MicroStation up to
8 views and thus 8 images are displayable at the same
moment and for ergonomic reasons, at most 4 images per
screen should be worked on simultaneously.
The command sequences which are necessary for loading an
image as well as if necessary for removing are described in
this chapter. The measurement of the image points is carried
out for the orientation calculation.
Load Images

Chapter 6.1

Remove Images

Chapter 6.2

Change Display Mode

Chapter 6.3

Select Images by Visibility

Chapter 6.4

6.1 Load Images
A desired image is loaded in PHIDIAS as follows:
1. In the toolbox PHIDIAS-Project the function Load Image
is operated to load the images,
or
in the main menu the menu item PHIDIAS > Images
> Load is activated,
or
in the command line the command photo load is
entered.

The dialog box ImageCenter (IC) for the management of the
images appears.

Dialog box for loading
images

All images belonging to the project are stored in a list, so that
they can be called later comfortably once more. At the
beginning of a project this list is empty at first.
Press the switch Add to add new images to the list. The dialog
box New Photos opens.
Enter in the field Next Image No. the number (ID) for the next
new image and select the corresponding camera from the
selection list Camera. Here you can select among the cameras
which have been entered in the camera file before (see chapter
4).
If the switch Select Images is pressed, the dialog box Select
Images opens, where the images can be selected comfortably
with the mouse.

As Camera the number of the camera is defined which was
used to take the photos. Thus the assignment of the respective
camera to the photos takes place.
With OK, the inputs are accepted and we are back in the
dialog box Image Center. Now the image specified before
should appear in the list.
Define now the View in the section Load Photos in which the
image are to be loaded.
Decide whether the image is to be loaded to Point
Measurement or for Evaluation.
Principally in PHIDIAS the loading modes Point
Measurement and Evaluation are distinguished. For
the preparations of the orientation calculation, thus the
image coordinate measurement, it is loaded in the
mode Point Measurement. At the later image
evaluation – i.e. after the orientation calculation – the
mode Evaluation must be chosen however.
By clicking the button Load the loading process begins. This
takes some seconds, depending on the size of the image the
available RAM.
Images can be also loaded by a double click on the
corresponding line in the image list in the next free view.
Then oriented images are loaded in the mode Evaluation and
not yet oriented images in the mode Point Measurement.
Whether a measurement of fiducial marks or réseau was done
and whether the images have been oriented, you recognize by
the flag in the first column of the list:
__
+_
++

No fiducial marks resp. réseau transformation saved
Fiducial marks resp. réseau are mesasured
Fiducial marks resp. réseau transformation saved and
orientation calculated

Finally the dialog box (IC) to load the images can be closed
again. Click for this the button Close.
If the images are stored in the project list permanently, they
can be comfortably recalled. If images from the project list are
to be removed, the following is to be done:
1. The respective image is to be marked in the list with the
mouse cursor. Several images can be marked using the
Ctrl- key or by dragging the cursor.

2. Afterwards the button Remove is clicked. If the following
inquiry is confirmed with OK, the marked images
disappear from the list.

6.2 Remove an Image From the View
Sometimes one wants to work in a view without the photo in
the background. For these cases a specific image can be
unloaded again.
1. The function Remove Image in the toolbox PHIDIASProject is activated
or
the menu item PHIDIAS > Images > Remove is
selected
or
in the keyboard command line the command photo
unload is entered.
Then the view must be choosen by a mouse click. The data
point can be at any place.
Afterwards the respective image disappears from the display
and the drawing can be worked on in the view as usual by
MicroStation habitually.The photogrammetric function of
PHIDIAS (compare chapter 10) then is no longer active – in
this view.
Furthermore, by clicking the button All Views in the settings
dialog box it is possible to unload all images all at ance.

6.3 Change Display Mode
To switch the mode of a loaded image quickly from Point
Measurement to Evaluation without searching in the image
list, the function Change Photo Mode can be applied.
1. Choose this from the toolbox PHIDIAS-Project by the
function Change Photo Mode
or

enter the command photo change mode in the key-in
line.
By clicking the suitable view the mode will be changed or –
as an alternative – the buttons All Images ... in the settings box
are used for changing all images at once.

6.4 Select Images by Point Visibility
In large projects with hundreds of images it is sometimes
difficult to find the best image with the small preview window
or with the dynamically displayed camera position and angle.
In this case it is possible to preselect only images in which a
sspecific 3D-point could be visible.
1. Choose the tool Select images by point visibility from the
toolbox PHIDIAS-Project
or
enter the command photo visibility in the Key-in
field
2. In the Tool Settings box enter the maximum distance
between the selected point and the camera position.
3. Place a Datapoint. In most cases it is useful to snap to an
element with Tentative button and then press Data button.
4. All images with the selected point within the distance
limit and inside the camera viewing angle are listed in a
dialog box. The list contains the image number, the
distance and the file name for each image.
5. Choose the images to load by clicking in the list or click
on All to choose all images, then click on OK.

6. The chosen images are selected in the Image Center and if
Show Camerapos. Is selected, for each image the camera
viewing angle is displayed with dashed lines in all views.

7. The selected images can be loaded into the views by
clicking on Load. If more than one image is selected, they
are loaded in consecutive views starting with the selected
view number. Up to 8 images can be load at once.

6.5 Change Settings of the Project Images
1. Select the menu item Functions > Change
Settings in the Image Center to adapt the image
number, the assigned camera or the file name of an image.

If you have changed the settings of an image loaded in a view
and have confirmed with OK, the image will automatically
unload. You must reload it then.
Pay attention to the fact that under some circumstances stored
fiducial marks or réseau measurements become invalid. This is,
e.g., the case if another camera with different definiton of the
réseau grid or other fiducial mark coordinates is selected or the
digital image is replaced with an a new image. Already calculated
orientation results become of course likewise invalid, if the
digital image is replaced or another camera is assigned.

6.6 Create or Remove Previews
If the button Preview is activated, little previews are
automatically created in the Image Center with the first
loading and are stored in the preview directory
ProjectName.prv. They are named ImageName.ico.
If images are replaced or are rescanned, these previews can
become invalid. To update them, simply mark the relevant
images in the list and choose the menu item Functions >
Create Preview. Then the marked images are loaded
successively in the selected view. The process can be
cancelled with the key combination Ctrl-C.
To release storage space, you can also delete the previews.
Choose the menu item Functions > Remove Preview
to delete the preview files of the marked images.

6.7 Create / Delete Images with Exact Distortion Correction
If the PHIDIAS setting Distortion exact is activated (see
chapter 4.5), the transformed images are likewise filed in the
preview directory ProjectName.prv. They get the name
ImageName.img.

Because the creation of the images corrected for distortion
takes up a little time under circumstances, the transformations
can be also carried out automatically. Mark the relevant
images in the list and choose – in the dialog box Image Center
– the menu item Functions > Distortion
Correction.
Pay attention to the fact that the corrected images are stored in
uncompressed form and accordingly there has to be much free
storage space on the hard disk. The process can be cancelled
with the key combination Ctrl-C any time.
If the corrected images are no more required, the storage
space can be released, as the transformed files are deleted.
Choose for this the menu item Functions > Delete
corrected images. Then the files belonging to the
marked images are deleted. While the toggle button Distortion
exact of the PHIDIAS settings is active, the images are
automatically created at the next loading, nevertheless.

6.8 Rotate Images
Using the the menu item Functions > Rotate makes it
possible to rotate images in the view without modifying the
original file. To this, the designated images are selected in the
image list and then the rotation order has to be selected. The
following options are possible: Normal, Right 90°, Left 90°
and 180°. The rotation follows immediately and all loaded
images are refreshed in their views.

7. Fiducial Mark Measurement
All points in the photos refer according to coordinates in the
image system, i.e. the points are determined firstly in pixel
coordinates. For the use of the images in the photogrammetric
evaluation the points must be transformed in the coordinate
system of the camera. This is done using the fiducial marks
which are given as identical points in both systems (image and
camera system). The commercial imaging cameras for
photogrammetric close-range applications are equipped in
some cases with a réseau, i.e. in these cases the fiducial marks
are represented by the réseau crosses.

Nowadays, digital cameras are mostly used and therefore
fiducial marks do not really exist in the images. In this case
the corners of the CCD-sensor must be taken instead of this.

7.1 Overview of the Fiducial Mark Measurement
With the fiducial mark measurement in PHIDIAS three
approaches can be distinguished in principle:
Measurement of Up To 8 Fiducial Marks with setting of
required coordinates
Measurement of a Regular Réseau Grid
Automatic Matching of Image Corners (i.e. without
fiducial marks)

Chapter 7.2
Chapter 7.3
Chapter 7.4

The fiducial mark measurement takes place in all procedures
using a dialog box in which the process of the measurement is
controlled. This dialog box consists in detail of the following
elements:

Dialog box for the measurement up
to 8 (here 4) individual fiducial marks

Dialog box for the measurement of
a regular réseau grid

Graphical Fiducial Mark Overview
In the left, upper area of the dialog box all in principle
measurable fiducial marks are shown schematically by little
crosses. All marks should be visible here which have been
defined before in the camera file (see also chapter 4.2). The
overview field is required with the manual measurement by
fiducial marks, because every measurement begins with the
suitable mark first being identified in this field with the
mouse.
Info field
The info field is under the fiducial mark overview. In this area
different information such as the coordinates of the current

fiducial mark or the calculated residual discrepancies are
shown during the measurement.
Button 'Automatic'
If the fiducial marks are shaped by réseau crosses, these can
be automatically measured by the program. This method is
very quick and delivers in general also more accurate results
than the purely manual measurement. As precondition at least
2 (arbitrary) crosses must be measured at first by the user.
Then the positions of the remaining fiducial marks can be
predicted, so that the automatic measurement becomes
possible.
Button 'Delete All'
The measurement of the fiducial marks can be often repeated
basically arbitrarily. In each case applies the last measurement. Every measured mark is marked in the loaded image
(view) and the graphical fiducial mark overview in red. With
the button 'Delete All' the measurements and markings can be
removed for all fiducial marks.
The measurement of a single mark can be deleted with the Reset
key. For this, the corresponding cross is clicked in the dialog box
with the right mouse button.

Button 'Image Corners Auto'
By the use of digital cameras the matching of the fiducial
mark coordinates can occur to the image corners
automatically.
With the help of one of the switches UL, UR, LR or LL you
determine the orientation of the image in the view. It is fixed
where the upper left pixel of the CCD chip is in the view.
Button
UL
UR
LR
LL

Position of the upper left
image corner in the view
Top left
Top right
Bottom right
Bottom left

Rotation
normal orientation
90° rotated right
180° rotated
90° rotated left

On operating the suitable button all four fiducial marks are
assigned to the image corners and the measurement is saved
immediately.
The automatic matching of the image corners can be used in
principle also for (analogous) cameras without fiducial marks.
However, clear accuracy losses are to be expected.

Further remarks in chapter 7.4.
Button 'Copy Parameters'
In most cases all images of a project have been made with the
same camera and same rotation. Thus they have the same
fiducial marks and it is sensible to copy the parameters. As a
precondition one must select all images in the image list of the
Image Center, which should obtain the same parameters. It is
important to do this before activating the function Mesasuring
Fiducial Marks. By clicking the button ‘Copy Parameters’ all
selected images will get the transformation parameters of the
current image. But images which have already transformation
parameters assigned, will not be changed. The parameters will
only be copied to images without transformation parameters.
Button 'Save'
The fiducial mark measurement and the transformation
parameters derived out of this for the transformation of the
original pixel coordinates into image coordinates are not
saved automatically, except in the case of direct coordinate
assignment to the image corners of digital cameras. The result
is shown at first only graphically in the form of residual
discrepancy vectors whose correctness or plausibility can be
assessed so. That is why it is necessary in any case that the
fiducial mark measurement is saved.
Button 'Close'
If the fiducial mark measurement has been carried out for all
loaded images, the dialog box can be closed again with this
button. Unsaved measurements get lost herewith.
Toggle button 'Réseau automatic'
If the fiducial marks have the shape of réseau crosses, it is
possible to measure their centers automatically. The program
has suitable image processing algorithms which lead to
fiducial mark measurements of sub-pixel accuracy.
Then in the practical proceeding this means: Every time when
the magnifier is opened near a réseau cross, the program tries
to automatically determine the center of the mark. Whether it
has succeeded can be recognized by the fact that the crosshair
cursor (in the magnification) was positioned on the cross
center. If the crosshair is missing in the magnification, the
cross center could not be determined. A possible cause is that
the contrast may not be sufficient or that the first

approximation – the place where the magnification was
opened – does not lie tightly enough at the mark.
If the switch 'Réseau automatic' is inactivated or fiducial
marks are of other types, the marks must be measured by
hand. Every manual measurement should take place
exclusively under aid of the magnification, so that the
measurement takes place in an enlarged section. For this the
cursor is moved near the suitable position and then the middle
mouse button is pressed. Then the current section is displayed
magnified in an own window named Magnification and the
coordinate measurements can be done in this window with
higher accuracy. The magnification factor is by default set to
3 and can be changed by the user.
If the réseau cross is not or only badly visible due to a too
dark background, the image can be lightened with the gamma
controller. A gamma value greater than 1.0 increases the
contrast in dark image areas, the image becomes brighter. A
value below 1.0 increases the contrast in bright areas and the
image becomes darker.

Gamma 0.7

The gamma value set in the magnification is also applied to
the views, as soon as they are updated. Therefore, you should
reset the original value (default 1.0) again, if you want to see
the effect only for a single cross in the magnification.
You can carry out a permanent setting of the gamma value
under the menu item Workspace > Settings in the
category View Window and there in the field Gamma
correction. At the next start of PHIDIAS the new value will
be set as default in the magnification.

Gamma 1.3

If the middle button is pressed and the mouse cursor is located
in the magnification window, the crosshair for the
measurement appears. As long as the button remains held
down, the crosshair can be moved to the desired position.
With releasing the mouse button the crosshair stops. If then a
data point (left mouse button) is placed in the magnification
window – and only here –, the actual registration of the
coordinates takes place, i.e. the point or the mark is measured.
Text field 'Scale'
After all fiducial marks have been measured, the program
determines the parameters for the image coordinate
transformation. At this remain so-called residual discrepancies
which are then displayed in the fiducial mark overview as
discrepancy vectors. With the help of these vectors one can
grasp possible wrong measurements at a glance. The length of
this discrepancy vectors can be adapted with the value of

'factor', if the representation is too small or too large. 1.0 is the
default.
Text fields for the regular réseau grid
The text fields 'Columns', 'Rows', 'Dist. Columns', 'Dist. Rows'
and 'Smooth' are used in connection with the measurement of
a regular réseau grid.
The geometry of the réseau grid can be changed by the
definitions of the number and the distances of crosses. Here
the information from the technical manual of the imaging
camera is usually to be entered. The adjustment of the réseau
grid is controlled by the smoothing factor. The adjustment
provides that, on the one hand, missing spots are bridged, and
on the other hand, the measuring inaccuracies between
neighboring crosses are homogenized. The degree of the
homogenization depends on the smoothing factor which
should lie between 0.1 and 1.0, if possible. By default, 0.1 is
used.

7.2 Measurement of Fiducial Marks
The measurement of single marks is the standard case of the
fiducial mark measurement. The up to 8 fiducial marks can in
principle be freely positioned, i.e. the fiducial mark can be
irregularly arranged.
The required coordinates of the fiducial marks are stored in
the camera file, see also chapter 4.2. In the following it is
assumed that this has already happened.
The fiducial mark measurement is carried out for every image.
The following steps are to be done for this.
1. The measurement is initiated in each case by the function
Fiducial Marks / Réseau in the toolbox
PHIDIAS-Project
or
the menu item PHIDIAS > Fiducial Marks /
Réseau is selected,
or
with the keyboard input frame measure

2. Now the program asks for the view with the respective
image to be measured. With a data point (left mouse
button at any place) the corresponding view is specified.
Then the dialog box Fiducial Marks is opened by which all
further actions are controlled. In this dialog box all available
fiducial marks are shown schematically as crosses.

Dialog box for
measuring fiducial marks

3. As a rule the option switch 'Réseau automatic' should be
activated if the fiducial marks are shaped as réseau
crosses. Then through this the program tries every time to
determine the cross center automatically. This is usually
more precise, than a purely manual measurement.
4. Now the first fiducial mark must be measured. At first the
desired mark is clicked with the mouse in the overview
field of the dialog box; then the suitable cross is shown in
bold type. In addition, the required coordinates of the
clicked mark are shown in the Info field.
With the help of these coordinates the approximate position of
the fiducial marks can be estimated. In the further course it is
absolutely important that the corresponding fiducial mark is
looked up in the photo. Otherwise there may result serious
errors in the image point measurement which are under
circumstances only difficult to discover. In particular, rotated
photos should raise attention. The shown required coordinates
are a valuable help to avoid mix-ups.

5. Now the program expects the measurement of the mark in
the photo. For this the screen window is magnified with
the magnification function (middle mouse button). If the
fiducial mark is a cross and the option 'Réseau automatic'
is switched on, the program immediately tries to
determine the cross center automatically. If it succeeds the
crosshair cursor in the magnification stands in the center
of the mark. Otherwise the center must be localized by
hand with the mouse (middle button).

The measurement of the mark is finished by placing a data
point at any place in the magnification window. As result of
the measurement the mark should be marked now in the photo
and in the overview field by a red cross.
6. Afterwards the 2th fiducial mark is measured. The
proceeding is again as before: First address it in the dialog
box, then measure it in the photo, aided by the
magnification.
Which fiducial mark is chosen as second one, plays in
principle no role. No special order must be kept. If the
remaining fiducial marks are to be automatically measured
(see below), nevertheless, the localization of fiducial marks in
opposite image corners is recommended.
7. Now the further proceeding depends on whether all
fiducial marks are to or have to be measured by hand, or
wether the measurement is to be done automatically.
•

The automatic measurement is possible always when
there are réseau crosses. It leads fastest to the goal and
is recommended as a standard method. Just press the
switch 'Automatic' and the measurement starts directly.

•

The manual measurement of the other fiducial marks
proceeds like both first methods. The explanations
under 4. and 5. apply here analogously.

After all fiducial marks have been measured – manually or
automatically –, the program calculates directly the
transformation parameters for the conversion of the image
coordinates. The residual discrepancies after the
adjustment are then shown in the dialog box.

Representation of the residual
discrepancies by vectors

The discrepancy vectors (in blue color) give the first visual
impression of the quality of the fiducial mark measurement. In
the ideal case the vectors are about equally large with
irregular orientation. If the representation is too small (or too
large), the length of the vectors can be adapted with the entry
in the text field 'Scale'.

The exact discrepancy amounts for each fiducial mark can be
shown in the Info field. Click the respective cross in the
overview.
8. Individual fiducial marks can be measured again as often
as desired. Therefore the respective cross is first selected
in the dialog box and then the mark is measured as usual.
The calculation of the transformation parameters is
updated after every re-measurement. I.e. also the
discrepancy vectors are redetermined and shown.
A re-measurement is necessary, primarily when evidently
individual fiducial marks have been determined too badly
(large discrepancy vector) or if by the automatic measurement
individual marks could not be determined (e.g., too little
contrast).
An individual measurement is deleted completely if one
moves the mouse on the suitable cross in the dialog box and
releases then Reset (right mouse button).
9. If the measurement of all fiducial marks has occurred and
is the result in order, the measurement must be only still
saved. Moreover the switch to 'Save' is operated with the
mouse.
Finally the dialog box Fiducial Marks can be closed again.
The fiducial mark measurement of the one and same image can be
repeated any times. Then the last saved measurement is used.

7.3 Measurement of a Regular Réseau Grid
Some commercial imaging cameras for photogrammetric
close-range applications are equipped with a réseau plate on
which are – depending on image format – 35 or also more
than 100 réseau crosses. The crosses generally have a constant
distance in regular arrangement and show a high manufacturing accuracy.
In single cases – with increased accuracy demands – it can be
convenient, to measure all réseau crosses. The required
coordinates of the crosses are determined by the declaration of
a constant distance. Implicitly this means that sufficiently
exact manufacturing of all crosses is assumed.
As prerequisite the regular réseau grid must be defined as
fiducial mark type in the camera file (cf. chapter 4.2). If
necessary this is to be done first. The measurement of a
relatively large number of grid crosses is practicable only if it

is done automatically. However, the approach differs only
little from in chapter 7.2.
1. In the toolbox PHIDIAS-Project the button Fiducial
Marks/Réseau is activated,
or
the menu item PHIDIAS > Fiducial Marks /
Réseau is selected,
or
the measurement begins with the keyboard command
frame measure
2. As with the manual measurement of single marks the
program asks now for the view with the respective image.
The image of which the réseau grid is to be measured now
is identified with a data point.
If do not happen yet, then the dialog box réseau measurement
is opened. The overview pattern in this dialog box should
show all crosses of the regular grid, as it has been defined in
the camera data input.

Measurement of the regular
réseau grid

3. In the text fields in the lower area of the dialog box the
current settings for the réseau grid are shown. The number
and distances of the crosses in the columns and rows can
be adapted if required.
4. At first the program needs an initial measurement, i.e. two
réseau crosses are to be measured by hand. Which two
crosses are selected for this, plays basically no role; of
course there should be used two crosses in opposite image
corners.

The manual measurement of both initial crosses proceeds as
described in chapter 7.2 (steps 4 and 5): At first the desired
cross is selected with the mouse in the dialog box and then the
measurement follows in the image using of the magnification
function. If the option switch 'Réseau automatic' is activated ,
the measurement can take place in the magnification
automatically. At this place pay attention to the fact that no
mistakes creep in by the matching of the crosses in image and
dialog box.
5. After the initial measurement the button 'Automatic' is
operated and then the program measures directly all
remaining crosses.

Display of the discrepancy vectors
after réseau grid measurement
As result again discrepancy vectors are shown. Indeed, now
there are per measured réseau cross two vectors in blue and
green color. The blue vectors indicate the discrepancy
amounts as they appear without using a smoothing function.
The green vectors represent the result with smoothing and are
regularly shorter.The smoothing factor as well as the length of
the vectors can be adapted if required through the
corresponding text fields.
6. After the automatic measurement individual réseau
crosses can be measured again by hand if necessary.
The manual re-measurement proceeds as before: First the
suitable cross is selected in the dialog box and then is
measured in the photo. After every re-measurement the
réseau grid is calculated once more and new discrepancy
vectors will appear.With Reset (right mouse button) an
individual fiducial mark measurement is deleted.

7. If the réseau measurement is finished successfully, the
transformation data are finally to be stored with the switch
'Save'.
It is not necessary that all réseau crosses of the grid are
measured. Possible defects are bridged by the neighboring
crosses and impair the accuracy as a rule barely perceptibly.

7.4 Automatic Measurement of the Image Corners
With digital cameras the CCD chip is fast inserted in the
camera, so that the image coordinates of the corner pixel of
the digital image are constant. In this case the required
coordinates of 4 corners of the CCD chip are to be given in
the camera file as fiducial marks. Then the matching of the
pixel coordinates of the digital image can very simply occur
using the button UL, UR, LR or LL. With the choice of the
switch the orientation of the image is defined in the view. It is
fixed where the upper left pixel of the CCD chip is in the
view.
Button
UL
UR
LR
LL

Position of the upper left
image corner in the view
Top left
Top right
Bottom right
Bottom left

Rotation
normal orientation
90° rotated right
180° rotated
90° rotated left

On operating the suitable button all four fiducial marks are
assigned to the image corners and the measurement is saved
immediately.
This type of the fiducial mark matching is also suited for
photos of cameras without suitable fiducial marks or réseau.
If, however, the corners of the digital image do not agree with
the actual image corners, clear accuracy losses are to be
expected.

8. Point Measurement
So that the image orientation can be carried out, identical
points must be measured at first in the images. This are above
all the control points, but also – according to arrangement of
the images – some new points (so called tie points) which
should procure a stable connection between the photos.
Particularities apply to the measurement of signaled points
which are shaped as target signs.

Measure Image Points

Chapter 8.1

Delete Image Points

Chapter 8.2

Move Image Points

Chapter 8.3

Inactivate or Activate Image Points

Chapter 8.4

Search Image Points in Views

Chapter 8.5

Automatic Measurement of
Signaled Points

Chapter 8.6

Automatic Measurement of Natural
Points

Chapter 8.7

Measurement of Image Lines

Chapter 8.8

8.1 Measure Image Points
The command to measure image points can be activated in
three ways:
1. By clicking the function Measure Point in the toolbox
Measure Points
or

through the menu item PHIDIAS > Image Points
> Measure
or
by keyboard input ppoint measure
Then many image points can be measured arbitrarily and
always two steps must occur:
a) At first the point is looked up in the image and the
coordinate measurement is triggered by mouse
click (left mouse button).
b) Afterwards the number of the image point is to be
entered on the keyboard according to demand.
Maximum 8 characters are allowed. Special
characters and blanks are not possible.
Alternatively to the keyboard input the number
suggested in parentheses is also accepted with
another data point.
During the image point measurement – i.e. with step a) – the
respective image area with the magnification function (middle
mouse button) can be increased. Through this the input
accuracy can be enhanced clearly.
The measurement in the magnification goes as follows: If the
cursor is in the magnification and the middle mouse button is
pressed, appears a crosshair which can be moved now exactly
on the desired place. As soon as the crosshair is positioned in
the magnification, a data point (left mouse button) is simply
placed as a confirmation in the magnification window; this
data point can (in the magnification!) be at any place. Thus
the coordinates of the suitable image point are registered and
the point number is yet to be entered (step b).
It is to be paid attention to the fact that in particular the
available control points are measured.
3. Then the measured point is marked in each case on the screen
by a circle and the accompanying point number.
The command to measure the image point coordinates is
active as long to another command is given; further points can
be measured directly.
It is not necessary to measure all points of an image one after the
other. Rather a point can be also determined by turns in the
currently loaded images. The program automatically does the
allocation to the images.

After each image the data should be saved occasionally through
PHIDIAS > Project > Save.

If a point measurement is corrected, while the measurement is
repeated and the same point number is entered, occurs a
warning which points out to the fact that the point already
exists in to this image.

Confirming the question with OK, the measurement is
replaced. If you operate the button Cancel, the old
measurement remains unchanged.
During point measurement the settings dialog box holds some
control elements regarding the function ppoint measure.

The option button Point No allows an automatic incrementation of the point number. Possible are Increment Last Input,
Increment Highest Number and Next Known Point. If one of
these options has been chosen, the increment value (default is
1) is also definable.

8.2 Delete Image Points
Deletion of an image point will only rarely be necessary. Is a
wrong measurement to be corrected, the point can as alternative to deletion also be remeasured or moved (chapter 8.3).
Deletion of faulty image points is not mandatory at this stage.
The suitable image point may be inactivated later in the
orientation calculation. Singular points, thus points measured in
one image only, are automatically rejected in the image
orientation anyway (provided that they concern no control point).

1. To delete an image point you activate the function Remove
point in the toolbox Measure Points

or
choose the menu item PHIDIAS > Image Points >
Remove
or
enter on the keyboard the command ppoint delete.
2. Afterwards is to be clicked – like with every other
graphical element in MicroStation – the mark circle. It is
to be noted that the circle is demanded, not the point
number. The mark circle can be clicked in the image as
well as in the magnification.
3. Then the respective point is marked in the current
highlighting color. With another data point the deletion is
confirmed; Reset (right mouse button) would cancel the
deletion process and the point would be preserved.
An message about the deleted point appears tip: e.g.,
Point 56 removed.
Now further points can be deleted immediately if required.
The function Remove point remains at stand-by until
another command is activated.
Another possibility is found in the settings dialog box: by
clicking the accordant button the user is able to delete
• All measurements in a special view
• All inactive points in a special view or
• All inactive points
After activating one of the first two functions the desired
view has to be chosen by a further mouse click.
The image point measurement is final only when the
project is saved. This is the case if you begin the
orientation calculation or if you call the function Project
Save explicitly. If you might fetch back deleted points
again, you must close the project without saving.
However, thus all changes – not only the deletions – get
lost.

With the MicroStation function Undo you cannot restore image
measurements.

8.3 Move Image Points
A faulty measured image point is displayed in most cases at
the latest with the orientation calculation (chapter 9). An
evident wrong measurement can be corrected by shifting the
point.
1. The function Move Point is activated through the toolbox
Measure Points
or
through the menu item PHIDIAS > Image Points
> Move
or
with the input of the command ppoint move on the
keyboard.
2. Now the user must localize with the mouse the point to be
moved. As with the deleting of a point (compare chapter
8.2) the point in the mark circle must be clicked – not in
the point number. Provided that the point is met, then
mark circle and point number are shown in the current
highlighting color.
If the color does not change ostensibly, check in case first
whether highlighting color and point color are not identical.

3. Now the program waits for the new position of the point.
The new position is determined like with the first
measurement of a new point with the mouse (see chapter
8.1). If necessary the magnification function should be
used here.

4. Then with the localization of the new position the
respective point is moved without further confirmation
inquiry.With Reset the move process (prior to localization
of the new place) can be still cancelled.
The move function remains generally active until another
function is chosen. Thus further points can directly be moved.
The inactive points which were recognized, e.g., by the
orientation program as faulty are activated on shifting
automatically again.
Like with the deleting the moving of points is not final yet. Only
with the saving of the project the changes are accepted permanently.
The MicroStation function Undo has no effect on the point
measurement.

8.4 Inactivate or Activate Image Points
An alternative to the final deleting of points shows the
inactivation of image points. Individual points can be simply
inactivated on graphical way or be activated again, so that
they have no more influence on the image orientation.
Through this a point measurement does not get lost
completely and can be used at a later time again. Another
application of the function arises with the rectification. Before
the calculation of the transformation parameters, the points
which do not lie in the desired plane must be deactivated here.
The function is called as follows:
1. In the toolbox Measure Points the suitable button Point
Active/Inactive is selected
or
use in the PHIDIAS menu the menu item PHIDIAS >
Image Points > Active/Inactive,
or
on the keyboard the command ppoint toggle is
entered.
2. Now only the desired point must be clicked with the
mouse. Here it is important that the marker circle and not
the point number is clicked on.
The status of the point is changed directly; there appears no
confirmation inquiry.

The function works alternating. I.e. by repeated clicking the
point the status can be toggled between Active and Inactive.
It is advisable anyway to declare different colors for the active and
inactive image points under PHIDIAS > Settings (see chapter 4.5).
Through this both stati can be very simply optically distinguished.

8.5 Search Image Points in View
If many measurements exist in an image, the identification of
individual points can be supported to the control of the
measurement with a searching function.
The function is called as follows:
1. In the toolbox Measure Points the function Show Points is
activated
or
in the PHIDIAS menu the menu item PHIDIAS >
Image Points > Search is selected
or
on the keyboard the command ppoint show is entered.
2. Then in the dialog box Settings enter in the field Point the
point number or ID. Additionally a Zoom Factor may
chosen.
3. Click then on the switch All Views to indicate the point in
all views or you place a data point in selected views to
highlight the point only there.
The point gets – if it was measured in the selected view –
centered in the middle of the view and marked out by a circle.
Contingently the enlargement of the view is changed
according to the settings before.

8.6 Automatic Target Sign Measurement
In most practical application cases so-called natural object
points are the basis for the realization of the image
orientation. These are points which are without further
preparations recognizable in the photos and measurable with
sufficient accuracy. The purpose of the measurements is,

primarily, the determination of the camera orientations, which
is why the localization accuracy of the natural points is
generally fully sufficient.
The accuracy of the point determination can be increased
clearly if with signaled points is worked whose positions are
determined in the digital images with image processing
algorithms. The coordinates of the image points can be
measured so about 10 times more accurate than by hand. An
example of an area of application of this technique is the
deformation measurement at solid bodies. The object is
equipped before with suitable targets which are measured then
based on image processing. Afterwards the individual object
points can be determined within the scope of a bundle
adjustment with high precision. In this case the tool of image
orientation is used primarily for the determination of the
object point coordinates.
PHIDIAS contains robust pattern recognition methods for the
automatic measurement of circular targets. Through this
signaled points can be measured fast and exactly accordingly.
In general several procedures are distinguished concerning the
measuring process:
I. Automatic single point measurement with interactive
placing of the approximate position by the user
(chapter 8.6.2)
II. The automatic multi-point measurement and
selectively a larger amount of points are measured
without user's assistance (chapter 8.6.3)
III. The automatic measurement of regular arrays,
which requires some initial values only (chapter 8.6.4
and 8.6.5).
The automatic target sign measurement is controlled by
different settings on which at first is entered.

8.6.1 Settings for the Automatic Target Measurement
The settings for the automatic target measurement are
administered in a dialog box which is opened regularly if one
of the commands to measure targets is called. Independently
from this the dialog box can be also opened as follows:
1. Select the menu item PHIDIAS > Image Points >
Targets > Settings
or

click the button Target Settings which appears in the
settings dialog box after activating one of the target
measurement functions
or
invoke the command ppoint target settings on
the keyboard.

Settings during the
automatic target sign
measurement

The setting options have in detail the following meaning:
Target Sign Type

The principle of the target sign measurement by
image processing is that the edge contour of the
target is determined – which is in the image in
general ellipse-shaped. The bright-darkness
transition is decisive here, where color images are
converted internally into gray values (from 1 to
256).
With the (Target Sign) Type is stated whether the
interior is Black or White. If e.g. Interior Black is
selected, the measurement works only in contours
which are dark inwards and bright outwards. With
the option Automatic the program tries to
determine the type by itself.
If the sign is shaped by quarter circles, this option
has to be chosen.

Window Size

With the Window Size can be reacted to the scaledependent variation of the target sign size in the
images. With the target sign measurement it is
searched in each case in a square section for the
center of the sign whose side length is entered at
this place. It is counted in pixel.

The Window Size should be calculated so that the
largest image of the target still fits generously.
How big the section specified in each case is in the
image, it is displayed by the square frame in the
cursor.
Threshold Value

By Threshold Value the gray value is denoted
which separates the bright and dark areas on the
edge of the targets to a certain extent. This value is
simply said the average between the bright and
dark gray values.
By default the switch Automatic should be active.
In this case the program determines for itself the
best threshold for each mark. Only if as an error
message appears the hint to an unsuccessful
threshold determination, one should enter the
threshold by hand. The start value here is 127, thus
the middle between 1 and 256.

Matching

By the concept Matching the procedure to find the
center of the targets is understood. Basically two
algorithms are distinguishes: Either the edge
search ("feature based") or the correlation
procedure ("area based") is used. With both
methods the center is measured at sub-pixel
accuracy.
The procedure of the edge search is here basically
more reliable and also slightly more accurate; it
should be used normally as far as possible. Indeed,
if the concentric rings of the target are very
narrow, the edge searching algorithm fails,
perhaps. In these cases the correlation has an
advantage again.

Free Incircle
(edge search)

If Quarter circle has been selected as Type, one
has to determine wether 2 or 4 edges are
considered for matching.
In the simplest case a target consists of an inside
circle and an outer ring. However, generally a sign
can be also formed from several rings of a circle
and the determination certainty is not quite so
high, however, as with the first mentioned simple
construction.
So that in these cases with the edge search only the
most internal edge is not always found, a so-called
Free Incircle can be given. This defines an inside
circle which is ignored with the target sign search.
The numerical data stand for the radius of the
inside circle in pixel.

Corridor
(edge search)

In the case of edge search it is searched in the
target for the bright-dark-transitions. That single
wrong pixels do not lead to irritations, the doubtful
places are searched always in a stripe to the left
and to the right of the contour line. The width of
the stripe can be varied by the Corridor. The value
is entered in pixel, it must be at least 2.

The larger the corridor is, the more reliable are the
measurements. Indeed, then the hit rate also sinks
possibly because too few contour points fulfil the
criterion.
Operator
(correlation)

If it is measured with the correlation procedure,
the size of the correlation operator has to be
chosen. If the standard value 5 x 5 is used, e.g., the
reference window and the search windows are
sized by 5 pixels.

Step Size

The edges of the quarter circle segments are
determined by several single points lying along the
egde. The Step Size defines how many edge points
are used for measuring the edges of the segments.
A value more than 1 pixel reduces the amount of
the regarded points.

(quarter
circle)

Bright-Dark
Difference

The bright and dark parts of a target must differ in
the gray value (at least) by this value if they are to
be recognized as separate areas. The default entry
is 30.
Above all with images with weak contrast a
reduction of this value can be necessary. In
particular cases it must be proceeded experimentally, a too big reduction of the barrier can
lead to the determination of wrong pseudo-edges.
Vice versa a too high difference value causes the
program to find no more targets at all.

Smoothing

In some cases the measurement of the targets does
not succed. Then, a smoothing before may lead to
the correct result, especially if the signs are poor.
Three options are possible, whereas ‘If reqired’
may be selected normally.

Control Level

Every measurement is checked finally by the socalled Control level once more on plausibility.
This should prevent as far as possible wrong
measurements.
In most cases it is worked with the normal contour
check. According to demand the check can be set
on weak or strong or very much strong or be
switched off completely with none. The
acceptance level of the measurements can be
regulated in this way.

Generally binding use tips to the aforementioned settings are
barely possible, because the practical application conditions
vary too much. The user should try different variants in the
individual case. In most cases the default settings might be
sufficient.

In the following it is assumed that the fiducial mark
measurement of the photos has already taken place and the
image to be measured is loaded.

8.6.2 Automatic Single Point Measurement
In order that the automatic signal mark measurement works
reliably, the position of the target sign must be known at least
roughly. With the automatic single point measurement this is
done interactively by the user.
1. The automatic single point measurement is called by
clicking the button Measure single target in the toolbox
Measure Points
or
through the menu item PHIDIAS > Image Points
> Targets > Single
or
with the keyboard command ppoint target
single
If do not happen yet, the magnification and the dialog box
with the settings are opened for the target sign measurements.
If necessary the settings on the image relations are to be
adapted (compare chapter 8.6.1).
2. Now the user must roughly localize the target to be
measured with the mouse. Suitably one should aim always
at the center of the sign. As soon as a data point is placed,
the program tries to determine the center of the mark.
3. If the center determination succeeds, the found edge
contour is displayed in the magnification by an ellipse or a
circle. At the same moment the positioning cross is placed
on the center of the signal mark.
With the help of the edge ellipse and the centred marker cross
the correctness of the measurement can be assessed.
Should the correct center not be found (e.g. because the target is partially
covered), the measurement can be still corrected at this stage. For this the
middle mouse button is held down and the cross is moved by hand until
the correct mark center is set. Indeed, the manual measurement is basically
less accurate than the automatic center determination.

4. By a data point to any place – this can be in the
magnification as well as in the image itself – the

measurement is accepted. Then the program asks for a
point number which is entered on the keyboard.
Because the program counts up the point numbers automatically,
simply another data point can be placed if the suggested number is to
be accepted. So it does not need to be entered on the keyboard. It
should be taken advantage of this possibility by a skillful order of the
point measurement.

5. The center of the signal mark is shown in the photo and in
the magnification by a little circle. In the image the point
number is shown, in addition.
The function to the automatic target sign measurement
remains farther active, further points can be measured
directly. If occasionally settings are changed (as for example
the window size), these apply directly to all following
measurements.
With the Reset key (right mouse button) instead of a data
point a current measurement can be cancelled or be rejected.

8.6.3 Automatic Multi-Point Measurement
As a mandatory condition for the application of this
measuring method the orientation data must be known for
image and camera as well as the coordinates of the object
points – at least approximately.
The parameters of the camera are known as a rule from a
earlier calibration measurement. It is well sufficient, for
example, if these data are taken from an earlier project, in
which the image orientation has been calculated with
Selfcalibration.
The exterior orientation data of the photos and the approximate coordinates of the object points however, must be determined separately. This can happen, for example, with the help
of following steps:
a)

In 2 (if necessary also more) to select images all object points are
measured at first by hand or by automatic single point measurement.
The images are to be selected so that, on the one hand, the
completeness and to the other a good determinability of the object
points is guaranteed.

b) The coordinates must be approximately known at least of some (4 to
8) to object points. In the ideal case these control points are
determined conventionally with geodetic methods.
c)

Now with both images are calculated with the module for the Image
Orientation successively the Relative and Absolute Orientation. With
the absolute orientation few known object points act as control points.

Now as a result of these actions we have approximate values for all
object points.
d) What is missing yet, are the orientations of the images. Moreover in
every image about 5 to 10 points are measured which are well
distributed over the image plane. (In the both images used first this
measurement does not nead to be done of course). Then the Single
Image Orientation is carried out with each image, so that, finally, also
the exterior orientation parameters are available.
The automatic multi-point measurement is executable thus.

1. Begin the automatic multi-point measurement by
activation of the button Measure target selection in the
toolbox Measure Points
or
choose the menu item PHIDIAS > Image Points >
Targets > Selection
or
enter on the keyboard the command ppoint target
selection
Then the dialog box Automatic Target Measurement is
opened.

Dialog box for the automatic
multi-point measurement
2. In the list all basically measurable object points are
displayed. Alongside the point number the approximate
coordinates stand there for X, Y and Z.
The user must mark at first with the mouse all points
which are to be measured afterwards. Only the marked
target signs are looked up for the measurement.

Are all points to be marked, the button All can be clicked.
With the switch None all markings are canceled again.
3. With the option button View it is determined which image
is to be measured in which view. This is above all
important if several photos are loaded at the same
moment.
4. The proceeding of the multi-point measurement depends
on whether the switch Single Interactive is activated.
If this is the case, at each point the program waits for a confirmation
by the user. This confirmation is given by a data point; with Reset a
measurement is rejected. Before, like at the single point measurement,
the positioning cross in the magnification can if necessary still be
moved with the middle mouse button to another position, if the
automatically determined place is not correct.
If the switch Interactive is off however, the program does not ask for
confirmation. The program looks up all marked target signs in turn
and executes the center determination.

If the switch Magnification is additionally activated, all
points will be displayed in the magnification window
during the measurement. Because this action takes
somewhat time, the measurement will be much more
slow-going. It is therefore recommended to inactivate this
option.
5. By clicking the switch Start the multi-point measurement
begins. For this, the current settings in the dialog box
Measure target (see chapter 8.6.1) are used. In the
Interactive mode the program waits at every point for the
confirmation by the user, otherwise is measured without
confirmation.
The running measurement can be cancelled with the key
combination Ctrl-C.

All targets which could be measured are marked in the list
with a '+' sign. Moreover, at each point a marker circle and the
point number is shown in the loaded images.
Those points for which still no image coordinates are can be
marked with the button Missing all at once. The automatic
point measurement could be started afterwards once more,
now maybe with other settings or if necessary in the
interactive mode.
The image points determined within the scope of the automatic target
sign measurement are not yet finally written in the image coordinate
file. This is done only with the command to Save Project or if the
image orientation is called.

The measurements can comfortably be checked visually, as
the cursor is moved up and down in the point list. Then the
magnification jumps to the respective place, provided that for
the point indeed exists a measurement, of course.

8.6.4 Automatic Measurement of Regular Arrays
In deformation measurement tasks the objects are often
prepared with an regular array of signaled points. The points
are arranged in columns and rows. In this case the measurement can be done quickly and comfortably by the following
function.

1. Activate the button Measure regular array in the toolbox
Measure Points
or
enter on the keyboard the command ppoint target
array.
A dialog box with settings regarding this function appears.

2. Invoke the Point No. of the origin, e.g. 101. The first point
of the array will obtain this number.
3. The remaining points are getting its numbers automatically
during the measurement. By defining the Increments the
user determins how the number will be counted up,
whereas it can be distinguished between rows and colums.
The 1. axis corresponds with the points within the rows and
the 2. axis with those one within the colums.
The increment of the 2. axis should be at least the quantity of
points per row to avoid a conflict with overlapping point
numbers.

4. By the Numbers for the 1. axis (points per row) and the 2.
axis (points per column) the dimension of the point array is
defined.
5. If the switch Magnification is active, the points are
displayed in the magnification window during the
automatic measurement. Due to its time consuming effect
this option should be inactive normally.
6. If necessary, the Target Settings should be adjusted, see
chapter 8.6.1.
After defining the settings the measurement of the point array
can be initialised.
7. The program expects the localisation of the four points in
the corresponding corners of the array. The points 1 .. 4
shown in the figure below must be measured by the user,
exactly in the designated order.

By this one should use the magnification function categorically. This means: firstly the point is localised by the
middle button of the mouse, so that the point appears in
the magnification window. The result of the automatic
measurement will be shown immediately by the enclosing

ellipse or circle. If the center of the point has been found
correctly, the user must confirm the measurement by a
mouse click – which must be done in the magnification
window necessarily, not in the view.
As soon as the 4th point has been determined, the measurement of the point array start immediately.
Saving ot the array measurement will be primary done, if the
command Save Project has been called.

Note: If many images with itself a lot of points have to be
measured, the user has to take into account the
dimension of the project data, see also chapter 5.6. If
the number of measured points exceeds the predefined
dimensions, the array measurement will be stopped.
Therefore one should increase the dimension values
generously before starting an extensive measuring
session.

8.6.5 Automatic Measurement by Linear Tracing
As a special case of the aforementioned tool (chapter 8.6.4)
there exists a function which allows measuring point arrays, in
which the distances between rows and columns varies systematically. In other words, the points array seems to be warped
in a linear manner in the photo. Points with a regular spacing
can be followed on a straight or curved line.

1. Select the tool Follow target signs linear
or
Enter the command ppoint target line in the
Key-in field.
2. Enter the starting point number, the number increment in
1. and 2. direction and the maximum number of point
measurements in 1. and 2. direction according to the same
scheme as described in chapter 8.6.4.
3. Click on the origin, the start point of the array.
4. Click on the first neighbour point of the origin point in the
first direction.
5. Click in the first neighbour point of the origin point in the
second direction.

To measure points on a line or curve, enter 1 in the field
Number 2. axis. In this case only two clicks on the first and
second point are needed.

8.7 Automatic Measurement of Natural Points
Normally the control points and the tie points are measured
manually by the user in the images. The mostly natural – i.e.
not signaled - points are localised with the mouse cursor as
precise as possible under using the magnification function.
This method is sufficient in most cases of practice.
If a point holds sufficient contrast in the image, one can
measure it by using a special function. Generally, the point
must be shaped in a salient manner.
1. Click the button Measure corner automatically in the
toolbox Measure Points
or
enter on the keyboard the command ppoint corner
The settings dialog box Measurement of Points appears.
2. By the option button Definition the type of natural point
has to be chosen. Possible are: Edge, Spot and Interest. By
Edge the point ist determing using intersecting edge lines

and Spot works similar to signaled points. Interest stands
for using an interest operator.
The other settings are analogous to those one for measuring target points (see chapter 8.6.1).
3. Now the program expects a coarse localisation of the
natural point. This has to be done by clicking with the left
mouse button – not the middle button – as much as possible
close to the natural point.
If the automatic measurement succeeds, the corresponding
section of the image is displayed in the magnification window
and, additionally, the determined position is indicated by
adequate lines.
4. After confirming with an arbitrary mouse click, the user is
prompted to invoke a point number. If this is entered, the
measurement of the natural point will be completed.
Otherwise, automatic measuring of natural points is
comparable with the standard measurement of points as
described in chapter 8.2.

8.8 Measurement of Lines
As a special option PHIDIAS is able to treat straight lines as
observations similar to discrete points during image orientation. These line data has to be regarded as supplement to the
classic point coordinates. If it is difficult to determine a
sufficient amount of tie points, then lines may improve the
situation and it brings the orientation to success contingently.
Please regard that using lines as observation data in the orientation
process requires some experience in image orientation. Specially,
one should be familiar in determining initial values.

8.8.1 Measuring Lines
1. To start with measuring image lines, click the button
Measure Line in the toolbox Measure Points
or

enter on the keyboard the command pline measure.
Now the program expects two points, the beginning and the
end point of the line.
2. The user has to localize the first point in the image by
using the mouse cursor. This may happen directly in the
loaded image or – the better way - supported by
magnification with the middle mouse button. A little white
cross appears at the localized position.
3. Finally the end point of the line has be determined in the
same manner.
4. The program asks now for the line number (ID). After
invoking the number both elements, the line and its
number, will be shown in the image.
Automatic Incrementing of the line number occurs such as the
measurement of point data.

8.8.1 Deleting Lines
Deleting of line measurements is similar to the erasing of
normal point measurements.
1. Click the button Delete Line in the toolbox Measure
Points
or
enter in the key-in field the command pline delete.
2. Then, the user has to select the line which should get
deleted. Note, that the line has to be clicked with the mouse
cursor, not the accordant number of the line. The selected
line is highlighted at first.
3. With a further mouse click the line will be deleted
definitely.
Measuring and deleting of lines is – similar to points – only then
final, if the function Project Save has been called at least once.

9. Image Orientation
After all image data have been measured, the image
orientation must be carried out. It delivers the orientation data
necessary for the evaluation of the images to us.
Basically the bundle adjustment is the best way for performing the image orientation, because it leads to the most
precise results (chapter 9.1). Additionally, it is possible to use
space resection for orienting single images (chapter 9.2).

9.1 Orientation by Bundle Adjustment
The internal version of the orientation module is entirely
integrated into MicroStation. The image orientation can be
carried out in such a way without finishing MicroStation.
The module is called:
1. By activating the button Bundle Adjustment in the toolbox
Orientation
or
by choice of the menu item PHIDIAS >
Orientation > Bundle Adjustment
or
by the command bun from the command window
2. Afterwards the dialog box of the image orientation is
opened in which all other actions take place.
It is assumed here that the application MBUN is loaded in
MicroStation, compare chapter 3.1.

Dialog box for the image orientation in PHIDIAS

9.1.1 Short Overview about the Bundle Adjustment
At this place only a short overview of the image orientation in
PHIDIAS is to be given. The individual processing steps are
summarized into the following table:
1. Step
2. Step
3. Step
4. Step
5. Step
6. Step
7. Step

Relative orientation
Absolute orientation – model-to-model transformation
If control points available: absolute orientation – models in the control point
system
If control points not available: absolute orientation – 3-points transformation
Spatial Resection
Acquisition of additional observations (if necessary)
Bundle adjustment
Accept results

The image orientation is to be carried out in the given order.
Note that the absolute orientation is applied in general twice
(steps 2 and 3).
In PHIDIAS-MS the orientation calculation can also run
completely automatically. In this case the steps 1 to 6 are
executed by the program without interaction by the user.

9.1.2 Accept Orientation Results
After the image orientation has been carried out, the results
must be accepted. The accepting consists in PHIDIAS of two
procedures:
•

•

On the one hand, the data from the result file (OUT file)
must be written into the original files. Thus, for example,
the exterior orientation data will transfer into the EOR file,
so that the exact data of the exterior orientation are used
by the evaluation following. This process does not take
place automatically, but under the control of the user. It
can be specified which data are to be accepted. Further
information about this step can be found in the manual for
the image orientation ("PHIDIAS-MS Image Orientation").
On the other hand – for programming reasons – must be
done a so-called update of the project. At this is recorded
internally by the program that the orientation data have
been accepted.

The current orientation results are automatically used if the
project is opened once more. In this case the user must meet
moreover no measures. Only if the project has remained open
during the image orientation and the evaluation of the images
ist to follow immediately, the update must be executed.
1. Select either the menu item PHIDIAS >
Orientation > Update Results
or
enter on the keyboard the command project update
The update process takes place directly and is thereby also
carried out. No other actions are necessary. This function
corresponds to reloading the project with the difference that
loaded images are not unloaded, but are shown in the evaluation mode. Therefore the images need not be reloaded into
the views.

9.1.3 Visualize Orientation Results
Sometimes it is helpful at the processing of a project if the
geometrical exposure situation is shown graphically. The
stability and evaluation accuracy within an image block can
be estimated roughly thus with a little experience.

Moreover, the visualization is a simple procedure to take over
the coordinates of the object points into the drawing. This is
applicable above all in such cases if the primary goal of the
image orientation consists in the determination of highly
accurate object point coordinates. The object points are shown
then as 3D point elements whose centers represent the
position of the points.
If for the visualization the exact data from the bundle adjustment are
to be used, pay attention that the result data have been accepted before
(see also chapter 9.1.2 and the manual of image orientation).
Otherwise only the approximate values are used.

The data from the image point file (BPK), from the object
point file (OPK) and the orientation data file (EOR) get into
the visualization of the orientation results.
1. The visualization begins with the choice of the menu item
PHIDIAS > Orientation > Show Results
or
after entering the command results
Then in the dialog box Visualize Results different settings
can be carried out.

2. The Control Points, New Points, Datum Points, all Image
Rays and the Camera Stations and Camera Directions are
shown with suitable symbols. These can be put in each
case on own layers and be given a different color what
facilitates a later, specific processing of these elements.
3. The switches in the column Show determine whether the
corresponding elements are to be shown in the views.

Beyond it, the switches in the column Elements determine
whether regular graphical elements are generated which
remain permanently in the drawing. If the switch Elements
is not set, the objects are only visible until the view is
updated or zoomed.
4. If the switch Different Colors is set, the rays are not drawn
in the selected color but every ray bundle is shown in
another color. This supports above all the distinction of
the photos in larger image blocks.
5. By entering a value at Symbol Size the size 3D-points is
determined which represent the position of the object
points. Every object point is represented by three lines
which are pairwise orthogonal. The entered number sets
the length of these lines in units of the object system.
In addition, every object point is displayed with its point
name as a text element independent from the view.
5. If the OK switch is clicked, the generation of the
visualization graphic begins directly according to the set
defaults.
If the coordinates of the accepted points are to be snapped by
later evaluations, either the center of the coordinate crosses or
the insertion point or origin of the point name can be used.
Pay attention that the snap mode is set correctly and not by
mistake the endpoints of the crosses are snapped.

9.2 Orientation by Space Resection
Sometimes PHIDIAS is used for the evaluation of point
clouds in combination with single images (see chapter 11).
The point clouds are recorded by modern laser scanner instruments. Then, these images has to be oriented in the same
object coordinate system as the scanner data are given. This
can happen by using space resection of single images.
Note: As a precondition several object points must be given in each
image for space resection (at least three points, but on behalf of
good results 6 to 8 points per image should be available). The object
points must be stored in the OPK-file. Furthermore, the camera data
must be known and be available in the KAM-file. Contingently a
calibration of the camera has to be done previously.

It is assumed, that the image is loaded in a view in point
measurement mode and that the control points are measured
by one of the methods described in chapter 8. Then, Space
Resection of a single image is started as follows.

1. By activating the button Spatial Resection in the toolbox
Orientation
or
by choice of the menu item PHIDIAS >
Orientation > Spatial Resection
or
by the command rws from the key-in line.
2. The program prompts you for selecting the view. Click
with the mouse cursor into the image at an arbitrary
position.
3. If the computation was successful, an Alert windows
appears and the resulting orientation data (exterior
orientation) are shown. If the data are acceptable, click the
Yes button.

After this, the image will be loaded again, now suitable for
evaluation tasks, and the image points are no longer visible.
Please regard that the calculated data of the exterior orientation are
not yet saved. As recently as the function Project Save has been
called, the data will be stored to the EOR-file.

10. Evaluation
After the image orientation as been done successfully, the
essential task, the photogrammetric image evaluation, can
begin.
Bigger projects are never worked on as a rule without discontinuity. Therefore, the procedures Open Project, Load
Photos and Remove Image are often occuring activities. The
description of these procedures is to be found in the
preliminary chapters:
Open project
Close project
Load images
Unload images

Chapter 5.2
Chapter 5.4
Chapter 6.1
Chapter 6.2

In the following aspects specific to PHIDIAS are discussed
concerning the evaluation within the CAD system
MicroStation.

10.1 General Proceeding at the Evaluation
By the photogrammetric evaluation the CAD functions are
used by MicroStation in principle as usual. This fact enables
a user who is somewhat familiar with the CAD system
MicroStation, to do photogrammetric object measurements
with PHIDIAS immediately.
If, for instance, an object contour is drawn in the form of a
line, the command "Place Line" is used. At the same moment
it can be made use of the great functional variety in
MicroStation. This means, for example, that directly in the
course of the object evaluation surfaces and volume elements
can be established or curves of higher order (B-splines) be
used.
The photogrammetric evaluation principle is based – as
explained in chapter 1 – on the forward intersection of image
rays. The user has to take into consideration whether the
point he is locating with the crosshair is placed in an image or
in an usual view window.
The circumstances can be most simply explained by the
standard problem of the image evaluation exemplarily: the
straight shape of an object edge should be described by a line.
As prerequisite a total of three images have been loaded in the
suitable views (to load an image see chapter 6.1).

1. At first the command "Place Line" is activated in
MicroStation as usual.
2. Now the starting point of the line must be fixed. Every
point is determined by the photogrammetric evaluation as
a rule by intersection of at least 2 image rays (exceptions
see chapter 10.2). This means, that the starting point must
be localized in the images with the crosshair.
With the crosshair cursor the starting point is looked up in the
first image and a data point (left mouse button) is placed.
So that the localization of the image points with increased
accuracy takes place, the magnification function should be
used – as a rule, with the middle mouse button. Then the point
measurement can be carried out in the magnification window.
3. Now the starting point of the line is measured in the
second image with the crosshair.
4. Finally, the point is yet in the third image looked up and
measured.
In every image a little – not lasting – marker cross is placed in
each case to the visualization. This mark disappears again at
the latest with next redraw.

5. Thereby the measurement of the starting point is finished:
the image coordinates have been registered in all three
images and afterwards the three-dimensional object point
was calculated by forward intersection.
In the status bar the maximum discrepancy of the image rays
is given after every intersection calculation to the calculated
object point (in the unit of the object points): e.g., Deviation max 0.004
As a result of the previous actions the line must hang to the
cursor as an elastic band. Now the endpoint of the line is
determined.
6. Moreover the endpoint is measured in the first image. The
line is not drawn yet because first further data points must
be placed in other images.
7. The endpoint is marked as the next in the second image.
8. Because yet a third image is loaded, PHIDIAS waits for
now the finishing point input in the third image.
9. Now, however, we might carry out in the third image no
more measurement. (Possibly because the point is not

visible there at all). Therefore, another data point is placed
in the second image which can be now at any place and
which closes the point measurement.
10. Thus the endpoint was measured and the line can be
drawn. Now the line would have to be shown in all active
views; in the views with images the line is overlaid

Display of the measured
object line on the screen by
superimposition
The execution of MicroStation commands during the
photogrammetric evaluation differs only little from the
habitual use. It is to be noted in principle only that every
localization in the images ("placement of data points") is not
accepted directly, but is first handed to the photogrammetric
application PHIDIAS. There at first the three-dimensional
object coordinates are calculated by intersection and then
these values get into the graphical data stock of the drawing
and to the representation in MicroStation.
In summary, at the placement of data points the following
rules are to be noticed which also apply to all other drawing
commands than "Place Line":
•

If a data point is placed in a view window with a loaded
image, the input is only temporary. The image coordinates
are registered at first for the intersection calculation.

•

Thus an object point is computable, it must be measured
in at least two images. (Exceptions see chapter 10.2)

•

The definition of a point is finished by default with the
measurement in the last image; is the measurement to be
finished already before, simply click (repeatedly) with the
mouse at any place in the last measured image.

•

If the data point is placed in a view window which
contains no image, the drawing command behaves as
usual in MicroStation.

10.2 Particularities at the Evaluation
10.2.1 Particularities of the Photo Views
If an image is loaded in a view, PHIDIAS sets the direction
and position of the view using the calculated orientation data,
such that it is identical with the exposure situation. The view
receives the attribute Camera View and becomes thus a
central projection. Before every image rendering, first
PHIDIAS displays the suitable section of the digital image
and then MicroStation draws the graphical elements over it.
Data point inputs in these views are intercepted and – at the
multi-image measurement – are converted by intersection
calculations to 3D coordinates and returned to the active
MicroStation function.
The cursor moves in a plane which lies parallel to the image
plane. The distance corresponds to the active depth of the
view. If now a point measurement is carried out in one image
(by double click in the first image), the point lies in the active
depth of the view. Because the image plane lies as a rule
inclined in space, and the active depth of the cursor is set
mostly arbitrarily, a mono measurement has thus no sense. A
mono measurement is only convenient, if:
•
•
•
•
•

with AccuDraw the plane is determined (chapter 10.2.2.1),
an auxiliary coordinate system (ACS) is defined and
locked (chapter 10.2.2.2),
the surface intersection function is used (chapter 10.5),
a tentative point snaps to an element using the snap
function,
or in rectified images (chapter 12)

In the first case, by the use of AccuDraw, a point can be
placed in the compass plane, while is clicked twice in the
view. The first click is the precise measurement, the second
click in the view completes the multi-image measurement. In
the remaining cases a single click is enough.
While using the magnification the AccuDraw locks are not obeyed.

10.2.2 Evaluation of Plane Objects
So that a three-dimensional object point can be determined,
coordinate measurements must take place generally in at least
two images.

If a subrange of the object lies exclusively in a plane which
can lie by all means also inclined in space, the evaluation can
be accelerated clearly. Since in these cases it is to be
measured always only in one image by which the number of
mouse's actions decreases.
Finally moreover the key lies in the auxiliary coordinate
systems (ACS) of MicroStation. In MicroStation a local
auxiliary coordinate system can be defined with any origin
and any orientation in space. Beyond it, however, with the
introduction of the drawing utility AccuDraw one has an
alternative to the usual auxiliary coordinate systems as one
knows them from MicroStation and which are available of
course also yet.

10.2.2.1 Plane Evaluation with AccuDraw

The Compass of AccuDraw
defines a local auxiliary
coordinate system

The drawing utility AccuDraw is an extremely effective
innovation of MicroStation which is also usable in the
evaluation with PHIDIAS. Many operational aspects of
AccuDraw are not to be mentioned here, for this, use the
manual of MicroStation. It is worthwhile anyway – provided
that this has not happened yet – for the user to get familiar
with AccuDraw.
Here is to be explained only how AccuDraw can be used
conveniently in the photogrammetric evaluation of plane
object areas. Realize that the Compass of AccuDraw defines
in principle a local auxiliary coordinate system. The
alignment of the compass – and thus of AccuDraw coordinate
system – can be changed arbitrarily.
The compass tracks every data point, as is known, where –
and this is significant for the photogrammetric plane
evaluation – also in the 3D space exclusively translation takes
place. On the contrary, the rotation of the compass system is
changed only by explicit interaction of the user, for example if
AccuDraw is rotateted into one of the standard views or on the

basis of 3 points (see for this the also documentation of
MicroStation).
In the following it is now described using an example how
AccuDraw can be used in the evaluation. As prerequisite 2
oriented photos are loaded. Let the object coordinate system
be defined as parallel to the object, i.e. the X-Z plane lies
parallel to the object (see the figure beneath).
The contour of the window border in the following image is to
be drawn. Normally one would measure the corner points of
the window as three-dimensional measurements in both
images, as this is explained in chapter 10.1 exemplarily. With
AccuDraw the measurement can be simplified as follows:

1. If do not happen yet, activate AccuDraw. Then the dialog
box for the coordinate input is opened afterwards.
Select then a function to the drawing of lines, e.g.,
SmartLine or Place Line.
2. The first point of the window border must be measured as
usual three-dimensional. The point 1 in the image is
measured in both images and then is calculated
photogrammetrically. Now as a result the line hangs to the
cursor as an elastic band.
Now all other points are localized with AccuDraw, the
compass of which should already be displayed in the images
at this time.
3. Now we align the compass plane in parallel to the object.
One reaches this in this case most simply in which the key
F is pressed; this key is the short command to put the
compass parallel to the front view. Because the object
coordinate system was so determined that it lies parallel to

the window, this property now also applies to the local
coordinate system of AccuDraw. The compass was rotated
therefore parallel to the object.
The rotation of the AccuDraw Compass is not restricted – like
in this example – to the standard coordinate planes (plan view,
front view, etc.) of the drawing. If the object plane lies inclined
in space, AccuDraw can be also aimed at any position using 3
points (short command RA). How this works is described in the
documentation of MicroStation.

4. Now the compass system of AccuDraw can be used as a
local auxiliary coordinate system and it is drawn in its x-yplane. The next point of the window border is localized
with the mouse in one of the images.
The second measurement in the other image does not to be
done, because now another data point is placed in the same (!)
image. This data point can be at any place. Because
AccuDraw is active, the object point is placed in the compass
plane now.
5. All other contour points of the window can be measured
with the same procedure. By the second data point in the
same image the localization takes place every time in the
x-y plane of AccuDraw. The compass walks with every
point, however, it does not change its adjustment. Moreover, it also remains in the window plane defined at the
beginning.
The example described here shows one of many possibilities
to use AccuDraw in the creation of drawings. By the use of
AccuDraw the measurement is sufficient in one image. If you
take advantage, in addition, of the snap functions for the 90°main directions of AccuDraw, a clean, homogenized drawing
is produced immediately.
In summary, realize that as long as AccuDraw is active, the
displayed compass system works like a local auxiliary
coordinate system. This quality becomes clear, moreover, also
by the fact that the current compass systems of AccuDraw are
savable at any time as named auxiliary coordinate systems
(ACS) which can be reactivated at a later time again (see for
this the manual of MicroStation, especially the menu item
Utilities > Auxiliary Coordinate Systems).

10.2.2.2 Plane Evaluation in the Auxiliary Coordinate System
Besides the use of AccuDraw plane object areas can be also
evaluated efficiently with support of the usual auxiliary
coordinate systems (ACS).

For the preparations of a plane evaluation of an object area the
following steps must be done, for which the auxiliary
coordinate system is defined by three points (about other
definition possibilities the MicroStation manual gives
information):
1. If the auxiliary coordinate system is to be aligned to
existing elements, these are determined at first by
photogrammetric measurement as usual. Afterwards using
these elements the auxiliary coordinate system (ACS) can
be fixed.
The definition of the ACS can be done in PHIDIAS also like
for the measurement of contours, i.e. the definition points are
determined by photogrammetric measurements in several
images.

Now the auxiliary coordinate system is defined using the
auxiliary elements or by point measurement.
2. Under the menu item Tools > Auxiliary
Coordinates the toolbox for defining and changing of
auxiliary coordinates is opened. There select the function
Define ACS (By Points).
3. Now the program asks for the 1st point, the origin of the
coordinate system. This is determined, for example, based
on existing elements using the tentative key (as a rule, Alt
+ left mouse button) (e.g., end point of the line No. 1 in
the image below).

Lines to define the auxiliary
coordinate system by 3 points

4. Afterwards the point is fixed which determines the
direction of the x axis of the ACS. Here, e.g., the point no.
2 (see image) would be to snap.

5. Finally, an arbitrary point in the x-y plane of the auxiliary
coordinate system is to be given (Point No. 3).
Thus the auxiliary coordinate system is fixed. It is only
important that the x-y-plane of the ACS coincides with the
object plane. The rotations around the z axis and the position
of the origin are irrelevant. However, for a good measuring
practice it should be paid attention that the 3 selected points
are well distributed over the whole plane area.
The steps 1. to 5. differ in the principle not from the approach
known in MicroStation. The auxiliary coordinate system can
– as supported by MicroStation – be saved or moved or
redefined. Closer information is to be learned from the
standard documentation of MicroStation.
6. For that the photogrammetric evaluation takes place now
in the x-y plane of the auxiliary coordinate system, the
switch ACS-Plane Lock has to be set in any case.
If the auxiliary coordinate system has been defined as
described before, from now on the measurement of an object
point can always be done only in one image. Then for the
measurement of an object point applies generally:
1. The respective point is measured in one image only. Here
should always that image be used which offers the best
opportunity for localization.
2. Thus the point is already measured. Differently than with
the use of AccuDraw (see above) another data point (left
mouse button) is not necessary.
The three-dimensional object point is determined therefore
and it can become continued immediately with the
measurement of further points. The so determined object
points lie exactly in the x-y-plane of the auxiliary coordinate
system.
Only if the switch ACS-Plane Lock is active, the plane
evaluation using an individual image does work. To change the
switch one may click the corresponding icon in the status line.

During the measurement it can be changed sequentially
between the measurement in the auxiliary coordinate system
(in only one image) and the standard measurement on the
basis of two or more images. If one might measure
occasionally a point three-dimensional, the ACS-Plane Lock is
simply deactivated; then the point must be measured again in
at least two images. With the locking switch can be toggled
between both measuring modes

10.3 Semi-Stereoscopic Measuring Functions
In the course of the photogrammetric evaluation the pointbased approach will be applied mostly. In this – as in chapter
10.1 or 10.2 in the outlines explained – are well-chosen,
structure-determining points monoscopically measured, with
which the object geometry can be completely described. In
this connection the user can refer throughout to the large CAD
functionality of MicroStation.
Beyond it, the photogrammetric component PHIDIAS
provides some special measuring functions which are made to
the needs of the evaluation practice. These additional
functions support measuring of the following elements:

Straight Edges

Chapter 10.3.1

Arcs

Chapter 10.3.2

Circles

Chapter 10.3.3

Cylindrical Bodies (Pipes)

Chapter 10.3.4

Cones

Chapter 10.3.5

Spherical Objects

Chapter 10.3.6

Common to all functions in the chapters 10.3.1 to 10.3.6 is
that they permit a semi-stereoscopic measuring technique.
With this is meant that at the determination of object elements
the principle of homology does not need to be rigorously kept
anymore. The user is no more obliged to identify identical
(homologous) points in the different photos; it is rather
sufficient to localize any points on the contour.

10.3.1 Measuring Straight Edges
This function is always convenient when the starting points
and endpoints of straight object edges are not localizable
exactly in the images. Then they are determined by two points

on the edge which does not need to be, however, homologous
between the photos.
1. Choose the function Place Edge in the toolbox Evaluation
or
enter the keyboard command place pedge.
2. Choose in the settings the Method Edges.
3. Then the program waits for the first point (1) in the first
image. This is determined with the mouse at any place on
the edge. If required, the section can be magnified into the
magnification window. The point does not need to coincide exactly with the endpoint of the edge; nevertheless, it
should lie near an edge end, in order to achieve a good
measuring accuracy.
The measured point is marked by a little, temporary auxiliary
cross which disappears at the latest with the next image
redraw again from the view.
4. Afterwards the second point (2) must be measured in the
same image. The second point can be placed like first at
any place on the edge. It should lie as far as possible at
other end of the edge.
5. Now two points on the same object edge are measured in
the second image in each case. These points must
correspond – as at the beginning explained – not with the
points from the steps 2. and 3.
6. If necessary suitable point pairs are measured in other
images.
7. The edge point acquisition ends if the Reset key (right
mouse button) is pressed. Now the program calculates the
three-dimensional object edge which is drawn then after
successful determination as an object line.
In the status bar a maximum discrepancy is given which is in
general only different from zero if measurements were made in
more than two images. This discrepancy refers to the largest
distance between the calculated edge and the generally skew image
rays.

The function Place Edge – like other drawing commands in
MicroStation – remains active, until another command is
entered.

Notice: For the determination of straight object edges it is decisive
in which image combinations is measured. The determination of the
3D edge is possible only if the edge does not lie parallel to the base
between the involved images and to the respective camera axis.
Already with approximate parallelity inexact and unreliable results
are obtained because the edge is determined only by glancing
intersections. Therefore, at least an image pair must not show this
unfavorable constellation.
This means, for example, for the evaluation of a house facade: If the
photos have been taken exclusively from the surface of the earth, it
makes only sense to evaluate the vertical object contours edge-wise.
Since only these lie transverse to the connecting lines between the
exposure stations. Images from other height would have to be
available for the horizontal edges. (Or the contours are measured
alternatively with the plane function, see chapter 10.2.2).

10.3.2 Measuring Arcs
The function to measure arcs works as a rule only reliably if
the length of the arc does not exceed the semicircle.
Moreover, the 4 points which are to be measured on the arc
per image (see below). should be distributed equally over the
arc. In particular it is to be paid attention that the localization
of the starting point and endpoint differs not too much among
the images. I.e. that the arc pieces measured in the different
images cover at least roughly the same area.
1. Choose the function Place Arc in the toolbox Evaluation
or
enter the keyboard command place parc.
2. Choose in the settings the Method Edges.
3. Now the program expects per image in each case 4 points
which lie on the arc. All 4 points must be measured in
every image one after the other and the order as well as in
the accompanying sketch is displayed, is to be kept. The
first one and the fourth points must lie anyway at the arc
ends and for the middle points the arrangement is to be
obeyed like in the sketch.
Moreover, the starting points and endpoints may be swapped
among the images. If for instace point no. 1 was in the first image
measured at the lower arc end, in the other photos it may well
begun on top, and vice versa.

3. If 4 arc points have been measured in all desired images,
the three-dimensional position of the arc is calculated with
Reset (right mouse button). If the calculation succeeds,
then the arc is displayed directly.

With the semi-stereoscopic arc measurement the choice of the
images is to be noted – like with the edge measurement and
the cylinder measurement – in any case. If an error message
from the program appears, the determination geometry of the
photos is not sufficient as a rule.

10.3.3 Measuring Circles
The function to measure circles behaves exactly like the
function to place from arcs. The difference is only that an
entire circle is generated.
1. Choose the function Place Circle in the toolbox
Evaluation
or
enter the keyboard command place pcircle.
2. Choose in the settings the Method Edges.
3. Now the program expects per image in each case 4 points
which are distributed over the circle’s perimeter.
4. If 4 points of a circle have been measured in all desired
images, the three-dimensional position of the circle is
calculated after conclusion with the Reset-key. If the
calculation succeeds, the circle is placed directly
afterwards.

10.3.4 Measuring Cylindrical Pipes
With the measurement of cylindrical bodies as for example
conduits the function Place Pipe can be useful. With this, two
points on each contour edge of the cylinder are measured, i.e.
in each image a total of 4 points are to be localized. These
points does not need to correspond between the photos, so that
one is relatively freely with the choice. As with the object
edges these points should be placed, however, near the ends if
possible.
1. Choose the function Place Pipe in the toolbox Evaluation
or
enter the keyboard command place ppipe.

2. In the corresponding settings box the Method Edges has
to be chosen.
With the other control elements in the accompanying
dialog box the representation and calculation of the pipe
body can be influenced as follows:
•

With the switches Axis and Cylinder it is decided whether after
successful measurement the elements of these types are to be
shown in the drawing. If for example, the switch Axis is
inactive, only the cylinder body is drawn.

•

If the Diameter of the pipe to be measured is known, it can be
provided for the fact that the generated cylinder also keeps
exactly to these values. Then the measurement on the cylinder
surface serves in the principle only for the fact that the axis is
determined; the diameter arises using the entry in the
accompanying text field. The construction of the cylinder with
preset constant diameter is done only if the suitable switch is
activated.

•

The diameter of the pipe bodies is calculated using the
measurement described before. With an entry in the text field
Raster – and the matching activated switch – the measured
diameter is rounded every time. With a value of 0.01 for
example all measured diameters would be rounded to whole
centimeters. The curvature remains undone if at the same
moment a constant diameter is preset.

3. Now the program expects for each image four outline
points. At first two points (1 and 2) on one side of the pipe
are measured. These should lie near the ends of the pipe,
thus not both in the middle of the body.
4. Afterwards both edge points (3 and 4) on the opposite side
are measured. Here the same considerations apply as
before. Besides, the order plays no role, i.e. it is
uninterested whether first the point (3) or the point (4) is
measured.
5. Afterwards four edge points are determined in the second
image. The order of the points has no importance.
Only the first both and the last both points must lie in each
case on a side of the pipe. A homologous matching of the
points in connection with the measurement in the first
image is not necessary.
6. If even further images are loaded, further points can be
measured in this. A measurement is entire only if all four
points have been determined.
7. The acquisition cycle ends with the Reset key (reight
mouse button). Afterwards the diameter as well as the

starting point and endpoint of the cylindrical body are
calculated and the element are placed.
To estimate the accuracy a discrepancy amount is shown in
the status bar. This value refers to the maximum, vertical
distance which the involved image rays have got from the
surface of the contructed cylinder.The discrepancy is different
from zero only if it has been measured in at least three
images.
For the measurement of pipe bodies the same feasability
considerations apply as for the edge determination: The axis of
the cylinder should be as orthogonal as possible to the base lines
and the camera axes, so that precise and reliable results are
achieved.

10.3.5 Measuring Cones
Cones are placed in a similar way like cylinders. The
difference is that with cones the diameter cannot be set,
and that the axis is not placed.
1. Choose the function Place Cone in the toolbox Evaluation
or
enter the keyboard command place pcone.
The following steps are identical with the placing of cylinders
(see chapter 10.3.4).

10.3.6 Measuring Spherical Elements
The following function is conceived for sphere elements
which are not determinable exactly enough by localization of
the center anymore, because of their large diameter. Instead of
the center now points on the sphere are measured, where two
points per image have to be defined.
1. Choose the function Place Sphere in the toolbox
Evaluation
or
enter the keyboard command place psphere.
The command place sphere is a standard command in
MicroStation and is not used in this connection.

2. Choose in the settings dialog box the Method Edges.
3. Afterwards two points (1 and 2) on the sphere edge are to
be determined in the first image. Both points should lie
opposite to each other, but it is not necessary to keep this
condition rigorously. At least there should lie a point on
each semi-sphere.
4. Afterwards two contour points are placed in the second
image again.
These should be displaced about 90°, so that the sphere
measurement will be as accurate as possible. This means the
following: if the first two points from step 2. lie, for instance,
on the north-south axis, at least a pair of points in another
image shoud lie on the west-east axis. This configuration does
not need to be rigorously kept, however, it improves the
determination accuracy.
5. Finally even further edge points can be measured in other
images.
6. The measuring process is finished by operating the Reset
key (right mouse button). If suitable measurements have
been done in sufficient number, the center and the radius
of the sphere body can be calculated by the program. The
sphere is placed then.
As minimum condition point measurements must be in two
images.The discrepancy which is given in the status bar gives
the maximum distance which the involved image rays have to
the sphere surface.
In contrast to measurement of straight edges and pipes there are for
sphere elements no special conditions what concerns the position
relative to the base vectors (see above). It should be only taken care,
that the point pairs are distributed in different directions (compare
step 3).

10.3.7 Using Given Points
The abovementioned functions have in common that in
addition to the edge measurements or instead of the edge
measurements also 3D point measurements are admitted.
In the dialog box with the settings you can switch the Method
during the measurement from Edges to Points.
Now you can define well-marked points on the surface: To
this, either enter absolute coordinates on the keyboard (invoke

in the key-in line e.g.: xy=103.12,217.45,45.178
<Enter>), or snap already available points using the tentative
function of MicroStation.
In this way you can increase the accuracy of the measurement
farther or place very large elements whose edges are not
visible entirely in the image.
By the field Sigma Points one can control the influence of the
points to the measurement result, because the elements (edges,
arcs, pipes, cones etc.) are calculated by adjustment. The
smaller the value for Sigma the stronger the influence to the
result will be. This means, if the value is set to 0.001, the
points will affect the calculation more than as if 0.01 is used.

10.4 Homogenization Functions
Every photogrammetric evaluation is as a rule at first only a
raw result. Since as direct result of the basically limited
measuring accuracy, the photogrammetrically obtained
drawing holds more or less big inhomogenities. These
inhomogenities appear‚ for example, by the fact that object
contours which must be vertical or horizontal due to the
conditions, do not fulfil these features in the drawing exactly.
The lines deviate by small amounts from the verticals or
horizontals. Another example of an inhomogenity is if some
points – for instance the corners of a window – do not lie in a
plane, although they should fulfil the planarity condition,
strictly speaking.
In principle the CAD system MicroStation has all suitable
functions to postprocess the drawing for the purpose of a
homogenized appearance. In addition,the photogrammetric
application PHIDIAS is complemented by special
homogenization functions which permit a comfortable editing
of drawing elements. The postprocessing of a drawing
becomes considerably easier with these functions.

10.4.1 Overview about the Homogenization of Linear Elements
In the following an overview about the homogenization of
linear drawing elements with PHIDIAS is given. The
elements can be usual, straight object edges as for example
the rim of masonry holes, but also the central axes of conduit
segments. Futhermore, the following described functions are
working with line elements as well as directly with cylinder
elements or cones.
In PHIDIAS basically the following functions are used to edit
linear elements:
Chaining elements
(concatenation function)
Chapter 10.4.3

By this function several lines or cylinders are joined together so that all segments are forming a coherent chain
without openings.
If, for instance, the evaluations, which
have been done with the semi-stereoscopic measuring function place ppipe
(see chapter 10.3), have provided
straight pipe elements, then, with the
help of this function the segments can
be made connected. In this case the arc
pieces are automatically complemented.

Completion of elements
(complement function)
Chapter 10.4.4

Editing single elements
Chapter 10.4.5

Alignment of elements
Chapter 10.4.6

With the complement function missing
interpieces are constructed interactively.
If, for example, in the case of a window
only both vertical edges could have
been drawn, both still missing (horizontal) elements can be generated as homogeneous complements. Another
application example shows the evaluation of conduit installations: with the
function place ppipe for mathematical
reasons in each case only such conduit
segments can be measured which lie
vertically to the suitable base of the
involved images (also compare the
explanations in chapter 10.3). The
complement function enables the
evaluator then to construct the still
missing pieces.
Also single elements (lines or
cylinders) can be processed in the
meaning of a homogenization. This
means, for instance, that a line which
must lie due to the object conditions,
can be put vertically or horizontally by
a mouse's action. Another application
case is if a single element is to be
moved into a given coordinate plane.
This also works with this function;
starting points and end-points of a line
so obtain constant, arbitrary X-, Y- or Z
coordinates.
If single elements are located approximately along a straight line, they can be
made exactly aligned along this line by
using this function.
This function works with lines as well
as with cylindrical or conical elements.

Connection of elements
Chapter 10.4.7

Creating caps
Chapter 10.4.8

Alike to the function before this tool
requires linear elements which are
exactly or approximately situated along
a straight line. Then, each two neighboured elements can be connected. It is
possible to merge the elements to a new
single element or to connect both
elements with a new intermediate
piece.
Very often an industrial plant consists
of several container elements with a
cylindrical profile. The end pieces of
the containers are mostly not flat, they
are made up of caps. These caps can be
easily created using this function,
whereas the profile of the cap can be
chosen elliptical or circular.

10.4.2 Settings for the Homogenization of Linear Elements
The abovementioned homogenization functions (i.e. the
functions for the concatenation, the complementation, for
single element processing, for the alignment and the
connection) are controlled through a common dialog box
which permits a specific control of the homogenization
process.
The control elements of the particular functions are not all the
same. Therefore the appearance of the settings dialog box
varies with the homogenization function which is currently
used.

Dialog box with the
settings for the
homogenization

The settings in the dialog box Homogenization have in detail
the following meaning:
Tolerance of Gap

Type

With the connection of lines or conduit segments adjacent
lines resp. axes are generally skew in space, i.e.the
discrepancy (gap) as the shortest distance between these
space lines as a rule differs from zero due to the measuring
inaccuracies. The discrepancy tolerance determines, how
large the distance may be at maximum. If this amount is
exceeded at only one place, the homogenization is not
executed.
The homogenization type sets how the junctions are shaped.
There are three possibilities.
As Arc: the junction is constructed as arc piece. If a
constant Radius was defined, this radius is kept in all –
orthogonal – junctions, otherwise a mean radius is
automatically determined at each knot.
As Corner: the junctions are formed as corners.

Radius of Arc

As Window: Here is to be distinguished whether the
connection function or the complement function is used:
Connection: in this case the program expects exactly 4 lines.
As soon as these have been defined with the mouse, these
four lines are joined to a closed quadrangle (window).
Complement: with the complement function exactly 2 lines
are expected which usually lie parallel to each other. As
soon as both necessary lines have been defined, both still
missing parts are completed.
The arc radius plays a role concerning the connection and
the complement with arc pieces (see also Type As Arc). If
this option is active, it is forced in all orthogonal junctions –
and only in this – to the radius defined.

Align
Horizontally/Vertically

Orthogonal

Tolerance of Angle

Movable Endpoints

Align along Line

Method

Plane

Type

If this switch is on, all lines, which deviate within a predefined angle tolerance (see below Tol. of Angle) only little
from the vertical or horizontal of the coordinate system, will
be strictly horizontally or vertically aligned by the homogenization.
The switch Orthogonal determines whether adjacent lines
are placed exactly vertically to each other. This option
reaches only for such line pairs which fulfil (originally) the
orthogonality condition within the scope of the predefined
Tolerance of Angle (see below).
The Angle Tolerance gives the limit value whether lines are
to be treated as orthogonal to each other or as vertical /
horizontal. The default amounts to 3 gon. If, for instance,
two lines enclose an angle of 96 gon,the orthogonality
conditions would not apply at this point.
Every group of the line or cylinder elements, which are
handed over the homogenization, the program puts in such
an order that the sum of all distances between each two
adjacent elements becomes a minimum. Through this every
linestring has an unique starting point and endpoint. With the
switch Movable Endpoints can be decided whether the
endpoints are to remain unchanged by the homogenization or
are to be also movable like all nodes between them.
Special case: If single elements are worked on (chapter
10.4.5), this switch determines whether both ends of a line
are changed or whether a side is kept fixed. In the second
case – the switch is thus off – the result depends on where
the element is identified with the mouse. Then only the line
end which is in next to the data point is changed according to
the homogenization settings. The other end remains
unchanged in each case.
If the tool for the connection of neighboured elements by an
intermediate piece is used, it is possible to align simultaneously all elements along a straight line. If an alignment is
desired this option has to be activated.
If elements like lines or cylinders shall be aligned along a
straight line, several different Methods are possible. The
option Endpoints Fixed causes that the new alignment is
determined by the two most exterior points of the element
group (i.e. normally the outer endpoints). The option First
Element means, that the alignment uses the direction of that
element which has been located with the mouse at first. And
finally, by Adjusted Line all elements are brought to coincide
with the adjusted line which is calculated from the original
elements.
This switch causes whether the elements of a linestring are
to be aligned in a common plane. The program checks using
the Tolerance of Distance (see below) whether the elements
lie in a plane at all.
With this option switch the plane type is fixed, presumed the
planarity switch is on. As a plane type can be chosen either
one of three coordinate planes ( X-Y, X-Z or Y-Z) or a Spatial
Plane.
With the first three possibilities a parallel to the corresponding coordinate plane is used. For this, a Fixed Coordinate
can optionally be defined (see below).
If the option Spatial Plane was set, an adjusting plane is laid
through the line elements. Then all homogenized elements

Tolerance of Distance

Fixed Coordinate

Placing

Surface
(Cylinders only)

Diameter
(Cylinders only)

Grid
(Cylinders only)

Connect Elements

Attach Attributes

are placed in this plane which lies in the general case
inclined in space.
If the planarity condition is switched on (switch Plane), it is
checked with the help of the Tolerance of Distance whether
the adjustment is possible in a common plane. If only one
point of the lines shows a bigger distance than the given
tolerance,the homogenization is not executed.
The definition of a Fixed coordinate can take place in
connection with the definition of a coordinate plane (X-Y, XZ or Y-Z, see above). If a value is entered here, the
homogenized elements obtain in each case this constant (X-,
Y or Z-)coordinate. If this option is switched off, the
program determines in this case a constant coordinate as an
average of the given elements.
Important: Be careful while working with fixed coordinates.
In extreme cases, line elements can thus be moved by huge
amounts to an undesired place.
If cylindrical pipe elements are homogenized, both the outer
surface and the axis of the cylinder body can be treated. In
this case one may choose, whether the Axis, the Cylinder or
Axis and Cylinder shall be placed as new homogenized
elements.
If the option Cylinder has been chosen, it is possible to place
this element under MicroStation with a normal (Standard)
surface or as a B-spline surface. The first one is better for
further treatment with other CAD-functions and therefore
recommended.
The Diameter of the cylinder is definable by Value, Average
or Element.
In the case of Value, the diameter has to be entered by the
user in the corresponding text field. All cylinder elements
will be created with this diameter. By Average means, that
the diameter will be calculated from all selected cylinder
elements as mean value. The option Element causes all
cylindrical elements keeping its individual diameter after
homogenization.
If as definition method for the Diameter one of the options
Average or Element has been selected, the Grid is definable
additionally. In this case the diameter will be rounded and
the entered value determines the increment during this. If,
for example, as value 0.01 has been invoked for Grid, the
diameter will be rounded on centimeter.
With the connection or with the closing coherent linestrings
result. Thus, for instance,the homogenization of conduits
provides the axis of the pipeline which consists of lines and
arcs. If the switch Connect Elemenst is activated, the single
elements ar immediately joined together to a 'complex
chain'. Then further CAD engineering actions can be applied
directly here.
If line elements are homogenized to a As Window, a closed
polygon ('complex shape') results.
Attributes of the drawing elements are in MicroStation
properties like colour, line width, line type, plane, etc. With
the switch Attach Attributes it is controlled whether the
result of the homogenization is displayed using the current
attributes or each original element is to retain the old
settings.
All new elements, such as the arc pieces at the conduit

Maintain Original
Elements

connection, are generated basically with the current
attributes.
Normally the new, homogenized elements are replacing the
old situation. The original elements are deleted therefore at
the end of the homogenization process. If the user wants to
maintain the original elements, this option has to be active.

The dialog box for the settings is opened basically every time
if one of the homogenization functions (connection, complement or single processing etc., see below) is activated.
Independently from this the dialog box can be also called as
follows:
1. Enter on the keyboard the command mhom linelem
settings
or
use the menu item PHIDIAS > Homogenization >
Settings

Under MicroStation all commands can be abbreviated within the
limits of uniqueness: Here, for example, the input of ho li se
would be sufficient.

Afterwards the dialog box Homogenization is opened. All
settings which are made here are also saved after quitting the
program. With every homogenization process the definitions
must be kept with an eye.
Using Selection Sets
Generally, all homogenization functions can be carried out in
two ways:
a. Either, the function is firstly started as usual by clicking the corresponding icon in the
Homogenization toolbox or by entering the appropriate command. Then the user is
prompted to locate one or several linear elements (lines, cylinders) with the mouse. This
approach should be well known from other native functions under MicroStation and is the
standard technique.
b. Or, as an alternative, all concerned elements are initially selected by using the normal
Element Selection function. This group of elements is called a ‘Selection Set’ and it is
displayed in the highlighting colour. After calling the desired homogenization function
now, the process starts immediately and the result, i.e. the new homogenized elements, are
shown preliminary.
As long as the homogenization result is just displayed preliminary (i.e. the new elements are displayed in the highlighting

colour), the user can change the settings yet (Tolerance, Type,
Radius etc., see above). Each modification will immediately
cause a new calculation of the homogenization and the new
situation will be shown. By this the user is able to study the
effect of particular settings on the homogenization result.

10.4.3 Homogenization by Chaining
The concatenation (chaining) of several linear elements
(object edges, pipe axes etc.) proceeds as follows:
1. As start command enter in the command line mhom
linelem chain
or
activate the corresponding button in the toolbox
Homogenization
or
choose the menu item PHIDIAS > Homogenization
> Concatenate Linear Elements.
2. Now the program expects the selection of all elements by
the mouse cursor. Every clicked element is marked in the
current highlighting colour. These elements may be lines
or cylinder elements (pipes).
3. If an element is to be removed again, this is clicked simply
once more. An element can be as often selected and deselected as desired.
No special order need to be kept, i.e. for instance, the first
element of a linestring does not need to be selected first. In the
homogenization the correct order is automatically determined
so that the sum of the distances between adjacent elements is
minimized.

4. The acquisition process is finished if a data point is placed
in a free place two times. After the first "empty" data point
further elements can be gathered basically.
5. After the second "empty" data point the homogenization
calculation begins. For this, the settings in the dialog box
Homogenization are regarded. Then with success the
result is displayed directly in the highlighting colour.
6. Only if another data point (left mouse button) is placed,
the homogenization result is accepted; the homogenized

elements are drawn and the old elements are deleted (if
Maintain Original Elements is inactive). With the Reset
key (right mouse button) the result is rejected.
After the homogenization has been carried out, the command
remains active, it can be continued directly with the selection
of the first element of the next line group.
Notice the following peculiarity, if As Window was chosen as
homogenization type (see above): in this case the acquisition
cycle automatically ends with the fourth element and the
homogenization process begins directly without further
"empty" data points.

10.4.4 Homogenization by Complement
With the complement function always exactly two elements
are expected as input data. As opposed to concatenation
operation (chapter 10.4.3) the homogenization calculation
begins directly after the second element has been clicked, i.e.
no "empty" data points are required as termination.
The classical application field for this function is the
photogrammetric measurement of conduits with place ppipe
(compare chapter 10.3). For them, missing (linear) interpieces
can be constructed in an easy manner.
1. The function is called on the keyboard with mhom
linelem close
or
in the toolbox Homogenization the corresponding button
is clicked with the mouse
or
choose the menu item PHIDIAS > Homogenization
> Complement Linear Elements.
2. Now both elements which are to be complemented with a
connecting piece are to be selected with the mouse cursor.
Every selected element is displayed in the highlighting
colour.The selection can be cancelled (for the first
element) by renewed selection.
After the 2nd element the homogenization begins directly
according to the settings (see chapter 10.4.2). As a result
the first side is at first displayed preliminarily.

3. With a data point the result is accepted and the new,
homogeneous elements are created. The Reset key (right
mouse button) rejects the result and leaves everything as it
has been before.
4. Afterwards the other side is likewise complemented and is
displayed in the highlighting colour. Here, too, the result
can be accepted with a data point or rejected with a reset.
The second side is displayed at once together with the first
one if as homogenization type the option As Window is set.
In this case step 4 is not done.

All together 4 different complement elements are conceivable,
see also the accompanying drawing beneath. As long as none
of the suggestions for connection is accepted by a data point,
the program displays the variant next in each case. The user
must press if necessary the Reset key repeatedly until the
desired complement line appears.
The completion process is finished by that at this place and it
can be started immediately with the selection of the first
element for the homogenization of the next line pair.
A special case is given if in the text field Radius of Arc an
arbitrary negative value is entered (e.g. –1.0). This is only
possible if as Type the option As Arc has been chosen. In this
case the function Complement Linear Elements performs the
homogenization in such a way that the connection is effected
by a single arc element only; the linear piece as described
before misses in this case. The radius of the arc piece is
automatically determined and depends on the distance
between the selected elements.

10.4.5 Homogenization of Single Elements
The processing of single elements is suitable for the alignment
of line or cylinder elements. If, for example, with the function
Place Pipe a vertically standing pipe piece has been measured
photogrammetrically, the axis of the cylinder is just not
exactly vertically due to the measuring inaccuracies. By the
homogenization it can be provided for the fact that the axis is
placed strictly perpendicularly. Condition is that the switch
Align Horizontal/Vertical (see above) is switched on.
At the same moment or also alternatively the axis of the above
example can be moved into a predefined plane of the
coordinate system. About the switch Plane (see above) one

receives the access to the definitions for the planarity
condition. If – as an example – the axis of the cylinder is to
obtain constant Y coordinates (the axis is thus to be parallel to
the X-Z-coordinate plane), the option X-Z Plane is chosen as
plane type and a Fixed Coordinate is entered as an desired Y
value. The axis is placed thus in a plane with constant Y
coordinates.
After activation of the command for the homogenization of
single elements the localization is expected from an element
in each case with the mouse:
1. On the keyboard the command mhom linelem
single is entered
or
the function Align Single Elements in the toolbox
Homogenization is chosen
or
in the PHIDIAS menu the menu item PHIDIAS >
Homogenization > Align Single Elements
is selected.
For the use of the function at least one of both switches Align
Horizontal/Vertical and Plane in the settings dialog box
Homogenization must be activated. Otherwise a
corresponding error message appears in the status line of
MicroStation. For the meaning of the switches see chapter
10.4.2.

2. Now the program expects the localization of the elements
with the mouse. As soon as an element - a line or a
cylinder - is clicked, the homogenization takes place in
accordance with the settings directly. The result is
displayed at first preliminarily in the highlighting colour.
3. With a data point (left mouse button) the new, homogenized element is accepted. The old one is thereby deleted.
The Reset key (right mouse button) rejects the
homogenization result.
If an element does not react to the homogenization, a conflict with
the defaults can be in the dialog box Homogenization. In these cases
is to be paid attention to suitable error messages in the status bar.

10.4.6 Homogenization by Alignment
Sometimes several linear elements (e.g. cylindrical elements
of a pipeline) are lying along a straight line. But due to the

usual inaccuracies of the measurement the elements do not
exactly fulfill the alignment condition. To make these
elements precisely having the same direction the following
has to be done:
1. Key in the command mhom linelem align
or
click the corresponding icon in the toolbox
Homogenization
or
in the PHIDIAS menu the menu item PHIDIAS >
Homogenization > Align Linear Elements
has to be chosen.
2. Now the program expects the selection of all elements by
the mouse cursor. Every clicked element is marked in the
current highlighting colour. These elements may be lines
or cylinder elements (pipes).
3. The acquisition process is finished if a data point is placed
in a free place two times. After the first "empty" data point
further elements can be gathered basically. After the second "empty" data point the alignment of the selected
elements is performed under regarding the current settings
and the result is displayed directly in the highlighting
colour.
Basically the choice of the option (Alignment) Method (see chap.
10.4.2) has a strong influence on the result. It determines the position
of the straight line holding the aligned elements.

4. With a further data point (left mouse button) the homogenization result is accepted and the new homogenized
elements are drawn. With the Reset key (right mouse
button) the result is rejected.

10.4.7 Homogenization by Connection
This function is usefull for the treatment of neighboured
elements which are – at least approximately – aligned along a
common straight line. It has to be distinguished from those
homogenization functions like chaining or complementation,
which are establishing a connection between perpendicular
elements. Two neighboured elements (e.g. cylindrical
segments of a pipeline) can be connected by the following:

1. Firstly start the function by entering the command mhom
linelem connect
or
choose the appropriate button in the toolbox Homogenization
or
select the menu item PHIDIAS > Homogenization
> Connect Linear Elements in the PHIDIAS
menu.
2. The user has to locate two elements with the mouse cursor
now. This function needs the selection of only two linear
elements.
3. Immediately after clicking the second element, the
homogenization process starts und the result is shown
preliminary. If desired, the settings can be yet modified at
this moment.
4. A further data point (left mouse button) finishes the
process and the new homogenized elements are created.
At this the gap between the selected elements is bridged
by a new segment.

10.4.8 Creating Caps
The end pieces of cylindrical container are very often not flat,
they are rather made up by rounded caps. The creation of
these caps is quite easy done by this function.
1. It begins with invoking of the command mhom create
caponcyl
or
by choosing the corresponding button in the toolbox
Homogenization
or
by choosing the menu item PHIDIAS > Homogenization > Create Cap in the PHIDIAS menu.
2. The settings of this function are different from those one
of the functions described before.

The Profile of the cap can be chosen as Elliptical or as
Circular. In the case of an elliptical profile the section
from the container body to the cap is more smoothly than
a circular profile.
The curvature of the cap depends on the Height value. The
height can be up to the radius of the container body as a
maximum.
The option Attach Attributes has the same meaning as
described in the context of the other functions.
3. The program prompts for the location of an element. The
user has now to select a desired cylinder element. At this it
plays a role which end of the container is clicked with the
mouse
4. After locating a suitable element the cap is immediately
created and then displayed preliminary using the
highlighting colour. With an “empty” click, i.e. a data
point (left mouse button) at a free place, the result is
accepted. With Reset (right button) the result is rejected.

10.4.9 Flatten Elements
If polygonal shapes have been measured in space (i.e. threedimensional) without using ACS Plane Lock and without
AccuDraw’s Z-Lock, the resulting shape is mostly not planar
due to the unavoidable measurement inaccuracies. But in
order to use some construction and modification tools, it is
better to have the elements lying in a plane.
The function tool Flatten Elements projects selected elements
into a predefined plane.
1. This function works at its best if all desired linear elements (lines, line strings, shapes) are pre-selected at first.
This can be done with the native tool Element Selection (a
‘Selection Set’ is established) or by placing a fence. Using
a fence is recommended.
2. Now enter the command flatten elements in the
key-in window
or
click the corresponding button in the toolbox Homogenization

or
choose the menu item PHIDIAS > Homogenization
> Flatten Elements.
3. The dialog box with the settings concerning this function
appears.

By the option button Plane the type of plane is determined. Adjusted Spatial Plane leads to a plane which is
defined by one or several selected elements. The position
of this plane will be arbitrarily in space; it depends on the
selected elements. The options X-Y, X-Z and Y-Z are
related to the main planes of the three-dimensional
coordinate system. If ACS is selected, the elements will be
projected to the x-y-plane of the current ACS.
Choose the Plane Adjustment method, which is of interest
if more than one element is treated. If the option Single is
active, each element is projected to its own plane. Against
what in the case of All one particular adjusted plane is
calculated from all selected elements.
By activating Use Fence only those elements are treated
through the function which are included by the fence.
Naturally a fence has to be placed before starting the
function.
The switch Keep Original causes that the selected (original) elements are not deleted at the end.
4. The program prompts now for acceptance. With an empty
click (i.e. a data point at a free place) the projection
happens in accordance to the current settings.
There is no preliminary display of the result as known from the
preceding functions. The new elements are immediately created. If
necessary the user should use the undo function (Ctrl-Z) to restore
the old situation.

10.4.10 Connect Linear Elements
Several elements with gaps or crossings can be made connected to a complex string or to a shape with this function. It
works with line-based elements like lines, line strings, arcs or
complex strings.
The difference to the native tool Create Complex Chain from
MicroStation is that it works with a selection set and that it
can treat several particular elements at one step.
1. At the beginning the function Element Selection is called
and all desired elements are choosen; a ‘Selection Set’ is
established thus.
2. Now enter the command connect elements in the
key-in window
or
click the corresponding button in the toolbox Homogenization
or
activate the menu item PHIDIAS > Homogenization > Connect Elements in the PHIDIAS menu.
3. The settings dialog box related to this function is opened.
Enter the Tolerance value. By this only those neighboured
elements will be connected whose distance amounts up to
this value as a maximum.
By activating the switch Keep Original the original elements are maintained after the connecting process. (In
practice this is normally not purposeful.)
4. After defining the settings there is only a further data point
needed for acceptance. The resulting element can be a line
string, a shape or a complex string.
Similar to the Flatten Elements function there is no preliminary
display of the result and the connected elements are directly created.
If necessary the user should use the undo function (Ctrl-Z) for
restoring.

10.4.11 Project and Unwrap Cylindrical Elements

The tool Project to Cylinder is used either to project threedimensional elements onto a cylindrical surface (Projecion) or
to transform elements, which are lying on a cylindrical surface, to a scaled two-dimensional drawing (Unwrapping) .
A key role plays the cylindrical surface in this context. The
surface itself is represented by a simple arc. This arc has to be
placed in the drawing before starting of the function and the
projection results will depend on the position and the orientation of the arc in space. The user should imagine that the arc is
extruded endless to a cylindrical surface and the normal vector of this surface determines the projection direction. If, for
example, the arc has been placed lying exactly in the X-Yplane of the coordinate system, the surface stands vertically.
I.e. the direction of the (virtual) extrusion coincides with the
Z-axis of the coordinate system. In general the orientation of
the arc in space is arbitrary, but the user should ensure that the
results will be reasonable.
1. To start the tool enter the command cylproj in the keyin window
or
click the corresponding button in the toolbox Homogenization
or
choose the menu item PHIDIAS > Homogenization
> Project Elements Cylindrical in the
PHIDIAS menu.
Now we have to distinguish between the mode Projection and
the mode Unwrapping.

Projection
In this case three dimensional elements are projected onto a
cylindrical surface. By this way the resulting elements are
becoming two-dimensional (exactly said: the knot points of
the elements).
2. At first the corresponding settings have to be made.
As Mode the option Projection has to be chosen. This
means, that three-dimensional elements will be projected
onto a cylindrical surface.
By the option button Elements three methods are possible:
Single means, that the elements are located separately
with the mouse cursor and projected one by one.
With Fence all elements, which are selected by the
current fence, are treated. This option requires the
placement of a fence before starting the function. Normally the use of a fence will be the best method in this
context.
The option All effects the projection of all elements
currently existing in the drawing.
The switches Invert Arc Direction and Invert Height are
not effective here.
If Keep Attributes is active, the element attributes like
level, color, linestyle and weight of the original elements
are maintained. Otherwise the currently active attributes
are used for creating the projected elements.
By the switch Copy the original elements are maintained,
if the option is set active. Otherwise they are deleted at the
end of the projection process. In practice the original
elements are maintained in most cases.
If the projection shall be done preliminary as a preview,
the option Display only must be active. In this case the
projected elements are not really created in the drawing,
i.e. after calling Update View the new elements are disappearing again.
Curved elements are converted to polygons (line strings)
during the projection process. With the Tolerance value
the user determines the resolution of this segmentation.
Smaller values result in polygons with more and shorter
segments and with better accuracy. Normally 1 cm
(0.01) is a suitable value for Tolerance.

3. The real projection starts with the location of the arc with
the mouse cursor. As described before, this arc represents
the cylindrical surface for the projection. The arc should
be displayed now in the highlight colour.
4. The selection of the arc must be accepted by the user. This
happens by an empty click, i.e. a data point (left mouse
button) at a free place in the drawing. The arc looses the
highlight colour again.
5. If as selection mode Single has been chosen, all elements,
which shall be projected now, must be located with the
cursor one by one. After the first mouse click a further
click for acceptance at an arbitrary place must follow and
then the projection happens and the new element is drawn.
(The second click can directly meet the next element to
accelerate the process.)
In the case of Fence or All as selection mode (see above),
the program expects only one further empty click. After
doing this the selected elements are processed all at once.

Unwrapping
By unwrapping (uncoiling) it is possible to make a drawing,
whose elements are lying on a cylindrical surface, planar.
Similar to the projection tool the arc, which represents the
cylindrical surface, is very important. A suitable arc must
have been placed before starting the unwrapping process.
Beneath the position and orientation in space two parameters
of the arc are decisive for unwrapping:
The radius determines the
scale of the planar result. If the choosen radius is different
from those one of the cylinder containing the existing
drawing, then the resulting elements will be transformed
with a changed scale. If, for example, the radius is smaller,
the unwrapped drawing will be scaled down.
Note: This scaling works in x-direction only ! In practice one should
therefore avoid a change of the scale during the unwrapping process.
Instead it is better to use the native Scale function of MicroStation.
Hence the radius of the arc should be normally equal to the radius of
the existing drawing.

The start point of the arc determines the start position of the unwrappped drawing. This
parameter is not so important as the radius. The start point effects only a shift (translation)
of the resulting drawing, which also can be modified later by using the Move tool of
MicroStation.

2. After calling the function (see step 1) several settings have
to be regarded at first.
At this place the mode Unwrap has to be chosen for
unwrapping, compare the corresponding option button
Mode.
The settings Elements, Keep Attributes, Copy and Display
only are the same as with the function Projection. The
user should refer to the explanations above. It is recommended to choose the option Fence for the selection of the
elements; this naturally requires the placement of a fence
before starting of this function.
By activating the switch Invert Arc Direction the drawing
is mirrored during unwrapping. The mirror axis is parallel
to the cylinder axis or, with other words, it is perpendicular to the plane defined by the arc.
The option Invert Height effects also a mirroring. But in
this case the plane defined by the arc holds the symmetry
axis. Elements from the “top” are transformed to the
“bottom” and contrary.
3. Now the arc, which defines the geometry of the unwrapping drawing, must be located with the mouse cursor. The
arc is marked with the highlight colour after this.
4. The program expects a further data point at a free place
for acceptance. After doing this two dashed lines are
shown. Both lines begin at the start point of the arc and
they represent the plane to which the drawing will be
transformed. (The dashed line are only temporary and will
disappear with the next call of Update View.)
5. Furthermore the appearance of the mouse cursor is changed: two small axis of a local x-y-coordinate-system are
displayed and the program expects now a data point to
define position and orientation of the unwrapped drawing
in the three-dimensional coordinate system.
At this moment it is decisive in what view the data point
(left mouse button) happens. If, for example, the mouse
click takes place in the Top view, then the unwrapped
drawing will be created in the X-Y-plane of the drawing
file. Or, if the data point is placed in the Front view, the
result is drawn in the X-Z-plane. In practice the Front or
the Right view of MicroStation will mostly be the most
suitable choice.

After placing the data point there will be a little (temporary) x-y-cross visible in the corresponding view. This cross
indicates the origin of the new unwrapped drawing.
6. If as selection mode Fence or All has been chosen, there is
only one further mouse click needed for acceptance and
all selected elements are subsequently unwrapped all at
once.
Otherwise in the case of Single as selection mode, the user
has to locate all desired elements one by one, whereas
allways a second “empty” click is required as acceptance
data point.

10.5 Monoscopic evaluation of curved surfaces
Analogously to the evaluation of plane surfaces with the help
of an ACS (see chapter 10.2.2) you have with PHIDIAS the
possibility to evaluate monoscopically also any curved
surfaces. Condition is that the surfaces are as drawing
elements. Possibly elements are as for example cylinders,
cones, spheres or any other B-spline surfaces. The advantage
of the monoscopic measurement is that you must match no
homologous points in other images. Thereby you can easily
place not only lines with clear break points, but also arcs and
curves.
The PHIDIAS toolbox Evaluation contains three functions to
work with surfaces.
Select Surface for Surface Intersection

Chapter 10.5.1

Surfacemode On / Off

Chapter 10.5.2

Show Selected Surface Element

Chapter 10.5.3

10.5.1 Select Surface for Surface Intersection
The evaluation of curved surfaces is based on an intersection
of the observation ray – thus the back-projected image ray –
with a surface element. This element must be selected at first.
1. Activate the function Evaluate on surface from the
toolbox Evaluation
or
enter the keyboard command surface select.
2. Select the surface element in an arbitrary view and
confirm with a data point (left mouse button) the element
selected and shown in the highlighting color. Then in the
status field the message 'Surface selected' appears. If the
wrong element was selected, you can reject it with the
Reset key (right mouse button). Then other elements are
suggested. If no other elements are to be found in the
cursor position, the function restarts and you can choose
another element.

3 Now further data point inputs, e.g., while placing of
elements, are projected on the surface element. Points
beyond the surface are rejected. Data points in the photos
are accepted like with the ACS-lock immediately. No
double click is necessary to end the measurement. A
multi-image measurement is not possible with active
surface intersection.
4. If the intersection with the surface is not unique – with a
sphere surface the intersection with the front and back is
possible, for instance – the active depth of the view
decides. First it is attempted to find an intersection point
from the active depth from a forward intersection. If this
does not succeed, an intersection is searched in the
direction of camera. If you now want to evaluate, e.g., the
front of a sphere, you must set the active depth of the view
so, that it lies in front of the element, viewed from the
camera station. Choose for this the function Set
Active Depth from the toolbox Tools > View
Control and place a data point in front of the
element.

10.5.2 Surfacemode On / Off
To finish the surface evaluation or to activate again the multiimage measurement for individual data points, you can switch
the surfacemode on or off.
1. Select for this the function Surfacemode on / off from the
toolbox Evaluation
or
enter the keyboard command surface toggle.
The mode surface intersection is switched off, if it was on and
switched on, if it was off. A suitable message occurs in the
status field. The surface element selected last does not need to
be chosen once more. If up to now still no surface element
was selected, this function has no effect.

10.5.3 Show Selected Surface Element
The current surface element which is selected for the
monoscopic surface measurement can be displayed for
information.
1. Choose the function Show selected surface in the toolbox
Evaluation

or
enter the keyboard command surface show.
If the mode surface intersection is active, the selected element
is shown in all views in the highlighting color.
Note: If the surface element was modified after the choice or was
deleted, that has no effects on the surface intersection. The
geometry is used always which was chosen originally. If you might
use the changed element, you must select it with the function
Evaluate on surface once more.

10.6 Stereoscopic Image Evaluation
The stereo-measurement in PHIDIAS is realized with the
help of a mirror stereoscope placed in front of the monitor.
The stereo image pair is loaded in two views arranged side by
side. The left image of the stereopair is supplied thus to the
left eye of the viewer and the right image to the right eye.
Then both images melt into a spatial model. Another function
of the stereoscope is the reduction of the image distance on
the ocular distance.

Mirror stereoscope for
stereoscopic view

The stereoscope is as a special option not contained in the
standard extent of supply.
During evaluation the cursor is shown in both views at the
same time and so can be viewed spatially, too. It is moved as
usual with the mouse in the view plane and is controlled with
function keys in the depth, so that space points can be entered
directly. You are able to evaluate nearly any surfaces without

matching directly homologous points. The matching of both
images is done in natural vision unconsciously. The stereocursor from both views is perceived as one cross in space. By the
horizontal shift (parallax) against the photo lying underneath
the cursor seems to float above the ground, to lie below the
ground or – if there is no parallax anymore – to sit on exactly.
To reach an optimum stereo-viewing, the following conditions
should be kept:
•
•

•
•
•

•

The photos should be aligned roughly in parallel.
The base-distance ratio (ratio of camera distance to
exposure distance) should not be too small, so that a
sufficient depth accuracy is achieved and not be too large,
so that the stereo impression is not disturbed.
There should be no annoying réseau crosses in the image.
The surface should be textured. Very smooth, textureless
or reflecting surfaces, as for example waters in aerial
images, complicate the measurement.
Movable objects must be photographed at the same time
with two cameras. Smaller movable objects, as for
example moving cars in an aerial image do disturb less,
however.
Provide for roughly identical brightness and contrast
settings of the stereo images. Divergences should first be
corrected with a photo processing program.

10.6.1 Stereo Photographing
The different perspectives of the right and left stereo image
cause a different horizontal shift of the photographed spatial
objects. The smaller the distance is to the camera, the larger
the shift is in the image. These horizontal shifts – often called
x-parallax – provide for the depth impression. Whereas
vertical shifts – called y-parallax – disturb the depth
impression and are to be avoided.
The conclusion of this is that the camera axes for the left and
right image are to be aligned as parallel as possible.
Divergences of few degrees are to be tolerated. A bigger
swing or convergence leads to the fact that always only a
small image area is viewed spatially. The rest appears as
double image without depth effect.
The base-distance ratio (camera distance / exposure distance)
should be 1:3 to 1:5. This ratio is a compromise from depth
accuracy, lap ratio and the physiological conditions of the
natural seeing. Indeed a bigger ratio raises the depth accuracy,
however, reduces the lap ratio and complicates the stereo-

viewing. The base-distance ratio 1:4 proves, for instance, with
wide-angle lens a lap of approx. 80%.
Base-distance ratio at stereo
photography of a building

The spatial circumstances can force of course also another
base-distance ratio or a lens with another focal length.

10.6.2 Function Key Bindings
Because during evaluating the images by the stereoscope the
field of vision is limited and the tool boxes would disturb the
stereoimpression, the most frequent functions which are with
the stereo measurement of importance are laid on function
keys. The allocation of the function keys has been stored in
the file \PHIDIAS\stereo.mnu.
1. To activate them, choose the menu item Workspace >
Configuration and then the category Operations.
After this choose the item Function Key Menu and click
on the button Edit. Then as a new value you have to
invoke C:\PHIDIAS\stereo.mnu or – if PHIDIAS
lies in another directory – another suitable name.

Accept now the changes by pressing OK, and confirm the
following warning with Yes.
2. By the menu item Workspace > Function
Keys... the current key bindings can be inspected and
changed, if necessary.

The default binding of the function keys, which are stored in
the file stereo.mnu, are summarized in the following table:
Key

Command

Function

F1
Shift-F1
F2
Shift-F2
F3
Shift-F3
F4
Shift-F4
F5
F6
F7
F8
F9
F10
F11

stereo zdown -1.0
stereo zdown -10.0
stereo zup 1.0
stereo zup 10.0
stereo deltaxy 0 –1
stereo deltaxy 0 –8
stereo deltaxy 0 +1
stereo deltaxy 0 +8
stereo overlay
place smartline
stereo toggle
update all
window center
zoom in
zoom out

set height, stereocursor upwards, fine
set height, stereocursor upwards, coarse
set height, stereocursor downwards, fine
set height, stereocursor downwards, coarse
– correction of y-parallax, fine
– correction of y-parallax, coarse
+ correction of y-parallax, fine
+ correction of y-parallax, coarse
display drawing elements in stereo view
place smartline
switch stereomode on/off
update views
center view
zoom in
zoom out

10.6.3 Settings
Stereo evaluation in PHIDIAS is accompanied by some
settings. These are described in the following.
1. By the menu item PHIDIAS > Stereo > Settings you will open the dialog box with settings for the
stereo mode.

2. With the switch Stereomode you can toggle on and off the
stereofunctions. It has the same effect as the function
stereo toggle on the function key F7.
3. If a stereo OpenGL graphics card with LCD shutter
glasses is available, the option Shutter has to be activated.
In this case, when stereo mode is switched on, a new view
is opened which can be viewed with the LCD shutter
glasses.
4. The choice of the Views for the left and right image
decides, where the cursor should be visible as
stereocursor. If the cursor is in one of the selected views,
it changes its shape and the second cursor is automatically
tracked in the other view. The Distance in pixel determines how big the ocular distance or cursor distance on the
monitor is. This setting must be adapted individually to
the combination of monitor and stereoscope.
In the stereo mode with stereoscope the second view is
also automatically tracked while zooming or scrolling. In
addition, in the evaluation mode – if the orientation is
known – y-parallax is automatically removed.
If the cursor is not visible in the second view, this is mostly
because the active Z coordinate deviates too much from the
actual object depth. In this case switch off at first the stereo
mode and place a point or a line using the normal multi-image
measurement in the desired depth. Choose then the function Set
Active Depth and set the active depth in both views with the
help of the snap function to the drawn point or line.

The views should be set in a manner, so that they can be
optimally viewed by the combination of monitor and
stereoscope simultaneously. If you have carried out this
setting once, you can store the settings (CTRL-F) and use

this DGN file as a seed file for other stereoscopic
evaluations.
5. The Cursor Shape, Cursor Size and Cursor Color can be
adapted individually. The user may select between a cross
cursor, a point cursor and circle cursor, as well as a cross
cursor with an open center. The switch XOR determines
whether the cursor is drawn with constant color or with a
varying color which changes dependend from the background color. In the XOR mode the cursor may be a little
worse recognizable. However, the advantage is that the
dynamic representation of the graphical objects (e.g.,
elastic line) while placing and modifying is switched on. If
you choose the cursor with constant color, the dynamic
presentation is switched off, because otherwise the display
would become faulty.
6. Activating the option Control lines causes that during the
placement of elements, i.e. a smartline, the line is visible
in the stereoview. Otherwise the element will be unvisible
until it is displayed with the command stereo
overlay.

10.6.4 Point Measurement in Stereo Images
After the fiducial marks in the images – as described in
chapter 7 – have been measured, image points must be
measured for the orientation calculation. As an important
prerequesite for stereo measurements the y-parallax of the
image pair has to be eliminated.
As long as the image pairs are loaded in the point measuring
mode – thus are not oriented yet – y-parallax cannot be automatically removed. To be able to measure the tie points and
control points in the stereo mode, nevertheless, proceed as
follows:
1. Put in both views about the same screen window in a
zoom step which corresponds to the magnifier
enlargement with factor 1 to 2.
2. Press the key F5
or
enter the keyboard command stereo center.

3. Place now a data point on a well-marked point in the left
image and afterwards a data point on the same point in the
right image. Then both views are alined. If you look now
by the stereoscope and if you still recognize a y-parallax,
you can shift the right image with the keys F3 and F4 or
Shift-F3 and Shift-F4, until y-parallax has disappeared.
You put the height with the function keys F1 and F2 or
Shift-F1 or Shift-F2.
The process of measurement of the tie points and control
points is identical otherwise with the approach in chapter
8.
The orientation calculation does not differ from the procedure
of the bundle adjustment.

10.6.5 Evaluation of Stereopairs
The evaluation in the stereo model is done with the native
MicroStation functions. If you have moved the cursor with
the function keys F1 and F2 to the correct height in a
stereoview, simply place a data point and the 3D coordinates
are accepted.
For the evaluation in the stereo model the following
particularities are to be noticed:
•
•

•

•

As long as the cursor is in a stereoview in movement, it is
tracked in the second in parallel. But as soon as it stops,
the second view is moved so that no parallax appears.
While view functions are active, however, the second
stereoview is not tracked automatically. Only if the view
function with the Reset key (right mouse button) is
cancelled, MicroStation returns to the original function
and the cursor stops in a stereoview. The parallax is
removed again automatically by vertical shift of the
image. To shift the screen window, a view function must
be not necessarily chosen. You can shift also the view
dynamically, while you draw the cursor (dynamic shifting)
with simultaneous held-down of the Shift key and the data
point key (left mouse button).
Small vertical parallax is compensated, while the whole
view is shifted. If the shift reaches a larger amount, the
view moves again to the original position and it occurs a
redisplay of the image. This can lead – if it is done many
times successively – to image flickering.
The AccuDraw compass is only visible if the stereocursor
is shown in the XOR mode. Then indeed AccuDraw is
usable basically also in the stereomodel, however, the
compass is visible basically only in a view and can look

•

annoying, therefore, in case of the viewing by the
stereoscope.
You can control the stereo depth with the commands
stereo zdown [delta] and
stereo zup [delta],
which lie on the function keys F1 and F2 or Shift-F1 and
Shift-F2. The value delta decides by which amount the
depth is to change. If the Z control is too coarse for your
needs or too fine, you can adapt the values for delta under
the menu item Workspace > Function Keys (see
chapter 10.6.2).

11 Working with Point Clouds
As a special feature PHIDIAS offers several functions concerning the treatment of 3D point clouds. These point clouds
are recorded by laser scanner instruments and they provide the
possibility to determine the third dimension directly. If the
point clouds are combined with photogrammetric images as it
is done with PHIDIAS, then one may benefit from the advantages of both data sources: by the point clouds the determination of the depth (3rd dimension) works very well and against
what by using the images measuring across to the exposure
direction and the identification of object details is advantageous. The combined evaluation technique makes it possible
to measure 3D coordinates directly even though only a single
image is used. To this, the oriented image ray in space, which
is defined by a simple measurement of image coordinates in a
single image, intersects the surface of the point cloud. The
establishment of the correspondence of points or edges between accordant images is not further required. The threedimensional information of the point cloud and the accuracy
in detail and the better feasibilty for interpretation of the
digital images complement each other very well.

Displaying both point clouds and image data
simultaneously in PHIDIAS using superimposition

The principle of evaluating point clouds: the oriented
image ray intersects the point cloud and 3D coordinates are directly calculated.

In the following the handling of point clouds in combination
with conventional images is described.
Supplements during Projects Administration

Chapter 11.1

Management of Point Clouds

Chapter 11.2

Extensions to the Evaluation Process

Chapter 11.3

11.1 Initializing Projects
As an important precondition for the subsequent evaluation
process the photogrammetric images and the point clouds has
to be brought into a common coordinate system. One may
alternatively say that both, images and point clouds, have to
be oriented. Normally the point clouds have been registered
by the native software tools delivered from the scanner
manufacturer. At the end of the registration procedure all
individual point clouds are available in a mostly local
coordinate system.
Now, the images have to be oriented to the same coordinate
system in order to make sure that image data and point cloud
data coincide without fault during its common display on the
computer monitor. There exist two methods to initialize
projects with point clouds and images:
•
•

Import of orientation data in the case of laser scanners
with a firmly mounted camera (chap. 11.1.1)
Subsequent orientation of images recorded by a separate
camera (chap. 11.1.2)

11.1.1 Automatic Import of Orientation and Project Data
Some special laser scanner instruments are equipped with a
digital camera, which is fastly mounted on the top of the
scanner body (see the figure beneath showing the scanner
from RIEGL/Austria as an example). Then, besides the point
cloud data additional photos are recorded by the camera at
every scan station. The relative orientation, that means
translation and rotation in 3D, of the camera related to the
sensor is determined within the scope of the calibration
procedure done by the manufacturer. These data are mostly
available in the shape of one or more special files.
Due to the fact that each manufacturer utilises its own native
data sets, one has to distinguish the following laser scanners
which are currently directly available in PHIDIAS.

11.1.1.1 Creating a New Project
In all cases a new project has to be created in PHIDIAS. This
does not generally differ from the proceeding if a normal,

purely photogrammetric project is established. All aspects
concerning the set up of the project environment and the
creation of a new project are already described in chapter 4
and chapter 5. The user may refer to it.
In the following it is assumed, that a new drawing has been
constituted under MicroStation (chap. 4.3) and a new project
has been created in PHIDIAS (chap. 5.1). Please note, that
the existence of a KAM-file (camera data) and a OPK-file
(object coordinates) is not reqired in this context.

11.1.1.2 Import of RIEGL Projects
The data recorded with one of the RIEGL scanners are
administered and processed by the accordant RiScanPro
software. The orientation data of the camera and the scanner
sensor are stored in a so-called RSP-file. Please follow the
steps below for initializing a RIEGL project:
1. If not yet happened, open the Image Center of PHIDIAS,
for example by using the function Load Image in the
toolbox PHIDIAS-Project (compare chap. 6.1).
The dialog box Image Center appears and due to a new
project the image list does not keep any entity at this
moment.

2. Choose the menu item Functions > Import > Riegl
Project File (in the dialog box Image Center). After this,
select the desired Riegl project file (RSP-file, normally
project.rsp) by using the appearing dialog box.
All data of a single project recorded by Riegl scanners are
normally stored under a common directory named
“Riegl Scans”. The RSP-file will be found in the
accordant project directory.

It is possible to make the navigation in the directories more
conveniently for the user, if the configuration variable
PHIDIAS_RIEGLSCANS has been defined under MicroStation. This happens by choosing the menu item Workspace >
Configuration (in MicroStation) and after this by clicking the
button New. If, for example, all scan data are stored under the
directory “D:\Riegl Scans”, then one has to define the
following variable
PHIDIAS_RIEGLSCANS <-> D:\RIEGL SCANS.

3. After selecting the desired RSP-file another dialog box
Select Images is opened and it shows all existing scan
positions which have been recorded during the session on
site. Now select by the mouse all scan positions, which
shall be imported to the PHIDIAS project. In most cases
the button All will be used to select all positions. Finally
click OK to start the import of the data.

4. After the records have been imported an Alert dialog box
is opened and asks whether the project data shall be saved.
It is recommended to click the YES button.

As result now the selected images are listed in the Image
Center now.

The user is now able to load images (chap 6.1) and point
clouds (chap 11.2) simultaneously for subsequent evaluation
tasks.

11.1.2 Individual Orientation of Images
If the photos are recorded independend from the laser scanner,
the images have to be oriented in a further step. It is important
to do this in the same object coordinate system as the point
clouds are given.
The photogrammetric orientation of the images is proceeded
as usual. If several images are made with a sufficient overlap,
then an orientation by classic bundle adjustment is recommended (chap. 9.1). It will provide the best results.
When only single photos have been recorded without considering photogrammetric aspects, then the images can be oriented
using the PHIDIAS function Spatial Resection; see chapter
9.2 for detailed explanation to do this.
Before performing orientation the user should establish the files
with the object coordinates (OPK-file) and with the camera data
(KAM-file). To ensure good results with the method Space
Resection the camera should be calibrated.

11.2 Administration of Point Clouds
Several functions are available concerning the general management of point clouds in PHIDIAS. Most of them are activated by the corresponding button in the tool box Scanner
Data Viewing.
Settings concerning Display of Point Clouds Chapter 11.2.1
Load Point Clouds

Chapter 11.2.2

Unload Point Clouds

Chapter 11.2.3

Hide Point Clouds

Chapter 11.2.4

Show Point Clouds

Chapter 11.2.5

Clip Point Clouds by Fence

Chapter 11.2.6

Modify Display Depth of Point Clouds

Chapter 11.2.7

Show Information about Point Clouds

Chapter 11.2.8

Export Point Clouds

Chapter 11.2.9

11.2.1 Settings concerning Display of Point Clouds
After loading one or more point clouds the appearance and the
behaviour of the points can be adapted.
1. Click the button Settings Scanner Data in the tool box
Scanner Data Viewing
or
choose the menu item PHIDIAS > 3D-Scanner >
Settings
or
enter in the command window SCAN3D SETTINGS.

The dialog box Settings 3D-Scanner Data appears and the
following settings are available, distinguished by settings for
display and for evaluation.
Point Color
Point Weight
Display

Contrast
Brightness
Limit Point Number

Dependend on the background which is given by the images
the Color of the points may be changed. This helps to
improve the visibility of the point cloud.
Likewise to the color the Weight of the points can be adapted
to enhance the visibility.
By the option button Display the display of the point clouds
is selectable between Normal, XOR, Intensity, RGB and
Transparent.
The mode XOR offers the advantage, that the points are
always well visible in front of bright and dark image
background in an equal manner.
If the scanner is able to record intensity values additionally,
then contrast and brightness of the intensity values can be set
up. This requires the choose of the mode Intensity during the
display.
In the case of existing RGB values the points can be
displayed in the corresponding colored mode.
In Transparent mode the underlying image is still visible,
even if the pointcloud is very dense.
The value Contrast is only effective in Intensity display
mode.
The value Brightness is only effective in Intensity display
mode.
The Limit Point Number determines how many points are
displayed simultaneously in a view. By reducing the number
the recognizability of the photogrammetric image in the
background is improved and the display of the point cloud is
faster.
Please take into notice that this option does not influence the
evaluation process negatively, because during evaluation all

active points are always used, independend from the Limit
Point Number.
As a prerequesite for 3D measurements in the point cloud
the switch Surface Lock has to be active. If done so, the
program will calculate the intersection point of the image ray
with the surface of the point cloud as soon the user is
clicking a data point into the image or point cloud (see also
chap. 11.3 describing the so-called monoplotting mode).
During evaluation the spatial image ray intersects the surface
of the point cloud. By the option Interpolation one may
choose how the three-dimensional intersection point is
mathematically calculated.
The standard option is Triangle. In this case the image ray
intersects the triangle which is shaped by the three most
adjacent points.
The interpolation method Inverse Distance uses all points
close to the cursor and calculates the distance as a mean
value with inverse distance weighting. This method
generates smoother results than the Triangle mode because
in most cases more than 3 points are used.
If the mode Next Point has been choosen, exactly that point
of the cloud will be taken which is closest to the spatial
image ray.
The Median filter method sorts all the points near the cursor
by distance and selects the distance from the point in the
middle. This method is useful if the pointcloud is disturbed
by some wrong measurements, i.e. points reflected from a
passing car in front of a building. This method fails if more
than 50% of the measurements are wrong.
During the intersection of a spatial image ray with the point
cloud the program searches adjacent points which lie near to
the ray. The value for Search Radius determines how far this
search happens in the environment of the spatial ray. This
value has to be adapted to the resolution of the recorded
scanner data.
This option plays a role within the scope of creating a socalled triangulated irregular network (TIN). For example, a
TIN is used during making a orthophoto. By the value of
Maximum Distance one may control the creation of triangles
from neighboured points. If the distance between adjacent
points exceeds this value, the accordant triangle will not be
created. By this way the user is able to avoid unfavorable
shaped triangles.

Surcface Lock

Interpolation

Search Radius

Max. Distance

11.2.2 Load Point Clouds
In practise normally the images are loaded firstly (see chap. 6)
and then the corresponding point clouds are loaded in
addition. But generally it plays no role in which order the
loading procedures happens.
1. Activate the function Attach Point Cloud in the tool box
Scanner Data Viewing
or

choose the menu item PHIDIAS > 3D-Scanner >
Read Points
or
the command SCAN3D OPEN has to be entered in the
key-in field.
The dialog box Read 3D Point Cloud is opened.

2. Select the desired file which contains the point cloud data.
Currently the following data types are available in PHIDIAS:

*.P3D

PHIDIAS Binary Format (Standard)
Arbitrary point cloud data delivered by the laser scanners
can be stored in a special PHIDIAS binary format. Through
this reading of data is accelerated and the size of the file
diminishes.

*.3DD

RIEGL Raw Data Format
The laser scanner from RIEGL stores the recorded point
clouds initially in a Raw Data Format. As a prerequisite for
reading this data the driver RiDriver (version 1.9 or later) or
the corresponding library RiSCANLIB (both delivered by
RIEGL) has to be installed before.
Note: If in addition to the 3DD-file a SOP-file with the same
name exists, the coordinates of the point clouds are imported
referred to the project coordinate system. The SOP-file
holds some information about the position and the orientation of the scanner sensor. If the SOP-file misses, then the
points are simply coordinated in the sensor coordinate
system.

*.3PF

RIEGL Point File Format
Binary data format created by RIEGL software. The

coordinates are already transformed to the project
coordinate system. A SOP-file (compare *.3DD) is not
necessary.
*.XYZ

ASCII X Y Z Format
Common ASCII data format as well known, each row
contains the data of one point. The discrete, unformatted
values are separated by comma or by a blank.
A single row may consist of 3, 4 or 6 values:
3 values: X Y Z
4 values: X Y Z Intensity
6 values: X Y Z R-Color G-Color B-Color
(RGB values are from 0 to 255.)

*.ASC

ASCII X Y Z Format
Same ASCII data format as described under *.XYZ

*.OPK

PHIDIAS Object Point Format
The coordinates of the object points in PHIDIAS (control
points and tie points) ared stored in a OPK-file (ASCII
format). These data are also readable as point cloud data.

3. Generally it is possible to load more than one point cloud
simultaneously in PHIDIAS. If one or more point cloud
have been already loaded, then a dialog box appears with
the question, whether the new point cloud shall be appended. By clicking NO the existing point clouds will be
replaced by the new one.

4. If a fence is active, the import of points can be limited to
the fence outline.

Klick Yes to import only points inside the fence.
Please regard that dependend on the size of the point cloud the
reading of the data takes a few seconds.

To speed up the import of huge pointclouds originally stored
in ASCII format, it is advisable to export the pointcloud to
binary format P3D.
Choose the menu item PHIDIAS > 3D-Scanner >
Export Points (see chap. 11.2.9)
If a point cloud has been loaded, the user has to take into account, that
the displayed points are not similar to normal graphical elements in
MicroStation (like lines or arcs etc.).
It can be that the point cloud is firstly not visible because it lies
beyond the actual view area or beyond the actual display depth. The
command Fit View fits to graphical design file elements or to a loaded
photo and not to the pointcloud extents. Only if the drawing is empty
or no elements are visible, the command Fit View fits to the extents of
the pointcloud.

11.2.3 Unload Point Clouds
1. Activate the function Detach Point Cloud in the tool box
Scanner Data Viewing
or
choose the menu item PHIDIAS > 3D-Scanner >
Detach Points
or
the command SCAN3D CLOSE has to be entered in the
command field.
All currently loaded point clouds are unloaded at once and
without a further affirmation prompt and allocated memory
will be freed.

11.2.4 Hide Point Clouds
The display of the point clouds can be set on and off
alternately. It should be regarded that after hiding the point
clouds are furthermore active for evaluation tasks. It enhances
the visibility of the images in the background and, in addition,
the display of the photos happens clearly faster.
1. Activate the function Show Point Cloud in the tool box
Scanner Data Viewing
or

the command SCAN3D HIDE has to be entered in the
key-in field.
The hiding of pointclouds is effective for all views. If the
pointcloud should be invisible in only some views and visible
in the others, then it is better to switch off the attribute
Constructions for the view.
1. Choose menu item Settings > View Attributes
or
Press Ctrl-B
2. Select the richt View Number, Change the attribute
Constructions and click Apply.

11.2.5 Show Point Clouds
After hiding the point cloud data the points can be made
visible again as follows:
1. Activate the function Hide Point Cloud in the tool box
Scanner Data Viewing
or
enter the command SCAN3D SHOW in the key-in field.
Hiding and showing of the point cloud also can be changed by
entering the key-in command SCAN3D TOGGLE.
The view attribute Constructions also has influence on the
visibility of pointclouds. If the view attribute Constructions is
switched off, the pointcoud is invisible, even if the the tool
Show Point Cloud was used.

11.2.6 Clip Point Clouds using Fence
During evaluation (see chap. 11.3) it is often advisable and
sometimes even required to restrict the point cloud spatially.
This happens by clipping the cloud together with the native
Fence function of MicroStation. Placing and modifying a

fence is activated as well known by the accordant buttons in
the toolbox Fence.
1. As first step the fence has to be placed as required, mostly
using Shape as Fence Type. At this the user has to work
appropriately with different views in MicroStation (Top,
Front, Right view etc.). For example, to clip the point
cloud along a direction parallel to the ground, the top view
will be a most suitable view.
What kind of Fence Mode has been chosen during
clipping (inside or outside),has no influence.
If front or back clipping is activated for the selected view,
then also points outside the display depth are clipped.

Complete pointcloud

Clipped pointcloud
2. Now there are several functions available to hide or show
parts of the point cloud:
SCAN3D CLIP OUTSIDE
SCAN3D CLIP INSIDE
SCAN3D CLIP ALL
SCAN3D RESTORE OUTSIDE
SCAN3D RESTORE INSIDE
SCAN3D RESTORE ALL

Hide all points lying outside of
the current fence
Hide all points lying inside of the
current fence
Hide all points, independent
from an existing fence
Show all points lying outside of
the current fence
Show all points lying inside of
the current fence
Show all points, independent
from an existing fence

Clipping the point cloud can be performed repeatedly one
after another. In most cases it is even necessary to do this:
firstly the cloud is clipped in the top view, then it is perhaps
clipped in a right or a front view so that a local section of the
cloud has been selected as desired.
Note: All points which have been made hidden by one of the
aforementioned functions are really deactived during evaluation. They
are not used no more, for example, when 3D points are measured in
PHIDIAS by monoplotting.

11.2.7 Modify Display Depth of Point Clouds
To improve the general survey during the work with point
clouds or to draw profiles and ground plots, the visible data
can be restricted by adapting the display depth. In principle a
small, spatial corridor is defined and one is able to display
only a narrow slice clipped from the point cloud.
1. Activate the function Set Display Depth in the tool box
Scanner Data Viewing
or
the command SCAN3D VIEWSLICE has to be entered in
the key-in field.
A dialog box with some settings concerning this function
appears.

Now one has to distinguish, whether the corridor which
restricts the point cloud shall be parallel to the X-Y-plane of a
certain view or parallel to the X-Y-plane of the current ACS
(auxiliary coordinate system). In both cases the corridor
(slice) will be parallel to the corresponding X-Y-plane or –
with other words – perpendicular to the accordant Z-axis.
a) Parallel to View
2. If Parallel to View has been choosen, firstly select the
View number whose display depth shall be modified.
3. Then enter a value for View Z Height. This value refers to
the zero point of the view and defines the symmetric
middle of the corridor along the current Z-axis of the
selected view.
4. With Thickness the spatial extension of the corridor is
determined. Starting from the Z Height the slice is defined
in each case by the half of this value in both directions of
the Z-axis.
The value contained in the Step field determines how
Thickness or Z-Height will be changed if the accordant
scroll bars of View Z Height are clicked or ShiftMouseweheel is used.
b) Parallel to ACS
5. If Parallel to ACS has been choosen, only Thickness can
be set up. It has the same meaning as described before.
But now the corridor is defined related to the current
position of the ACS. The X-Y-plane of the ACS represents the middle of the corridor. Please note, that the
orientation of the ACS may be arbitrary in space. Therefore the Z-axis of the ACS normally has got another
direction as in the case before.
The user who is familiar with MicroStation will be acquainted with
the so-called Display Depth in 3D drawings. It should be noticed,
that the PHIDIAS function changes exactly this setting. Therefore
one may also define the display depth alternatively by using the
accordant function in the toolbox View Control.

If an element is selected, the ACS does not move in Zdirection. In this case it moves along the element and the
rotation of the ACS is also changed continuously
perpendicular to the element.

11.2.8 Show Information about Point Clouds
To get some information about the currently loaded point
clouds, the following has to be performed.
1. Select the menu item PHIDIAS > 3D-Scanner >
Info
or
enter the the command SCAN3D INFO in the key-in
field.

If point clouds have been loaded, a dialog box called
Information appears and gives some information about
•
•
•

the quantity of all loaded points
whether the points are visible
the status of the Surface Lock (On/Off)

11.2.9 Export Point Clouds
The currently loaded point cloud data can be stored to another
file. Additionally this functions allows to export parts of the
cloud by using the clipping and the fence function.
1. Firstly use the clipping functions of PHIDIAS contained
in the tool box Scanner Data Viewing to deactivate all
points which shall not be exported.
2. Optionally the function Place Fence can be used to reduce
the data in addition. Only those points will be exported
which are lying inside of the fence. The Fence Mode
should be set to Inside.
3. Select the menu item PHIDIAS > 3D-Scanner >
Export Points
or

enter the the command SCAN3D EXPORT in the key-in
field.
The dialog box Export 3D Point Cloud appears and
prompts for the name of the export file.

4. Enter the name of the destination file. The points can be
exported using two data formats: ASCII (*.XYZ) or Binary
(*.P3D). See chapter 11.2.2 for further explanation referring to the file formats. By clicking OK exporting the data
will continue.
5. Contingently an Alert dialog box is opened and asks the
user whether the data shall be transormed to the currently
defined ACS. If the answer is YES, all selected points of
the cloud are transformed into the ACS coordinate system.
Sometimes the point cloud data are containing additionally
intensity values or RGB values, compare chap. 11.2.2. In this
case another dialog box appears and asks for an affirmation to
export these data likewise.

As result the selected point data are exported then and written
to the denoted file. They are now ready for loading in
PHIDIAS as usual.
Note:

If the export file already exists with point data, the
user is able to choose whether the new points shall
be appended or not. Therefore it is possible to export
points stepwise into the same file.

11.3 Evaluation of Point Clouds
If one or more point clouds has been loaded in PHIDIAS, the
evaluation process may begin. In most cases the appropriate
images are displayed together with the point data so that the
interpretation of object details will be easier. Loading of

images has been described already in chapter 6.1 and the user
may refer to it.
The extensions concerning especially the evaluation of these
data are described in the following. Most of the new functions
are summarized in the tool box Scanner Data Modeling.
Measurements using Point Clouds (Monoplotting)

Chapter 11.3.1

Modeling Primitives

Chapter 11.3.2

Defines ACS by Point Clouds

Chapter 11.3.3

Create Triangulated Irregular Network

Chapter 11.3.4

Create Orthophotos

Chapter 11.3.5

Convert Point Clouds to Point Elements

Chapter 11.3.6

11.3.1 Measurements using Point Clouds (Monoplotting)
This is the most important function concerning the combined
evaluation of point clouds and images. After activating the
surface lock in PHIDIAS every single data point (left mouse
button) done in a view will cause the calculation of the
coordinates of a 3D point lying on point cloud; the spatial
image ray intersects the surface of the point cloud.
Although the measurement happens in one image only, threedimensional coordinates are determined immediately. If, for
example, a simple line on the irregular surface of the point
cloud shall be drawn, the normal function Place Line of
MicroStation has to be activated. Creating of the line then
happens just as well as drawing in a normal view. PHIDIAS
will make sure that the endpoints of line are placed on the
surface of the point cloud. Similar to Place Line all other
native CAD-functions of MicroStation are usable by this way.
Because this kind of three-dimensional measurement happens
in a single image, this evaluation technique is sometimes
denoted as Monoplotting.
1. To activate the monoplotting mode click the button
Surface Lock On/Off in the tool box Scanner Data
Modeling

or
select the menu item PHIDIAS > 3D-Scanner >
Surface Lock
or
enter the command SCAN3D LOCK.
2. The button Surface Lock works alternately, i.e. a repeated
clicking will deactivate the surface lock again, so that
photogrammetric measurements are possible as usual.
During the intersection of the spatial image ray with the point
cloud, PHIDIAS determines the new point by interpolation,
i.e. the scanner points in the neigbourhood of the intersecting
ray are taken into account at the calculation process. The
interpolation method (Triangle, Next Point, etc.) may be
appropriately choosen in the settings, see also chapter 11.2.1
for details.
3. If the Surface Lock is deactivated and the user wants to
measure in the point cloud only once, then he should press
and hold down the CTRL-button during placing a data
point. Then the monoplotting mode will be active for this
moment.
The point cloud has not to be necessarily visible during
monoplotting measurements (see chap. 11.2.4). The lock
function works also if the points are hidden. But it is recommended to display the point clouds due to enable a better
control of the drawing results. As an alternative the density of
the displayed points may be reduced by diminishing the value
for Limit Display in the settings (see chapter 11.2.1)
If the so-called ACS Plane Lock is simultaneously active in
MicroStation, this has no impact. The Surface Lock in PHIDIAS
will override the ACS lock.

11.3.2 Modeling Primitives
If the point cloud data are shaping so-called primitives like
cylinders (tubes), cones or spheres, the graphical modeling of
these can be assisted by accordant tools in PHIDIAS. The
results are mostly holding a very high accuracy, because the
determination of the primitives (fitting) happens by means of
adjustment methods under using a lot of points.

The fence function of MicroStation plays an important role
during modeling. Before calling one of the modeling functions the user has to select all points of the cloud by the fence
which are shaping the primitive.
Futhermore parts of the point cloud has to be contingently
clipped as described in chapter 11.2.6 to avoid difficulties. By
the fence certain points are selectable only in one view. If the
cloud contains further points behind the primitive object in the
depth, then these points have to be hidden with the aid of the
clipping functions.
6. Firstly use the clipping functions of PHIDIAS contained
in the tool box Scanner Data Viewing to deactivate all
points which are not necessary for the desired primitive.
This happens together with the fence function.
7. Then call the function Place Fence again and select that
part of the point cloud that represents the desired primitive
best. All points which will disturb the fitting process
should be beyond the fence. The Fence Mode should be
set to Inside.
8. For modeling a primitive click the button Fit Primitive in
the tool box Scanner Data Modeling
or
enter the command SCAN3D PRIMITIVE in the
command field.
A dialog box with settings appears.

9. Choose by the option button Fit Primitive the kind of
primitive to be determined. Possible are Cylinder, Cone
and Sphere.
10. The primitives are created in MicroStation as corresponding graphic elements. If the switch Surface ist active, the
surface of the primitive will be created. The same holds
for the switch Axis analogeously.

11. Sometimes the determination of a cylinder or a cone does
not succeed due to, for example, the selected points of the
cloud are too poor for fitting. In this case the option Enter
Approximate Position should be activated. Then, the program will prompt the user for a approximately locating the
start and the end point of the axis.
12. In practise not all selected points are exactly part of the
surface. By Eliminate Blunders the faulty points can be
eliminated during the adjustment calculation. The adjustment happens repeatedly in so-called runs and the user can
choose how many blunders are eliminated in each run. 10
% means, for example, that 10 percent of all detected
blunders per run is deleted at once. Recommended is the
method Single, but in the case of a large amount of points
it can be sensible to select one of the remaining options to
increase calculation speed.
13. After adapting the settings the program prompts for an
affirmative data point (left mouse button) in one of the
views to start the fitting process.

14. After doing this, the primitive will be determined and the
result is preliminary shown using the highlight color. With
a further data point the result is accepted then.

11.3.3 Define ACS by Point Cloud
An auxiliary coordinate system (ACS) can be individually
defined in a MicroStation drawing. It represents a local
coordinate system for special drawing tasks.

In connection with point clouds an ACS is quite easy definable in addition the corresponding native MicroStation
functions. At this the X-Y-plane of the ACS will coincide
with a planar part of the point cloud. Analogeously to
modeling primitives the determination is very accurate.
1. The first step is – similar to modeling primitives – the
placement of a fence. By this only those points are
selected which are shaping a local plane in the cloud.
Contingently further points have to be inactivated by
using the clipping functions.
2. Click the button Define ACS in the tool box Scanner Data
Modeling
or
enter the command SCAN3D PLANE in the command
field.
3. Then the program expects an arbitray data point to accept
the new ACS definition.

The program determines an adjusted plane and the X-Y-plane
of the ACS is now congruent with this plane. The origin of the
ACS will be in the center of the selected area.

If the ACS Triad is not visible, call the menu item Settings >
View Attributes (or: press CTRL-B) and then activate the
corresponding switch. After clicking the button Apply or All
the symbol will be visible now.
If the evaluation shall now happen referred to the new ACS, the
monoplotting mode Surface Lock in PHIDIAS has to be toggled off
(see chap. 11.3.1) and the ACS Plane Lock (in MicroStation) has to
be activated simultaneously. Then subsequent data points are placed
exactly in the X-Y-plane of the ACS.

11.3.4 Create Triangulated Irregular Network
By creating a triangulated irregular network (TIN) the surface
of a point cloud can be approximated in a simply way. It bases
on a well known Delaunay triangulation which takes in each
case three best adjacent points and establishes a triangle.
It is important to select all suitable points in the cloud
carefully before starting the process. Otherwise triangles are
created which do not represent the surface. Therefore the
fence function of MicroStation and the clipping function of
PHIDIAS must be used. The remarks in the context with
modeling primitives are valid just as well.
1. Firstly by use of the PHIDIAS clipping functions all
points which shall not be part of the TIN must be made
inactive.
2. Then activate the function Place Fence and select the
desired part of the point cloud for creating the TIN. The
Fence Mode must be Inside. If a fence is not defined, all
points which are visible after the clipping operations (see
the step before) are used for the TIN.
3. Click the button Triangulation in the tool box Scanner
Data Modeling
or
enter the command SCAN3D CREATE TIN in the key-in
window.
4. Now the program prompts for the view to start the triangulation process. This is done by an arbitrary data point (left
mouse button) into the desired view.
Note: It is very important which view is choosen, because the
Delaunay triangulation really works two-dimensional.

Especially for the triangulation not the 3D point
coordinates, but the 2D view coordinates are used.
Therefore the result will be dependend on the selected
view and its direction. The calculated triangles are
naturally three-dimensional.

Then the calculation starts and the TIN is generated. Dependend on the amount of the selected data this procedure can
take some seconds or minutes.

The following remarks should be taken into account
concerning the creation of a TIN:
•

To avoid bad shaped triangles, that means triangles with
extremly large distances, one should adapt the setting for
Max. Distance (see chap. 11.2.1). This value limits the
length between adjacent points. But, on the other side, if
the value is to small, gaps will arise in the TIN.

•

The triangles are created as normal graphic elements in
MicroStation, with other words as element type Shape. At
this, the current attributes (Level, Color, Weight, Style) are
considered and should therefore be checked before starting the process. Dependend on the amount of the selected
point cloud for creating the TIN, the drawing file (DGNfile) can become very large.

11.3.5 Create Orthophotos
Creating orthophotos is a basic task in photogrammetry. An
orthophoto is produced by a differential rectification of a
normal photo. To perform a differential rectification suitable

height data in shape of the corresponding elevation model are
required. Since the terrestrial laser scanners arised the
“elevation” data for close range application are also available
and creating of orthophotos is as possible now as in aerial
photogrammetry.
The orthophoto function is an eminently clear evidence for the
advantage of the integrated combination of point clouds
together with photogrammetric images, as it is realized in
PHIDIAS.
1. It is assumed that the source image has been loaded in an
appropriate view. How this may happen, is described in
chapter 6.1.
Important: The image has to be loaded in the Evaluation
mode, not for Point Measurement. This differs basicly
from the normal rectification procedure as described in
chapter 12.1.
In MicroStation there should be opened two views, e.g.
view 1 and view 2. It is recommended to arrange these
views side by side.
2. Furthermore, the required point clouds are loaded too. All
points of the cloud, which are beyond the rectification
area, must be deactivated by using the clipping functions.
A fence should not yet be defined at this moment.
3. Now click the button Orthophoto in the tool box Scanner
Data Modeling
or
choose the menu item PHIDIAS > 3D-Scanner >
Create Elements > Triangles
or
enter the command SCAN3D ORTHOPHOTO in the key-in
window.
The dialog box Image Rectification appears. It is the same
dialog box which is used during normal rectification (compare
chapter 12.1). But in this case the Definition of the “plane” for
rectifying is realized by the point cloud. Therefore the option
Pointcloud (TIN) has already been choosen.

Note: The following explanations are not as detailed as in chapter 12.1.
The user should therefore refer to the mentioned chapter if it is necessary.

4. Enter the name of the new orthophoto into the field New
Image and assign a new Image Number. Select the suitable
view numbers for the Source View and the Destination
View.
5. If a fence was not defined prior to the selection of the
rectification tool, it has to be defined now. For this, the
MicroStation tool Place Fence is used.
6. Click the button Get Fence. The program will find out the
border of the area which shall be rectified to an orthophoto.
7. Adapt the resolution of the new image. For this, change
one or more of the parameters Width, Height, Dpi, Pixel
Size or Scale (further explanations see chap. 12.1).
8. Make sure that the switch Use fence has been activated.
9. Click the button Start to begin with creating the new
image.
Contingently an Alert dialog box appears at this moment, if the
Destination View currently resides in the so-called camera
mode. If it is so, then choose the YES button.

Now the new orthophoto will be calculated and the result will
be displayed in the destination view.

The evaluation of orthophotos is quite simple. Due to the fact
that orthophotos are generated by differential rectification the
subsequent drawing to scale may happen immediately. Similar
to aerial orthophotos the user can draw lines, for example,
onto the rectified image which serves as background. The well
known on-screen digitizing is possible by this way.

11.3.6 Convert Point Clouds to Point Elements
The point cloud data are – similar to photogrammetric images
– administered by PHIDIAS independently from the graphic
data in the DGN-file. Therefore it is not possible, for example,
to snap one of these points using the native snap function
delivered from MicroStation.
To convert the points of the cloud to real graphic point
elements in the drawing, the following steps are necessary:
1. If the user wants to convert only a part of the point cloud,
the desired points have to be selected previously. By use
of the PHIDIAS clipping functions all points must be
made inactive.
2. Additionally a fence can be placed (Place Fence). If it has
been done, then only those points are regarded which are
lying inside of the fence
3. Choose the button Create Point Elements in the tool box
Scanner Data Modeling
or

choose the menu item PHIDIAS > 3D-Scanner >
Create Elements > Points
or
enter the command SCAN3D CREATE POINTS in the
key-in window.
4. An Alert dialog box appears and prompts the user to start
the procedure. By clicking YES all selected points of the
cloud are made to graphic point elements. If the amount of
data is large, this may take a little bit time.
The point elements which are created as drescribed before are
normal MicroStation graphic elements as placed in the drawing by
the function Place Active Point. The user should regard that current
attributes (Level, Color, Weight, Style) are considered during the
conversion process.

12 Single Image Evaluation
12.1 Rectification
The evaluation of single images by rectification is a standard
task of photogrammetry. The "orientation procedure" in the
rectification differs basically from that one in the multi-image
evaluation. Because mathematically seen a projective relation
between two 2D systems exists, thus the image plane and the
object plane, the transformation equations simplify greatly.
Among other the fiducial mark measurement and the
reconstruction of the camera orientation need not be done
explicitly.
The use of calibrated camera data and the realization of a fiducial
marks or réseau measurement can, but need not be left undone in
rectification . If the program finds valid camera parameters in the
camera file (KAM file), these are indeed used. If so, available
distortions (parameter A1, A2, etc.) in particular are applied in the
image rectification. Similar applies to fiducial marks or réseau
measurement. If these were carried out as necessary, the program
applies the suitable corrections during the rectification. In particular if
larger distortions or film deformations are to be expected and high
evaluation accuracies are required, one should not renounce the
camera data and the fiducial mark measurement.

As opposed to multi-image evaluation with the rectification
the camera station and the interior orientation of the camera
are not reconstructed. The screen image is so transformed
rather computationally (rectified) that it can be displayed in a
standard view by MicroStation (plan view, front view, right
view etc) directly. Then for the user the situation presents
itself in such a way, as if the photo had been taken as strictly
vertically.
As a minimum condition for the rectification 4 control points
must be given. However, with 4 points only the mathematical
minimum requirements are fulfilled; in practice, some extra
control points per object plane should always be available, so
that a check of the image rectification is given. Normally a
total of 6 to 8 control points show a good base for the image
rectification. These points must not lie on one straight line,
but should as possible be distributed equally over the whole
area to transform.
Beyond it, importantly in this context is the fact that the
control points lie in a common plane. This plane must be one
of three coordinate planes (X-Y, X-Z or Y-Z) and the
coordinate third in each case (Z, Y or X) is arbitrarily.
Additionally, the plane can be aligned incined in space. Only
if the control points lie in one of these planes, one receives
correct rectification results. This aspect is to be taken into

consideration already with the determination of the control
point coordinates accordingly. If necessary the coordinates of
the control points must be brought by a so called Spatial
Helmert transformation to the necessary position what can be
accomplished, for example, with the instrument of the
absolute orientation (see also manual PHIDIAS-MS Bundle
Adjustment).
The image is loaded into a suitable view (e.g. 1) using Point
Measurement mode (see chapter 6) and the control points are
measured otherwise in the images as usual (see chapter 8).
The OPK-file holds the coordinates of the control points. If
this has happened, the image rectification can be called.
1. The rectification is started with the button Image
Rectification in the toolbox Orientation
or
by the menu item PHIDIAS > Orientation >
Rectification
or
by input of the keyboard command entzerr.
Then the dialog box Image Rectification appears.

Dialog box for
rectification

From this dialog box the actions are carried out for the image
rectification. Basically the following steps are to be done:
1. Calculation of the transformation parameters (chap. 12.1)
2. Definition of the area to transform (chap. 12.2)
3. Determination of the representation method (chap. 12.3).

12.1.1 Calculation of the Transformation Parameters
2. At first the file name with entire path is entered under New
Image for the rectified image. As an image file format for
the new imageTIF or JPG can be used; the definition of
the image file format is done about the suitable file name
extension. About the button ... the directory can be
chosen in a dialog.
3. The rectified image is to be given a new Image Number.
By the first call of the rectification a number is suggested
which is not yet used within the project. With the
following rectification one has to pay attention that no
image numbers are used twice.
4. Furthermore Source view and Destination view are set. In
the source view there must be the (in general distorted)
original image. Then in the Destination view the rectified,
new image is shown in the further course. The source
view can be identical with the destination view. But, as a
rule it will be more convenient to choose different views
because then the original image does not need to be
reloaded in case of rerun of the rectification.
The original image in the source view must be displayed
in the loading mode Measure Points, i.e. the image points
are visible. Whereas the rectified image is immediately
displayed for the Evaluation. (About the loading modes
see also chapter 6.1)
Fiducial marks or réseau measurement are not absolutely
necessary for the rectification. But if at hand, still réseauand distortion corrections are made before the rectification. In this case pay attention to a correct allocation of the
camera data.
5. With the option button Plane the type of the rectification
plane is defined. Besides the so-called main coordinate
planes an arbitrary 3D-plane (Definition by Points or ACS)
is possible, which may be inclined in space in general.

With X-Y Top, for instance, the X-Y coordinate plane is
selected. In this case all Z coordinates are ignored. Then
the evaluation takes place in the plan view of MicroStation. If however the option X-Z Front is chosen, only
the X and Z coordinates of the control points are used and
now the rectified image is shown in a front view.
Selecting Definition by Points means that the plane is
calculated using adjustment methods. If the option ACS is
selected, the x-y-plane of the actual ACS definition
determines the plane used for rectification.
6. With the option switch Transformation Type you decide
of which type the will transformation.
Conformal

Affine

Projective

4-parameter transformation (Helmert),
causes translation, rotation and scaling of
the image, at least 2 control points
required
6-parameter transformation (bilinear),
causes translation, rotation, scaling and
shearing of the image, at least 3 control
points required
8-parameter transformation, causes
perspective rectification of photos, at least
4 control points required

Normally photos recorded from cameras are treated in
rectification and therefore the option Projective has to be
chosen.
7. The option button Definition with offers several methods
to define the given control data. Normally the option
Image Points will be chosen, so that classical control
points are used as control data similar to multi-image
orientation.
8. With the switch No Residuals you decide whether the
residual discrepancies remaining after the transformation
are to be evenly distributed using the multisquare method.
With a very dense control point network, unevenness of
the surface to be rectified or lens distortions can under
circumstances be also compensated with the distribution
of residual discrepancies. In general, this switch is not
active.
9. As soon the button Calculate Parameters is clicked, the
program determines the transformation parameters of the
plane rectification. By clicking the button Show Results
another dialog box is opened which displays the residual
discrepancies in the control points (LOG-file). The

residual discrepancies (vx, vy) are given in the unit of the
control points, thus as a rule in meter. At the same
moment the discrepancies are displayed in the original
image by enlarged vectors.The absolute values of the
discrepancies (vx, vy) should not exceed 1 to 3 cm.

The cause for exceptionally large residual discrepancies mostly
lies in the wrong choice of the rectification plane (see above) or
in the existence of control points beyond the object plane. In
the latter case these points must be inactivated or deleted prior
to a recalculation of the parameters (chapters 8.2, 8.4).

12.1.2 Definition of the Area of Transform
Now the user must define in the source image the area with
the mouse cursor which is to be converted as a new, rectified
image.
10. For this click the button Define Area. Then the bordering
polygon of the area to transform is marked with the
mouse. The marking process is finished with the Reset key
(right mouse button), whereupon an Area to transform
enclosing the marker polygon is determined and
displayed. The area to transform is described by
(perspectively distorted) quadrangle which changes by the
rectification into a regular rectangle.
Should the displayed quadrangle not enclose the desired area,
simply click once more on Define Area. The old border lines
are deleted thus and afterwards a new polygon can be defined.

11. After the border polygon has been placed, the relevant
coordinates of the area to transform are displayed, in

addition, in suitable text fields. The size and position of
the quadrangle can be adapted here – as an alternative to
the definition with the mouse – also by hand.
12. The resolution of the new image, i.e. the number of pixels
in Height and Width, can be likewise individually changed
by the user. The values suggested by the program orientate
themselves by the resolution of the original image which
possibly will maintain in.
If the rectified image is to obtain another resolution, other
values of height and width must be entered accordingly. In
doing so, one has to take into account that the parameters
Width, Height, Dpi and Pixelsize are not independent from
each other. By changing one of the mentioned values, the
remaining parameters will be adapted accordingly.
Furthermore, the resolution is modified by invoking
another value for Scale. Especially Width, Height and
Pixelsize is influenced by this parameter. In practice the
user should study the behaviour of these parameters by
experimentation.
13. The displayed area to transform defines the section of the
new image. In the general case this area is identically with
the area which is converted pixel-wise in the course of the
rectification process. However, an exception is if the
switch Use Fence is activated. In this case only that image
area is converted pixel for pixel which lies within the
current fence. (Condition for this is natural that indeed a
fence is placed.) Then the image areas beyond the fence –
but within the area to transform – are filled all black.
The bounding with a fence is convenient above all when
several rectified images are to be combined as so-called raster
references in one view (see below).

12.1.3 Definition of the Representation Method
The creation of the new rectified image can be done using two
ways. The standard method is to calculate an image, which
has got similar properties as other photos in a project.
14a. After all aforementioned definitions are met, the actual
generation of the rectified image can begin. It is simply
clicked on the button Start.
Then the program converts pixel by pixel within the
defined area and generates a new image which is
available afterwards for the evaluation.

One will find out after performing the rectification that
the new image appears similar to the original image as
further entry in the list of the images (chapter 6.1). The
representation of the rectified photo in the views is
controlled exclusively by PHIDIAS. All representationrelated operations which one can apply to the photos of
a usual multi-image evaluation are transferable without
deductions on the rectified images.
However, areas beyond the rectification plane are shown
displacedly. And that the more, the larger the depth difference
is and the more the exposure angle deviates from orthogonality.
That is why photos for rectification should be taken as
vertically as possible and lenses with very long focal length be
used.

An alternative method is to use the raster reference technique
provided from MicroStation. With the introduction of the
version MicroStation 95 it recently became possible to
introduce images as so-called raster references. Now this
offers a second representation method for the rectified photos.
14b. To this, the button Insert Raster Reference has to be
clicked and subsequently the new image is inserted as a
so called raster reference. In this case the display of the
image on the screen is no more controlled by PHIDIAS,
but exclusively by MicroStation. Therefore, the
rectified image is also administered in the dialog boxes
for reference files (see menu item File > Raster
Manager).
The evaluation in the raster references does not differ
basically opposite to the approach with images which
are displayed in the standard representation method by
PHIDIAS. Indeed, the magnification (as a rule the
middle mouse button) does not work in the raster
references. The enlargement of individual image areas
must occur exclusively about the standard zoom
functions.
Generally one should choose the obligatory representation
method (14a) of PHIDIAS. The representation as a raster
reference is convenient for example, if the evaluated drawing
is to be printed together with the image in the background.

12.2 Calculating Coordinates by Distance Network
As a rule control points with 3D coordinates are used during
image rectification. However, the determination of the
coordinates is often only possible with the help of instruments
like tachymeters or theodolites.
A simplified procedure for the calculation of plane control
point coordinates shows the distance network adjustment. On
site only a simple tape measure is necessary with which
distances are measured between the control points.

12.2.1 Principles of Distance Measurements
For measuring up a building the control points on a plane
facade can be distributed or for accident photos the points can
lie on the road surface. It is important that always as many
distances as possible are measured, so that a certain
overdetermination (redundancy) for error check exists.

Not
computable

Without
redundancy

With
redundancy

Beyond it, it is to be paid attention to the fact that the distance
network has been geometrically well formed. Therefore, for
long-stretched objects one should switch on additional points.

Bad point distribution,
too sharp angles

Good point distribution

12.2.2 Input of the Distances
The measured distances are entered on a sketch in MicroStation which shows the approximate position of the points.
Basically the points must lie in the X-Y plane. Therefore, they
should be placed in the standard view 'Top' of MicroStation.
With the placing of the points it is distinguished between
control (fixed) points and new points. At least two points must
be marked as fixed points to define the absolute position of
the coordinate system. Their coordinates must be entered
exactly. Whereas the position of the remaining points (new
points) can be fixed roughly.
1. Choose the function Place Distance Measurement in the
toolbox Orientation
or
enter the keyboard command strnetz mass
A dialog box with the accordant settings opens. Here you
enter the Point Number of the next point and the Text
Height. As Point Type should be chosen Control Point
firstly.

2. Place now the control points as a data point. An exact
coordinate input is possible either in AccuDraw with the
access key P or in the keyboard input field.
Example:

If a distance of your distance network lies parallel to the
X axis, and the distance amounts to 10 meters between
the points, you can enter for the first point the coordinates 0.0 and for the second point the coordinates 10.0.
Keyboard input:

xy=0.0,0.0 <Enter>
xy=10.0,0.0 <Enter>

3. Now change the Point Type to New Point and, additionally, enter the Distance for the next point in the corresponding text field of the settings dialog box. Check
whether the suggested point number is correct and change
it if necessary.

If the switch Automatic Incr. is active, the suggested point
number is increased after each newly placed point by the
value which stands in the field Increment.
4. Repeat the input of distances and points, until all measures
are entered. To begin a new line, simply press the Reset
key (right mouse button). Then you can place a new point,
or begin at an available point by simply clicking it.
To connect exactly to an available point in the sketch, it is not
necessary to use the snap function. It is automatically attempted
to find a point near the cursor. Whether this has succeeded, you
can recognize by the fact that no new point number is placed. If
you place, however, with the snap function a tentative point,
you must pay attention that as element the point is chosen and
not the line – even if the coordinates are identical – otherwise
an additional point will be placed.

12.2.3 Modifying the Inputs
The distances and point numbers are (internal in MicroStation) so-called tag sets which collect points with the lines
or are tied together. Therefore, you can correct all inputs also
afterwards by the accordant tag functions.

12.2.3.1 Modifying the Distances and Point Numbers
Choose the function Edit Tags from the toolbox Tags and
select by placing a data point the distance value, the point
number or alternatively also the distance or the point. The
selected element is shown in the highlighting color and now
you can accept the element with a data point or with the
Reset-key (right mouse button) refuse around another element
to choose. If you accept the element, a dialog box Edit Tags
with the tag data opens.

Dialog box Edit Tags
Change distance value

Dialog box Edit Tags
Change point number

Now you can enter in the field Distance or Point Number a
new value and confirm with OK.

12.2.3.2 Modifying the Text Position
The position of the point numbers and distance values plays
no role for the calculation of the coordinates. Therefore, they
can be moved or scaled arbitrarily for better legibility. Also
the attributes like color, line strength, etc. can be changed
individually.
Simply use the standard functions from the main toolbox of
MicroStation, as for example Element Selection or Move.

12.2.3.3 Modifying the Point Type
As a rule, select before placing the point, whether it should be
a new point or a fixed point. This type is assigned – like the
point number – as a tag record to the point, but is not shown.
Therefore, you can change with the function Edit Tags (see
chapter 12.2.3.1) also the point type. Point type 7 means fixed
point and point type 8 means new point.
The change of the point type, however, is more simply with
the following function from the toolbox Orientation.
1. Activate the function Change Point Type
or
enter the keyboard command strnetz pointtype.
2. If you click now a point, the type changes between the
stati New Point and Control Point. The change becomes
visible by the new color; red color means control point
and green color means new point. A color change does not

take place, moreover, if the point type is changed with the
function Edit Tags.

12.2.3.4 Modifying the Geometry
The geometry of the sketch does not need to be changed as a
rule, because the new points must be entered only approximately. Whereas the position of the fixed points is decisive,
because they fix the absolute position of the coordinate
system. If, e.g., changes of the fixed point coordinates are
necessary, you can manipulate the elements with usual
MicroStation functions.
If you shift now individual points or distances in parallel, the
point numbers or the measures are automatically tracked. If
you change, however, only one endpoint of the distance, the
measure is not shifted. To maintain the sketch legible, in this
case you must shift the distance value by hand or rotate or
delete and re-enter the distance.
It is very important that the line ends coincide exactly with the
points. If after a manipulation of a line the endpoint is shifted
even slightly, the distance is not taken into consideration with
the following calculation. You can avoid this, while you use
the snap functions by the modification of the sketch. While
entering with the function Place Distance Measurement
however, the snapping of points is automatically set. You
need no tentative point.

12.2.4 Adjustment of the Distance Network
If all distances and points are entered correctly, you can begin
the distance network adjustment.
1. Choose the function Adjust Distance Measurements from
the toolbox Orientation
or
enter the keyboard command strnetz
ausgleichung
If still no project was opened, now you are requested to open
the project.
2. If the calculation was successful, the adjusted position of
the new points is shown in the view with blue vectors. The
used distances appear in the highlighting color. Distances

between fixed points are not taken into consideration.
However, the difference between the measured value and
the distance calculated from coordinates is displayed in a
text window for checking. Distances with the length 0.0
are ignored.
3. In an Alert dialog box the standard deviation of the
measurements is given and you have the possibility to
decide whether the adjusted coordinates is to be saved.

4. If you answer the question with Yes, the adjusted coordinates are saved in the OPK-file of the project and are
available for a subsequent rectification (chapter 12.1). An
already existing coordinate file is overwritten. If you
answer with No, the existing OPK file is not overwritten.
5. Then the LOG-file of the calculation is displayed in a
window.
Please check whether the number of measurements is correct.
If all entered distances were not used, it can lie with the fact
that the line ends do not coincide exactly with the points.
Check moreover, whether the residuals of the measurements
lies in the area of the measuring accuracy. Large residuals can
have different causes:
•
•
•
•

Wrong control point coordinates
Measuring mistake or faulty entered measures
Mixed-up point numbers
Blundered approximate positions of the new points

Now you can close the window with the LOG-file. The
displayed log file ProjectName.LOG can be printed if
required. It is overwritten again with the later calculations.
If the coordinate calculation is finished, you can hide the sketch, as
you simply switch off the Constructions switch elements via
activating the menu item Settings > View Attributes.
Also you can delete the sketch or put it in a separate layer and
switch off the sketch.

