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A few Words concerning this Manual

A few Words concerning this Manual

Dear users,

We would like to thank you for the trust you put into us and wish you much success in
the daily work with our software.

This manual is part of the As-Built for AutoCAD user documentation. Please refer to
the As-Built manual for installation and system requirements.

In order to give you an optimal introduction to the operation of the photogrammetry
tools this manual contains two examples that will lead you step by step through a
rectification project. Tutorial 1 and 2 in section 3 Getting Started — Image
Rectificationare intended to give you a first impression of how it works. Tutorial 3 in
section 4 Image Rectification helps you to become acquainted with the most
important details of the single commands and enables you to process own projects.
Therefore we recommend that you first read these sections carefully.

Chapter 5 Working with gives you an insight into the functions of image orientation
as well as the three-dimensional single and multiple image evaluation. Unwinding
photos of cylindrical and other objects into a plane and the generation of orthophotos
are also possible (see chapter 6 Unwrapped images and more).

Please feel free to take advantage of our support in case of any questions and
problems. We are grateful for any queries and suggestions. A system like As-Built
depends on the ideas and creativity of its users.
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1 What Can Photogrammetry Tools Do?

The tools described in this manual are used for photogrammetric image processing
directly in AutoCAD. They enable the true-to-scale rectification of digital photographs,
maps and plans as well as their subsequent interpretation and evaluation. Facade
photographs, pictures of wall and ceiling paintings or floors can be processed, but
also old maps and plan material can be brought back into a true-to-scale form. The
results are true-to-scale image plans that combine photographic condition
documentation with precise geometric information.

Other tools allow you to orientate photos by means of control points and to use these
oriented photos for both 2D and 3D image evaluation. Photos of non-planar facades
can be processed into true to length image plans. This creates three-dimensional
models or 2D image plans.

Reference information of the depicted object is required for image rectification.
Depending on the kind of this reference data, there are three different approaches:
rectification according to control points, map rectification according to control points
and photo rectification according to geometry.

For the rectification according to control points the reference information is
obtained through at least four control points. They are marked on the measured
object so they can be identified unambiguously in the image. They should lie almost
in one plane (the so-called rectification plane). Their co-ordinates are defined with the
help of geodetic methods, e.g. with a total station. During the rectification process
these points are assigned to the image. With the help of this information the image
can be transformed (rectified) arithmetically. The result is an image in which all the
features that lie on or close to the rectification plane are displayed true to scale.

In addition to this the image will be positioned exactly above the control points in
AutoCAD. The rectified image will thus be in a 1:1 scale at the position of the
photographed object. When you print the image you may of course select a scale of
your choice.

The reference information for map rectification according to control points is also
taken through control points. Depending on the type of (polynomial) rectification, at
least three, six or ten control points are necessary. Your coordinates are either
determined by geodetic methods or result from the grid of a given map. Within the
rectification process these points are matched with the distorted map. With the help
of this information, the map can then be rectified. The result is a map or plan that is to
a very large degree conformal with the used control points.

For the Photo rectification according to geometry you work with reference
measurements and use known object geometries. The typical measured objects like
facades, floors or paintings almost always contain lines that are orthogonal to each
other. This knowledge is used to determine the projective distortion. A ‘rectification
grid” will be put over the image which the user will adapt visually into the image
according to the distortion. Additionally three reference measurements must be taken
on the object for which simple means of measuring like a tape measure or a hand-
held laser will be sufficient. These lines will also be assigned to the distorted image.
With the help of this information the image can be rectified. The result is a true to
scale image plan as well from which geometrical data of the measured object may be
taken.
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For the for the photogrammetric evaluation (Image modeling), the unwinding of
images and the generation of orthophotos oriented photos are needed.

Control points are necessary for the image orientation. The number of points
depends on the fact, if the camera parameters (focal distance, photo centre,
distortion, etc.) are already known, or if those have also to be calculated from the
control points. The control points are marked on the measuring object, so they are
clearly identifiable within the image. Spatially they should be well spread. Their
coordinates are determined with geodetic methods. During the image orientation
process the control points are assigned to the according image points. With the help
of this assignment the photo can be oriented via a complex algorithm. The result is a
photo, whose centre of projection as well as position and orientation within space is
known. The oriented image is placed at exactly the position of the camera at the
moment of the shot with viewing direction to the photographed object.

There are two ways to draw three-dimensional in AutoCAD when using oriented
images.

When drawing 3D with one oriented image a surface (e.g. plane or cylinder) has to
be selected, additionally to the image. On that surface may be drawn with the help of
the photo. The optical ray (image ray) of the point clicked within the photo is spatially
joined with the selected surface. This way the points of the three-dimensional
drawing elements are generated.

When drawing with multiple oriented images (Image modeling) AutoCAD
viewports are opened after selection of the images to be used. Within those the
corresponding points are clicked one after another within every image. The three-
dimensional coordinate of the corresponding object point is generated through the
spatial join of the image rays.

The result is a three-dimensional model from which geometric information of the
photographed object can be gathered. By means of multiple image evaluation also
plans can be produced in a fast and efficient way (see chapter 5.5).

For the unwinding of photos of cylindrical or prismatic objects at least one oriented
photo and the surface to be unwound are needed. It is then possible to draw to scale
on the photo unwound into the plane. That way 2D-plans of towers, columns, arches
and many more can be generated.

Orthophotos are generated by help of oriented images and surface information
(planes, cylinders, meshes, etc.). This way central projective distortions will be
eliminated. Object edges and areas which are parallel to the projection plane will be
mapped according to scale.
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2 Supported Image Formats

The As-Built for AutoCAD can import and display a number of different image
formats:

INELVWLITE
Files of type: Al image files ﬂl
Preview: Alfles )
| BMP {*bmp;” fe:" dib) =
JPEG {"jpg) (P20
PNG {"png)
TIFF (4" 1)
Height: 2848 pocels prreneem——
Type: Colour image 180
Size: 2682 kb Path type
@ Full
Relative
(71 No path
) <4

If your images are neither BMP, JPEG, PNG or TIFF, please select ‘All files’ and try if
your image format is supported.

When saving or creating images the format selection is limited to BMP, JPEG, PNG
and TIFF. In AutoCAD these image formats have following properties.

BMP No compression, max. 2GB file size, imprecise image size information

JPG/JPEG | For grey scale and color images only, lossy compression, imprecise image size
information, max. 2GB file size

PNG For grey scale and color images, lossless compression, any file size, correct
image size information

TIF/TIFF All types of images (including bitonal), lossless compression, transparent areas,
max. 2GB file size, correct image size information

Which image type is suitable for which application?

Bitonal images (b/w or one color and white) e.g. scanned plans: TIFF
Merged images of bitonal images with transparency: TIFF

Images of digital cameras: JPEG,; for high quality: TIFF

Large aerial photos: PNG (> 2GB), else TIFF (< 2GB)

Conclusion: TIF/TIFF is the format we suggest for almost all applications. If you
create or work with huge images files, PNG would be the format of choice.
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3 Getting Started — Image Rectification

This section introduces you to the imkage rectification with the help of a simple
example. But we will not take into consideration all the subtleties here. Many points
will be explained more closely in the sections to come. A thorough description of all
commands can be found in section 7 Command Reference.

We recommend that you follow the following practical examples Tutorial 1 and
Tutorial 2 step by step in order to get a first impression of the opportunities. The
Tutorial 1 describes the procedure of the rectification according to control points,
Tutorial 2 the rectification according to the geometry.

3.1 Preparation

For processing the examples a completely installed version of AutoCAD (LT) 2015-
2018 is required in which As-Built for AutoCAD has to be included.
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3.2 Tutorial 1 —Your first photo rectification according to
control points

Preparation

Choose menu point ‘As-Built Photo — Help — Open Tutorial 1" in AutoCAD. The
drawing TUTORIAL1.DWG will then be opened. The drawing is saved on your
computer in the user data directory. The path varies depending on the operating
system. The fastest way to access the user data directory is to run the command ‘As-
Built Modeler — Help — About...". There the path is shown and via a button you may
open a Windows Explorer for this folder.
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In this drawing you see the measured control points as well as the image to be
rectified. In order to present a fast and easy tutorial, this file has been set up and

prepared.

The control points serve as reference information. They have three-dimensional co-
ordinates and a number for unambiguous identification. They were previously
measured in with geodetic procedures and imported into AutoCAD. The rectification
plane (UCS) has been defined, using the control points. The image to be rectified is
already loaded so you can start at once. You will find a detailed description of the
complete rectification process in section 4.1 Photo Rectification according to

Control Points.
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From the ‘As-Built Photo’ ribbon tab in the group ‘Rectification by control points’
choose ‘Rectification of photos’ % This opens the following dialogue.

i o ~ -H
ik Rectification of photos (Projective transformation) [&

Distorted image

File name: ( ;6 k
Cument image size:

Cument image resolution:

Rectification

Number Status  X(UCS) Y (UCS) Z{UCS) Acti. Deviati.. De

Aod Hedaetine i, T, [ I

i

Fectified image
File name: i A
Image size:

Rectification
Factar;

Rectification not deteminable.
Rectfication parameter not complete |
Distorted image not specified !

11
[11]
F )

L%

From here the rectification process will be controlled.

First select the image to be rectified. In order to do so click on the button [New]. The
dialogue will disappear and via the AutoCAD-command line you are asked to select
the image. Click with the mouse on the periphery of the image. After that the dialogue
window will re-appear.

In the next step the control point information must be linked to the image to be
rectified. This means that a corresponding image point will be assigned to each
relevant control point. The resulting pairs of points will then appear in the control
point list in the dialogue.

For the control points to be measured in, tags were attached in some places to the
building’s facade. Easily identifiable features like for example window corners serve
as control points as well. The position of each of the control points can be seen in the
sketch below.
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Assigning the Image Points

First assign the control point no. 11. In order to do so click in the frame ‘Control
Points” on the left-hand side of the dialogue window on Add/Redefine. Again the
dialogue will disappear and you are asked in the AutoCAD-command line to select a
control point.

Choose control point or [Number/Measure/Finish] <Finish>:

You may pick it directly from the drawing with the mouse or enter its number. In order
to do the first just click on the corresponding control point symbol with the number 11.
In order to do the latter select the option ‘Number” pressing the Enter key. After that
the call appears:

Number of control point or finish with ESC <Choose control point>:

Enter ‘11’ here and confirm with the Enter key.
Now the call to select a zoom region appears:

First Point for Zoom Region or <Cancel>:

Second point for zoom region or <Cancel>:

Move the mouse cursor into the image and mark a zoom region around the control
point tag ‘11'. If you have selected the correct region the measuring tag is clearly
visible. Now you are asked to measure the corresponding point in the image:

Image point for control point 11 or <Cancel>:

Click on the tag in the image as exactly in the centre as possible. Possibly you have
to zoom in even closer first. In order to do so you may use the AutoCAD-zoom
function. It may be called up transparently, without cancelling the process of
measuring the control points.
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The measured point is marked with a cross and numbered. At the same time you
zoom back to the last view. You will see that the control point has been connected
with the measured point in the image by a line. This line serves for clarity and better
orientation during the measuring.

According to this scheme you have to measure in six more points. In the command
line you are already asked for a new control point. Again use the sketch to find the
position of the points on the facade. Point 9 is a control point tag, points 112 to 116
are natural points. Here the outer corners of the stone window frames were
measured in as control points.
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Calculating the Rectification Parameters

When you have measured in all control points enter ‘F’ for ‘Finish’ in the command
line and confirm with the Enter key. Now you will see your measured points listed in a
chart. Since you have measured more than four control points, the rectification
problem is over-determined. The software carries out a least-square adjustment and
calculates error values (standard deviation). With the help of these values you may
recognize how well the measured image points ‘fit together’ with the control point
coordinates. In order to carry out a high-quality rectification the values have to be as
small as possible. For this example, 0.01 to 0.02 m should be a guideline. Right now
this estimated value will be sufficient, you will find a closer explanation and the
background of the exactness of the rectification in section 4.1.2 The Rectification
Process under ‘5. Step — Calculation and Exactness of the Rectification’. If the
error values are higher, that means an error or an inaccuracy during the assignment
of the image points. In order to locate the source of the error you may take single
points out of the calculation. In order to do so mark the relevant point with a click on
the point number and then click on the button [(De)activate]. If the error values
suddenly shrink to an acceptable value just repeat the image assignment for this
point. With [Add/Redefine] you will return to the drawing to do so.
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The Rectification

Finally you still have to choose the name under which the rectified image is to be
stored. The lower part of the dialogue serves for this purpose. With [...] you will come
to a relevant selection window for the storage path. You will find a detailed
description about saving image data and the different path options in the command
reference under ->Image - Load image.

Now there is enough information to carry out the rectification.

r =
'k Rectification of photos (Projective transformation) &J
Distorted image .
File name:  C:\Users'\grischa'Documentskubit \Pho.. \Tut-distorted tif 'i\% k
Current image size:  19.0472x 20,9520 (1780 1958 Pxel) / 3.3 MB
Current image resolution:  0.0107 per pixel
Cortrol points | Lens distortion
i ; ; . - - L Rectification
Mumber Status X {UCS) Y (UCS) Z(UCS) Active  Devigtion Deviation¥ Deviation Column Row
9 Unchanged  -16.3530 0.5030 -0.0055 Yes 0.0110 -0.0085 0.0071 179 1603.6
1 Unchanged -4.4270 4.0070 0.0095 Yes 0.0082 0.0074 0.0035 1508.3 12437
115 Unchanged -£.5560 75830 0.0060 Yes 0.0069 -0.0044 -0.0052 12153 502.8
116 Unchanged  -14.3760 75710 -0.0095 Yes > 0.0147 0.0087 -0.0118 4804 8385
114 Unchanged -7.0750 16.4730 -0.0009 Yes 0.0126 -0.0099 0.0078 11745 266.2
Cancel
113 Unchanged — -14.4189 16.3750 -0.0305 Yes 0.0136 0.0038 -0.0094 5824 2664
12 Unchanged ~ -19.0850 164550 00308  Yes 00087  -0.0031 0.0082 2041 257.0
. Ne) Activate [ Standard deviation:
Add / Redefine De-) Activate Delete 00121
Rectified image
File name: C:\Users\grischa“Documentskubit®PhoToPlan 8.0.3 English ACZ010NTUTORIAL Tut-distortted _r tif @
Image size:  24.3500x 23.3320 {3161 x 3029 Pieel) _
approx. 9.1 MB / 2.7 x Distorted Image
Rectfication 2.1 {nomal angular shot)
Factor:
Rectification over-determined. - Lens distortion not considered !

Start the process with [Rectify]. In the status line of AutoCAD you may follow the run
with the help of a display of the progress. As the complete image has to be calculated
anew the rectification will take a few moments.

After the completion of the process you may view the rectified image. You will see
that the formerly slanted lines of the facade are now parallel and the measured image
points are congruent with the control points. You may now take measurements
directly from the image with AutoCAD that correspond to the measurements of the
original object. For example the width of the upper right-hand side window measures
1.22 m from outer edge to outer edge.
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The photo, used in this tutorial, has been taken with a photogrammetric camera and
is therefore free of distortions. In contrary, photos, which have been taken with a
regular digital camera have, depending on the quality of the lens, more or less
distortions. Therefore As-Built offers the possibility to determine the distortion and to
correct it during the rectification. You will find detailed information regarding the
distortion correction in the command reference under —>Rectification according to
geometry - Correction of lens distortion. On page 7-34 is explained, how to determine
and correct the lens distortion parallel to the rectification process.
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3.3 Tutorial 2 —Your first Rectification according to
Geometry

In AutoCAD select ‘As-Built Photo — Help — Open Tutorial 2’ from the Menu. The
drawing TUTORIAL2.DWG will be opened. This drawing is saved on your computer
in the user data directory. The path varies depending on the operating system. The
fastest way to access the user data directory is to run the command ‘As-Built Modeler
— Help — About.... There the path is shown and via a button you may open a
Windows Explorer for this folder.
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In this drawing you see a distorted photography. A rectangular grid, the so-called
rectification grid, has been laid over it. In order to present a fast and uncomplicated
result this file has been prepared for you. A detailed description is of the complete
rectification process is to be found in section 4.6 Photo Rectification according to
Reference Measurements and Object Geometry.

In the first step you have to adapt the rectification grid, in order to give the program
necessary information on distortion in the image. The horizontal and vertical grid lines
are brought in congruence with the horizontal and vertical lines of the facade on the
distorted image. In order to do so mark the grid with a click on one of the grid lines.
The blue boxes that will then appear everywhere on the grid are so-called ‘grips” with
which the grid may be ‘gripped’ and altered.
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Rough Grid Adaptation

At the points of intersection of the outer grid lines the main grid points are located,
emphasized by circles. Click on one of these points and move it with the mouse. The
whole grid is now altered in its geometry. With a further click the main grid point is
positioned anew.

Firstly adapt all four main grid points roughly in a way that the grid lines are
congruent on the right-hand and left-hand with the edges of the building, at the
bottom with the ledge between the first and the second row of windows and at the top
with the ledge between the third and the fourth row of windows.
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Fine Grid Adaptation

The inner grid lines are auxiliary lines. They have grips between the intersection
points with which they can be gripped and moved. Use the auxiliary lines moving
them so that they lie at the window edges in vertical and horizontal direction and at
the ground floor ledge as well. In that way you can see better how well the grid is
already adapted. During the following fine adaptation of the grid (again by moving the
main grid points) you try to bring the building’s edges in congruence as precisely as
possible with the grid lines. This is an iterative process, you will need more than one

run. Use the AutoCAD functions ‘Zoom’ & and ‘Pan’ £ to zoom into the image
and to move the visible section of the image, respectively. These commands may be
called up transparently without cancelling the process of the grid adaptation.

top left-hand side  top right-hand side  bottom right-hand  bottom left-hand
side side
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The completely adapted grid should approximately look like this in the end:
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In the next step go to the ‘Rectification on geometry’ group on the ‘As-Built Photo’

ribbon tab and select the entry ‘Rectification of Photos’ #EI. A corresponding
dialogue window will open up.

Ala Rectification of photos according to geometry (Projective transformation) &J

Digtorted image

File name: f'?\'
Cument image size; .

Cument image resolution:

Geometry of distorted image Rectification
Aspect and scale of rectification grid: Length: | N |
—— | Edt |
optional: Large reference o | Cancel |
| Close |

Rectified image
Alignment: Honzontal line fyellow at line

=

I at LICS
Insertion point:
{optional)

File name:
Image size: Further settings

Rectification
Factor:

Distorted image not specified !

.

From here the rectification process will be controlled.

First you have to select the image to be rectified. In order to do so click on the button
[New]. The dialogue will disappear and via the AutoCAD command line you are
asked to select the image. Click with the mouse on the periphery of the image. After
that the dialogue window will re-appear.

Reference measurements were previously taken at the facade as reference
information. Two of these reference measurements run exactly in horizontal and
vertical directions, respectively, on the facade i.e. along the directions of the adapted
grid lines. Measured were headroom and width of a window. The third line runs
diagonally across the complete facade. The distance between two window corners
was measured.

These reference information have to be brought in connection to the distorted image
i.e. the reference measures are drawn into the image and the measured values
assigned.
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The position of the single reference measurements and the measured values may be
taken from the sketch below. The lines were always measured beginning from the
outer window corners.

2,26

1196 m

Assigning the Reference Measurements

In the dialogue window you will now see red question marks in all the places where
you have to enter information.

First you will be ask for a width and height measurement. Here you have to enter the
horizontal and vertical reference measurements (headroom and width of the window).
Click on the button Width measurement (red) to draw the first line into the distorted
image. The dialogue will disappear and in the AutoCAD-command line the following
call will appear:

First point for zoom region or <Cancel>:

Next click to the starting point of the first reference measurement. Now you are
asked:

Second point for zoom region or <Cancel>:

Open a zoom window with the mouse and confirm it with a click. In the command line
you will see:

First point for width measurement:

Click as exactly as possible on the starting point of the window’s width. The program
will automatically zoom back into the last view. The final point of the line is marked in
the same way: first zoom with two mouse clicks to the relevant spot than click the
position. You will notice that the red line can only be drawn in the direction of the
horizontal grid lines. If you are therefore not able to hit the final point exactly, the
rectification grid has not yet been adapted optimally. In this case leave the dialogue
with [Close], correct the grid and repeat the process.
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Back in the dialogue field you will now see a green hook instead of the first question
mark. Enter the corresponding measured value into the field ‘Length’, in this case
2.26 m.

For the Height measurement (green) do exactly the same. It is marked in the
image by a green line. The measured value is 1.96 m.

For the third reference measurement click on Large reference measurement
(magenta). Unlike the first two reference measures the alignment of this line can be
chosen at random. The procedure for entering it is the same, the measured line value
equals 11.76 m.

In the frame ‘rectified image’ you have to enter a few values concerning the result
image.

For the alignment of the image first accept the default ‘at UCS'.

With ‘Insertion Point’ you define at which place the rectified image is to be inserted.
You have to enter a reference point in the distorted image and assign it to a randomly
chosen point in the drawing. In order to do so click on Insertion point (light blue).
First zoom with two mouse clicks to a spot in the distorted image and click a point
that serves as reference point. For example use the top left-hand side corner of the
window on the ground floor. Next you have to click a zoom region for the insert point
of the rectified image. Select a randomly chosen point beside the distorted image.
Reference and insert point will be marked and connected by a light blue line.

The definition of an insertion point for the rectified image is optional. If you do not
define it, the rectified image is automatically placed right of the distorted image.

Now only the file name is missing under which the rectified image is to be stored.
With [...] you will come to a relevant selection window for the storage path. You will
find a detailed description about saving image data and the different path options in
the command reference under Image - Load image.
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Now As-Built Photo has enough information to carry out the rectification.

Start the process with [Rectify]. In the status line of AutoCAD you may follow the run

with the help of a display of the progress. As the complete image has to be calculated
anew the rectification will take a few moments.
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After the completlon of the process you will see the rectified image.
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You will see that the formerly slanted lines of the facade are now parallel. You may
take measures directly from the image with AutoCAD that — within the tolerances of
the possible exactness — correspond to the measures of the original. For example the
width of the upper right-hand side window measures 1.22 m from outer edge to outer
edge.

Which accuracy can be reached with this procedure you will learn in section 4.6.2
The Rectification Process under ‘Accuracy of the Result'.

The photo, used in this tutorial, has been taken with a photogrammetric camera and
is therefore free of distortions. In contrary, photos, which have been taken with a
regular digital camera have, depending on the quality of the lens, more or less
distortions. Therefore the photogrammetry tools of the As-Built offer the possibility to
determine the distortion and to correct it before the rectification. You will find detailed
information regarding the distortion correction in the command reference under
—>Rectification according to geometry - Correction of lens distortion.

L A
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4 Image Rectification

After a first overview of the image rectification in the previous sections in this section
you will learn which steps belong to a typical image rectification project.

The final result will always be an AutoCAD drawing in which the rectified images are
inter-linked. If necessary you can continue working with them in AutoCAD e.g. draw
up two-dimensional plans, take measurements, and calculate areas. The rectified
images are available as separate files for further processing in other image
processing or CAD systems and thus can be opened in each and every image
processing program. You may choose between the formats TIFF, JPEG, BMP and
PNG.

A typical Project Run

Of course each project will show its special features. Nevertheless one can point out
a few typical similarities in the basic procedures during a rectification:

o 1% step: determination and measurement of reference information

e 2" step: taking photos (and digitalizing them) or scanning maps and plans
respectively

e 3" step: altering the photos into a compatible file format if necessary
o 4" step: rectification of the separate images
» 5" step: evaluation of the rectified images in AutoCAD or another CAD system

As long as the photos were not taken with a quasi distortion free photogrammetric
camera, they are generally more or less distorted, depending on the quality of the
lens. Therefore they should be corrected during the rectification. You find detailed
information regarding the distortion correction in the command reference under
—>Rectification according to geometry - Correction of lens distortion. On page
7-34 is explained, how to determine and correct the lens distortion parallel to the
rectification process.

4.1 Photo Rectification according to Control Points

41.1 Control Points as Reference Information

The idea of the rectification is to reform a photo so that all angles and proportions of
the displayed object plane correspond with the reality. In order to do so the distortion
due to the camera position has to be eliminated, which means the image has to
appear as if a viewer would look vertically at the object plane from an infinite
distance.

Necessary for this are measured reference information from the object. If a surveying
instrument (total station) is available one is generally working with control points.
They are marked on the object to be measured, photographed and registered
according to their coordinates. In the photo the corresponding points are picked out
and their image coordinates are measured. With the help of at least four of those
point assignments the rectification parameters can be calculated.
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Determination and Marking the Control Points

The control points have to be marked clearly and numbered on the object. There are
two possibilities for the markings: you either stick visible tags to the facade or you
select natural points that are rich in contrast and can be identified easily. Clearly
suitable are e.g. window corners or décors. In a hand-drawn sketch you will register
their position and point number. The points are photographed together with the object
to be evaluated.

Measuring the Control Points with a Total station

In order to rectify an image the coordinates of the control points have to be
determined. Generally a total station is used for this purpose preferably one with a
reflector-less measuring of distances. With such a device you will receive an X-, Y-
and Z-coordinate for each point. These are stored as an ASCII-file in a standardized
format so they can be read in AutoCAD. Here is an example for such a control point
coordinate file:

1 95.8471 499.8149 0.72767
2 98. 8529 499.8200 0.46680
3 106. 4943 567.0582 0.21383
4 103. 5116 567.0733 0. 22545
5 56. 8697 566.3471 1.76136

6 56. 8716 554.7248 1.87118

In the first column the point numbers are given, in the following three columns are the
X-, Y- and Z-coordinates of the points. The order of the columns may be selected at
random. If there are any further columns behind them (some instruments store
additional information), they will be ignored. Unless you want to store certain control
points on different AutoCAD layers. In that case you can read in another column with
layer information.

Note: Alternatively there is the possibility to transfer control points directly into your
drawing using a total station (As-Built Total Station Interface). Whenever coordinates
are expected or you have an option <measure> data can be transferred directly from
the total station.

Measuring of Control Points with the Help of a Distance Net

If there is no total station available you may also measure in the control points via a
net of distances which you have determined with a hand-held laser (e.g. DISTO). The
coordinates resulting from it are two-dimensional referring to the rectification plane.
The origin of the local coordinate system has to be determined by you. An example:
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Draw a sketch of your distance net and re-construct it in AutoCAD. To do this use the
command —>Control points - Control point via arc intersection. Move the
construction in a way that the point you determined as the origin of the coordinates
lies in zero.

You can check the exactness of the control information by an over-determined
measuring of your distance net. l.e. that you measure additional control points (e.qg.
diagonals in a rectangle), and check whether they ‘fit together’ with the rest of the
construction. In this way you may find measuring errors and inaccuracies.

Requirements for the Control Points
1. At least four Control Points are required for each Rectification

In order to carry out the calculation of the rectification unambiguously, at least four
control points are required as reference information. In any case you should
consider more points, at least five. Then there is an over-determination and a
least-square adjustment is calculated. This allows for a control of the measured
control point coordinates and their assignments, respectively. Errors and
inaccuracies can thus be localized.

2. The Control Points for a Rectification have to lie in one Plane

Strictly speaking, an image rectification is only valid for one certain plane, the so-
called rectification plane. Therefore this method for gaining geometry data is only
suited for objects that show a rather plane structure, e.g. facades with relatively
smooth walls, paintings, ceilings, floors. Not suited are round buildings, vaults, rock
faces or buildings with an especially distinctive depth structure. Here it is better to fall
back on other evaluation procedures.

You already have to know during the definition of the control points on which plane
you want to rectify. In most cases this will be the facade plane. All the control points
must lie on this plane. If you want to rectify on another plane, e.g. a roof plane, at
least four additional control points are necessary for it.
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3. The Control Points have to be distributed evenly

The house’s facade (Rectification plane) with its control points is situated in three-
dimensional space. From our camera position the house’s facade was reproduced on
the image plane of the camera via central projection. Because of the orientation of
the camera the facade appears distorted. This projective distortion now has to be
reversed. This is done arithmetically by calculating rectification parameters with the
help of control point information.

If possible the control points should be distributed evenly on the edge of the relevant
object on the rectification plane. If all control points are close together, small
measuring errors in the coordinates will become more noticeable the farther you
move away from them. Thus the solution will be more stable with an even distribution
of the control points.

A rectification will be completely impossible if all control points are in one line. Such
distributions have absolutely to be avoided.

000

ool (ool (o

good configuration bad configuration control points in one line
of control points of control points rectification not possible
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4. The Exactness of the Control Point Definition and the Exactness of the
Rectification should be correlated with each other

This correlation can best be explained with a concrete example:

Suppose you want to take measurements from your image after the rectification with
an exactness of 2 cm. Then there are two error sources: the limited exactness of the
control point measuring on the object and the control points’ assignment in the image
(definition of image coordinates). These errors will add up in the evaluation process.
For example if the control points on the object are defined with an exactness of 1 cm,
1 cm will be ‘left over’ for the rectification process. You have to check now whether
you will be able to reach this exactness of the image coordinate measuring. That
depends on the image resolution and quality as well as the ability to identify the
control points. You have to consider this:

You have a facade with a length of 20 m. Your digital image contains 1200 pixels
along the facade. 1 pixel then corresponds to a length of 20m/1200 = 1,7 cm in
reality. You can measure that accurately in your image, the resolution is thus not
quite sufficient. Of course the quality of the control point signalizing and the image
quality play an important role as well.

It does not make sense to assign the control points in the image with en exactness of
millimetres if your tachymeter has only measured the control points with an
exactness of centimetres. On the other hand you don't have to exaggerate the
measuring of the control points if you are only able to measure the points in your
digital image with an exactness of decimetres due to a low resolution.

4.1.2 The Rectification Process

Depending on the relevant job, you are able to carry out as many rectifications as you
like on as many rectification planes as you like in an AutoCAD-drawing. Basically the
following steps are necessary:

Command Name

1.step Importing Control Point Information PCIMPORTCP

The control point file in the ASCIl-format is
selected and integrated into the AutoCAD-drawing
in the form of blocks on the layer CONTROL

Alternatively: S _ KUBT _PC_ARCINTERSE
Construct control points via distance grid CTION

2.step Define Rectification Plane. KUBT_PC_UCSCP

With the help of the control points relevant for the
concrete rectification a UCS (User Coordinate
System) is defined which correspond to the
rectification plane.

3.step Loading Image. PCLOADIMG
The image to be rectified is loaded into AutoCAD
and positioned freely.

4.step Assigning of at least four Control Points to the KUBT_PC_RECTIFY
corresponding Image Points.

Calculating the rectification parameters. With more
than four control points an adjustment and error
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calculation is carried out.

5. Step Distortion correction

Only necessary if the image has not been taken
with a photogrammetric camera or has not been
corrected in advance. By reading in a correction file
or determination of the distortion within the image
by means of horizontal or vertical straights.

6.step Rectification Process.

The rectified image is calculated with the help of
the rectification parameters and stored as a
separate file.

The rectified image is positioned exactly in
AutoCAD.

Repeat steps 1 to 6 for each single rectification.

7.step Clipping and merging the separate images to one OICLIP
complete image (if necessary). KUBT_PC_MONTAGE
8.step Evaluation of Image. AutoCAD-functions or
e.g. setting up a facade plan with AutoCAD- external software,
functions respectively

The evaluation of the rectified image is almost unlimited. You may use the complete
range of the AutoCAD-functionality or import the rectification result in any other CAD
system or image processing program.

The further correlations will be explained in a third example. It is a building for which
images from more than one facade are to be rectified. The necessary files have not
been installed with the setup because of their file size. Please, download them to
your machine using following web link
(http://service.faro3dsoftware.com/DOWNLOADS/TutorialsVideos/PhoToPlan/PhoTo
Plan-Tutorial3_en.zip).

The control point coordinates are in the file TUT3_CONTROL.KOO, the distorted
original images are present under the following names:

EASTERNFACADEL.TIF
EASTERNFACADE2.TIF
SOUTHERNFACADEL.TIF
SOUTHERNFACADEZ2.TIF

These images have been taken with a photogrammetric camera, therefore it is not
necessary to apply a distortion correction (see command reference page 7-34).

1. Step — Importing the control point information

In the first step you have to import the control point file in your AutoCAD-drawing. In
order to do so, open an empty drawing in AutoCAD (‘File — New’). Now select the

command ‘Import control points’ .


http://service.faro3dsoftware.com/DOWNLOADS/TutorialsVideos/PhoToPlan/PhoToPlan-Tutorial3_en.zip�
http://service.faro3dsoftware.com/DOWNLOADS/TutorialsVideos/PhoToPlan/PhoToPlan-Tutorial3_en.zip�
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15k Import control point(s) ﬁ

[ re
C:"-.,Llsers";grischa"xbummerﬁs'\kub'rt"'\TLrtm'iEIEHTLrtJ_cnrrtml.I-;nn ﬁk

I File fommat l [ Browse ... ] |I\
mea |

In the corresponding dialogue window click on [Browse...] and go to a file selection
window. Here you pick out the file Tut3_Papu.koo and click on [Select]. Back in the
previous dialogue you have to opt for a format to import under [File format].

Atext line contains all values of a cortrol point.

The single values are separcted by separators, which are different to the decimal separator.

if the layer name is empty, the standard layer for control poirts will be used.

Values to be imported Separator

Column: Default value: Space character

1 Tabulator

[F]WCS - X (East) 2 0.0000 [ other
WCS-Y (North) 3 0.0000 Decimal separator
WCS - Z (Height) 4 0.0000 @ Point
Layer 5 (7) Comma
] Cnby point -

A Interpret XYZ values as UCS coordinates \ﬁk

{not recommended)

Inits

) . If the control point coordinates have
Control point Drawing other units than the drawing, they are
[ Meter v] [Meter - converted into the drawing units.

Shift { ¥YZ )in unit of control points
- D.0000 - 0.0000 - D.0000

There is the possibility to limit the number of points by entering an interval.

Option "Interpret XYZ values as UCS coordinates (not recommended)” is to be used
only by advanced users. You have to secure that coordinates of imported points are
conform to your current UCS. Confirm the selection with [OK].

19 Point(s) imported.

appears in the command line. If the points are not yet shown in the window, use the
AutoCAD command ‘Zoom Extents’. Now the imported points will appear in the
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window. As these points are mostly situated on the facades, the approximate outlines
of the building can be made out.
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Momentarily you are in the AutoCAD WCS (world coordinate system), and are
therefore looking at the XY-plane (outline plane) where the X-axis points to the right
and the y-axis straight up. The Z-axis (height above the outline) points towards you.
The coordinates of the control points are interpreted as WCS-coordinates.

2. Step — Definition of the Rectification Plane

As mentioned before, a rectification is valid only for one certain plane. It is the one in
which the control points relevant for this rectification lie. All parts of the measured
object that are situated in this rectification plane are reproduced in scale in the
rectified image, everything that is not situated in this plane remains distorted.

The rectification plane is always the XY-plane of the current user coordinate system
(UCS). This UCS has to be defined by you. The software always lays the rectified
image on the XY-plane of the current UCS. In this example we want to rectify the
eastern facade up front at first. Therefore we define a coordinate system (UCS) of
which the XY-plane corresponds exactly to this facade plane.

For this there are two possibilities: If you want to rectify a facade that runs strictly
vertically use the option "Rectification plane runs vertically (Vertical UCS)™. If the
rectification plane is situated freely in space, take "The rectification plane can take
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an arbitrary position in the space (Free UCS)". Of course it is up to you to use any
other AutoCAD command for defining a UCS.

This example employs vertical facade. Select the command "Define rectification
plane (UCS)"

*k Definition of rectification plane (UCS) |

When defining a rectification plane. a new UCS (user coordinate system)
will be created.

There are different possibilities for the positioning of the rectification plane
in the space o plane of the UCS):

Rectification plan runs verically (Verical UCS). This seﬁlng
> iz pptimal for rectifying building facades, walls etc.

A‘ The rectification plane can take an arbitrary position in the
’ " space (Free UCS). This setting is ideal f images of ablique
EH surfaces are to be rectified.

| Cancel | [ Nets | ?l
— 7k

Select the option "Vertical UCS" in the first step and press [Next. >>].

For the definition of a vertical plane it is necessary to define at least two points. It is
always better to define more control points. For example, select all control points that
you want to use for the rectification too or which represent the rectification plane as
exact as possible.

The order of the selection of control points also plays a role. The first control point
defines the coordinate origin, the second point a point in positive direction of the x-
axis of the new UCS. Here you thus determine from which side you look at the plane.
First pick a control point that is situated on the left-hand side of the facade, the
second control point has to be situated to the right of it. Now the direction of the X-
axis is defined, whereas the order of the following control points does not play a role.
The UCS is now aligned in a way that you look at the facade from the front.

If you check the option “Take over Height (UCS-Y) from WCS-Z (Shift origin to XY
plane of WCS)” you will place the origin of the UCS in the XY plane of the WCS and
keep the original height information of the control points.

To select the control points click on [Add]. Following request will prompt in the
command line:

Choose control point or [Number/Measure/Finish] <Finish>:

Now select the control points 15, 16, 84, 83 und 72 consecutively and complete the
process with the enter key or the option ‘Finish’.
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If enough control points have been selected (and are active), a mean vertical plane
will be calculated through all indicated (and active) control points. Possible deviations
of individual points from this plane will be shown in the column "Deviation*.

ik Definition of rectification plane (UCS) I&J

At least two control points are necessary for the definition of a vertical
rectfication plane.

The first active control point defines the coondinate origin, the second one a
new point in positive direction of the x ads of the new UCS.

Cortrol points
Mumber Deviation  Acti... Add
* 15 0.0260 Yes .
216 00797 Yes D) activate
<72 0.0084 Yes
V83 501217 Yes Delete
vt 00244 Yes
(=]
|E ; -".<.-.:-:

7] Take over Height (UCS-Y) from WCS-Z
== (Shift origin to XY plane of WCS)

i) (o) b

L

The deviations should be as small as possible. Here you see a point protruding out of
the plane. With [(De-)activate] you can exclude one or several points from the plane
calculation. If you find the individual values satisfactory, click on [Next >>].

In the last step you are asked to name the new rectification plane (UCS). This is
useful to be able to restore this rectification plane later. In our example please give
the name ‘East view'. Then click on [Finish].
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-

Jik Definition of rectification plane (UCS)

In order to call up the rectification plane later, you should name it.

Please call up the command "Restore rectification plane” if you want to
restore 3 named rectification plane (LUCS).

Mame of rectification plane {UCS):
East view

ot ) Lo ) (o] (334

The UCS is now aligned in a way that you view the east facade of the building.

The definition of the rectification plane will be logged in an ASCII file with following
naming convention: DRAWINGNAME_UCS_UCSNAME.PRK.

If you call up the command ‘Restore rectification plane (UCS)’, you will get to

following dialogue:
——

(8 ucs

| Named UCSs IDrthugmphic UCSs |Seﬂings|

Cument UCS: East view
% World Set Cument

=} Previous ;]
BT [ 0o
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Here you can see all existing user coordinate systems (UCS) of the drawing. You can
switch between them with ‘Set Current’. The current UCS is marked with a blue
arrow.

3. Step — Loading in the distorted Image

Now select the command ‘Image - Load image’. In the ribbon this command
corresponds to this symbol: E‘n

A dialogue for the file selection appears. Go to the directory where you downloaded
TUTORIALS3 to and select the distorted image EASTERNFACADEL.TIF. Confirm with
Load. In the command line the following message will now appear:

Insert point for image:

Position the lower left-hand side of the image somewhere near the control point
cloud. Open a window with the mouse and determine the size of the image with a
further click. The positioning and scaling can be carried out completely at random,
both have no influence on the result of the rectification.

The image shows the eastern facade of a building.
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4. Step — Assigning the Image Points

Now assign the control points to their corresponding image points. Do exactly the
same as in the Tutorial 1. Remember: You select the command ‘Rectification by
Control Points - Rectification of Photos’ from the As-Built Photo ribbon. In the
dialogue window click on [New] and click on the distorted image. With
[Add/Redefine] you will come back to the drawing and can measure the single
control points in the image. Some are marked by tags, some are natural points
(window corners, décor corners). Please take the position of the control points from
the sketch below.

Point 15: tag lower left-hand side
Point 16: tag lower right-hand side
Point 83: upper right-hand side corner of the upper right-hand side window

Point 72: lower outer corner of the upper décor stone on the left-hand facade side
Point 84: upper right-hand side corner of the rectangular décor on the right-hand
facade side
=
m
= —
= 4 |
= ||
= |
—_— i
[ R R—
—
[—
%\,?iqw g T

eastern facade 1

Here, too, it is possible to select the control points by entering the point number. This
is done with the option ‘n’ <Number>. With the option ‘" <Finish> you cancel the
control point assignment and return to the dialogue ‘Rectification of photos’.
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5. Step — Calculation and Exactness of the Rectification

Now have a look at the error values given in the control point chart. You have
measured in five control points. The problem is therefore over-determined and a
compensation is carried out. The arithmetical algorithm checks how well the
individual points ‘fit together’ and calculates the best fit for the rectification
parameters.

The deviations of the control point coordinates from this medium solution lead to an
error value which is given in the last column for each point. With the help of these
error values you may check your measurements. Depending on the resolution and
the image quality you must decide how exactly you were able to measure in the
control points in the image. If the error values exceed your expectations this means
an error or inexactness was made during the control point assignment. In this case
you should not carry out the rectification but look for the cause of the high error
values first.

For the error search the following starting-points are valid:
e A single control point was assigned incorrectly in the image.

By a systematic de-activation of single points you will find this one easily. Here
you will start with the point that has the highest error value.

In order to do so, mark the relevant point with a click on the point number in the
first column. Click then on [(De)Activate].

e Control points were switched.

Deactivate two or more control points at a time in order to find out the switched
pair. With only five control points this is actually not possible as with the de-
activation of only one point no error values can be calculated anymore (no over-
determination). Here you probably have to check all the points in the image once
more and if necessary re-assign them.

e The control point coordinate file shows a measuring error.

Check the coordinate file. If necessary the coordinates have to be measured
anew.

If you de-activate more than one point at the same time it may happen that the error
values suddenly disappear completely. In this case only four activated points remain.
There is no over-determination anymore and a compensation cannot be calculated.
An error control is then not possible anymore. The message in the dialogue window
below will point this out to you:

R ectifization over-determined. .
Rectify |

If you deactivate even more points the field button [Rectify] becomes inactive and
the window will signal:

Rectfication not determinable. Frectif
Fiectification parameter not complete! 2y |
Diztorted image not specified!

The rectification parameters can now no longer be calculated and a rectification
becomes impossible.
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Image Rectification and Results

If you are satisfied with the error values (in this example values of a few mm up to 1
cm may be reached) the actual rectification may start. In the lower part of the
dialogue you still have to define where and under what name the rectified image is to
be stored. With [...] you will come to a corresponding file selection window. A detailed
description about the three different path options you will find in the command
reference under 2 Image - Load image.

With the button [Further settings] you can control the properties of the rectified
image.

You will be shown the optimal values for the number of pixels, image size and pixel
sizelresolution. Optimal means that the image to be created contains exactly so
many pixels that a maximum of image information is available without wasting
memory at the same time. Number of pixels and pixel size in AutoCAD can be
adapted to your individual needs, too.

“k Rectified image - Further settings lﬁ
Mumber of pcel Image size
optimum

) . i Image size that has to be set within an extemal image
Width  EIET] Picel ] @i 337 Picel processing software in order to get the selected scale.
Height 2454 Pixel 2454 Pixel

) . - . Scale for image size 1. 100 -
Requires a memary capacity of 7.3 MB {unpacked).
Width 0.236680 Meters

Image size in AutoCAD Height 0185133 -

One AutoCAD unit equals one Meters -

Image resalution

Width 236680 Meters

Image resolution in DFI that has to be set within an extemal
Height 185133 Meters image processing software in order to get the selected scale.
Pieal size in AuteCAD if you change the DP| value, both the pixel size in AutaCAD

and the number of pixels of the image will change.
The pixel size is calculated from the number of pixels and
the image size in AutaCAD. The image size in AutoCAD is
foced.
if you change the size of a pixel, the number of pixels of The optimal resolution is 336.6562 DPI.
the image will change automatically (@nd vice versa).

o 2 QK
Pixel size 0.00754 Meters Restore optimal

’
The optimal peeel size is 0.00754 Meters. 2T | Cancel | /@k

Resolution 336 6962 DPI

L

The designations within the frame “Image size” are only of interest if you intend to
further process the image outside your AutoCAD drawing (e.g. editing and printing to
scale in Photoshop or GIMP). For further details on this dialog please refer to the
command reference page 7-37 (Rectification by control points - Rectification of
photos (Projective Transformation)).
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Image size

Here you see the information on an image in a compressed way:

Image size Number of
in AutoCAD pixels

Image zize: 24,3253 23,3230 (3155 = 3025 Pixel
approx. 3.1 MB /2 7 » Distorted Image

Required disc space
(uncompressed) and compared to
the original image

The file size of images of a high projective distortion can increase enormously. In
this case you should clip the image before the rectification process and only
rectify the relevant area. To do this, use the command “Image - Clip image” (see
command reference).

Rectification factor

Rectification 2.1 [hormal angular shat)
Factor:

The rectification factor specifies the relation of rectified image area and distorted
image area at optimal resolution. The higher the projective distortion in the
original image, the higher this factor. Usually this factor lies between 1 and 3.
Higher values are only to be expected with a very high projective distortion. This
factor is intended to help avoid extreme distortions which may require extensive
calculations. As a little help, the rectification factor is commented.

After you have checked all these settings and if necessary adapted them, start the
process with a click on the button [Rectify].

A display of the progress in the status line shows the process. The rectification may
take a few minutes depending on the image size and your computer’s capacity. In the
end the rectified image will lie exactly above the measured control points. The
rectification is now complete.

Six files belong to this rectification:

the AutoCAD-drawing with the rectification
the distorted image file

the control point file

the rectified image file

a text file with the extension .ppb that contains the image position information of
the rectified image. Additional information is available in the command reference
under ‘Rectification by control points - Rectification of photos (Projective
Transformation)'.

a text file with the extension .prk that serves as a protocol file and contains all
important information and parameters of the rectification. You can find additional
information in the command reference under ‘Rectification by control points -
Rectification of photos (Projective Transformation)'.
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Multiple rectifications in one drawing.

To show you the possibilities available to you with the AutoCAD platform we will add
another rectification into the drawing.

To do so you have to switch back to the outline view as it was after the import of the
control points. In order to do so you have switch back to the AutoCAD world
coordinate system (WCS).

For AutoCAD beginners: Enter the command “ucs” and select the option “w” (for
“world”). Was the UCS symbol shown in 2D mode, in the bottom left-hand side corner
you will now see that the coordinate system symbol disappears and a “broken pencil”
appears. Was the symbol shown in 3D mode, now 3 axes of WCS appear. Now you
still have to switch to the top view. This is done quickly with the AutoCAD-command
“plan”. With Enter you select the default option “Current” (UCS). You now look at the
building again from the top and can make out the outline with the help of the control
point cloud. The already rectified image is displayed as a line on the corresponding
facade.

We now rectify a further facade, a part of the southern facade. This one is connected
at an angle of 90° on the left-hand side of the already rectified eastern facade.

i

74

[0 [

complete southern facade

In order to do so repeat the steps just described. As the control points have already
been loaded you begin with the definition of a vertical rectification plane. This one lies
at an angle of about 90° to the previous rectification plane. Remember: Call up the
command ‘Define rectification plane (UCS)’ and click on the relevant control points
one after another. Which ones are relevant can be learned from the sketch ‘complete
southern facade’ given above.

After that you load the distorted image SOUTHERNFACADEL.TIF from the directory
where you downloaded TUTORIALS3 to. This image shows the right-hand side of the
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southern facade with the control points 13, 14, 71, 72 and 74. The points 73, 101 and
12 cannot be seen on this image.

After the successful rectification the generated image is directly available on the
control points of the facade as well. In order to make clear the position of the two
rectifications to each other now look at the building from an angle. With the AutoCAD-
command ‘3dorbit’ you will come into the 3D-Orbit-Mode where you may turn the
object at random in real. Under AutoCAD LT please use Ctrl+left mouse button to
activate 3D Orbit (note this works only if activated under Settings—=>AutoCAD (LT)) or
use the Orbit commands from the As-Built Photo ribbon group “View*.

At CAD LT 300D - Wed T PO PSR IE  Tiri] Pt duigy

LipLag et st
. e e
Rectify two more images in the same way:

The southern facade continues further to the left. Therefore you rectify another image
onto the same facade plane. Load the image SOUTHERNFACADE2.TIF from the
directory you downloaded TUTORIAL3 to. The control points for the rectification may
also be taken from the sketch ‘complete southern facade” given above. The rectified
image overlaps partly with the previously rectified first part of the southern facade.
Under ‘Tools — Display Order’ in the AutoCAD-menu (enable via MENUBAR=1) you
may determine with the help of the commands ‘bring to front’ and ‘send to back’
which part of the image is to be seen and which one lies in the background.
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A typical characteristic of the rectification can be clearly seen: in the sector of the
facade plane the two rectified images of the southern facade fit together exactly. In

the sector of the roof and the window crosses on the other hand, larger or smaller
jumps occur.

exactly fitting image seams on the facade plane jumps in the roof sector

The reason for this is that the rectification is only valid for the sector of the
rectification grid. All protruding parts or parts that are set back like e.g. the roof or
window crosses are not displayed to scale in the rectified image.

Following the southern facade is the second part of the eastern facade. Compared to
the first eastern facade this one is set back a few meters. Therefore you now have to
define a new rectification plane. The following sketch shows the position of the

control points.
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As a result you will receive an AutoCAD-drawing that approximately looks like that in
a sloping view:
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The procedure described above, laying more than one image with various
rectification planes into one AutoCAD-drawing is limited to its use in practice. This
example was selected to explain the working principle of As-Built Photo.

In order to generate a facade view with the help of the rectified image one would set
up an individual drawing for each rectification plane. The rectified image in this case
serves only as a constructional help, it is deposited to measure off the geometry from
it. On the other hand this procedure offers useful applications for 3D visualizing
purposes.

At the end you may overlay the rectified image or the digitized plan with a coordinate
grid >Dimension - Insert coordinate frame.

Doyl

4.1.3 Change symbol size (Control points and Image points)

Different projects often differ in facade sizes. The standard setting uses symbol
(block) sizes (e.g. Control points and Image point symbols) which are adjusted to
facades between 5 — 20 m (AutoCAD units). You can change these settings by using
the command ‘Control points - Change size of Control points’.
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4.2 Clipping the Images

Before as well as after the rectification process it may make sense to limit the image
to a certain sector. In our example we will clip the already rectified images. The two
partly overlapping images of the southern facade are to be clipped in a way that the
remaining image section reflects the geometry as optimal as possible. In addition to
this all non-relevant parts of the image (e.g. background etc.) are to be removed to
enable a succeeding merging of the images.

Switch to the UCS of the south view. If you have assigned a name for the rectification
plane, you can replace it with “. If you have not assigned a name for the UCS, you
can now repeat the command ‘Define rectification plane’ or call up ‘Rectification’ -
‘Edit’, select the rectified image, answer the question:

Do you want to use the current UCS for rectification?
with ‘Yes” and close the dialogue.

For a clipping you will need a boundary. Draw a clip boundary into the right image of
the southern view with the help of the AutoCAD command ‘PLINE’ (Polyline).
Probably you have to bring the image to the front first. In order to do so, use the
AutoCAD command ‘Draw Order = Bring to Front’ from the right click menu of the
image.
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Now call up the command ‘Image - Clip image’ from the As-Built Photo ribbon tab
‘. In the command line the following message will appear:
Choose image to be clipped:

Now click on the edge of the right-hand side image of the southern facade. After that
you are asked to select the polyline for the boundaries of the image:

Polyline for boundary or [Points/Further boundary/Delete cut/Back/Finish] <Finish>:
Click this one as well and the following message will appear:
Polyline for further boundary or [Points/Choose boundary/Delete cut/Back/Finish] <Finish>:

Now you have the possibility to either exit the command with [Return] or to add
additional polylines for the definition of other parts of the image to be clipped. Finally
you will get:

%k PhoTcPlan [

Delete used polylines 7

Answer this question with ‘No’ for the moment in order to see where exactly the
image is clipped. The result is presented as follows:
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Clip the second image of the southern facade in the same way. Make sure that when
you define the boundaries the images still overlap after the clipping. For the further
processing of clipped images it's recommended to delete the polylines or displace
them to the background by using the AutoCAD command ‘Draw Order = Send to

Back’ It's now easier to click the image.
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The result might look like this:

e a0 UF D - PR AOR R Tai-Foaid v

4.3 Merging of Images

If you want import the rectified images into an external image processing program for
further processing a problem during the mutual positioning of the separate images
will occur. In this case you would have to turn and move the images by eye in a way
that the image clippings fit together. This will of course result in a problem concerning
the measures. In order to avoid this situation As-Built offers the opportunity to melt
more than one image to another (image merging).

To demonstrate this function we will continue with the example above and assemble
the two clipped rectified images of the southern facade.

At first make sure that the UCS ‘Southern View’ is the current one as the images to
be assembled are always projected onto the XY-plane of the current UCS. If
necessary delete polylines still existing from clipping the images.

&
Select the command ‘Image computations — Merging of images...’ I!E in the As-
Built Photo ribbon. In the following dialogue field you will see a list labelled ‘source
images’. With Add you will come into the drawing and select the images with a click
on their boundaries. Now you still have to define which image is to be the one ‘on top’
in the overlapping sections. This can be done with the arrow keys under ‘Drawing
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Order’. Click on the corresponding image in the list and try with the keys ‘Move
above’ and ‘Move below’ in what way the image view changes. Simultaneously the
order of the images in the list will be adapted as well.

'k Merging of images @

Source images

Image Drawing order g 5\'
Mame \ I
SouthemFacade1_rtf Add | @ At top l@k
SouthemFacaded_riif Delete Move above
; Move below
7 gege'nemte U Mo
— drawin
- E' A battom Mew

| Ciptions ...

Edit

Cancel

1]

Close

Merged image
File name: C:\Usersharscha\Documents®lubitT..\SouthemFacade1_r_m tif @

Image size: 23 BERGx 10.8710 (4011 x 1850 pixel)
approee. 7.1 MB

l Further settings ... I Merge

If you are satisfied with the image view you still have to input a few details concerning
the assembled image.

Enter a file name for the ‘Merged Image’. With *...” you will come to the corresponding
file selection window. Please choose path and name for the new image. A detailed
description about the three different path options you will find in the command
reference under - Image - Load image.

With the button "Further settings..." you can control the properties of the merged
image. The dialog is the same as the one in the rectification process. For further
details on this dialog please refer to the command reference page 7-37
(Rectification by control points - Rectification of photos (Projective Transformation)).

Please ignore the setting options under "Options" at the moment. Their functionality
will be explained in section 7 Command Reference under Image computations —
Merging of images...

With a click on Merge you will now start the assembling process. Depending on your
computer’s capacity a certain waiting time will occur. In the status line of AutoCAD
you may see the current processing status.

Below you see a possible result of a merging. The merged image is in the foreground
above the rectified separate images. The image is stored under the file name stated
in the dialogue window ‘Merged image’.
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Hint: You may also use the ->Image computations — Merging of images...
command for merging scanned maps and plans. If you have bitonal images (one
color and white or transparent background) of plans of different content for the same
object — e.g. layout plans from different times or at different conditions — you may
superpose these plans by merging them. Please also refer to the information given in
chapter 2 Supported Image Formats.

4.4 Intersection of Images

To create accurate intersection lines in 3D projects the software allows you to
intersect images. After selecting two images a theoretical intersection edge is
calculated and the images are trimmed to this edge. There are two options to trim or
extend an image.

Only images whose image data reaches up to intersection edge can be intersected.
After clipping an image, image data of cut off parts are only hidden but not deleted.
That means even though the clipped image purely visual does not reach up to
intersection edge it will be possible to intersect if image data of the non clipped image
reaches up to this edge.

By selecting images which are parallel to each other or lie at same plane no
intersection edge can be calculated and an error message appears. A detailed
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description of this command and its options you will find in the command reference
under = Image - Intersect image boundaries.

4.5 Map Rectification according to Control Points

Old plans and maps on paper lose their scale over the years even under best storage
conditions. The underlay material loses its shape through environmental influences or
even through its own weight when it is stored hanging. Our software can compensate
these global deformations. However, strong local deformations, e.g. creases, cannot
be compensated.

You can generate the necessary reference information (control points) out of the grid
or you are provided with separate control point coordinates which are identifiable on
the map. It is important that you define a large number of control points that should
be equally distributed on the map.

The polynomial that is to be used for map rectification depends on the specific case
you are working on. A first degree polynomial can only describe affine
transformations (rotation, scaling, shear) but is of advantage since it carries on
linearly outside the set of control points.

These rectifications can be described by a first degree polynomial (affine
transformation).

Higher degree polynomials can already compensate crooked lines but they are not
defined outside the set of control points. Thus the map must be clipped close to the
area which is described by control points.

To compensate rectifications as shown above, you have to work with second or third
degree polynomials.

The rectification process is run analogous to the photo rectification according to
control points.
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4.6 Photo Rectification according to Reference
Measurements and Object Geometry

46.1 Lines and Measures as Reference Information

If there is no total station available for measuring in the control points, you will have
to work with reference measures. For the rectification of an image at least two, better
three, reference measures are required. Certain conditions are attached to the
selection of the measures distances. These have to be followed unconditionally in
order to achieve a good result.

The measurements are later assigned in the image with a statement concerning their
real length. With the help of the rectification grid which is adapted to the distorted
image at clear-cut edges standing perpendicular to each other it is stated how strong
the projective distortion in the image is and in which direction it runs. In the Tutorial 2
you were already able to get a short idea of this procedure.

Determining and Measuring the Reference Measures

The reference measures have to be measurable unambiguously. They also have to
be identifiable unambiguously in the photo. Edges, window and décor corners that
are rich in contrast are especially suited. For additional support you may also mark
the final points of the measures with stickers or chalk marks. Note the position and
the lengths of the measures in a hand-made sketch.

Tape measures or hand-held lasers (e.g. DISTO) are suited for measuring the
reference measures

Requirements to the Reference Measures

You will need at least two, better three, reference measures for each photo to be
rectified. Certain conditions are attached to the course and the length of the
measures. These have to be followed unconditionally in order to achieve a good
result.

1. The first and the second reference measure have to stand rectangular to
each other and have to run along the directions of the grid lines of the
rectification grid.

With the help of the first two reference measures the relation of height and width
to each other in the rectified image is calculated. Therefore it is important that the
measures run orthogonally to each other and parallel to the lines of the
rectification grid. For example the height and width of a window are suited if one
can assume that the window is ‘straight” in the wall. On some objects it is difficult
to find suited measures. Then one can make do with plumb lines and a horizontal
scale attached directly to the object to be measured. These will then serve as
reference measures.
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In principle it is better to select reference measurements that are as long as
possible in order to obtain a good result. But very often shorter distances like
width or length of a window are easier to measure than e.g. the complete width or
height of a facade. Therefore the measuring of a third reference measurement is
recommended.

2. The (optional) third reference measure should be long enough to
represent the dimension of the object.

If you have selected relatively short distances for the first and the second
reference measurements it is recommended to measure a third, longer distance.
Its alignment can be chosen at random it thus may also run diagonally across the
facade. With the help of the third distance the scale of the rectified image is
calculated. The longer this distance is the more accurate is the calculated scale.

3. All reference measures have to lie in one plane.

Strictly seen an image rectification is only valid for one certain plane, the so-
called rectification plane. Therefore this method for gaining geometry data is
only suited for objects that show a rather flat structure, e.g. facades with relatively
smooth walls, paintings, ceilings, floors. Not suited are round buildings, vaults,
rock faces or buildings with an especially distinctive depth structure. Here you
have to fall back on other evaluation procedures.

You must already have to know, during the definition and measuring of the
reference measurements, on which plane you want to rectify. In most cases this
will be the facade plane. All the reference measurements have to lie on this
plane. If you want to rectify on another plane, e.g. a sloping roof plane, another
complete set of reference measurements is necessary.

IRl
U

4. The Exactness of the Reference Measurements and the Exactness of the
Rectification should be correlated with each other.

This correlation can best be explained with a concrete example:

Suppose you want to take measurements from your image after the rectification with
an exactness of 5 cm. Then there are two error sources: the limited exactness of the
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reference measurements on the object and the reference measurements’ assignment
in the image (definition of image coordinates). These errors will add up in the
evaluation process. That means if you were able to measure the reference distances
on the object with an exactness of 3 cm, 2 cm will be ‘left over’ for the rectification
process. You have to check now whether you will be able to reach this exactness for
the assignment of the measure in the object. That depends on the image resolution
and quality as well as the ability to identify the reference distance measurements.
You have to consider this:

You have a facade with a length of 20 m. Your digital image contains 1200 pixels
along the facade. 1 pixel then corresponds to a length of 20m/1200 = 1,7 cm in
reality. You can measure that accurately in your image, the resolution is thus
sufficient. A precondition is that the final points of the reference measures can be
identified unambiguously. If necessary you will have to mark the measures with chalk
or tags before taking the photo.

Of course the question as to how well the rectification grid was adapted to the object
geometry plays an important role as well for the exactness of the rectified image.
4.6.2 The Rectification Process

The principle run of rectification according to geometry is as follows:

1. step Loading the distorted image
The image to be rectified is loaded in AutoCAD and positioned at
random.

2. step Distortion correction

Only necessary if the image has not been taken with a
photogrammetric camera or has not been corrected in advance. By
reading in a correction file or determination of the distortion within
the image by means of horizontal or vertical straights.

3. step Adding on the rectification grid
The rectification grid is assigned to the image.

4. step Adapting the rectification grid

By pulling on the four main grid points the grid is adapted to the
horizontal and vertical lines in the image.

5. step Assigning the reference measures

Call up the rectification dialogue. Enter the measured values for the
reference measures and assign their position in the image - the
rectification parameters may be calculated.

6. step Rectification process

As-Built calculates the rectified image with the help of the
rectification parameters and stores it under the stated name.

The rectified image is exactly positioned in AutoCAD.

7. step Image evaluation

e.g. setting up a facade plan with the help of the AutoCAD
functionality.

The evaluation of the rectified image is almost unlimited. You may use the complete
range of the AutoCAD functionality or import the rectification result in any other CAD
system or image processing program capable of half-tone pictures.

The single steps of the rectification process are described in detail as follows.
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1. Step — Loading the Distorted Image
Select the command ‘Image - Load image’. In the ribbon you will find it under the

symbol E*Iz.

A dialogue for selecting the file appears. Pick out the image file and confirm with
Load. In the command line you are asked for an insertion point and may open up a
rectangle for the image size. The positioning and scaling can be selected at random
they do not have any influence on the rectification result.

2. Step — Distortion correction

Photos, which have been taken with a regular digital camera have, depending of the
quality of the lens, more or less distortions. Therefore our software offers the
possibility to determine the distortion and to correct it before the rectification. The
according command is —>Rectification according to geometry - Correction of lens

distortion [, By reading in a correction file or by determination of the distortion
within the image (by horizontal or vertical straights) the aberration, which occurs due
to the distortion, can be eliminated.

3. Step — Adding on the Rectification Grid

In order to determine the degree of the distortion in the image you will have to mark
two directions in the image which are at right angles to each other. A variable grid
that is put over the image serves for that purpose.

The command ‘Rectification according to geometry - Attach rectification grid’ or

.EF; serves for inserting the grid. After the start of the command you are asked to
select a distorted image. Click on the periphery of the previously loaded image. In the
dialogue box which now appears you may state how many horizontal and vertical
auxiliary lines the grid is supposed to have. Determine this number so, that all well
visible horizontal and vertical edges in the image may be used for the adaptation of
the grid. A maximum of 20 grid lines for each direction is possible. The grid is now
positioned automatically above the image. It will appear in the current layer and
assumes its colour. Each image can have only one rectification grid.

The rectification grid is a special As-Built object. If you want to carry out any
alterations, e.g. moving, turning or scaling, this can only be done with image and grid
together. The grid itself — with the exception of layer and type of lines - cannot be
processed with AutoCAD-commands.

4. Step — Adapting the Rectification Grid

In the next step the grid has to be adapted in a way that the horizontal and vertical
grid lines are congruent with two direction in the image that are at right angles to
each other. Generally these will be horizontal and vertical edges on facades e.g.
sides of buildings, upper and lower edges of buildings, window frames, ledges or
décor lines. In order to do so the grid is marked with a click. At the main grid points
(marked by circles) as well as at the auxiliary grid lines the ‘handles’ typical for
AutoCAD will appear. With a click on one of the handles and ‘pulling” with the mouse
you may alter the grid.

With the main grid points you alter the grid’s geometry. Try to adapt the grid as
exactly as possible to the edges in the image in that way. This will be an iterative
process, approach a constellation as optimal as possible in more than one run.
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To control the adaptation you can use the auxiliary gridlines. They may be moved in
parallel with the help of the handles. Position the auxiliary lines in a way that they lie
on the clear-cut edges in the image. The rectification itself is not altered by this, the
auxiliary lines really only serve as an aid for a bettﬁr visualization on the screen. Wit

]
LT

the commands ‘add horizontal auxiliary line’ , ‘add vertical auxiliary line’

and ‘delete auxiliary line Lo you may adapt the number of auxiliary lines in both
grid directions to your special requirements.

adaption of
grid

—>

rectification

It is important that the edges that you use for the grid adaptation stand at right angles
to each other in reality and that they lie in the rectification plane or parallel to it,
respectively. The rectification plane is the one in which you measured your reference
measures.

Of course you always have to make assumptions that cannot or only hardly be
checked. You have to evaluate according to the building’s structure whether or not
you may ‘trust” the building’s geometry. At an old slanted half-timbered house e.g.
one cannot assume that the props and crossbeams stand rectangular to each other.
A rectification is possible anyway but you have to bear in mind that the result cannot
be precise. In a modern framework construction on the other hand one can assume
right angles in most cases.

5. Step — Assigning the Reference Measurements in the Image

When you have finished the grid adaptation call up the command ‘Rectification
according to geometry - Rectification of photos according to geometry

o . EeS
(Projective transformation)’ "2l

In the rectification dialogue which appears go to Rectification — [New] and select the
image to be rectified in the drawing. In the dialogue you will now see red question
marks in all the places where you have to enter values.

Now assign the reference distances measured on the object to the distorted image.
This procedure was already explained thoroughly in the Tutoriall.

Remember: After clicking the buttons
Width measurement (red)

Height measurement (green)

Large reference measurement (magenta)
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you will come to the drawing where you state the start and end point of the distances.
In the input fields ‘length’ you enter the corresponding measured values. The
guestion marks are then replaced by green hooks.

You may edit the reference measurements’ values and the image assignments as
often as you want to. It is only important that in the end all entries are marked by a
green hook.

6. Step — Image Rectification and Result

At this point the software has enough information to calculate the rectification
parameters. Before starting the rectification process a few statements concerning the
rectified image have to be made.

= Alignment

Here a line may be given optionally to which the rectified image is to be aligned.
If the default ‘*according to UCS” is accepted the rectified image will be aligned
according to the current user coordinate system (UCS). The alignment of the
user coordinate system can be recognized by the XY symbol on the bottom left-
hand side in the AutoCAD system.

/\ h
N\

D
or - X

The definition of an insertion point for the rectified image is optional. A reference
point in the source image is assigned to a randomly selected other point in the
drawing at which the corresponding point of the rectified image will then be
placed. If no insertion point is defined, the rectified image is automatically placed
right of the distorted image.

e Insertion Point

e File Name

Here a path and a file name for the rectified image have to be given. With ‘... you
will come to a corresponding file selection window. You may choose between the
image formats TIFF, JPEG, BMP and PNG. A detailed description about the three
different path options you will find in the command reference under - Image -
Load image.

With the button [Further settings] you can control the properties of the rectified image.
For further details on this dialog please refer to the command reference page 7-37.
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Image size

Here you see the information of an image in a compressed way:

Image size Number of
in AutoCAD pixels

Image size: 24,3253 « 233230 (3155 = 3025 Pixel]
approx. 3.1 MB /2.7 » Distorted Image

Required disc space
(uncompressed) and compared to
the original image

Rectifying images with a huge projective distortion the file size of the resulting
image may become immense. In that case it is recommendable to clip the image
prior to rectification. This way only the relevant parts are rectified. The command
‘Image - Clip image’ (refer to the command reference) serves this.

Rectification factor

Fectification 21 [nommal angular shot)
Factar:

The rectification factor specifies the relation of rectified image area and distorted
image area at optimal resolution. The higher the projective distortion in the
original image, the higher is this factor. Usually this factor lies between 1 and 3.
Higher values are only to be expected with a very high projective distortion. This
factor is intended to help avoid extreme distortions which may require extensive
calculations. As a little help, the rectification factor is commented.

When you have checked all these statements and if necessary adapted them then
start the process with a click on the button [Rectify]. A display of the progress in the
status line shows the process. The rectification may take a few minutes depending on
the image size and your computer’s capacity. The rectified image will be positioned at
the point defined by the insertion point. The rectification is now complete.

Five files belong to each rectification:

the AutoCAD drawing with the rectification
the distorted image
the rectified image

a text file with the extension .ppb that contains the image position information of
the rectified image. You will find more information concerning this in the command
reference under ‘Image rectification according to Geometry’.

a text file with the extension .prk, that serves as a protocol file and contains all
important data of the rectification for you to read. You can find more information
concerning this in the command reference under ‘Image rectification according
to geometry’.
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Accuracy of the Result

When you compare the two rectified images of Tutorial 1 and Tutorial 2 you will
notice that they are not exactly congruent. There are differences in scale and
geometry of a few centimetres.

The result of a rectification according to geometry cannot be as exact as the result of
a rectification according to control points. These may be the reasons:

e The process is based on assumptions. During the adaptation of the rectification
grid one has to assume that certain lines in the image run orthogonal or parallel,
respectively, to each other. It depends on the building’s type and structure
whether or not one can make these assumptions. Old slanted beam and
crossbeam constructions or extremely dilapidated facades may not show their
original geometry anymore.

e The exactness of the entered reference values decisively determines the quality
of the result. A previous calculation error as described in 4.6.1 Lines and
Measures as Reference Information is recommended. The better the measured
reference values fulfil the requirements explained there the more precise the
result will be.

e The procedure works without an over-determination. That means only a minimal
set of information is available for calculating the rectification parameters. Thus an
error control is not possible. A probable inexactness or an error when taking down
the reference measures is not noticed.

If measuring equipment is at your disposal you should thus always prefer the
rectification according to control points to the rectification according to geometry.

4.7 Photos — Shooting and Digitizing

There are various possibilities and ways of acquiring the digital source images. The
guestion as to which camera is best suited plays a role, as well as image resolution
and image format.

Camera

For taking the photos you may either use a digital or a conventional analogue
camera. In the latter case the photo still has to be digitalized. There are advantages
and disadvantages to both methods, the ideal solution depends on each individual
situation.

Crucial for the quality of a camera is the quality of its lens (distortion qualities,
resolution, colour clarity, correction of image plane) as well as the quality of the CCD
matrix or the film (resolution, colour / brightness)

As the objects to be measured are mostly facades, wide angle images seem to be
suited best in order to make do with as few images as possible. But be careful: the
more wide angled an object lens is, the stronger the cushion or barrel shaped
distortions due to the geometry of the lens will appear on the edge of the image.
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barrel shaped distortion cushion shaped distortion

These distortions can be eliminated up to a certain degree. Please refer to section
‘Correction of lens distortion’ in the command reference. It is recommended to use
a high quality object lens with distortion correction. With the help of special additional
lenses these cameras try to reduce the distortion as far as possible.

Hints: Extremely wide angled object lenses are not suited for measuring distances in
images since their distortions cannot always be fully eliminated.

A fixed lens is advisable. No zoom is to be used for the photos. Turn off the
autofocus. Either zoom out completely or not at all. It is possible to fix the focus by
the help of sticky tape. Or simply use cameras without zoom lenses.

Resolution

In most cases analogue images and a good digitalization will lead to a higher
resolution as images taken with digital cameras.

The decision on which camera you use should depend on how much you have to be
able to recognize on the image in order to carry out a concrete task. As a basis you
should not use a resolution as high as possible but only as high as necessary. In the
source image for the rectification you have to be able to clearly make out all the
details that you want to capture. A rectification just ‘lines up’ the image ‘in a straight
row’ but does not add information. A too high resolution on the other hand takes up
too much storage capacity and slows down the image processing functions of the
computer.

From our own experience only digital cameras with an image size of at least 3 million
pixels (which equals an image format of about 1500x2000 pixels) are suited for taking
images of facades. With an easy calculation you may find out whether or not you
camera is sufficient for the concrete task.

In order to do so you have to know the number of pixels N and the focal length f (with
reference to the 35 mm film format) of your camera as well as the typical distance
when taking the pictures E on the object. The following formula will then give you the
size n, of a pixel on the object:

n - 0,024m- E
o \/g f
Common digital cameras usually have a minimum focal length f = 35 mm. The

following chart tells you how the number of pixels of your camera and the size of the
pixel on the object depend on each other for various distances.
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f=35mm Distance when taking the pictures E in m

I= 5 10 25 50 100

i, < 1.5 million | 3.4 mm 6.9 mm 17 mm 34 mm 69 mm

-% % 2 million  |{3.0 mm 5.9 mm 15 mm 30 mm 59 mm

g é 3 million [2.4 mm 4.8 mm 12 mm 24 mm 49 mm

os

g 4 million |{2.1 mm 4.2 mm 11 mm 21 mm 42 mm

< 6 million [1.7 mm 3.4 mm 8.6 mm 17 mm 34 mm

This data give the best possible value of exactness with which you can measure in
the digital image. Image quality and the ability to identify the reference
measurements on the image will increase this value more or less.

Image Exposure

Consistent exposure, coverage and illumination of the object is required. Beware
deep dark shadows. Plan for the best time of day (position of the sun, overcast
weather). Use a tripod and cable release or remote control to get sharp images.

Digitalization and File Format

With photographs there is furthermore the question of the digitalization. For this there
are various possibilities. An obvious solution would be a flat bed scanner to scan in
the printed images. A disadvantage is that the scanned image is additionally distorted
if the paper image is not put plan into the scanner. Also the image quality (contrast
and amount of tone values) will decrease. Especially for tasks that require a high
exactness this method is not recommended. As an alternative you may scan in slides
or negatives directly. There are special devices for this which are relatively
expensive. The simplest method is to develop a film on CD ROM (e.g. Kodak Photo
CD). Many photo laboratories offer this service at relatively low costs. Thus at a
standard level you will obtain about 6 million pixels from a 35 mm film negative and
you do not have to carry out the additional steps of work.

You may choose between TIFF, JPEG, BMP and PNG as a file format for the
images. If the images are available in another format they must to be converted into
one of these formats.

4.8 The camera parameter file (VP2)

The camera parameter file (*.VP2) is a text file, used in order to repeatedly use
certain parameters and the calibration data of the used camera (inner orientation),
which have already been determined for the - Correction of lens distortion and the
—~>Image orientation. That way it is possible to save time with the photogrammetric
processes.

By doing so, it is not necessary, to determine the distortion and the remaining camera
parameters again, for photos, taken with the same camera, the same focal length
and format.

If several cameras have been used, it is reasonable to establish a library of VP2 files.



4-38 Image Rectification

In our software the VP2 file is either generated and saved via the - Correction of
lens distortion or the ->Image orientation command.

The format of the file looks as follows:

1 Hame DSC 0027

2 ImageWidth 4288

3 ImageHeight 2848

4 EBHP= 21440000000

5 BHPy 1424 .0000000

& RO 1607.4430586

7 El1 -1.6073702473e-008
g K2 1.0027871993e-015
: Bl 1.1694852768e-006
1G E2 1.684609264592-007
11 LensLength MM 5.0000000000e+001

12 SensorElementSizeX MM 1.5534373113e-002
13 SEHSDIEIEEEHESiZEY_HH 1.5534978113=-002

The first line contains the name of the image file, with the help of which the distortion
and the camera parameter have been determined. The next lines contain the image
width (sensor size in x) and the image height in pixels (sensor size in y).

BHPx and BHPy are the coordinates of the principal point, stated in pixels. RO, K1,
K2, P1 and P2 are the distortion parameters without units. RO is the zero radius of
the distortion curve. K1 and K2 are the parameters of the radial-symmetric distortion,
P1 and P2 the parameters of the radial-asymmetric distortion.

In lines 11 to 13 follow the focal length and the senor element measures in
millimetres.

If a calibration protocol from a camera check outside of our software is available for
the camera, it may be used in order to generate a VP2-file. For Rollei Metric cameras
we have prepared an Excel sheet that helps you to create a VP2 file from the data of
the calibration protocol of your camera. You find it in the Box for AutoCAD installation
folder under “Tools\Photo”.

The following shows the connections between the sizes within the calibration protocol
of a Rollei-Metric camera and the information of the VP2 file from FARO:

The auxiliary quantity f is used in formulas further down:
f=1.0/PixelSize_MM

Image size in pixels:
VP2.ImageWidth = SensorSize_Pixel_X
VP2.ImageHeight = SensorSize_Pixel_Y

Radial-symmetric distortion:
VP2.K1=A1_ MM/f?
VP2.K2 = A2 MM /f*
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Radial-asymmetric distortion:
VP2.P1=B1_ MM /f
VP2.P2 =B2_MM/f

Principal point in pixels:
VP2.BHPx =f* XH_MM + SensorSize_Pixel X /2
VP2.BHPy = SensorSize_Pixel_Y /2 -f*YH_MM

Zero radius without unit;
VP2.RO=f*R0_MM

Focal length in millimetres:
VP2.LensLength_ MM = | CK_MM |

Sensor element size in millimetres:
VP2.SensorElementSizeX_MM = PixelSize_ MM
VP2.SensorElementSizeY_MM = PixelSize_ MM

A numerical example:

Protocol data of the camera check:
Focal length in millimetres:
CK_MM =-24,409 mm

Principal point in millimetres:
XH_MM = 0,073 mm
YH_MM = -0,084 mm

Radial-symmetric distortion in millimetres:
Al MM = -1,482e-04
A2_MM = 2,177e-07

Radial-asymmetric distortion in millimetres:
B1 MM = 1,445e-05
B2_MM = -5,276e-06

Zero radius in millimetres:
RO_MM = 0,0 mm
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Information regarding the sensor:
SensorSize Pixel X = 4256
SensorSize_Pixel Y = 2832
PixelSize_MM = 0,0085 mm

Calculation of the parameters for the VP2 file:
f=117,64705882352941176470588235294

VP2.ImageWidth = 4256
VP2.ImageHeight = 2832

VP2.K1 =-1,070745e-8
VP2.K2 =1,13640760625e-15

VP2.P1 =1,22825e-7
VP2.P2 = -4,4846e-8

VP2.BHPx = 2136,6
VP2.BHPy = 1425,9

VP2.R0=0,0

VP2.LensLength_ MM = 24,409
VP2.SensorElementSizeX MM = 0,0085
VP2.SensorElementSizeY_MM = 0,0085

4.9 Maps and Plans — Digitizing

In contrast to scanning 35 mm film negatives or printed photos, digitalizing maps and
plans does not require such a high resolution. Normally, a resolution between 100
and 300 DPI will suffice. If you want to digitalize paper plans or drawings (e.g. plans
of buildings), creating a black and white image is sufficient. This saves memory and
contrasts are higher than in grey scale or colour scans.
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4.10 Handing on the results

AutoCAD drawings created with our software mostly contain one or more images or
photos. If these data (drawing and the according images) shall be handed on to other
editors or customers, it makes sense to load or save the original distorted image as
well as the rectified image with the appropriate settings for the path. Detailed
explanations on the possible path setting are to be found in the command reference
under =Image - Load image.

A simpler way to ensure that all files linked with a drawing are handed on is provided
by the AutoCAD command ‘eTransmit’. This command offers a wizard that helps to
assemble all data that you want to forward to other people. For a detailed description
of the command ‘eTransmit’ please refer to the AutoCAD help.

4.11 Processing of output images in external software
programs

Images that have been rectified or merged with our software can be further
processed outside of AutoCAD using image processing software like Photoshop or
GIMP. In order to obtain the desired scale certain settings for the correct image size
have to be done. As-Built provides this information in the ‘Further settings’ dialogue,
that can be opened during the rectification or merging process. Just click on the
Button ‘Further Settings’

Also refer to the command reference - Rectification by control points - Rectification
of photos (Projective Transformation), —>Rectification according to geometry -
Rectification of photos according to geometry (Projective transformation), - Image
computations — Merging of images...

To scale an image outside of AutoCAD

The following example shows the proceeding for obtaining the desired image scale
outside of AutoCAD.



4-42 Image Rectification

‘k Merged image - Further settings. [ﬁ
Mumber of pocel = Image size
optimum
: : : Image size that has to be set within an extemal image processing
Width 4011 Picel ] @ 4071 Pixel software in order to get the selected scale.
Height 1524 Picel 1524 Pixel
: - = . Scale for image size 1. 100 -

Requires a memory capacity of 7.4 MB {unpacked).

Width 0.235402 Meters
Image size in AutoCAD

Height 0.112899 Meters
Cne AutoCAD unit equals one Meters -
Width 23.5402 Meters Image resclution

Image resolution in DPIthat has to be set within an extemal image
Height 11.2899 Meters processing software in order to get the selected scale.
Picel size in AutoCAD if you change the OFI value, both the poeel size in AutoCAD and

the number of pixels of the image will change.
The pixel size is calculated from the number of piels and

the image size in AutoCALD. The image size in AutoCAD is

i Resolution  432.8001 DPI
If you change the size of a pixel, the number of picels of Image background
the image will change automatically (and vice versa).
Background color | [ |
Pixel size 0.00587 Meters | 0K ‘
Restore optimal = @
The optimal picel size is 0.00587 Meters. values I b ‘ /@

L — ——

On the right hand side of the window ‘Further settings’ select the scale you want to
obtain within the external image processing software. The width and the height of the
image are now shown directly below the scale. The units correspond with those set in
the left part of the dialogue. You should note down these values as well as the image
resolution and the number of pixels for the width and the height, since you will need
them later.

After rectification/merging in our software you open the resulting image in the
external program. Every image processing software has a command for image size
settings. Mostly it is named “image size’ or ‘print size’ or similar in the menu. In these
settings you have to type in the image width and height you wrote down. In some
programs alternatively the DPI value can be entered.

Important advices:

=  Please observe the unit of the values. You need to set the same unit that
was used in As-Built.

= The proportion of the image must be preserved. That means the ratio of
image length and width must not be changed.

= You must not resample the image. That means the number of pixels in
width and height must not be changed.

= The software must not round the values for image width and height.
Rounded values will adulterate the image scale.

Image processing programs that cannot provide this functionality are not
suitable for true to scale tasks.
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Image merging outside AutoCAD

If you want to rework and merge the rectified images with an external program, the
As-Built merge option ‘create separate images’ may be helpful. For further details
about the handling of this option please read the command reference under 2>Image
computations — Merging of images...

7k Merging of images J

Source images

Image Drawing order I'(i
Name Region e k
SouthemFacade1_rif defined @ At tap

& SouthemFacade2_rif defined [ Deke | [a] Moveabove

- —
sk Options ﬁ

Merging options =
Create separate images l':{;% l
[] Remowve source images from drawing

[] Hide merged imageis)

Merged i Image quality
File n]

[7] Fade over images

Automatic brigthness comection

If you activate this option, As-Built generates one separate image for each source
image. The created images all have the size of the complete montage.

In the external image processing software you may overlay these separate images as
layers and design the cutting edges and transitions by hand.
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In the following this process is described roughly. Surely there will be differences in

detail between the several programs.

Please open the separate merged images that were generated by As-Built. Create a
new empty image that has the same size than the merged images (width, height).
Please observe the image scale settings (described above). Create as much new
layers as the number of merged images in this empty file. In the next step insert the
separate merged images (they have all the same size) into the empty file, each on

one layer.
|
=
Layers [=]
Mode: Marrnal LI
Opacity || w000 o
Lack: |_ .

B - PartIrmagel

B - ParIrmagez

=

Layers =]
Made: Marrnal -
Opacity: || w00 o

Lock: I_ .

i E PartImage2
- : background

Now use the tools of the programs to cut and finish part images. The result of the

merged images could kook similar to this:
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5 Working with Oriented Images

After you have gained knowledge about the image rectification in the preceding
sections you will, in this chapter, learn about working with oriented images.
Requirements for the three-dimensional evaluation of photos are information about
the position and orientation of the images of the object to be measured and
displayed. The first part of this chapter will therefore introduce you to the image
orientation. Furthermore you will get to know the methods of the photogrammetric
evaluation of oriented images within AutoCAD.

5.1 Image orientation

As-Built defines a new class of pixel images inside AutoCAD — the oriented images.
These are the result of the image orientation process. You may immediately work
with them in As-Built, for example generate 3D models, take measures, calculate
surfaces and volumes. The oriented images will be saved as separate file for the
processing within other AutoCAD drawings. You may choose between TIFF, JPEG,
BMP or PNG as file format.

Oriented images know their inner and outer orientation parameters.

Principal of an image Reference lines from the image corners to the center of
Foot of perpendicular from the projection.
center of projection to the They help with the 3D navigation, for a better capturing of
image, normally the center of the position of the image within space. They can be
the image switched off if necessary (= 3D Images — Show/hide
auxiliary lines)
Ty KUBITORIMAGE
— Linetype ByLayer
LinetypeScale 1
PlotStyleMame ByColor
Lineweight ByLayer
Hyperlinks Hyperlinks
Material BylLayer
Image Froperties = =~
Mame DSC_0019_orien...
Path K kubit\Projekt..,
Width (Pixel) 4288
Height (Pixel) 2848
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Scale )
B T — 7
Locked Yes
Image Adjust _
Brightness 50
Contrast 50
Fade 0
mm' m‘m‘ re
! Focal length 0.05
| O Sensor element width 0.000015324
I = Sensor element height 0.000015324
il - . - -
R R Camera center point X (WC5S)  |-11.1967
Center of prOjeCtlon Camera center point ¥ (WCS) [-8.4931
Is equivalent to the focal point of the 1 Camera center point Z (WCS) 11,951
camera. E_ Vertical angle 22
£ Horizontal angle 218
Twist 269
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Display size of the oriented image

By default, the oriented image is displayed with the setting "small". Via the AutoCAD
properties window of the oriented image you may call up scale, which has been set to
20 for the default setting. This scale refers to the distance of the center of projection
to the image plane. That means, that the image will be displayed with the 20-fold
focal length and therefore in most cases will be comfortably visible within the
drawing. There are two ways to change the display size:

e You may customize the display size of the oriented image flexibly by changing the
scale factor within the properties window.

e Two default sizes are offered by the command = Oriented Images — Set size —

"small" and "large". "Large" means, that the image will be enlarged and it will be
placed behind all AutoCAD graphics that are visible within the current view. That
is important for the further work with the image, so it will not cover the graphic. If
the drawing does not contain a graphic which could be covered, the command
doesn't have any effect.

But how to generate oriented images?

A typical course of a project

Certainly, every project has its distinctive features. But there are essential similarities
for the basic procedure when orienting images:

1. step: set and measure control points

step: taking photos (and digitizing them)

step: transforming images into a compatible file format where applicable
step: distortion correction where applicable

a bk~ DN

step: orienting the individual images with As-Built or automatic orientation with an
external software (e.g. Agisoft PhotoScan, Recap Photo) and import in As-Built.

6. step: evaluation of the oriented images within AutoCAD .

5.1.1 Control points as reference information

Every photo has a certain spatial position and alignment at the time of the shooting.
In photogrammetry we speak of the inner and outer orientation. The purpose of the
image orientation is the determination of the inner and outer orientation parameters.
The inner orientation parameters are:

e The position of the principal point of the image.
e The focal length of the camera.
e The dimensions of a pixel.

The outer orientation is a fixed transformation of the coordinate system of the camera
into the world coordinate system. This transformation contains the position of the
focal point and the spatial orientation of the camera.

In order to determine these parameters control points are used. Those are marked at
the measurement object, photographed and measured with the help of a total station.
The control points are assigned to the corresponding points within the photo. On the
basis of this point assignment the software calculates the orientation of the image.
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The number of needed control points depends on the fact, if information regarding
the distortion and the parameters of the camera are already available or if these have
to be calculated as well.

Determining and marking the control points

At the object the control points have to be clearly marked and a number has to be
assigned. There are two ways of marking. You either put clearly visible stickers on
the facade (advantage: enough contrast) or you select natural points, which are rich
in contrast and clearly identifiable. Joints or decors are suitable. A control point
should be as even as possible, so there won't be any mistakes when measuring with
the total station. This is, because of the lacking bundling of the laser beam, the case
when measuring corners. You record the position and point number in a sketch. The
control points are photographed together with the object to be evaluated.

Note: Instead of using a sketch you may also print a photo in an adequate resolution
in order to mark the control points there.

Measuring the Control Points with a Total station

In order to orientate an image the coordinates of the control points have to be
determined. Generally this is done with a total station preferably one with a reflector-
less distances measurement. With such equipment you get X-, Y- and Z-coordinates
for each point. These are stored as an ASCII-file in a consistent format so they can
be imported into AutoCAD. Here is an example for such a control point coordinate
file:

1 95.8471 499.8149 0.72767
2 98. 8529 499.8200 0.46680
3 106. 4943 567.0582 0.21383
4 103. 5116 567.0733 0. 22545
5 56. 8697 566.3471 1.76136

6 56. 8716 554.7248 1.87118

The point number are in the first column, followed by three columns with the X, Y, Z
coordinates of the points. The order of the columns can be selected at will. If there
should be additional columns (some instruments save additional information) these
will be ignored. Unless you want to place certain control points on different AutoCAD
layers. In that case you can import another column with the layer information.

Note: Alternatively As-Built offers the possibility to transfer control points directly into
your drawing using a total station (As-Built Total Station Interface). Whenever
coordinates are expected or you have an option <measure> data can be transferred
directly from the total station to the AutoCAD drawing.

Requirements to the control points

1. At least nine control points are necessary for every image.

In order to be able to calculate the orientation definitely, you will need at least nine
control points as reference information. You should always use more points though.
Then there is an over-determination and a statistical adjustment is calculated. This
allows checking the measured control point coordinates respectively their
assignment. This way mistakes or imprecision can be pinpointed.
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The needed number of control points will be reduced to six, when the distortion
does not have to be calculated automatically, since the image to be oriented has
already been corrected or when the parameters of the distortion are already known.

If, in addition, the focal length of the camera and the size of the sensor elements
(pixel) are known, you need only at least 4 control points for the image orientation.

2. The spatial distribution of the control points for the image orientation has to
be even

The better the spatial distribution of the control points, the more stable is the
algorithms calculation for the inner and outer orientation parameters of the photo. All
control points should be pictured within the photo and be clearly identifiable. They
should be spread evenly across the complete image. The control points must not be
in one plane but should be spread as evenly as possible across space. That means
they should be in different depths within the image. The control points should not in
corners or on edges to ensure higher accuracy during the measurement with the total
station (distance measurement).

3. The accuracy of the control point determination and the orientation accuracy
should be coordinated

It does not make sense to assign the control points within the image accurate to the
millimetre for example, when the total station has measured the control points only
accurate to the centimetre. On the other hand you do not have to be too accurate
when measuring the control points, if you can only measure the control points within
your image accurate to the decimetre, due to the low resolution of your digital image
and the lacking identifiability of the points.

5.1.2 Information regarding the photo planning for the multi
image evaluation

For large-scale evaluations it is recommended, to take a "ring" of photos around the
object, with an overlap of the photos of greater than 50%. If possible, the photos
should be taken from a height about half way up the object. In order to be able to
connect the photos it is recommended, to include the context or setting (ground line
and/or skyline). There should be a photo of every object edge which also shows the
two adjacent sides. If possible, the roof should also be visible within the photos.
Important: no image should lack overlap to the next photo and every photo should
contain enough visible control points (see section 5.1.1). For an overview rectangular
photos of the complete facade are helpful.

For detail evaluations stereo image pairs should be taken. In a normal case a base-
distance-ratio (ratio between the distance of the two camera positions and their
distance to the object) of 1:4 to 1:5 is recommendable. For the convergent case the
base-distance-ratio may lie between 1:10 and 1:15. The divergent case, that is, the
basis between the shooting position is larger than the distance to the object, should
implicitly be avoided. Add close-up squares on stereo-pairs for detail and measure
control distances or place a scale bar in the view. The overlap of photography has to
be checked. If in doubt add more shots and measured distances for any potentially
obscured areas. It is important, that enough control points (at least four) are visible in
the stereo image area.

A fixed optics are recommended. No zoom is to be used for the photos. Disable the
auto-focus. Either zoom out completely or not at all. It is possible to fix the



Working with Oriented Images 5-5

focus using adhesive tape. Disable auto-focus. Or simply use cameras without zoom
optics.

Use a fixed focal length for ring shootings and a second fixed focal length for details.
Please note also the information in chapter 4.7 Photos — Shooting and Digitizing.

If you are using third party software such as Agisoft PhotoScan or Autodesk ReCap
Photo for a fast and automatic image orientation, we highly recommend to observe
the manufacturer’'s instructions for image capture in order to get good quality
orientation results!

5.1.3 Theimage orientation process

Depending on the particular task, any number of images may be oriented within an
AutoCAD drawing. The result of the image orientation is a new image as well as the
corresponding file with the orientation data (extension: .ORI) and a protocol file
(.PRK). From that file you can get the data of the inner and outer orientation, the
used control points and the remaining errors and deviations of the calculation.

The calculated camera and distortion parameters can be saved to an appropriate file
with the extension .VP2. That way this information is available for the orientation of
other photos, taken with the same camera. In such a case you need less control
points.

The necessary steps are described in the following.

You may try the described on your own using the data of TUTORIAL 4. Photos have
been taken of two fagcades of a building. These photos can be orientated using the
measured control points. The files of Tutorial 4 have not been installed with the setup
because of their file size. Please, download them to your machine using following
web link

(http://service.faro3dsoftware.com/DOWNLOADS/TutorialsVideos/PointSenseAutoC
AD/Tutorial Oriented Images en.zip).

As starting point for the exercise you only need an empty AutoCAD drawing and
following files of tutorial 4:

e CONTROLPOINTS.KOO (control point coordinates)
e DSC _0027.JPG and DSC_0028.JPG (images to be orientated),

e as well as the digital control point sketch
(TUTORIAL4_CONTROLSKETCH_IMAGEPOINTS.DWG).

The drawing TUTORIAL4_ORIENTEDIMAGES.DWG shows the result of the
exercise.

Hint: Please, open the drawing with the control point sketch in a separate AutoCAD
session, since newer versions of AutoCAD do no longer support switching between
DWG files while a command is running.

1. At first the control points are imported into the drawing. They may be loaded from
a text file IMPORTCP (= Control points - Import control points) or inserted via
the NEWCP command (->Control points - Define control points). They may
also be measured directly with a total station (As-Built Total Station Interface).
For the tutorial run the =>Control points - Import control points command and
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2.

3.

5.

select the CONTROLPOINTS.KOO file for import. Ensure the settings of the file
format dialog correspond with the format of your control point file.

As the next step the drawing is rotated with the help of the 3D orbit (SDORBIT),
S0 you approximately look at it like form the camera position. All control points
contained in the image should be clearly visible.

Via the command PCSETUCS 2 (=UCS - UCS from current view) a local
UCS is defined. Its XY plane matches the current screen view exactly. When
doing so, the control point symbols are rotated automatically, so the numbers can
be read.

Now the image to be orientated is inserted with the command =>Image - Load
image. It is placed freely next to the control points. Note, you may have to enter
a rotation in the dialog.
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Now you will start the actual image orientation with the command PCIMGORI
(=>Oriented Images — Image orientation). In the dialog that opens click the
[New] button and then select the image to be orientated. When you are back in
the dialog, you have to click on [Add / Redefine] in order to be able to assign the
corresponding points within the image to the control points. As-Built then
calculates the parameters of the inner and outer orientation for the image. The
remaining errors and deviations of the calculation are reported in the control point
list. By (de)activating particular points you may influence the quality of the
calculation. You may extend the image orientation dialog by using the button
[Camera parameter >>], in order to adjust the following settings. If you have
adjusted them you might be able to reduce the number of needed control points:
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e Is the distortion correction for the image to be calculated simultaneously
or are there already information regarding this?

e Are camera paramters already known? (From the calibration or from a
previous orientation of an image which was shot with the same camera)

In order to be able to view and then to save the results of the orientation into a
parameter file (VP2) ([Save camera parameters] button) use the [Details +
Save...] button.

For further information regarding these options please refer to the command
reference (= Oriented Images — Image orientation).

If there are no parameters known you need to assign at least nine control points.
For the tutorial you find a control point sketch in
TUTORIAL4_CONTROLSKETCH_IMAGEPOINTS.DWG. Please open this
sketch in a separate AutoCAD session.
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6. As result, the image is displayed as oriented image in the drawing. It is lying —
within the calculation accuracy — exactly behind the used control points, so these
are displayed congruent with the image. At the same time, As-Built switches to
the camera navigation mode for the image (see 2Oriented Images — CamNav
on).
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With the generated oriented image you may now model spatially, when adding
surface information or a second image. For more information please read the
following sections and pay special attention to the entries about 3D drawing within
the command reference. You can find a detailed description of the format of images
oriented with As-Built under >Oriented Images — Load oriented image (kubit ORI
format)(page 7-59).

Note

You have taken a large number of photos of your object and want to orientate them
fast and automated for later processing or modeling in As-Built? Then you may use
the Autodesk ReCap Photo web service for image orientation and afterwards import
the orientated photos to As-Built using the command > Oriented Images — Import
ReCap Photo project.

Instead of the web service you may also use Agisoft PhotoScan for fast automated
image orientation and then import the PhotoScan project with 2 Oriented Images —
Import Agisoft PhotoScan project in FARO As-Built for AutoCAD.

For further detail please refer to the command reference for further detail.
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5.2 Optimizing the image display in AutoCAD

When working with oriented images in the camera navigation mode often problems
occur regarding the image display, e.qg.:

= The image "jumps" when zooming or it is placed slightly shifted in space.

= The cursor does not respond correctly.

= The image is not visible although it has been loaded.

= The graphic is covered by the image, even though the image has been placed
"behind" these elements.

The reason for this is that, when being in the camera navigation mode, AutoCAD is
switched to the perspective mode (perspective projection). Then graphic elements
and oriented image can be displayed congruently. Unfortunately AutoCAD has some
lacks of performance for the image display, they can for the most part be eliminated
by certain settings though. The used graphic board has also an influence on this.

Test the following settings:

Enter the command "3DCONFIG" or “GRAPHICSCONFIG” into the command line to
check on graphics performance.

Enable the hardware acceleration.
AutoCAD is automatically searching for graphic cards updates.
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Hardware Setup
Video Card: NVIDIA NVS 4200M

Driver Version: 9.18.13.1269 Virtual Device: DirectX 11

Effects Settings

Hardware Acceleration

Disable hardware acceleration only if you are experiencing

graphics issues or have an incompatible video card.

|

High quality geometry (for capable devices)
Renders curves and lineweights in high guality and improves anti-aliasing
performance in 20 wireframe.

Smooth line display
Removwes the jagged effect on the display of diagonal lines and curved
edges in 20 wireframe.

Advanced material effects
Increases details and realism of certain materials applied to 3D surfaces.

Full shadow display
Displays 3D object shadows in the viewport.

Per-pixel lighting (Phong)
Increases details and realism when working with 30 objects and lighting
effects.

Uncompressed textures
Uses more video memeory to display better quality textures.

[ Restore Defaults ] [ Tuner Log l I OK | [ Cancel ] [ Help
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5.3 3D drawing with two and more oriented images

If you have at least two oriented images it is, with their help, possible to generate

exactly positioned 3D drawing objects in AutoCAD. The needed commands are
provided by As-Built within its ribbon.

Image Load Image _ Camera _ Qrroge
orientation ReCaf.rScan' management navigation % *LE,. @
{% Ho% Image Modeling

i
% Import PhotoScan project

Import ReCap Photo project
b

In order to be able to use these functions, proceed as follows:

1. At first load at least two oriented images into the drawing. To do so use the
command > Oriented Images — Load oriented image (kubit ORI format). You
can find further information on this command in the command reference starting
from page 7-59. Section 5.1 Image orientation describes how to generate oriented
images. For the quality of the multiple image evaluation it is important that the
angle between the images used is not too small and yet there have to be enough
common points visible in the photos. In section 5.1.2 you find detailed information
on planning the photo shooting.

If you took many photos of your object and used Agisoft PhotoScan or Autodesk
ReCap Photo for an automated orientation, you may import the oriented images
into As-Built by using the commands:

-2>Oriented Images — Import Agisoft PhotoScan project

-2>Oriented Images — Import ReCap Photo project.

2. Following you have to open the Image management (=2Oriented Images —
Image management) and define at least two viewports, which - according to your
screen format - are aligned side by side or one above the other.

IMAGE MAMAGEMENT

Smalll Change vierwport configuration

Small [ Large

Viewpart

ages

Oriente




Working with Oriented Images 5-13

Vet e
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Preview

Standard viewports:

“Active Model Configuration™
Single

Two: Vertical

Two: Horzontal

Three: Fight

Three: Left
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Four: Right
Four: Left

Apply to: Setup: Change view to: Yisual Style:
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With two viewports it is possible to work so that in one of them the oriented
images can be swapped and in the other the created geometry can be checked. If
you only have two or three oriented images you can create three or four viewports
two or three for the oriented images and one for checking the geometry. If you
want to work with only two images, activate the settings in image management,
on the tab “Settings” as follows:

1 When swapping, unload the image
previously shown in the viewport

Image evaluation with two images

The current split of your drawing in the viewports is displayed in the thumbnail of
the image management window. The current viewport has a thick border. To
change the current viewport, either click in the viewport itself or on its thumbnail.
A small text and coloured highlighting shows how the oriented images in this
viewport are displayed in the camera navigation mode:

IMAGE MANAGEMENT

Viewport

Large | Small | Mone

'_
a1}
=

=]
m

=
1a
Oriented images

To simplify assigning of the homologous point pairs you must switch on the
camera navigation in at least one viewport. Camera navigation means that in
selected viewport just one image will be perspectively displayed from the camera
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position. In a further viewport the geometry will be displayed for checking without

the images. The viewport is configured by the buttons [Large], [Small] and [None]:

e Small (orange) — The image lies in front of the drawing geometry — it hides
them.

e Large (red) — The image lies behind the drawing geometry — the geometry is
visible in front of the image. This automatic scaling happens only if there is
already is some geometry in the drawing. When you have later created some
geometry, simply click again on the [Large] button for this viewport. The view
is then refreshed.

e None (grey) — no oriented images are displayed in this viewport. The geometry
is displayed in 2D mode.

To display an image in camera navigation mode in the selected viewport, double
click on the chosen image in the image list or select the appropriate entry in the

right click context menu of the image Show in Camera Navigation mode

Ensure that a different oriented image is displayed in each viewport. Only set
camera navigation mode in one viewport to “Large”, otherwise the images will,
because of their overlaps, hide each other. More information to image
management and camera navigation can be found in the Command Reference:
->Oriented Images — Image management

->Oriented Images — CamNav on.

Please pay special attention to the information regarding the improvement of the
image display in section 5.2.

v ol &% §& ki we s @ N

As well as the quick methods of scaling images in the camera navigation mode

mentioned above there are further possibilities to adjust the image size of each

oriented image:

o flexibly in the AutoCAD properties window for that image by setting the size
factor, so that the image is displayed behind all of the geometry

o very flexibly and intuitively by Ctrl+turning the scroll wheel
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4. After these preparations you may draw, with help of the following commands:
—2>Image Modeling — 3D point
->Image Modeling — 3D line
—>Image Modeling — 3D polyline
—>Image Modeling — 3D spline
->Image Modeling — 3D circle
-Image Modeling — 3D circle arc
—>Image Modeling — 3D cylinder
-Image Modeling — 3D dimension
If you start one of the commands above you are prompted to click alternately on
corresponding points in at least two images. Automatically that viewport is active
over which the mouse cursor is placed. You can navigate within the viewports as
usual using the mouse wheel. An epipolar line helps finding the corresponding
image points much easier. It has to lie on this line.

- - e T "]

An object point clicked within at least two images leads to a 3D coordinate in
AutoCAD. It results from the intersection point of the image rays.

; Image rays with /T he intersection
L calculated point results from
o) intersection point. the center of the

virtual shortest line

Qetween both rays.

1

Note, it is important for the quality of the image evaluation that the angle
between the image rays is neither too obtuse nor too acute. There must not be
glancing intersections between homologue image rays. In the Image
Management on the ”Settings” tab you may define tolerance values for the
distance between the image rays and for their intersection angle. Here you
may also configure the display oft he epipolar lines. ©Oriented Images —
Image management
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The command =>Image Modeling — 3D point is transparent, that means you may
use it for example to insert AutoCAD blocks at the correct spatial position. At first you
have to call up the command Insert — Block and then select the option "Specify On-
screen”. Of course this command can be used within any AutoCAD command that
asks for 3D coordinates.

For the creation of kubit planes and cylinders by means of multiple image evaluation
the As-Built Modeling commands have an according button for the object selection, if
at least two oriented images are loaded in the drawing or the image management is
turn on.

Hint: If you want to change the viewport configuration in between, because you want
to interrupt the 3D drawing with two images, it is advisable to work with named views
(see AutoCAD help) in the first place. By doing so, you can switch between different
configurations for different tasks, without having to define new viewports every time.

Chapters 5.4 and 5.5 describe further ways of evaluation with oriented images. Often
a combination of these methods leads you to the desired results.

Please refer to the command reference chapter 7 for detailed information regarding
the single commands.

You may try the described on your own using the data of tutorial 4. For this exercise
some photos have been taken of two fagades of a building. We already orientated
the images for you but you may also do it yourself for exercise (see chapter 5.1). The
necessary files have not been installed with the setup because of their file size.
Please, download them to your machine using following web link

(http://service.faro3dsoftware.com/DOWNLOADS/TutorialsVideos/PointSenseAutoC
AD/Tutorial Oriented Images en.zip).

As starting point for the exercise you preferably use the drawing
TUTORIAL4_ORIENTEDIMAGES.DWG. This file already contains both oriented
images for the building to be evaluated (including control points and original images).
You may also open an empty AutoCAD drawing and load the oriented images using
the command ->Oriented Images — Load oriented image (kubit ORI format).

The drawing TUTORIAL4 3DDRAWING_ 2IMAGES.DWG shows the result of the
exercise.
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5.4 3D drawing with one oriented image and surfaces

If a drawing contains surfaces already, one oriented image is enough in order to be
able to draw on these surfaces. You can choose AutoCAD 3D objects (e.g. meshes,
3D solids, polylines with thickness) or kubit planes, as well as kubit cylinders.

If you want for example draw damages on a cylindrical surface, like a tower, you can
generate a cylinder first with the help of the multiple image evaluation (see section
5.3). Afterwards you can trace the damage outline lying on that cylinder with only one
oriented image.

The commands, needed for this drawing method are described in the command
reference starting from page 7-91.

54.1 How to draw

You trace the outlines of interest on an oriented image, e.g. as lines. The software
calculates the real, spatial run of the outlines.

2D Drawing on At the same time the 3D graphic
one or several is displayed on spatially optional
oriented images. arranged surfaces (solids, nets,

kubit planes, kubit cylinders or on
a combination of those).

X|_

In order to do so, the projection rays, whose course is known for an oriented photo,
are intersected with the 3D surface.

To get a true to size result, it is important that the oriented image does not have any
distortion (pulvinated or barrel-shaped bending especially at the image edges).

Procedure

In order to use this form of the 3D drawing efficiently, following procedure is
recommended:

1. Generation of three-dimensional surfaces (solids, meshes, kubit planes, kubit
cylinders, As-Built Total Station Interface meshes etc.) e.g. by using the multiple
image evaluation (see section 5.3).

2. Loading of at least one oriented image (>Oriented Images — Load oriented
image (kubit ORI format)).

3. Starting the camera navigation mode with >Oriented Images — CamNav on.
The oriented image has to be selected and As-Built automatically generates a
view, where image and surface overlay each other.
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4. Make default settings for the 3D drawing >Image Modeling — 3D Drawing -
Settings. The oriented image to be evaluated, as well as the corresponding 3D
surface(s), is selected. Besides that you have to select the AutoCAD commands
to be used in the 3D drawing mode.

H;:—;D[}mfng-_ e

Objects | Commands

A0 Drawing

30 drawing is available.

You can activate 30 Drawing by switching the button 30 Drawing™ in the drawing status bar.

2 sufaces selected.
1 kubit Plane(z)
0 kubit Cylinder(s)
1 AutoCAD sufaceds)

2 oriented images selected.

% fou can activate 30 Drawing in
Add Surfaces... i I PutaCAD's status bar.

[ Remove al |

| ok || cancel




Working with Oriented Images 5-19

rﬁ 30 Drawing - _ @
Commands

Activate 30 Drawing for the following AutoCAD commands:
Available commands: Active commands:
Command name Command group Command name Command group
LINE AutoCAD
POINT AutoCAD
| | 3DPOLY AutoCAD
INSERT AutoCAD
-INSERT AutoCAD
| ucs AutoCAD
Remove
Add command %k
Global command name . |
Co d fou can activate 30 Drawing in
mii AutoCAD's drawing status bar.
Add

[ ok [ Cancel |

5. Initialization of the 3D drawing by the command 3D drawing on/off. This button is
located in the state bar on the bottom right.
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6. You can now start drawing. The following figure shows the evaluation of several
bridge components.

Further alternatives

If several oriented images are available, you may always select the image, which is
most suitable when drawing. To do so, simply select several oriented images within
the 3D drawing settings. In order to be able to overlay every image with the surface,
a separate viewport has to be defined for every image in AutoCAD. The camera
navigation mode has to be switched on for every viewport separately (= Oriented
Images — Image management). If several surfaces have been selected, you always
draw on the closest one in 3D space. If you select more than one kubit plane as
surface, it is essential that you set these planes as limited for 3D drawing. Otherwise
there could be confusing effects.

For an efficient drawing it is advisable to work with several AutoCAD viewports.
When doing so, next to the viewport with the oriented image and the overlaid
surfaces, an additional viewport with the surfaces but without the image is opened.
You also choose a different viewing direction for this viewport and switch to the
parallel projection mode. Please use the = Oriented Images — Image management
command for viewport configuration.

This additional view helps with the supervision of the drawing result, since from the
perspective of the camera position not every geometry might be visible. The following
figure clarifies this.
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The right window is the drawing window, the left window shows, for checking
purposes, the result as profile.

You may try the described on your own using the data of tutorial 4. For this exercise
some photos have been taken of two facades of a building. We already orientated
the images for you and also created kubit planes via multiple image evaluation as
surface. The drawing TUTORIAL4_3DDRAWING_1IMAGE1PLANE.DWG shows
how a the 3D results of the evaluation with one oriented image and surfaces may
look like. The necessary files have not been installed with the setup because of their
file size. Please, download them to your machine using following web link

(http://service.faro3dsoftware.com/DOWNLOADS/TutorialsVideos/PointSenseAutoC
AD/Tutorial Oriented Images en.zip).

5.5 Facade plans from oriented images

Besides the methods for the creation of 3D geometry described in chapters 5.3 and
5.4 oriented images can also be used to produce facade plans. In this chapter The
possible workflow shall be explained with an example. Mainly it comprises following
steps:

Step 1: Loading the oriented images
Step 2: Creating viewports
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Step 3: Creating a UCS for the facade

Step 4: Drawing geometry on the main plane of the facade as well as on further
parallel planes in the image.

Step 5: Flatten the objects into one single drawing plane

For this example photos have been taken of two fagcades of a building. We already
orientated the images. The necessary files have not been installed with the setup
because of their file size. Please, download them to your machine using following
web link

(http://service.faro3dsoftware.com/DOWNLOADS/TutorialsVideos/PointSenseAutoC
AD/Tutorial Oriented Images en.zip).

Following files belong to the oriented images:
DSC_0027_0.JPG and DSC_0027_0O.ORI
DSC_0028_0.JPG and DSC_0028_0O.ORI

We want to create a facade plan for the left fagcade that is structured in multiple
planes.

Step 1 — Loading the oriented images
You load the oriented images into an AutoCAD drawing using the command
—>Oriented Images — Load oriented image (kubit ORI format) .

Step 2 — Preparing viewports

As described in section 5.3, viewports can be created and setup using Image
Management (=>Oriented Images — Image management).

Viewport it
aEN 2
m
E
' " Smal Change vienwport configuration
. ;
=L e Large €
]
Mone S

For creating fagade drawings it is recommended to have at least two viewports. One
viewport is needed to display the oriented images in and alternately to pick the
corresponding points. To do this the camera navigation mode must be activated in
this viewport. Further the display size of the oriented image should be set to “Large”,
so that the resultant graphic will not be covered. In the second viewport the geometry
of the resulting facade drawing is checked and drawn without any photos. Thereto
the viewport should be activated and the button [None] clicked. This switches on the
2D wireframe style and hides the oriented images, so that the geometry is not
covered.

Your prepared monitor could now look like this:

Viewport (Geometry in the Viewport 2D wireframe mode without
foreground) images (only geometry)

\/
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Important, when you are working with just one viewport for displaying the images,
then to draw the images in the viewport swap to the desired image by double clicking
the image in the image list. If you have, as in this example, in Image Management,
not selected under “Settings” a folder for the oriented images, then in the image list
only the images will be displayed that are attached to the drawing. The option “When
swapping, unload unload the image previously shown in the viewport” must not be
selected. Whilst we are working here with just two images please select the option
“Image evaluation with two images”. This saves clicks because the software
automatically ends the prompting for corresponding points after selecting in the two
oriented images.

Additional directory with oriented images:

[ 7) L] (]

[ When swapping, unload the image
previously shown in the viewport

Oriented images

Image evaluation with two images

If you don’t want to constantly swap between images by double clicking, then simply
set up three viewports:

Viewport
|
Small
small | Large | None |——
Viewport with image Viewport with image Viewport 2D wireframe mode
(geometry in background) (geometry in foreground) without images (only

geometry)

\/
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Step 3 — Creating a UCS for the facade

By creating a UCS you define into which plane or parallel to which plane the facade
geometry is drawn to scale.

If you have enough control points on the main plane of the facade (at least 3) from
the image orientation, you can create the UCS for the fagade using these points. If
the number of control points in one plane is not sufficient, you may create the UCS
via multiple image evaluation. You need at least three corresponding pairs of points
in both oriented images.

You run the command > As-Built Modeler — Modeling — Fit Plane Lt There you
click the button [Points on multiple oriented images]. Now you are prompted to
alternately click corresponding points in the images. The plane is determined after
you assigned at least three points this way. When assigning more points an average
plane is calculated and the accuracy of the plane can be estimated. Finally you use

the command > As-Built Modeler — Digitizing Tools — UCS from Plane E Thus,
this plane becomes the XY plane of the coordinate system for the fagade. In rare
unfavourable cases it could happen that - when changing to the plan view - you may
look at the fagade from its back (Z axis points into the facade). Then you have to
rotate the UCS manually around its X axis or Y axis using AutoCAD commands.

You should name the UCS afterwards. This way you can restore it any time. For
naming the UCS you run the AutoCAD command UCSMAN. The UCS window
opens, where you select the entry ‘Unnamed’ and enter a new name for the UCS.

We like to create a plan for the left facade which is structured into several planes.
The window corners offer themselves as points for the definition of the UCS. The
accuracy of the UCS - and thus the facade plan - depends on how exactly the
chosen points lie in one common plane (besides the accuracy of the image
orientation of course). We chose the upper left corner of all six windows. The
sequence of the points does not matter when defining the UCS via a kubit plane.
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When you created the UCS please give it a meaningful name e.g. ‘Fassade_left_1'.
Herewith the base for the fagade plan is prepared.

Step 4 — Drawing the fagcade geometry

Thanks to the preparations made with the first few steps now the fagcade can be
digitized by clicking in only one image (the one with the geometry in front).

First of all we draw a rectangle as presentation of the main frame of the facade plane.
Run the AutoCAD rectangle command. When you are asked for the first corner point,
click the upper left corner of the fagade plane where the windows lie which we used
for defining the UCS. Then draw the rectangle to the other corner point at the lower
right.

Upper left corner Lower right corner

If you change the geometry viewport to the plan view of the current UCS (PLAN) and
then zoom to extends (double click on the scroll wheel of the mouse) you will see the
following image:

Work window when digitizing Geometry window for control
(geometry in front) (without images)
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Now we digitize the window boundaries on the facade plane using the same
principle.

If you want to digitize objects which do not lie directly within the fagade plane butin a
parallel plane you simply set the drawing elevation to this plane. As-Built provides
two commands for this:

—->UCS - Set drawing elevation according to XY plane of UCS E is used when
geometry already exists on to according plane. You simply enable the object snap
and snap a point on the plane inside the geometry window.

—->Image Modeling — Set drawing elevation to XY plane UCS@ is used when no
geometry exists yet on the according plane. By assigning one corresponding pair of
points in two oriented images a 3D point is created. The Z value of this point defines
the drawing elevation regarding the UCS.

We want to digitize the outer boundary of the facade which lies a few centimetres in
front of the part with the windows. Please run the command - Image Modeling — Set
drawing elevation to XY plane UCS. Then in the first image zoom in for instance to
the foot of the lightning arrester carrier and click there. A magenta coloured cross will
temporarily mark this position to help you search the same point in the second image.
Now go to the second image zoom to the foot of the same lightning arrester carrier
and click there. The epipolar line will help you find the point.
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Second click (left viewport) First click (right viewport with marker)

Thus the drawing elevation is set to this new fagade plane. The command line shows
how far the point is located from the XY plane of the current UCS.

ELEVATION was set to 0.1672.
Now we can draw the geometry. The result looks like this

The small gap between both blue rectangles on the right can be explained by
occlusion within the photos. Eventually one has to observe such handicaps while
taking the photos.

With the same method we can digitize the plaster damages as well as further objects
on planes parallel to the plane of the main fagade. Try it yourself.

If the object allows it you may also draw in the geometry window and use the
viewport with the image for control. The glass frames of the windows are created this
way. The drawing elevation was set and a small rectangle was drawn on the photo.

The small rectangle was then multiplied using the AutoCAD command ARRAY EE.
This way of drawing as well as using the rectangle command instead of e.g.
POLYLINE should only be applied if the client and the object allow such a
generalization. Plans of true deformation are more time-consuming.
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.

The viewport in the middle shows that at the moment the geometry still lies on
different planes in space.

Hints: Fagcade elements which are not parallel to the main facade can be drawn via
multiple image evaluation like described in chapter 5.3 and later be flattened into the
plane.

You do not only want vector graphics but an image plan with vectors and photo?
You have the following possibilities:
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Use the multiple image draw to define four control points in every facade plane
and rectify the original image one after the other to every single plane using these
control points. Then clip the rectified images and merge them. With facades
structured into many planes this method using oriented images is more efficient.
You need to measure less control points on the fagade with your total station than
you else would for rectification.

You can be even more efficient if you create an orthophoto instead of using
rectification. You avoid the effort of assigning control points with image points.
Just use the multiple image draw and the command for setting the drawing
elevation and draw the outer boundaries of the single facade planes (like
described above). Then use this geometry for creating kubit planes as a surface
model for the computation of the orthophoto. Please note that the planes have to
be limited to their boundaries. Use the AutoCAD Quick Select command. Select
all kubit planes, open the Properties and set the “Limited” attribute to “Yes". The
correct computation of the orthophoto it is important that no plane occludes the
other. Gaps between the planes result in gaps in the orthophoto.

Thus, you may also use the multiple image draw for the creation of true to scale
photos and digitize details on top of them.
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Step 5 — Flatten the objects into one single drawing plane

In order to purge and finalize the facade plan before handing it to the client the
drawing needs to be flattened. This means the object are all projected into the same
plane. Of course afterwards the oriented images do not serve for control any longer.
That is why flattening is done at the very end of the process.

First we switch back from three viewports to one. To do so you first activate the
viewport with only the geometry. Then use the AutoCAD command from the menu
‘View' = ‘Viewsports’ 2’1 Viewport'.

Now run the As-Built Building Plans command —>Flatten Drawing.

A dialogue opens where you may enter the Z value (referring to the UCS) you like to
flatten to. Besides, you have several options to determine what shall be flattened and
what shall be skipped from flattening.

Just keep all default settings for this exercise. Click the button ‘Select objects’ and
select all facade elements from the drawing and confirm with ENTER. The dialogue
displays how many objects you have selected. Click OK to finish flattening. Now the
complete geometry lies in one plane.

If necessary you can finalize the drawing using AutoCAD commands like “Trim’" and
‘Extend’. Finally you may add dimensions and annotations.
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You find a detailed description of the Flatten command in As-Built command
reference.

At the end you may overlay the the digitized plan with a coordinate grid ->Dimension
- Insert coordinate frame.
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6 Unwrapped images and more

In addition to the functions described so far, there are further interesting possibilities
like unwinding cylinders and prismatic surfaces and the generation of true
orthophotos.

For unwinding photos of cylindrical objects at least one oriented image and
measured points on the cylinder surface are needed (command ->Image
computations — Unwrap cylinder). It is possible to draw to scale within the resulting
planar photograph. That way, 2D plans of towers, columns, arches and many more
can be produced.

Projective unwinding of photos prismatic surfaces requires - in addition to the
oriented images — so called ‘prismatic surfaces’. This cloud be for instance a wall with
a polygonal outline and a consistent extrusion direction.

Orthophotos are generated by the help of oriented images and surface information
(planes, cylinders, meshes, etc.). That way central projective distortions are
eliminated. Object edges and areas which are parallel to the projection plane are
mapped according to scale. A detailed description of how to proceed and the
requirements can be found in the command reference >Image computations —
Compute orthophoto.

6.1 Unwrap cylinders

The ‘unwrap cylinder command of As-Built allows the projective unwinding of the
inner or the outer lateral surface of a photographed cylindrical object. Additionally it is
possible to project simple CAD geometry, which has been measured or drawn close
to the cylindrical surface, into the image plane. The unwound photos can be used to
generate 2D image plans.

The requirements for unwinding cylinders differ from the ones for the basic image
rectification:

1. The surface has to be cylindrical. Everything lying off the cylinder will not
be mapped to scale!
2. Enough evenly spread points on the cylinder barrel are needed in order

to generate it as CAD object (=2As-Built Modeler — Modeling —
Cylinder). It is possible to generate these points via the multiple image
evaluation. It is mostly advantageous to measure the cylindrical object
with a Tachymeter or to scan it. If the cylindrical object is less textured
you can still create the cylinder via multiple image draw. Just use the new
command ->Image Modeling — 3D cylinder.

3. Photos of the cylinder surface or of the parts of the surface which are of
interest for you, are needed. Please refer to chapter 4.7 and 5.1.2 for
advise on taking pictures.

4. Enough control points for the spatial orientation of every single photo
(=Oriented Images — Image orientation) are needed. Please read
chapter 5.1.1 for advise on the control points.
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Figure 1: Best fit cylinder using the control points plus three oriented photos of the surface.

Figure 2: The unwound photograph created using the three oriented images.
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Figure 3: Fagcade edges (blue) which have been drawn with the help of the image modelling
tools. They may also be determined with a total station. The easiest and most timesaving way
is to digitize them from the unwound photo though.

Figure 4: Unwinding of a cylinder with unwound CAD geometry (blue).

The unwinding of cylinders with As-Built is flexible. In combination with other FARO
products it may be optimized further more. By the help of the As-Built Total Station
Interface, it is possible, to measure the needed control points directly within the CAD.
With a total station or a laser scanner the points for the definition of the cylinder can
be measured directly at the object, without multiple image evaluation.
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With As-Built Photo it is possible to merge several single photos of the cylinder
surface, similar to the merging of images. With the different overlapping options it is
possible to generate appealing and seamless transition between the charts. The
option to output the unwound charts as single image planes allows the further
processing of these images in external programs (see chapter 4.11).

A detailed description of the =Image computations — Unwrap cylinder command
can be found in the command reference.

At the end you may overlay the resulting image with a coordinate grid >Dimension -
Insert coordinate frame.

6.2 Unwrap prismatic surfaces
What is a “prismatic surface”?

In As-Built a prismatic surface is the lateral surface of a straight prism. The surface
does not necessarily have to be closed. Such a lateral surface has a baseline that
lies in a datum plane. All subareas of the lateral surface are perpendicular to this
datum plane and have the same height.

.

Complete facades of buildings or rotundas can be described by this, but also vaults
and roofs etc.

What does unwrap mean?

Unwrapping means the image information is being projected onto the prismatic
surface and then the whole lateral surface is being “grabbed* at its ends and
“smoothed out® into the plane. To do so use the -Image computations — Unwrap
surface command. It is described in detail in the command reference.
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Prismatic surface (fagcade)

Oriented images Unwrapped image

: ..'
How to construct a “prismatic surface”?
The major task when projecting “prismatic surfaces” is constructing them exactly in
AutoCAD, this is done in three steps. First the datum plane has to be

defined/constructed, then the baseline hast o be drawn into it and finally the baseline
has to be converted into a surface.

How to define the datum plane?

Before drawing the baseline you have to define a UCS with its XY plane representing
the desired datum plane. This is most easy if the lateral surface has an edge
perpendicular to the datum plane. Then you can simply measure two points on this
edge, one at the lower end one at the top end. Or you construct the edge by
intersecting two kubit planes, which you may create by measuring points on the
surface to be unwrapped. If you have got two points on a perpendicular edge you run
the AutoCAD UCS command:

Command: UCS
Current ucs name: *WORLD*
Specify origin of UCS or [Face/NAmed/OBject/Previous/View/World/X/Y/Z/ZAxis] <World>: za
(Option “ZAxis” for selecting the edge perpendicular to the datum plane.)

Specify new origin point or [Object] <0,0,0>:

(Low end point of the edge)
Specify point on positive portion of Z-axis <152.7660,51.8808,1.0000>:

(Top end point of the edge)

Subsequently you should switch to the plan view of the XY plane of the new UCS. If
this is not done automatically, just run the command PLAN with the <Current> option.
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How to draw the baseline?

For simplification we here only want to deal with the 2D polyline as representation,
since with a 2D polyline you may form or approximate all shapes. Of cause you may
also use a circle, an arc or a simple line as baseline.

The 2D polyline is only used to retrace/model or to approximate the baseline. Prior to
this you have to measure real world points on the surface to be unwrapped. There
are several ways to do so:

e Measure single points or a 3D polyline by total station

e Determine single points or a 3D polyline in two or more oriented images
(commands for “3D drawing with multiple oriented images®)

e Best fit a polyline to a point cloud section

It is important to have a sufficient number of supporting points on the prismatic
surface especially edges and corners. Tin addition the single points or the 3D polyline
can be flattend to the datum plane (command ->Flatten drawing), but this is not
mandatory. Compared to single points a 3D polyline has the advantage that the point
information is kept together in one object and therefore can be colored quickly or
turned off by layer.

Using the measured points or 3D polyline and the object snap the 2D polyline can
now be drawn and adjusted:
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A 2D polyline may consist of straight and curved segments. Here exemplary the
sequence for the polyline of the above figure. (Note: The 3D polyline measured at the
object does not necessarily have to show arcs, but it has to contain the beginning of
the arc, a point on it and its end as supporting points):

Command: PLINIE
Specify start point:
(Start point of a straight segment)
Current line-width is 0.0000
Specify next point or [Arc/Halfwidth/Length/Undo/Width]:
(Second point of a straight segment)
Specify next point or [Arc/Close/Halfwidth/Length/Undo/Width]: a
(Option “Arc" for drawing curved segments)
Specify endpoint of arc or
[Angle/CEnter/CLose/Direction/Halfwidth/Line/Radius/Second pt/Undo/Width]: d
(Option ,Direction” for definition of the start direction of the curved segment)
Specify the tangent direction for the start point of arc:
(Point for start direction = Point on the arc)
Specify endpoint of the arc:
(Point for end of the arc)
Specify endpoint of arc or
[Angle/CEnter/CLose/Direction/Halfwidth/Line/Radius/Second pt/Undo/Width]: |
(Option “Line" for straight segments)
Specify next point or [Arc/Close/Halfwidth/Length/Undo/Width]:
(Point for straight segment)
Specify next point or [Arc/Close/Halfwidth/Length/Undo/Width]:

How to turn a 2D polyline into a surface?

This can be done by setting a special property of the 2D polyline — the so called
thickness — to a value different to zero:
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The thickness defines the extend of the prismatic surface (e.g. the height of the
facade). If you subsequently rotate the drawing with 3D orbit, the prismatic surface
gets visible. If you like you may set the visual style e.g. to “conceptual” in order to
visualize the surface in a more graphic way:

[é;x"\m.ﬁ

After having drawn the 2D polyline, the extend of the prismatic surface (lower end to
top end) can be defined very comfortable by using the 2>Image computations —
Edit prismatic surface command.

Once you have created the prismatic surface and loaded the orientated images, use
the >Image computations — Unwrap surface command for projecting the photos
into the plane and thus creating your image plan.

At the end you may overlay the resulting image with a coordinate grid >Dimension -
Insert coordinate frame.
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6.3 Calculation of orthophotos

The calculation of orthophotos with As-Built Photo generates a parallel projected
image of a spatial scene from an angle of vision, defined by the user. The most
important prerequisite for a high quality orthophoto is — next to the oriented images —
a 3D model of the pictured surfaces (e.g. buildings, ground surface, work pieces).
The model needs to be sufficiently structured and as accurate as possible. It consists
of surface elements or solids. It can be generated by using tachymeter
measurements (As-Built Total Station Interface), from laser scans or by the help of
the multiple image evaluation. The orthophoto will get its colour information from one
or several oriented images.

Surface elements (kubit
cylinder, kubit planes,
solids, meshes, etc.)

Oriented image

Result: Orthophoto

Mostly, orthophotos are used in order to generate to scale 2D image plans, for
example from aerial photographs in connection with digital terrain models or in the
field of architecture and monument preservation for the generation of vertical building
sections and fagade views.

The orthophoto is a parallel projection of spatial objects into the plane, therefore only
those objects and lengths will be mapped to scale, which are parallel to the projection
plane.

For the shooting of the needed photos and for their orientation please regard chapter
4.7 and 5.1 of this manual. You will find a detailed description of the user interface in
the command reference under ->Image computations — Compute orthophoto.
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At the end you may overlay the resulting image with a coordinate grid >Dimension -
Insert coordinate frame.
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7 Command Reference

In the command reference all commands are listed in the same order as in the As-
Built Photo ribbon tab. The explanation for each command starts with a combination
in the following form.

Menu Text

Command Name: Menu:
Button

COMMANDNAME Name of the menu
Menu text

Under this name you will find the command in the ribbon.

Button

Via the symbol given here you may call up the command.

Command Name

Here you find the command name as it should be entered in the command line of
AutoCAD.

Menu

Here you find in which menu (module) the command is contained.
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Control points - Import control points

E Command name: Menu:

“U | PCIMPORTCP As-Built Photo

This command reads in control point coordinates from an ASCI! file.

tk Import control point{s) 2
|_. ? [
C:\Users\grischa'\Documents eubit\ Tutorial 23 Tut3_control koal F
OK
| File fomat | | Browse .. | L-—J
| Cancel |

With Browse... you will come to a file selection window in which you may select your
ASCIl-file. The file extension may be chosen randomly. With Select and OK the
points of this file are put into the image. At the same time a layer with the name
CONTROL is set up to which all these control points are assigned automatically.

The format of the ASCII file to be read in may be determined via the button File
format.
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himpor e o S &

A text line containg all values of a control point.

The single values are separeted by separatars, which are different to the decimal separator.

ff the layer name is empty, the standard layer for control points will be used.

Values to be imported Separator
Column: Default value: Space character

Pont number 1 Tabulator
[IWCS - X (East) 2 0.0000 [l other:
WCS -Y (Notth) 3 0.0000 Decimal separator
WCS - Z (Height) 4 0.0000 @ Poirt
Layer 5 (7) Comma

Oy point =
O numbers from: -

: (2
F Interpret XY 7 values as UCS coordinates ﬁk

{not recommended)

LUnits

i i if the control point coordinates have
Cortrol poirt Drawing other units than the drawing, they are
[I'H'Ieter T] [I'H'Ie‘ter - converted inta the drawing units.

Shift { ¥YZ }in unit of control points
- 0.0000 - 0.0000 - 0.0000

The point information has to be organized in columns. Besides the point number X, Y
and Z coordinates of the control point are required. In addition it is possible to control
the layer on which the single control points are to be placed using an additional
column. This makes sense when you like to un-distort multiple facades or structured
facades in one single drawing and for a better clearness want to put the control
points on separate layers. With a click on the check boxes and entering the column’s
number you may tell the program which value is displayed in which column.

If you deactivate such a box standard values are assumed for the corresponding
value. In this case the point numbers are counted up automatically beginning with ‘1'.
The value assigned under ‘Default value’ is assigned to the coordinates.

If the file consists of further columns they will be ignored when the file is loaded into
the drawing.

Furthermore you may state here which characters are used to separate the columns
from each other. Besides tabulators and blanks you may choose any other
separating characters. You may also select more than one character.

During the import each point number is checked whether it already exists in the
drawing. In this case the already existing control point is kept and the new point is
ignored. In the command line the following message will appear for your information:

Control point X does already exist. Ignore new definition.
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Here the control point number is crucial. The point is thus also ignored if its number
already exists but the coordinates vary.

There is the possibility to limit the number of points by entering an interval.

Option "Interpret XYZ values as UCS coordinates (not recommended)” is to be used
only by advanced users. You have to secure that coordinates of imported points are
conform to your current UCS. Confirm the selection with OK

Use the “Shift” (offset) option when you want to transfer from a national coordinates
system to smaller local coordinates (usually only with larger airborne projects or
AgiSoft PhotoScan projects). Remember or note the offset, in case the processing
results have to be delivered with the original coordinates. Enter positive offset values.
The software automatically subtracts them from the original coordinates. Care should
be taken with respect to the offset, when inserting your project into a drawing that is
not empty, but into a drawing that already contains some geometry. The offset values
will be stored and offered again when importing photo projects (ReCap/PhotoScan).
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Control points - Define control points

2k | Command name:

Menu:

Elafr

PCDEFINECP

As-Built Photo

This command serves for defining new control points in the drawing.

-

%k Define control point(s)

E)

WCS coordinates

# (East) 864 3665
¥ (Morth) 1174.7612
Z (Height) 00000

Number

CP_2

ﬂ rReesed (29 k | Creste |
— insertion )@ |£|

L .

Besides a randomly chosen point number you enter the 3D-coordinates into the
corresponding fields. The point numbers may consist of any alphanumerical
characters but they may not contain any blanks.

With a click on Create a control point symbol with the corresponding number is set at
the stated position in the drawing.

As an alternative you may pick the position of a new control point directly in the
drawing with the button Pick point. This is suited for a later ‘fixing” of control points
onto marked points of drawing elements, like final points of lines, in order to e.g.
provide a constructed net of distances with control points.

Although the coordinates in the dialogue are shown rounded to 3 digits after the
decimal point the full accuracy of position defined by mouse click was taken over.

With Close you will close the dialogue and return to the drawing.

Note: Alternatively As-Built offers the possibility to define control points directly by
measuring them with a total station (As-Built Total Station Interface). After clicking the
option Pick point the software expects the input of coordinates. This is possible by
mouse click but also by measuring and subsequent data transfer. The full accuracy of
coordinates is taken over also by application of this procedure.
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Control points - Search control point

% Command name: Menu:
PCSEARCHCP As-Built Photo

This command checks whether a control point already exists in the current drawing.
Command: PCSEARCHCP

Number of control point: 57 (enter name or number, respectively)

If the control point is found in the drawing As-Built will display the coordinates of the
control point in the command line.

Control point 57 with coordinates (143.109, 499.986, 2.989) found.

Do you want to zoom to control point? [Yes/No] <Yes>:y

If you answer the question with ‘Yes’ the screen section is zoomed so that the control
point you are searching for will be exactly in the centre. The corresponding control
point will be brought up front in the display order.
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Control points - Control point via arc intersection

Command: Menu:
; KUBT_PC_ARCINTERSECTION As-Built Photo

With this command new control points can be generated constructively, if you have
measured the linear distance of the new control point from two distinctive points. By
doing so, it is possible to construct a 2D control point grid successively. A measuring

tape is all you need.

S

<5

{ =

A
LHX 23

=

Command: KUBT_PC_ARCINTERSECTION

First base point:
Point or [Controlpoint/Number/Finish] <Finish>: ¢
Select control point or [Number/Point/Finish] <Finish>:

Distance from first base point: 7

<14

(Option control point)

(Select control point 113.)

(The distance of control point 113 to the new control point is 7 metres.)

Second base point:
Select control point or [Number/Point/Finish] <Finish>:

Distance from second base point: 9

(Select control point 114.)

(The distance of control point 114 to the new control point is 9 metres.)

Point for side of intersection:

(For the example a point above the control points 113 and 114 is clicked.)
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Number for new control point <1>: 0 (Number or name of the new control point.)

Draw intersection lines [Yes/No] <No>: y
(Option for displaying the intersection lines. Red in the example.)

The arc intersection is executed in a plane that is parallel to the XY plane of the
current UCS. The Z-coordinate is equivalent to the mean value of the Z coordinates
from the first and second base point.
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Control points - Align control points

E Command name: Menu:

£ | PCROTATECP As-Built Photo

This command serves for aligning control points or other AutoCAD blocks with the XY
plane of the current UCS. After that all selected control points or other blocks are
brought to front in the display order.

Command: PCROTATECP
Align all control points or [Control points/dimension Symbols] <Control points>: (Press ENTER)

Align with [Ucs/current View] <Ucs>:

A typical application for this command is the change into another UCS during the
rectification of more than one image onto various rectification planes, where control
points are possibly not visible anymore as they may lie e.g. rectangular to the top
view.
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Control points - Change size of Control points

% Command name: Menu:
PCRESIZECP As-Built Photo

This command allows you to adjust the size of As-Built blocks (control points or
dimension symbols) to your individual needs.

Different projects often differ in depicted images of the world. The standard setting of
As-Built uses symbol (block) sizes (e.g. Control and Image point blocks) which are
adjusted to facades between 5-20 m (AutoCAD units). If you want to rectify smaller
objects (e.g. a painting) control points may be too large. You can change these
settings by using the command ‘PCRESIZECP’.

When running the command a dialogue appears, in which you change the scale
factor which relates to the AutoCAD drawing unit.

‘k Block size ]

The size of a control point or & dimension symbol is
influenced by two values.

On the one hand by the drawing unit

Meters -

On the other hand by the block size factor
1.0

The latter serves the fine tuning and can be
adjusted to the size of the object.

| Ok, | | Cancel | I“;ék

Afterwards all control points, area and height blocks in the drawing will be adjusted.
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UCS - Define rectification plane (UCS)

E i | Command name: Menu:
%/ KUBT_PC_UCSCP As-Built Photo

The XY plane of the current user coordinate system (UCS) is used as rectification
plane in As-Built. You can use the command KUBT_PC _UCSCP for an easy
definition of a rectification plane. It allows you to define a mean rectification plane
through a set of control points.

*k Definition of rectification plane (UCS) |

When defining a rectification plane, a new UCS (user coordinate system)
will be created.

There are different possibilities for the positioning of the rectification plane
in the space oy plane of the UCS):

Rectification plan runs vedically (Verical LUCS). This seﬁlng
= i= optimal for rectifving building facades, walls etc. i

_ The rectification plane can take an arbitrary position in the
" space (Free LUCS). This setting is ideal if images of oblique
surfaces are to be rectified.

| Gancel | [ Net> | ?l
~K

In the first step you have to decide of which type the rectification plane is to be.

Vertical rectification plane

Vertical means that the XY plane of the UCS runs parallel to the Z axis of the world
coordinate system (WCS) as it may be necessary for facades.
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C‘of
o
U
ZONNIGA /0/7
%
)
¥
&
|| facade with
Yoo A T control points
X
&
Z(ucs)
S) &
>
Y(Warld)
X(World)
15k Definition of rectification plane (UCS) Iﬂ

At least two control points are necessarny for the definition of a vertical
rectfication plane.

The first active control point defines the coondinate origin, the second one &

new paint in positive direction of the x &ds of the new LICS. e
Control points ® 84
Mumber Deviation  Acti... Add 72 ®
& 15 00260  Yes ~ 83
16 00797  Yes bes) schuate
- 72 0.0084 Yes
+ 183 >01217  Yes Delete
184 00244 Yes
[&] o . o
_ 15 16 X
|E -".ﬂ.'.:-:

& Take over Height (UCS-Y) from WCS-Z
== (Shift origin to XY plane of WCS)

| <<Back | [ Camcel | [ Nets | '?l
~K

L

With "Add" you indicate a set of control points that are to be used for the calculation
of the rectification plane. The indication of two control points is sufficient to align the
rectification plane. The first control point ® determines the coordinate origin. The
second control point ® determines a point in positive direction of the X axis of the
UCS, which always runs parallel to the XY plane of the WCS. Thus, you also
determine from which side you look at the plane since the X axis always points to the
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right. In order to define a different point as origin or as X direction please use the
buttons
- +, | Positive direction
ﬂ Origin and - af # axiz )
If you want to keep the height information click the option “Take over Height (UCS-Y)

from WCS-Z (Shift origin to XY plane of WCS)” and you will place the origin of UCS
in XY plane of WCS.

If you indicate more than two control points, a mean vertical plane will be created
through these points. We recommend indicating all control points that have been
used for a rectification process to create a plane that reflects the rectification plane as
good as possible.

Possible deviations of individual points from this plane will be shown in the column
"Deviation“. The deviation should be as small as possible. Here you can see a point
protruding out of a plane. With "(De)activate you can exclude one or more points from
the calculation of the plane.

Instead of selecting the control point directly in the drawing, you can also indicate its
number. To do so use the command option “Number” in the command line content:

Select existing control point or [Number/Measure/Finish] <Finish>:

The option "Measure" prompts you to click any point instead of a control point. You
can get such a point with object snap or you measure it directly with a total station
(As-Built Total Station Interface).

If you are satisfied with the definition or deviation respectively, you will be asked to
enter a name for the rectification plane in the last step.

“k Definition of rectification plane (UCS) e |

In arder to call up the rectfication plane later, you should name it.

Please call up the command "Restore rectification plane” if you want to
restore 3 named rectification plane (LCS).

Mame of rectification plane (LCS):
East view|

<< Back | | Cancel ] | Finish ' gék
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If you work with several photos and several rectification planes, you should name the
UCS. However, you can also leave the entry field empty.

After you have clicked ‘Finish’, the software will automatically switch to the top view
of the new UCS and the control points will be aligned respectively.

Free rectification plane

For an easy definition of an oblique rectification plane, choose the option “Free
rectification plane®. It is suitable for oblique areas (e.g. roofs, facades of old frame
work houses, ceilings etc.). In contrast to the vertical rectification plane, three control
points are necessary.

The first point # determines the coordinate origin again. The second control point
determines a point in positive direction of the X axis of the UCS. Thus you determine
from which side you look at the plane as the X axis always points to the right.

For the final determination of the rectification plane you also need to indicate the
direction of the y-axis. In order to keep that simple, there are three options: “Front
elevation” is used for approximately vertical facades which you want to view from the
front. “View from top” is used for approximately horizontal planes which you want to
view from top. And “View from bottom” is used for ceilings of which you took photos
from below. The X axis of the new UCS will then be aligned parallel to the XY plane
or the XZ plane of the WCS.

"k Definition of rectification plane (UCS) S|

For a complete definition of a free UCS you have to indicate whether you
view your rectification plane from the side (Front elevation) or from
top/below.

The backaground of this is the arentation of the XY plane of the new UCSin

the room.
= r
Y
v
» UCS x UCS UCS
WS \ WS
@ Fromt elevation View from top View from be

| <« Back | | Cancel | | Mead = | 'E;ék

L

The definition of the rectification plane will be logged in an ASCII file with following
naming convention: DRAWINGNAME_UCS_UCSNAME.PRK.
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UCS - Define rectification plane by 3 points (UCS)

ln Command name: Menu:
KUBT_PC_UCS3P As-Built Photo

This command will set up a new user coordinate system (UCS) with the help of three
points.

During a rectification according to geometry the rectified image is always stored on
the XY-plane of the current UCS. Thus it serves as rectification plane. With the
definition of a new UCS you may determine before the rectification process how the
rectified image is to be positioned in space.

After calling up the command the following prompt will appear:
Command: KUBT_PC_UCS3P

Point for origin: (click a point for the nought of the coordinates)

Point at positive X-axis: (click a point for the direction
of the X-axis)

Point with positive Y-coordinate in the XY-plane of UCS: (click a point for the direction
of the Y-axis)

The display now is aligned with the new XY plane.

3. Point, direction /\
of the Y-axis ‘\l/’

2. Point, direction
of the X-axis

1. Point, — >\<}>

origin of the UCS

Naming the UCS makes it easier for you to return to it later:
ok UCS name l_é_:hJ

Mame of new UCS:
|

| Cancel || o0k |

Insert an easily recognizable name. If you do not want to name the UCS press
Return.

The definition of the rectification plane will be logged in an ASCII file with following
naming convention: DRAWINGNAME_UCS_UCSNAME.PRK.

Hint: If you work with more than one photo and more than one rectification plane we
recommend that you name the UCS. You may just return to it easily later. To do so
use the command “Restore rectification plane (UCS)”. Choose the required UCS
from the list and click on “Current”.
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UCS - Restore rectification plane (UCS)

[q:.\| Command name: Menu:

KUBT_PC_UCSRESTORE As-Built Photo

With this command you can restore previously defined and named rectification
planes. All control points will be aligned anew.

As ucs e

' Named UCSs IDrthuglaphic LICSs |Se¢tings|

Cumrent UCS: East view
R World Set Cument

_
s Details

| ok | | Cancel | | Hep |

Select the rectification plane (UCS) to be restored in the list, click on ‘Set Current’
and finally ‘OK’.



Command Reference 7-17

UCS - Set drawing elevation according to XY plane of UCS

Command name: Menu:
E KUBT_IM_SETELEVATION As-Built Photo

With this command you can easily set the AutoCAD system variable ELEVATION to
a Z value of a point you snap in the drawing. That allows you to digitize on a plane
parallel to the XY plane of the current UCS at the depth you selected. This helps to
simplify e.g. digitizing of spatial structured facades.

Command: KUBT_IM_SETELEVATION
Please select a point. The Z value of this point defines the new AutoCAD
drawing elevation.
Point for AutoCAD drawing elevation or reset elevation to 0 [Reset] <Reset>:
(Select any point or “R” for reset. OSNAP is being activated)
The drawing elevation (ELEVATION) has been set to <VALUE>.

After having set the ELEVATION all lines and other AutoCAD objects are drawn with
the corresponding z value. Usually the command is used to draw at a certain
elevation without OSNAP “Point”.

Please also read chapter 5.5 of this manual.
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UCS - UCS from current view

IE Command name: Menu:
PCSETUCS As-Built Photo

This command generates a new UCS according to the current view. The XY layer of
the new UCS lies exactly within the currently visible screen plane.

This function is helpful when orientating images (=>Oriented Images — Image
orientation). After you have imported or defined the control points needed for the
image orientation, you should rotate the drawing, so its orientation is almost the same
as the viewing direction of the camera. After you created this rotated view, you
generate a UCS according to the current view by running the command ‘UCS from
current view'. Select a control point as origin for the new UCS. The same control
point is to be used for the following image orientation as well.

Control point for origin of new UCS:

Select control point or [Number/Measure/Finish] <Finish>:
The UCS is set and all control points are aligned accordingly.
Now you can load the image to be orientated next to the control points.
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Image - Load image

Command name:

Menu:

|:\’,,«:~;~~~

PCLOADIMG

As-Built Photo

With this command you may load a pixel image into an AutoCAD-drawing. In
principle this may also be done with the AutoCAD-command ‘Insert/Pixel Image’
which is not available under AutoCAD LT.

The command runs as follows:

Command: PCLOADIMG

i T |
:ﬁh' Load image ﬁ
Look in; ; Tutorial3 - ﬁ' ? -4 "
i Mame - Date Type Size Tags
che | Result 26.03201213:... Filefolder
Recent Places 8 Focternfacadel if 07.09.2001 11:... IrfanView .. 7.354 KB
." * Easternfacadel _r.tif 26.03.201213:...  IfanView .. 5.097 KB
P - B EasternFacadel tif 27072000 07:...  IrfanView ... 4,723 KB
Desktop * SouthernFacadel tif 07.09.2001 11;... IfanView ... 9.350 KB
o *SuuthernFacadeltif 07.09.200111:... IfanView .. 5692 KB
w=
Libraries
A
[
Computer
1Y
u 1 | I | 3
Metwork >
File name: EastemFacade 2 tif -
Files of type: Allimage files b | I Cancel |
Rotation
[¥] Show preview @ without (e
Width: 2037 pixels 2 30%to the left ]@k
Height: 2372 pixels ; z A e St
Type: Grey values 180
Size: 4722 kb Path type
= Full
7 Relative
i@ Mo path
b

After opening the image, you will be prompted to indicate the position of the image in

AutoCAD:

Insertion point for image:

Second point for image size:

(click a point for the bottom left-hand image corner)

(click a point for the top right-hand image corner)
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When inserting the image, please set the image size to the approximate dimensions
of your measuring object. Thus, you can avoid that the size of the distorted image
deviates from the size of the rectified image to a large degree.

If a PhoToPlan (previous product) or As-Built image information file (*ppb) exists for
the image, you will be asked whether the information on position, size, UCS and
clipping saved there should be taken over. In this case, the image will be positioned
and scaled automatically. Such an image information file exists for all images that
were rectified or montages created with PhoToPlan (previous product) or As-Built.

Additionally to the indicated image formats, you can also read in all image formats
that are supported by AutoCAD. To do so select “All files (*.*)” if necessary. The
indicated image formats only represent the least common denominator of the
different AutoCAD versions.

Loading of geo-referenced images (world file)

As-Built allows you to load images which were not created by PhoToPlan (previous
product) or As-Built but are geo-referenced by a world file in correct positional
arrangement. For a closer look at “Geo-referencing and world file” please read the
description at command reference 2 Export - Create ESRI World Files.

Exists a world file for the selected image in same folder, As-Built will ask you for
taking over the image position that is saved in this world file.

ik PhoToPlan &J

The image has an "ESRI Word File". p

Should the saved 20 posttion be used for the posttioning in /@k
the
curmert UCS-XY plane 7

L9

If you click “Yes” the image will be scaled and positioned according to the data of the
world file. Because of interpreting coordinates as UCS coordinates take care that
your current UCS in the drawing is conform to the coordinate system that was used
for creating the world files.

Option Rotation

If you process images taken with a digital camera, the images may appear rotated
90 degrees (e.g. those taken in the panel format). The rotation options of the
command “Load image“ allow you to insert images rotated without the need to
calculate the image anew.
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Option Path type

Images are not directly embedded in an AutoCAD drawing but only the path to an
external image file is saved. Such a path can be:

e complete (full),
e relative to the drawing file or
e empty (no path).

Full: The complete path of the inserted image is saved. This is the default setting and
always works without limitations. The drawback of this method is that the image will
not be found if you hand on the project data (Copying to another computer, burning
on CD) since the path will render incomplete or will not exist in that form any longer.
The images will then have to be linked manually.

We recommend this option for small local projects that will not be handed on and
which are processed by one editor.

Relative: Only the path relative to the drawing file will be saved. The advantage is
that the project directory with all its subdirectories (with images) can be moved or
handed on as long as the relative organizational structure is kept. However, relative
paths only work if the drawing file is located on the same drive as the image file. They
are especially suitable for large projects in which image files have to be organized in
subdirectories. Here an example:

J:\...\Project1\Drawingl.dwg refers to images in
J:\...\Projectl\images1\Facadel.tif and J:\...\Project1l\Images1\Facade2.tif

The path indications are "\lmagesl\Facadel.tif" and "\Imagesl\Facade2.tif".
There will be no problems if you move or copy the complete project directory
"Projectl" with its subdirectory "Imagesl1” from drive J: to drive X: If you had used
absolute path indications, the images would always have been searched for on drive
J: which does not necessarily have to be existent on another computer.

We recommend using relative paths for large projects with many editors. The data
should be organized in sub file structures.

No path: No separate path will be saved for every inserted image. AutoCAD will
rather try to search for an image at the following positions (in this order):

current folder of the drawing

"Tools - Options — Search path for project data" (not under AutoCAD LT)

"Tools - Options — Search path for support file"

Start file in the application link of AutoCAD

The option “no path” can be suitable for small projects in which data have to be
handed on and which are processed by many editors. The images will then be saved
in the same file as the drawing file.

With large projects with many editors in a network, in which images are used in
several drawings, the images should be saved in central directories of the network
and should be embedded in the individual drawings “Without Path”. In AutoCAD the
necessary search paths for project files (image files) are defined and set.
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Image - Detach all unused images

Menu:

Command name:
ﬁ KUBT_PC_IMAGEDETACH

As-Built Photo

With this command you detach all images that are not used (invisible) from the
drawing. Since, if you just delete images from an AutoCAD drawing by selecting them
and pressing the delete button, these images are still referenced within the drawing

even if they are no longer visible as drawing objects.

Only by detaching them the references of the images are removed too.

Command: KUBT_PC_IMAGEDETACH

Detach all unused (invisible) images from drawing ? [Yes/No] <No>:

Command Reference
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Image - Clip image

Command name: Menu:

OICLIP As-Built Photo

With this command you may clip a pixel image to a desired detail. A randomly
selected polyline serves as the clippings’ boundary. You have to draw this line before
calling up the command ‘Clip image’. If you did not draw a clipping boundary in
advance you have the option to click points for the cut after you selected the image.

Command: OICLIP
Select image to be clipped or <Cancel>: (click on image’s periphery)
Then you will get the message
Polyline for boundary or [Points/Further boundary/Delete cut/Back/Finish] <Finish>:
(click on polyline boundary)
The following message will appear:
Polyline for further boundary or [Points/Select boundary/Delete cut/Back/Finish] <Finish>:

(click on further polyline boundary or Enter)

Now you have the possibility to exit this command with [Return] or to choose further
polylines to define outer or inner parts of the new image (holes).

And finally - if you used polylines for clipping - you will get:
Delete used polylines?

After answering this question with either Yes or No the clipping will be carried out.
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If you instead of selecting polylines use the option “p“ for points, the prompt in the
command line looks slightly different:

Polyline for boundary or [Points/Further boundary/Delete cut/Back/Finish] <Finish>: p

Start point or <Cancel>: (Click first point of the boundary.)
Next point or [Close/Cancel] <Close>: (Click further points on the boundary.)
Next point or [Close/Cancel] <Close>: (ENTER in order to close the boundary.)

Polyline for further boundary or [Points/Select boundary/Delete cut/Back/Finish] <Finish>:
(Click on boundary polyline or "P" for an additional boundary or ENTER to finish.)

The parts of the image that were clipped out are not deleted. AutoCAD just cuts them
out. If you want to carry out corrections on the image part after the clipping, just mark
the boundary with a click and move one of the corner points with the mouse to the
desired position. If you want to undo a clipping select the option ‘Delete cut'.

If you like to delete only the parts of the images that you cut away and keep just the
relevant parts of the clipped image, you may use the command ‘Merging of
images...". This command considers only the clipped part and calculates a new
image from it. Further information on this command is to be found within the
command reference under ‘Merging of Images’.

Only the clipped image part is taken for the rectification. Thus this command is suited
to exclude image parts that are not needed from the rectification. Thus it is possible
to save a lot of storage capacity and computer time when working with slanted
photos.

Example:

rectification of clipped image
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Image - Intersect image boundaries

Izgl Command name: Menu:
KUBT_PC_INTERSECTIMAGES As-Built Photo

With this command you may trim and extend image boundaries of two images up to
their common intersection line. This can be useful to create accurate intersection
lines in 3D projects.

Select two images to intersect. If necessary please delete or displace at background
active polylines for an easier click of images.

Command: KUBT_PC_INTERSECTIMAGES
Select first image to be intersected or <Cancel>: (click on image frame)
Select second image to be clipped or <Cancel>: (click on image frame)

Click images on those sides, which are not to be trimmed or extended. After
selection you have to decide for one of two offered options:

Intersection type for image boundaries [Trim/trim And extend] <trim And extend>:

To illustrate these options following picture shall help you:

Frectbed mage I

Clipped image |

rectified imane 2

ntersection edge

Z
(44T (M Model Loyt [ Layout2 [
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You can see a (rectified) clipped image, the rectified original (transparent in the
background for visualization) and a second rectified image. For intersection the
clipped image and image 2 were clicked.

By choosing only option “Trim” the part of the clipped image right to intersection line
is trimmed up to this line. If option “trim And extend” is selected right hand side is
trimmed like described before and left hand side part of clipped image is extended
based on the maximum width up to intersection line. This is possible because cut off
parts are only hidden but not deleted after clipping an image, see =Image - Clip
image. Image data still exist. The result of the intersection you can see in following
picture.

2
[RTATETHN, Model Tagoutt [ Lapoui2 |

If at least one of two images to intersect does not reach up to the intersection line the
following message will appear in the command line:

First image does not reach up to the intersection edge. (and if so)
Second image does not reach up to the intersection edge.

Are two coplanar images selected an intersection is not feasible. And following
message appears:

Cannot compute intersection line of these images.
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Image - Adjust image

r. Command name: Menu:
- _IMAGEADJUST As-Built Photo

Here you can set brightness, contrast and the degree of fading the image with the
background colour.

:AU._ Image Adjust ﬂ

Brightness Eastemfacade 1 tif
Dark i Light 50
' )
Contrast
Low . High 50
Fade
Min -~ Max ]
I
Beset oK
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Image - Image transparency

/..-r Command name: Menu:

L _TRANSPARENCY As-Built Photo

In some file formats you can create images with transparent pixels (e.g. PNG, GIF).

If the image transparency is enabled with this command, AutoCAD will recognize
these transparent pixels and will display them transparently in the drawing area.
Background pixels in bicoloured images will be treated like transparent pixels.

Creating such transparent images is, however, not possible with AutoCAD. To do this
you need an external image editing program (e.g. Photoshop or GIMP).
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Image - Image frame on/off

N Command name: Menu:
.

KUBT_PC_IMAGEFRAME As-Built Photo

With this command you can show or hide the frames around the images in your
AutoCAD drawing. Please keep in mind that images cannot be selected if the frame
is hidden.

If your drawing contains a set of images of several sub-images, you can easily hide
the disturbing frames around every individual image. If you intend to present the
drawing visually or to plot it, you can save the often tiresome step of “Image
montage” and still end up with one final image.
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Image - Image quality high/low

/% Command: Menu:
. KUBT_PC_IMAGEQUALITY As-Built Photo

With this command you can control the presentation quality of blown up images.
However, a high image quality also results in higher calculation time, which, on the
other hand, should not pose problems to modern graphic cards. This setting only
influences the display in the 2D Wireframe mode.

Image quality high — Individual pixels “blurred” Image quality low — Individual pixels visible
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Image - UCS from image

IE Command: Menu:
PCSETUCSFROMIMAGE As-Built Photo

With this command it is possible to establish a UCS, with the XY plane matching the
image plane exactly. The coordinate origin is in the bottom left corner of the image.

Optionally it is possible, to switch to the plan view of this image, if you answer "yes"
to the following question in the command line:

Zoom to image? [Yes/No] <Yes>:
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Rectification by control points - Rectification of photos (Projective

Transformation)

% Command name: Menu:
KUBT_PC_RECTIFY As-Built Photo

With this command the actual rectification according to control points is carried out.

Within this process you can also correct image distortion.

The command opens an extensive dialogue, which is sub-divided into different

sections.

ik Rectification of photos (Projective transformation) I&

Distorted image

File name: C:\Users‘\grscha“Documents'eubit Pho. . \Tut-distorted tif ':\_? -k

Curment image size: 190472 x 209520 (1780 1958 Peel) £ 3.3 ME
Cument image resolution:  0.0107 per pixel

Control points | Lens distortion
Rectification

Mumnber Status X (UC5) Y (UCS) Z(UCS) Acti.. Deviati.. =
3 Unchanged -163330 05030 00055 Yes  0.0107

1 Unchanged ~ 4.4270 40070 00035 Yes 00114 |
115 Unchanged -6.9560 75830 00060 Yes 00084 |~

116 Unchanged -143760 75710 00035 Yes =>00176

114 Unchanged -7.0750 164730 00008 Yes  0.0063
113 Unchanged -14.4183% 163730 -0.0305 Yes  0.0007

112 linrhannad 19 N8R 18 ARRN N nane Yeas nonR7 T
4 m I

- Ma Actiate Melata Standard deviation:
Add / Redefine | | (D) Activate Delete T

Rectified image
Fle name: C:*Usersh\agrscha“Documentskubit PhaTo. . \Tut-distorted _r tif @

Image size: 243442 x 233129 (3160 x 3027 Pixel) Furth ) ]
approx. 9.1 ME £ 2.7 x Distorted Image urtner settings ...

Rectification 2.1 {nomal angular shot)
Factor:

Rectification over-determined. - Lens distortion not considered |
Rectify

L

1. The Frame ‘Rectification’

Here you may determine in general what you want to do next.

With [New] you start a new rectification. With a click on this button you will leave

the dialog and the following call will appear in the command line:

Choose distorted image or <Cancel>: (select pixel image in the drawing)

After that the dialog returns. The control point list is empty and you may assign

control points now (see 3.: List of Control Points).
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2

With [Edit] you call up a completed rectification again and may alter it and/or
repeat it. The following message will appear in the command line:

Choose rectified image, which has to be edited or <Cancel>: (click on image’s periphery)
The already assigned control points of this rectification are displayed in a list.

A rectification can only be processed if the corresponding distorted and rectified
image still exists in the drawing.

With [Rectify] you start the rectification process. The button is only activated
when all conditions for a rectification are fulfilled: the rectification has to be
determinable (that means enough control points have been previously measured
before) and all statements concerning the rectified image have to be complete.

With [Cancel] you leave the dialogue. All alterations that were carried out are
rejected. With [Close] they are stored on the other hand.

. Information concerning the distorted Image

In the upper part of the dialogue you will find a few statements concerning the
distorted image.

Under ‘current image size’ you will find two statements: The current measures of
your drawing and behind it in brackets the number of pixels in height and width.

The current image resolution states — based on these values - the size of a
pixel.

3. List of Control Points

The control point chart takes up a central position. Here you find all control points you
assigned to an image point that are to be used for the corresponding rectification.

In addition to the object coordinates (UCS) of the control points you find information
concerning the corresponding status, activation mode and the positioning error.
Under the chart you will find three buttons:

In order to assign all control points relevant for this rectification in the distorted
image click on [Add/Redefine]. You come back to the drawing and obtain the
following call in the command line:

Select control point or [Number/Measure/Finish] <Finish>:

Click on the control point you want to assign next. You can also insert the number
of a control point or create a new control point. Use either the option <Number> or
<Measure>.

Now you are asked to determine a zoom region:
First point for zoom region to control point 114 or [Cancel] <Cancel>:

Second point for zoom region to control point 114 or [Cancel] <Cancel>:

Go into the image with the mouse and open up a zoom region around the control
point mark. If you do not want to zoom, press the Enter key instead this will cancel
the zooming.

The next message asks you to assign the corresponding image point:

Image point for control point 114 or [Zoom window off/Connecting lines off/Cancel] <Cancel>:
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Just click with the mouse on the corresponding place in the distorted image. After
that you zoom back automatically to the previous view and you will see that
control point and image point are connected by a line. This serves for clarity and
better orientation during the assignment. With the option <Cancel> you finish the
assignment and come back to the rectification dialogue. Hint: If you generally
want to turn off the prompt for the zoom you may do it using either the command
line option [Zoom window off] or the = Settings command (section “System”). If
you do not like the temporary connection lines between the control and the image
points you may turn them off using the command line option [Connecting lines
off].

e With the button [(De)activate] single control points can be switched off. They are
then not considered for the calculation of the rectification parameters. In the
column ‘Active’ the control point is then marked with ‘No’.

e The button Delete serves for the final removal of control point assignment from
the chart. In order to do so first you have to mark the point with a click on its point
number.

The column ‘Deviation’ is of special importance. With more than four measured
control points you will have an over-determination and a compensation calculation is
carried out during the calculation of the rectification parameters. Here the error value
is the deviation of the control point coordinates from the position of the rectified
image point assigned to it. Errors in the assignment can be detected by a specific de-
activation of single control points. In the end the error is resulting from the absolute
positioning error during the measuring of the control point, the assignment error in the
distorted image and from the distortion caused by the lens during the image creation
process of the image to be rectified.

In the column ‘Status’ you will find information on whether the control point was
deleted in the drawing or altered in its position. In this case a corresponding remark is
entered and the point is de-activated just to be sure. If you re-activate it As-Built
calculates with its original point position during a rectification! If you want to use the
control point’s new position you have to re-assign it.

4. Frame ‘Lens distortion’

During the rectification by control points you can carry out a correction of lens
distortion as well. Check the option ‘Correct lens distortion’ on the tab ‘Lens
distortion’. You will find further information in section 4.7 Photos — Shooting and
Digitizing or under Rectification according to geometry - Correction of lens
distortion.
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ik Rectification of photos (Projective transformation)

Distorted image
File name: C:AlUsersh\grscha“Documentsubit Pho . \Tut-distorted tif

Cument image size: 19.0472x 205520 (17802 1558 Poel) /1 3.3 MB
Cument image resolution:  0.0107 per piel

[¥|Comect lens distortion: Comection of lens distortion with
parameters from image.

@ Define parameters in image

Define parameters ..

(") Read parameters from file

Lhoose tile

Rectified image
Fle name: C:AlUsers‘ghzcha“Documentsubit PhoTo . \Tut-distorted _rtif |E

Image size: 2434472 x 233129 (3160 x 3027 Pooel) }
approx. 5.1 MB / 2.7 x Distorted Image | Further seftings ... |

Rectification 2.7 {nomal angular shat)
Factor;

Rectification over-determined. - Lens distortion not considered |

|f'. ?.
%K
Rectffication
MNew
Edit
Cancel

Close

=

The command offers two ways of distortion correction:

If you choose ‘Read parameters from file’ you can load certain distortion
parameters for your camera settings from a file. It is essential that the picture was
taken under the same conditions as those pictures that were used for determining
the distortion parameters. You find more information in unit ‘Rectification

according to geometry - Correction of lens distortion’

If you choose ‘Define parameters in image’ you can determine the distortion
parameters directly within the image. A dialogue opens as described in point 4) of
section ‘Rectification according to geometry - Correction of lens distortion’

of the command reference, where you find further information.
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5. Information concerning the Rectified Image

At the bottom of the dialogue window you will find a few statements concerning the

rectified image.

e File name

Before you can start the rectification process, you have to enter a file name for the

rectified image. Use the buttons [«] or [M] to enter name and path manually. BMP,
TIFF, JPEG and PNG are at your disposal as file formats for the rectified image. With
the button (A you enable the automatic naming. You may determine where the
rectified images shall be stored when using this mode using the ->Settings

command. Further more you may determine the image format (e.g. Tiff) and you may
add a prefix or suffix to the file name.
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Image size settings

With the button "Further settings..." you can adjust the properties of the rectified
image. You will be shown the optimal values for the number of pixels, image size
and pixel size/resolution. Optimal means that the image to be created contains
exactly as many pixels that a maximum of image information is available without
wasting memory at the same time.

“k Rectified image - Further settings I\ﬁ

Mumber of pocel = Image size
optimum

Image size that has to be set within an extemal image processing

Width 4011 Plesl ] @ 401 Pixel software in order to get the selected scale.
Height 1924 Pocel 1524 Pixel
Requires a memary capacity of 7.4 MB {unpacked). sxele forinpne siep §e| 10 i
Width 0.235402 Meters

Image size in AutoCAD

- Height 0112399 Meters
One AutoCAD unit equals one Meters -
Width 23.5402 Meters Image resolution

. Image resolution in DFI that has to be set within an extemal image

Height 11.2859% Meters processing software in order to get the selected scale.
Pixel size in AutaCAD if you change the DPI value, both the pixel size in AutoCAD and

the number of pixelz of the image will change.
The pixel size is calculated from the number of piels and

F\I;z?age size in AutoCAD. The image size in AutoCAD is Resolution 432 8001 P

If you change the size of a pixel, the number of pxels of Image background

the image will change automatically (and vice versa).
Background color | [ |
Pixel size 0.00587 Meters | oK |
Restore optimal = L]
The optimal pixel size is 0.00587 Meters. values I it | /@

L — ———

- Number of pixels in width and height: Here you can adapt these values
to your individual needs. The two values are always proportional to each
other, i.e. if you change the number in width, the number in height will also
change. Then the required disk space (calculated from the number of pixel
— uncompressed) and a message on how much disc space will be required
for the rectification result compared to the distorted image will be displayed.
The indicated disc space is an estimated value which can be much smaller,
depending on the selected file type. (e.g. JPEG). With images with a high
projective distortion, the file size can increase. In this case you should clip
the image before the rectification process and only rectify the relevant area.
To do so use the command ’'Image - Clip image’ (see command
reference).

- Image size in AutoCAD: This is the resulting representation size of the
image in AutoCAD units. In order to see the correct values here, you have
to indicate the equivalent of an AutoCAD unit in the drawing (e.g. Meter,
Millimeter, Feet...).
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Pixel size in AutoCAD: Optimal size of a pixel in AutoCAD units. Here you
can see how large a pixel of the rectified image would be in reality (e.g. on
the rectified fagade). This value can be adjusted. A higher value leads to a
smaller number of pixels and a lower resolution. Thus, it does not seem
preferable to decrease the optimal value.

Image size: The designations within this frame are only of interest if you
intend to further process the image outside your AutoCAD drawing (e.g.
editing and printing to scale in Photoshop or GIMP). You find details on this
in chapter 4.11 of this manual.

Image resolution: Indicates the resolution of the target image in DPI (dots
per inch). It results from the number of pixels, the pixel size and the image
size. Here too, an optimal value is offered which can be changed. The
number of pixels and the pixel size will then automatically adapt. In some
external images processing software packages this image resolution has to
be set in order to influence the image size in a way that the image can be
printed to the chosen scale. You find details on this in chapter 4.11 of this
manual.

Image background: Here you may define a background color for the
resulting image.

e Image size

Here you see the information on an image in a compressed way:

Image size Number of
in AutoCAD pixels

Image size; 24,3253 = 23.3230 3155 & 3025 Pizel]

M A 2.7 » Distorted Image

Required disc space
(uncompressed) and compared to
the original image

e Rectification factor

The rectification factor specifies the relation of rectified image area and distorted
image area at optimal resolution. The higher the projective distortion in the
original image, the higher is this factor. Usually this factor lies between 1 and 3.
Higher values are only to be expected with a very high projective distortion.

6. The Status Bar

At the bottom of the dialogue you will find a status line that provides you with
information concerning the current calculation status of the rectification. The following
messages are possible:

e ‘Rectification not determinable. Rectification parameters not complete.’
means that too few control points (less than four) were measured or activated,
respectively. The button Rectify will be inactive in this case.

e ‘Rectification determined’ means that exactly four control points were
considered for the calculation. A rectification is possible but no error check.
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e ‘Rectification over-determined.” means that more than four points were
assigned and a compensation calculation was computed. An error check is now
possible.

e ‘Error calculating boundary.” may have various reasons, generally it is a grossly
incorrect control point assignment.

The rectified image has a rectangular matrix just like the distorted image. During the
rectification process a more or less irregularly shaped image is formed. The
peripheral areas that come into being, because no image data of the distorted exist,
will be filled in with the currently set background colour of the AutoCAD drawing
surface. You can make this visible by clicking the image boundary of the rectified
image to draw a new boundary. New parts within the boundary will be filled with
current background colour.

The Image Position File

For each rectified image a file ‘FilenameRectifiedlmage_FileExtension.PPB’, in which
the image position information is stored, will be set up in the same directory. If you
have deleted the rectified image from your drawing by mistake you can reconstruct it
exactly with the help of this file and the command ‘Image - Load image’.

The Protocol File

In the same directory a file ‘FilenameRectifiedimage_FileExtension.PRK’ is set up for
each rectification as well. This protocol file in ASCIl format contains all important
information for each rectification such as name, size, resolution and scale of the
distorted and rectified image as well as rectification parameters, control point
coordinates and UCS definition.

Hint:

The rectified image will automatically be placed on the layer which you have defined
with the As-Built command - Settings... under Layer "LayerRectifiedlmages". If no
layer is defined (default) the image will be placed on the current layer.
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Rectification by control points - Rectification of maps and plans
(Polynomial transformation)

@.’\ Command name: Menu:
oy KUBT_PC_RECTIFYPOLY As-Built Photo

Map rectification by control points allows you to rectify scanned maps, plans or
ground plans. In contrast to the rectification of photos by control points this command
works with the mathematical approach of a polynomial transformation.

The practical procedure of a map rectification is largely the same as for the
Rectification of photos (Projective Transformation).

The polynomial transformation requires the setting of the so-called degree of the
polynomial. A polynomial of first, second or third degree can be used. However, you
have to decide whether the distortion is linear or ‘cannot be defined in detalil’.

Linear distortions can be the result of scanning errors (shear, compressive strain,
rotation), whereas undefined distortions are caused by storage of the object’s
material (paper, fabrics) over many years. The knowledge about these parameters is
important since it determines which degree of polynomial is to be used. Linear
distortions can be described by first degree polynomials, other distortions require
higher degree polynomials. Further details are to be found in section 4.5 Map
Rectification according to Control Points.

e — e —
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It is important to distribute defined control points equally throughout the map area to
be rectified. An over-determination is recommendable.

ik Rectification of maps and plans [Polynomial transformation)

=

Distorted image
File name:

Cument image size:

Current image resaolution:

E:Old_F'Projekte PhoToPlan-Schulun.. \DSCFOMY JPG

555814 x 41,6861 (2048 x 1536 Picel) / 12 MB
0.0271 per pixel

Tk

Rectified image

Rectification 1.0
Factor:

approee. 15 MB /1.3 x Distorted Image

Cortral points
MNumber Status  X(UCS)  Y(UCS) Z(UCS) Acti.. Deviat.. =
4 Unchanged 10.0003  30.0000 0.0000 fes 0.0237 |=
3 Unchanged 200003 255999 0.0000 Yes 0.0414 —
2 Unchanged 300003 299993 0.0000 Yes 0.0203
7 Unchanged 10,0002 200000 0.0000 es 0.0311
g Unchanged 200002 199999 0.0000 fes 0.0275
G Unchanged 300002 159998 0.0000 fes 0.0227
14 Unchanged 10,0001 10,0000 0.0000 Yes 0.0136 -
4| 1} F
] Plal Lt m —_— Standard deviation:
Aﬂd / Redefine \Le-) ACTIvale Llelete 0.0365

File name:  E\Old_F\Projekte’Pho ToPlan-Schulung®. . \DSCFO007 rJPG @

Image size: 36.5547x 288019 (2263 x 1783 Pxel)

Polynomial of

(7 1st degree
(71 2nd degree
@ 3rd degree

Cortrol points
reguired: 10

Conrtrol points
defined: 23

Rectification

[ Further settings ... ]

=

Rectification over-detemined.

It is not always possible to determine a meaningful rectification function, which is
most often the result of dissatisfactory distribution or an insufficient number of control
points. Another problem arises with second and third degree polynomials when the
edges of the map are too distant from the area which is described by a set of control

points. Therefore try to clip the map close to the control points.

Check your result: If you think that the rectification is inaccurate add more control
points and repeat the rectification process.
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H|nt The rectified image will automatically be placed on the layer which you have
defined with the As-Built command - Settings under Layer "LayerRectifiedimages".
If no layer is defined (default) the image will be placed on the current layer.

You will find information on the mathematical basics of the map rectification by
polynomial transformation on the next two pages.
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Map Rectification with As-Built Photo
The transformation equation for a single point P = (X, y) in the source image to
P‘=(x', y) in the rectified image is given like
this: X

X
X‘= @+ arX+ayy +agxXy + X
ar X + ag- X%y + ag Xy + apy’
y; = bO + bl'X + b2y + b3.x.y + ><
bax? + bs-xy + bey? + X
b7 + bg-X?-y + bg-x-y? + byoy® X
Black we have the linear (1% degree), X
red the 3" degree terms. {as...aio, b1...b1o} are
the unknown parameters of the transformation X
we have to calculate. For every pair (a;, bj) with
i>0 we need at minimum one control point.
(ao, bo) we get from the average translation.
In contrast to the projective transformation we
don’'t have a very good physical/mathematical
Unfortunately we have only the assumption of
a small, smooth (differentiable) transformation.
For those cases it has been established to use
polynomial equations to describe the
transformation. First we have to calculate the
parameters. Than — during the rectification
process of the raster image — we use the
same functions in the space between the I/\\ /\

s auy ey’ % x
additional blue the 2" degree and additional

model for the type of deformation of maps.

control points for interpolation.

What is the best degree?

See the figure on the right. The higher the
degree the less errors we get in the control
points. On the last sketch we have no errors at
all but (!) the space between the control points
will be deformed very strong. We would prefer
the 2™ degree in this example.

We have two ways to find the best degree.
Mathematical argumentation

The best degree is obviously the lowest degree with already a reasonable error. This
is the point where the curve in following figure has made a big step downwards:
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Error of
transformation
of the control
points

(average)

[
»

T_T degree

Best degree

The reason is that on this point (best degree) we have no over-adaption to the data.
In the space between the control points we will get a more linear interpolation in the
raster image. If the degree becomes too high we get unintended curves or even curls
in this spaces and in the area outside the convex hull of the control points.

Deformation driven argumentation

Here a summarized recipe for the decision of the best degree regarding the type of
deformation:

e If the deformation of the map is of a type that straight lines remain straight
lines we use 1% degree.
¢ |f the deformation makes curves of former straight lines and
o If the deformation has only one minimum
= and a symmetrical shape in one axis and we use 2" degree
= and not a symmetrical shape we use 3" degree.
o If the deformation has two local optima we use 3rd degree.
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Oriented Images — Image orientation

2l | Command name: Menu:

@F

PCIMGORI As-Built Photo

Image orientation means the process of positioning an image, taken with a camera,
within the three-dimensional space (CAD drawing) as it was, when captured. That
means the determination of camera position and photograph direction.

There are different possibilities. As-Built works with a method that uses control
points. Therefore you have to take the three-dimensional coordinates of at least ten
marked points (control points) at the same time that you are taking the photo. It is
important that you

a) have pictured all control points within your photo and that you can identify
them all (they are rich in contrast),

b) they are spread evenly across the image

c) the control points are also spread evenly across the 3D space that means that
they ought to have different depths.

d) Additionally every control point should be as even as possible, so there won't
be any mistakes when measuring with the total station. This is - because of
the lacking bundling of the laser beam - the case when measuring corners.

The most exact way to get control point coordinates is by measuring with a total
station. You may load the control points using the command ->Control points -
Import control points. Or you use the As-Built Total Station Interface to measure
the control points directly. Alternatively you may extract the coordinates from a laser
scanner point cloud.

Every control point has an individual control point number.

If the distortion does not have to be calculated automatically, the number of the
control points needed is reduced to six. This is the case if the image to be
orientated has already been undistorted or if the parameters of the distortion are
already known. If in addition the focal length of the camera and the size if the sensor
elements (pixels) are known one only needs a minimum of four control points for
the image orientation.

General procedure

According to your preferences you may execute the image orientation with one or two
viewports.

Image orientation with one viewport

1. Import/define control points (=Control points - Import control points or
Control points - Define control points).

2. Rotate the control points with the help of the 3D orbit (3DORBIT), so you
approximately look at them like form the camera position. All control points
contained in the image should be clearly visible.

3. Set UCS according to this view (= UCS - UCS from current view).
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4. Import the image to be orientated next to the control points (=Image - Load
image).
5. Start image orientation.

Image orientation with several viewports

1.
2.

5.
6.
7.

Select first viewport

Import/define control points (= Control points - Import control points or Control
points - Define control points)

Rotate the control points with the help of the 3D orbit (3DORBIT), so you
approximately look at them like form the camera position. All control points
contained in the image should be clearly visible.

Align control points according to current view (®UCS - UCS from current
view)

Select to second viewport
Import image to be orientated (->Image - Load image)
Start image orientation

If you are working with several viewports, please select the viewport in which the
image is to be imported previously to the start of the command.

Start the command.

The command will first switch to the parallel projection mode and the plan view for
the XY plane of the current UCS. The following window will open:
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ks
i’k Image orientation Iﬁ

Image to be orientated

File name: lj % k

Mumber Status X (WCS) Y {WCs) Z{WCS) Act... Deviation
Image orientation
| MNew |
| Edt |
« . b
Camera Close
Meters Camera parameter >
> ||

Orientated image

Results of Image orientation

Frienmted image has not yet specified |
=

Click on [Mew] or [Edit]. ’:rr g +

Heading "Image orientation™
Here you can generally state what you wish to do next.

e With [New] you start a new image orientation. An image selection which might
already exist will be dropped. When clicking on this button, you leave the window
and the following prompt appears in the command line:

Select image to be orientated or <Cancel>: (Select raster image in the drawing.)

Now the dialog returns. The control point list is empty and you may now assign
control points.

e With [Edit] you call up an orientation that has already been conducted and you
may then change it and/or process it again. The following prompt appears in the
command line:

Select image to be orientated or <Cancel>: (Click image at its frame.)
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The already assigned control points of this image orientation are displayed in the
list. An orientation can only be processed, when the according original image and
the oriented image are still present in the drawing.

e With [Cancel] you leave the dialogue. All changes are dropped. When you click
[Close] though, they will be saved.

e If you click [Create orientated image] the calculation of the oriented image starts.
The button is only active, if all requirements for an image orientation are met. The
orientation has to be definable (that is, enough control points were assigned in
advance) and all information according the oriented image has to be complete.

Heading "Control points”

The control point table has a central position. All control points, that have been
assigned to an image point and which are to be used for the respective image
orientation are listed here. Next to the object coordinates (WCS) of the control points
you will find information about the respective status, activation mode and the
positioning error here. Underneath the table are four buttons:
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r -
ik Image arientation @

Image to be orientated

File name: E:\0ld_F\Projekte\Bildorientierung\Fabrik\Tutorial\D. .. \DSC_0027. PG f 5 »
g Ir
Contral points (20) ﬁ
Mumber Status X (WCS) Y (WCS) Z(WCS) Act... Deviaton *

1 Unchanged -5.6380 18.6741 -1.3862 Yes =0.0133
2 Unchanged -2,1173 14,4558 -1.4884 Yes 0.0045
3 Unchanged -1.9888 149642  -1.3487 fes 0.0035
4 Unchanged 10562 12,4005 -1,5587 fes 0.0011
3 Unchanged -5.1735 18,1351 0. 1429 fes 0.0132
a
7
8

m

Image orientation

Unchanged -2,1257 14,4951 0,2683 fes 0.0039
Unchanged -0.8779 14,9337 6.2107 Yes 0.0074
Unchanged 1.1234 12,4894 5.9389 Yes n.oo03E -

I I

Edit

.y

[ Add [ Redefine ] (De-) Activate Delete Standalgr:lngg;iaﬁnn: cancel
Camera Close
Drawing unit: [Meters v] [ Camera parameter >> ]
Approximated location: @
Computed location: 4,2089, 0.0237, 0.03&60 {WCs)

Orientated image
File name:  E:\Old_F\Projekte\Bidorientierung\Fabrik\T...\DSC_0027_0.7PG [ M |

Results of Image orientation

. : : Create
mage orientation determined. Details + Orientated
Save ... image

e In order to assign the relevant control points in the image to be orientated, click
[Add/Redefine]. You get back to the drawing and are prompted as follows:

Select control point or [Number/Measure/Finish] <Finish>:

In the drawing click on the control point that you want to assign next. You may
alternatively enter the control point number or generate a new control point
directly. In order to do so use the options <Number> or <Measure>.

Now you have to assign the image point belonging to the control point within the
image to be orientated.

Option "Zoom window" turned on:
You will be prompted to enter a zoom region:
First point for zoom region to control point 17 or [Cancel] <Cancel>:
Second point for zoom region to control point 17 or [Cancel] <Cancel>:

Move the mouse over the image and draw a zoom window around the
according position of the image. If you do not want to zoom press the ENTER
key cancel it.
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Now you are prompted to assign the corresponding point within the image.

Image point for control point 17 or [Zoom window on/Connecting lines on/Cancel]
<Cancel>:

With the mouse click on the according position within the image to be
orientated. Afterwards the program zooms back to the previous view
automatically.

Option "Connecting lines" turned on:

You can see that control point and image point have been connected by a line.
This line is for clarity and for a better orientation during the assignment.

By selecting the option <Finish> you close the assignment and get back to the
rectification window.

e You may turn off single control points with the button [(De-)Activate]. Thus they
will not be used for the calculation of the orientation parameters. The control point
then reads "no" within the "Active" column.

e In order to delete a control point permanently from the list, use the [Delete]
button. Before deleting a point you have select it by marking its point number.

e You control the display of the connecting lines by the buttons j (turning

connection lines on) and ﬁ (turning connection lines off).

The "Deviation" column is of special interest. The deviation value is the distance of a
control point to the view ray (camera position - assigned image point). By selective
deactivation of several control points deviations during the assignment can be
detected. Finally the deviation results from the absolute position error when
measuring the control point, the allocation error within the image to be orientated and
its distortion. The "standard deviation" of all individual errors may serve as global
quality criterion.
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The "Status" column displays information whether the control point has been deleted
from the drawing or whether its position has been changed. If this is the case, an
according note will be entered and the point will be deactivated. If you reactivate it,
As-Built is calculating with its original point position for the image orientation!
If you want to use the new position of the control point though, you have to assign it
anew.

Heading "Camera"

Select the used drawing unit (the unit that matches an AutoCAD drawing unit). When
clicking on the [Camera parameter >>] button, the window extends and shows
options for the camera (see page 7-130). Besides that the coordinates of the
calculated camera position are displayed.

Occasionally the camera position may not be calculated automatically. In this case
the status line at the bottom of the dialogue will indicate "Image orientation is not
computable. Unfavourable input data." even though enough control points have been
assigned. This may occur, when — as advised — the control points are very close or
even very far from the camera position that is when they are spread evenly across
the area (a typical scenario for wide angle shots). In this case you will have to

estimate the camera position. Click the |l| button in order to state a point or
alternatively a control point within the drawing as estimated value for the camera
position. Since the image orientation algorithm is quite robust, a rough estimation

value is generally enough. In order to delete the ‘approximated location’ use the |£|
button.

Heading "Oriented image"

Select the file name of the oriented image. Use the buttons ] or [M] to enter name

and path manually. With the button (A you enable the automatic naming. You may
determine where the oriented images shall be stored when using this mode using the
- Settings command. Further more you may determine the image format (e.g. Tiff)
and you may add a prefix or suffix to the file name.

Heading "Results of image orientation”

The status of the calculation is displayed here. If any input is still missing or if the
deviation values are to large or if for any other reason the image orientation cannot
be calculated, you get an according message here. When all input has been done,
you get the message "Image orientation determined".

With [Details + Save...] you can display a detailed protocol. It is also possible to
save the calculated camera parameters into a VP2 file. You will find a detailed
description of the camera parameter file (VP2) in chapter 4.8.
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1tk Details of Image orientation ﬁ

Parameters of inner orientation

Image width [Pixels] 4288

Image height [Pixels] 2848

Lens length [rm] 50.000 (default wvalue)
Size of =sensor element X [pm] 15.526

Size of =sensor element ¥ [pm] 15.526

Sensor =size in X [mm] 66.576

Sensor =size in Y [mm] 44 215

REadial syvmmetric distortion

Principal point of image X [Pixels] 2144 .0
Principal point of image ¥ [Pixels] 1424.0
RO [Pixels] 1607.4
Kl [Pixzels] -1.5448184598e-008
K2 [Pi=xels] B.02606244016e-016
Principal point of image X [mm] 0.000
Principal point of image ¥ [mm] 0.000
RO [mm] 24.857
Kl [mm] -6.4083627742e-005
K2 [mm] 1.48445998127=-008

Radial asymmetric distortion

P1 [Pixels] 1.1073309956e-006
P2 [Pixels] 1.5942432265T7e-007
Pl [mm] T.1320153060e-005
P2 [mm] 1.2510673702e-005

Parameters of outer orientation

Camera position (WC5-X) 4. 2085

Camera position (WC5-Y) 0.0237

Camera position (WC5-Z) 0.0360

Viewing direction (vertical angle) is

Direction of wview (horizontal angle) S8

Viewing direction (twist angle) 273

[ Save camera parameters ] I Close

Following sketches shall explain the parameters of the direction of view.
Vertical angle:
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Z (WCS)
A

,#“""i N vertical angle
.- }K‘f plane (WCS)

Horizontal angle:

¢ horizontal angle
' > X (WCs)

Twist angle:
i A
270° 90°

Generating the oriented image
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If you are satisfied click on the bottom right button [Create orientated image]. The
oriented image will automatically be placed on the layer which you have defined with
the help of the command "Settings..." under Layer "LayerOrientedimages". If no layer
has been defined (default) the image will be placed on the current layer. In addition to
the raster image a file will be created which contains the parameters of the
orientation (*.ORI). The format of this file is explained on page 7-59.

After the calculation of the oriented image you are directly led to a perspective view
onto the oriented image. To navigate please use the mouse wheel (zoom) or the
pressed middle mouse key (wheel) in order to shift the view.

Check the assignment of the control points to the image points visually.

Thanks to the so called camera navigation mode you are able to navigate with the
mouse in this way at all.

Please note, that you cannot measure distances in order to check the accuracy of the
image orientation. It is easiest to estimate the deviation visually, when the dimension
of their control label is known.
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The radius of the control label in the example above is 10mm. The deviation of the
control point is therefore about 7mm.

In order to be able to move normally within the drawing you have to deactivate the
camera navigation mode. To do so call up the command ->Oriented Images —
CamNav on and select the option "off".

You may now look at the position of the newly oriented image in the orbit. Via the
scaling factor (to the focal length) within the properties of every oriented image you
can state in which distance to the camera position the oriented image shall be drawn.
The scaling factor should be big enough so the image is drawn behind all relevant
geometry. You may also simply use the command ->Oriented Images — Set size.

Heading "Camera parameters" within the extended window

You can open the extended window via the [Camera parameter] button under the
"Camera" heading.
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Lens length

One of the parameters of the inner orientation of a camera is the focal length of the
used lens. Usually you do not have to state it, it is set to 50mm by default.

Size of sensor elements (pixel)

The same goes for the statement of the size of a pixel of the sensor matrix of your
camera. The image orientation will automatically calculate them depending on the
stated or estimated focal length.

Distortion

In general the used images have distortion errors. The distortion of a lens will in most
cases be visible. When you look at the originally straight edges, they will be "bent" in
the picture. Especially in the border areas this effect is visible. There are lenses that
turn squares into a "pillow" (curvature to the inside) as well as lenses that turn a
square into a barrel (curvature to the outside). The degree of the distortion of an
image point depends on the distance to the principal image point. The principal
image point is that point in the image through which the axis of vision of the recording
system runs (usually the image center point).
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pulvinated distortion (pillow shaped) barrel-shaped distortion

Due to distortion errors the accuracy of an image orientation can fall off in quality.
Therefore it is highly suggested to determine the distortion parameters of the camera,
so they can be regarded for the calculation during the image orientation. There are
several ways to do so:

a) having the distortion parameters calculated automatically. That requires a
large number of evenly spread control point though "Parameters are
unknown (automatic detection)" or

b) you load them from a parameter file "Parameters are known (from file or
image)" or

c) you determine the distortion parameters directly within the image [Determine
parameters per definition of “lines” in the distorted image...]

a) Having the distortion parameters calculated automatically

This is the easiest and suggested method. Unfortunately it will not always work, due
to too less or unevenly spread control points. In such a case select one of the
alternatives.

b) Parameters are known — load them from file

Via the [Load parameters from file] button you may load certain distortion
parameters from a file (VP2 file) that was previously determined with PhoToPlan
(previous product) or As-Built. They will then be regarded for the calculation of the
image orientation. Caution: The distortion parameters are only valid for a certain
zoom level and focusing. If another focal length and shooting distance has been
used, the parameters have to be determined again.

Select a VP2 file appropriate for your camera system. This file may contain, next to
the distortion parameters, information regarding the focal length and the sensor size.
Then select the parameters to be applied.

'k Camera parameters to be applied li_E-J

Camera parameters

DSC_0028 ( ?l
K

[V Distortion parameters

[¥]Lenz length
50,000 mm

|| Size of sensor elements

15,484 pym
15.484 pm

B A

Sometimes you own a manufacturers calibration protocol for your camera system
containing all necessary information regarding the distortion and the parameters of
the inner orientation. Under certain conditions it is possible, to convert these
parameters into a VP2 file. Please contact FARO in such a case.
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c) Determination of the distortion parameters directly within the image

In order to determine the optical distortion you have to trace many straight edges
within an image. Of course the edges are only straight in reality. Within the image
they are, due to the optical distortion, more or less bent.

If you click the button [Determine parameters per definition of “lines” in the distorted
image...] the “Correction of lens distortion — Calculation of distortion parameters*
dialog opens. You find a detailed description of the dialog and of this method for the
determination of the distortion parameters within the command reference under
—>Rectification according to geometry - Correction of lens distortion.

Note: The value for the standard deviation bottom right of the control point list
should be significantly smaller when applying the distortion correction.

We recommend reading section 5.1 Image orientation of this manual thoroughly.
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Oriented Images — Load oriented image (kubit ORI format)

é]j Command name; Menu:

“U | oiLoAD As-Built Photo

With this command you can load an oriented image that exists in the kubit ORI format
into the current drawing file.

Please keep in mind that for the oriented images a lens distortion correction should
possibly be carried out as otherwise, due to the distortion, errors could occur when
evaluating.

By default the oriented images are put on the current layer. You may orientated
images yourself using the command ->Oriented Images — Image orientation. For
further details on the orientation process please refer to section 5.1 Image orientation
of this manual.

The kubit file format for oriented images
An oriented image consists of two files:
e animage file in a conventional format (e.g. JPEG, TIFF, BMP, PNG, ...)

e atext file (Extension ORI) that contains the parameters of the interior and exterior
orientation as well as the file name of the referenced image.

§ filename, "old_house. tif" .\
{! %r'ientat'ion,
gr 1.0, 0.0, 0.0, 1.0
g’ 0.0, 1.0, 0.0, 2.0
{’ 0.0, 0.0, 1.0, 3.0
i3 Reference
{ 0.0, 0.0, 0.0, 1.0
¥ ’ N
I8
1 camera,
%ubit,
g focal_length, 0.020
U image_center,
‘% 1543.443, 103
%, sensor_element_size,
1 a-G, 7e-6
i
¥
}
! > . i
' = el ool rlli'.li“i.lu. =
ol d_house. ori ol d_house. ti f

The orientation file (.ori) contains three important entries:

1. the file name of the referenced image
2. the camera position and its spatial orientation (exterior orientation)
3. the internal camera parameters (interior orientation)

All entries are separated by commas. If entries contain subentries, these are
enclosed in braces. Tabs, spaces and line breaks are ignored and only serve for a
better readability.
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File name of the referenced image
Syntax:

{fil enane, "ol d_house.tif"},

The file path must be indicated relative to the position of the orientation file (.ori).
Both files should ideally be stored in the same directory.

Camera position and its spatial orientation (exterior orientation)

Syntax:

{ orientation,

{ 1.0, 0.0, 0.0, 1.0

, 0.0, 1.0, 3.0

0.0, 0.0, 0.0, 1.0

e A e A e A e Ay
o
o

}
b

The matrix transforms (homogeneous) camera coordinates into (homogenous) world
coordinates. The last column ((1.0, 2.0, 3.0)" in this example) represents the
displacement vector.

The camera coordinate system is a right-hand-coordinate system (as usual in
AutoCAD), and is defined as follows:

The origin is the projection centre of the camera.

The Z axis corresponds to the optical axis.

The X and Y axes correspond to the image axes. The X axis runs from the left to the
right, the Y axis from top to bottom.

Internal camera parameters (interior orientation)

Syntax:
{ caner a,
{ kubi t,
{ { focal _| ength,
0. 020
H
{ i mage_center,
{ 1543. 443,
1038. 20
}
H
{ sensor _el ement _si ze,
{ 7e-6,

7e-6
}
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e focal |l ength is the focal length of the camera stated in meters

e imge_center IS the image centre in pixel coordinates. The image centre is the
point of intersection between the optical axis and the image plane. The origin of
the image coordinate system is the bottom (!) left corner. The X axis runs from the
left to the right, the Y axis from bottom to top.

e sensor_el ement _si ze IS the length of the edge of a single pixel element of the image
matrix in meters.
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Oriented Images — Import Agisoft PhotoScan project

[ @ Command name: Menu:
OIIMPORTPHOTOSCAN As-Built Photo

You can with this command load oriented photos and point clouds of an Agisoft
PhotoScan project into your AutoCAD drawing.

What does Agisoft PhotoScan do?

Agisoft PhotoScan creates a coloured point cloud, (if needed also textured) and a 3D
surface from a number of images that have been taken (following certain rules) of a
natural object and with PhotoScan Pro also 2D ortho-projections of your object.

With PhotoScan Pro you can also, for positioning and scaling of your scene, take
simple distance measurements, or use 3D points and the GPS information of your
camera.

How does Agisoft PhotoScan work?

Agisoft PhotoScan (www.agisoft.com) works - contrary to Autodesk ReCap Photo -
as an independent piece of software on your computer. An internet connection is not
required. However the hardware requirements lie on the workstation level.

The advantages of PhotoScan and especially PhotoScan Pro lie in the extensive
range of intervention and control possibilities during the creation, positioning and
scaling of your 3D model. This qualifies it for use in professional surveying and
documentation.

To obtain good results from PhotoScan we recommend that you take particular
attention of the tips and rules of the manufacturer for taking the photographs. The
guality of your PhotoScan project is decisive for the quality of the further processing
in As-Built.

What data can be exported from Agisoft PhotoScan and in what format?
The orientation data of the individual photos (cameras)


http://www.agisoft.com/�
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F:Ee Ed!t "l.l’:ew Workﬂmﬂ.ri Photo Help

BER 9 ® [ M EEEeCe S
Reference - Denze Cloud b
= @& =~ T [ Tie Points »
e i Markers 3
] [=] mG_9198.TIF Friport z
] [ G _9199.TIF
s Export 4 Export Texture...
] [%] MG_9200.TIF port Texture
[C] |2£] MG _9201.TIF Camera Calibration... | Export Cameras... |
] [=] mG_9202.TIF | Oatimite Cameras. Export Markers...
| IMG_9203.TIF
E IMG_QEDAI T Reset Region Export Matches...
i I @% Pref Export Masks...
7] [%] 1mmG_9205.TIF references...
[ IMG_8206.TIF ol e Export Panorama...
[ [E] mMG_9207.TTF LeE |(REUEOEART Undistort Photos...

1 [ MG 9208.TIF
Save the orientation data as “PhotoScan XML” files in the same folder as where you
placed the images. It is recommended to use the project name as the file name.
These XML files are required for importing into As-Built.

The dense point cloud

[ Brueckenpfeiler RAW_TIFF16.psz — Agisoft Photo
[File] Edit View Workflow Tools Phote H
D Mew Ctrl+M
= Open. Ctrl+ 0
Append...

Save Ctrl+5
Save As...

Export Model k
Export Points...
Export Orthophoto 2
Export DEM ]
Generate Report...

Upload Model...

1 Brueckenpfeiler RAW _TIFF16.psz
2 Milcany IPG.psz

3 Brueckenpfeiler.psz

4 kubit Villa masked calibrated.psz
5 Wehltirme SP.psz

Exit
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It is best to save the point cloud data as an “ASPRS LAS” file. Thereafter you convert
the LAS files with Autodesk ReCap into an Autodesk ReCap point cloud project
(*.rcp). Here also, give the project name as the file name and save this project in the
same folder as the images. This is only necessary if you also want to bring the point
cloud into AutoCAD.

Orthophoto (only in Agisoft PhotoScan Pro)

4 Export Orthophoto S
Projection
Type: @ Planar Geographic
Projection plane: [Top Xy - I
Rotation angle: IU - I
(@ Horizontal axis: ohen * | == [rechts -
Vertical axis: oben v | == |unten
Image
Blending mode: [Masaic {default) -

["] Enable color correction

@ Pixel size {m): 0.00345347 X
Metres... 0.00345347 Y

(71 Max. dimension {pix): 4095

[”] splitin blocks {pix): 1024 x| 1024

Region

[] Setup boundaries: -5,925 = | 5,793 ¥

-7.815 - | 13.828 Y

Total size (pix):

Write KML file [¥] Wirite Warld file

[Export... ][ Cancel ]

Sometimes it is useful to export an orthophoto (2D ortho-projection) of the model.
Don’t forget here to tick the box “Write World file”. When loading the image into
AutoCAD using the As-Built command “Load image”, the image will be correctly
positioned in the XY plane of the current UCS. You must have previously set the
correct UCS.
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Import an Agisoft PhotoScan Project into an AutoCAD Drawing
Start AutoCAD and call the PhotoScan import command from the As-Built Photo
menu:

Command: OIIMPORTPHOTOSCAN

A dialogue box appears to open a PhotoScan XML file. Here you should select the
XML file that you created over “Tools/Export/Export cameras..
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In the subsequent dialogue box you can set the unit of length for the photo project
and the drawing, and an offset when want to transfer from a national coordinates
system to smaller local coordinates.

By default a folder will be created “_kubit_oriented_images_[project name]” as a sub
folder of the folder of the images, in which the rectified images together with their
orientation data are also saved. You can change the name of this sub folder. This is
useful when you want, for example, to create multiple import variants with different
units of length and offsets.

i N
%k Properties of photo project &J
(20
Length unit of photo project Meters - |
|
Shift (XYZ)
= 0 =1 B =4
Length unit of the drawing Meters -
Mame of subdirectory for the oriented images
_kubit_oriented_images_Cameras
I ik J l Cancel |
L =

Hint: Remember or note the offset, in case the processing results have to be
delivered with the original coordinates. Enter positive offset values. The software
automatically subtracts them from the original coordinates. Care should be taken with
respect to the offset, when inserting your project into a drawing that is not empty, but
into a drawing that already contains some geometry.

The progress of the project import is displayed in the status bar:

Import Agisoft PhotoScan project

When the import is completed and there is to be found in the same folder as the XML
file (PhotoScan orientation data) an RCP file (ReCap point cloud project) with the
same name, you will be asked if this point cloud should also be loaded into the
drawing (Attention: This functionality is not available in AutoCAD LT):
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i — B
isoft PhotoSc i
Agiso otoScan project Lﬁj

'ﬁe' Load the point cloud into the drawing?

| Yes ][ No |

If everything is successfully completed you will be asked if the Image Management
should be opened.

e

Agisoft PhotaScan project

_"-I Import successfully finished.
9 of 15 images imported,

Open Image managernent 7

Sometimes not all selected images can be imported. This may happen if they are not
contained in the project file (.xml) or if it was not possible to orientate them due to
missing parameters.

If you answer with yes, the image management palette will open on the left
(=Oriented Images — Image management) and you will be looking, where
applicable, at your loaded point cloud:
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The import is now completed.
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Oriented Images — Import ReCap Photo project

éiﬂ Command name: Menu:

y OIIMPORTRECAPPHOTO As-Built Photo

You can with this command load oriented photos and point clouds of an Autodesk
ReCap Photo project into your AutoCAD drawing.

What does ReCap Photo do?

ReCap Photo creates quickly and automatically from an object many oriented
images, a meshed, textured 3D surface as well as a coloured point cloud. The only
thing that you have to do is - following certain rules - take a number of photos and at
least at one point measure a distance, to obtain scaled results.

To obtain good results from ReCap Photo we recommend that you take particular
attention of the tips and rules of the manufacturer for taking the photographs! The
quality of your ReCap Photo project is decisive for the quality of the further
processing in As-Built Photo. Don’t forget to scale your ReCap Photo project, before
you process it with our software.

How does Autodesk ReCap Photo work?

ReCap Photo is an internet based service from Autodesk, where you can transfer
your data (photos) over the internet onto the Autodesk server, let them be computed
there and then download the results over the internet onto your local computer.

Because of the extremely large amounts of data, you should have a fast internet
connection, both for uploading and for downloading.

Your data are and remain your own property. Access is password protected.

Autodesk ReCap Photo — Getting Started
Start ReCap 360 from your desktop and click on the “photo project” icon:

R AUTODESK RECAP 360"

scan project

photo project

The internet browser opens (https://recap360.autodesk.com/) and after logging in to
your Autodesk account you are on the landing page of the ReCap360 web service.



https://recap360.autodesk.com/�
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The user interface of ReCap 360 is very intuitive and easy to use. It is permanently
being improved.

We strongly recommend that you watch the introduction videos and that you read the
tutorials, thereby to obtain an insight into the mode of operation and the best way to
use ReCap Photo.

S A
“~i ‘l\
videos help examples feedback

ions

ReCap Hub support

Please also read the (not quite up-todate) “ReCap Photo Getting Started Guide”
(https://adsk-recap-

public.s3.amazonaws.com/Getting_Started Guide ReCap Photo.pdf). It contains
valuable information on how to capture useful photos for your project.

After you have uploaded your images, the service requires, depending on the
number of photos, up to several hours to carry out the computation. You will receive
a notification by email when the computation is finished.

Downloading the completed ReCap Photo project

After your project has been successfully computed, download the complete project
folder! from Autodesk 360 onto your local hard drive. You can also connect over
Autodesk 360 Desktop and directly access the project folder.

R AUTODESK® RECAP 360°

=
&

Ii'l share

0 resubmit

W

|2 downloads

photo to Eﬁ delete

3D
Bridge Dresden


https://adsk-recap-public.s3.amazonaws.com/Getting_Started_Guide_ReCap_Photo.pdf�
https://adsk-recap-public.s3.amazonaws.com/Getting_Started_Guide_ReCap_Photo.pdf�
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Startan=cht

ALLE DATEN

Maii =

1
* I

k]

The downloaded ZIP file contains all data, including the oriented images, and may be
a point cloud and/or a mesh:

(T:) » lJana » ReCapBridge_Dresden »

Mame

J images
3 Bridge_Dresden.obj.zip
|| Bridge_Dresden.rcm
@ Bridge_Dresden.rcp
|| Bridge_Dresden.xml
|| Bridge_Dresden_
|| S¥4olwi2BOMNXMeYWeBWog@YM5Tk=
|| ulgR9Z5gxYzul ez XROQLPzREVdd Mo =

Import a ReCap Photo Project into an AutoCAD Drawing

Start AutoCAD and call the ReCap Photo import command:
Command: OlIIMPORTRECAPPHOTO

A dialogue box appears to open a ReCap project file (*.rcp). Select the RCP file of
your project.
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In the next step you select the oriented images that are to be imported, that should
be found in the sub folder “Images”:
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In the subsequent dialogue box you can set the unit of length for the photo project
and the drawing, and an offset when want to transfer from a national coordinates
system to smaller local coordinates.

By default a folder will be created “_kubit_oriented_images_[project name]” as a sub
folder of the folder of the images, in which the rectified images together with their
orientation data are also saved. You can change the name of this sub folder. This is
useful when you want, for example, to create multiple import variants with different
units of length and offsets.
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e |
“k Properties of phot ject
'k Properties of photo project " ﬁ

Length unit of photo project Meters

Shift (XYZ )
= =1 B =4}
Length unit of the drawing Meters

Mame of subdirectory for the oriented images

_kubit_oriented_images_Cameras

Hint: Remember or note the offset, in case the processing results have to be
delivered with the original coordinates. Enter positive offset values. The software
automatically subtracts them from the original coordinates. Care should be taken with
respect to the offset, when inserting your project into a drawing that is not empty, but
into a drawing that already contains some geometry.

The progress of the project import is displayed in the status bar:

Import Autodesk ReCap Photo project

When the import is completed and there is to be found the same folder as the RCP
file (ReCap project) an RCS file (ReCap Scan) with the same name, you will be
asked if this scan should also be loaded into the drawing as a point cloud (Attention:
This functionality is not available in AutoCAD LT):

Autcdesk ReCap Photo project: [ﬂJ

I:el Load point cloud into drawing 7

[ Ja J | Mein |
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If everything is successfully completed you will be asked if the Image Management
should be opened.

4 Import successfully finished.

Open kubit Image management ¥

If you answer with yes, the image management palette will open on the left

(=Oriented Images — Image management) and you will be looking, where
applicable, at your loaded point cloud:
l"_-'-'r-mfu.!'d;".- e gl T.-._.._-.__u:'_r.ﬂf!:'::'l':-f_._'_-l:'- ] i S - - “;. =
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The import is now completed.



Command Reference

7-75

Oriented Images — Image management

Menu:

[ = | onm

l Command name:

As-Built Photo

This command either opens or closes the As-Built Image Management for oriented

images.

The image manager simplifies the handling of multiple oriented images and image
processing with more than two images in an AutoCAD drawing. It has two tabs:
“Oriented images” and “Settings”.

Oriented images

IMAGE MANAGEMENT

Viewport
B0 ) [ Large | —
Smal g

ﬁ"‘ Show in Camera Navigation mode

Scale image(s) “small”

Scale image(s) "large”

Load image(s)
Detachimage(s)

Show/hide in 20 visual style

Show/hide awasliany lines
Load additicnal images

Sort by file name

Current viewport configuration

Oriented images list

Right click context
menu for
highlighted image(s)

From here to sort around the object to the right
From here to sort around the object to the left

Show as image list
Show as names list

Mark all

Unmark all
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Viewport:

The thumbnail shows how the current drawing is split in viewports. The current
viewport has a thick border. To change the current viewport, either click in the
viewport itself or on its thumbnail.

A small text and coloured highlighting shows how the oriented images in this viewport
are displayed in the camera navigation mode:

Small (orange) — The image lies in front of the drawing geometry — it hides them.

Large (red) — The image lies behind the drawing geometry — the geometry is visible in
front of the image. This scaling happens only if there is already is some geometry in
the drawing. When you have later created some geometry, simply click again on the
[Large] button for this viewport. The view is then refreshed.

None (grey) — no oriented images are displayed in this viewport. The geometry is
displayed in 2D mode.

The properties for the active viewport can be changed by clicking the buttons [Small],
[Large] or [None].

The button [>] opens the AutoCAD dialogue box to configure the viewports.

Image list:

Shows all of the available oriented images. These are those that are either to be
found in the folder that has been selected in the tab “Settings” under “Additional
directory for oriented images”, or the oriented images that are already loaded into the
drawing.

If the image has a thin border, it means that is loaded into the drawing.

If the image has a thick border, it means that is displayed in a viewport in camera
navigation mode.

Images with a blue background are marked images. It is — when desired — possible to
mark multiple images.

If the cursor hovers over an image, the file name of the image will be displayed in the
view mode “Image list”. Should you wish to display the full path, change (using the
right click context menu) to the view mode “Names list”.

If you right click on an image a context menu opens with more commands, that relate
either to the highlighted image or are just normal commands:

e Show in Camera Navigation mode (alternative: double-click the image)

Displays the highlighted image in camera navigation mode in the active viewport.
The size is dependent on the viewport properties. Should there previously have
been an image in the active viewport that was already in camera navigation
mode, then the camera navigation mode for this image will be automatically
ended.
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e Scaleimage(s) “small”

The image will be scaled “small”. If the image is currently displayed in camera
navigation mode, then the viewport properties will also be simultaneously
changed.

e Scale image(s) “large”

The image will be scaled “large”, that means that the existing geometry will be
hidden. If the image is currently displayed in camera navigation mode, then the
viewport properties will also be simultaneously changed.

e Load image(s)
The highlighted images will be loaded into the drawing and scaled “small”.

e Detach image(s)

The highlighted images will be fully removed (detached) from the drawing and
memory.

e Showr/hide in 2D visual style
The highlighted image will be shown in 2D wire frame mode or hidden.

e Showr/hide auxiliary lines

The auxiliary lines from the image corners to the camera viewpoint will be
shown/hidden for the highlighted images.

e Load additional images
Load additional oriented images into the drawing. These will be scaled “small”.

e Sort by file name

Sorts the image list by file name, that means, in most cases by the order in which
they were taken.

e From here to sort around the object to the right

Sorts the image list geometrically around the photographed object. “Right” is to be
understood as from the viewpoint of the photographer, so anticlockwise in relation
to the object.

e From here to sort around the object to the left
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Sorts the image list geometrically around the photographed object. “Left” is to be
understood as from the viewpoint of the photographer, so clockwise in relation to
the object.

e Show as image list
Shows the image list with small preview images.

e Show as names list

Shows the image list as the file names of the images.

e Mark all (alternative: Ctrl+A)
Highlights all of the images in the image list.

e Unmark all

Removes all of the highlighting in the image list.

Point information during image processing

When 3D points are calculated from two or more oriented images, the associated
quality information is displayed on the bottom edge.

y

o4

[F4]

Average distance: 0.0037 m
Maximum distance: 0.0037 m
Maximum angle: 147

This information gives you a quick control of the quality of the calculated 3D point.
Should the distance appear too large or the angle too small, then you can repeat the
observation.
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Settings

KUBIT IMAGE MANAGEMENT

Additional directory with oriented images: Here select a folder with oriented images.

[K:\,tempEGrisma‘l,_ReCap Photo F':: "] B E

Clears the folder with oriented images. And
thereby removes the images from the image list.

When swapping, unload the image

previously shown in the viewport

[ 1mage evaluation with two image When you only want to pick points from two
images to calculate the 3D points, when
Multi image evaluation processing the images, then you should tick this
Maximum allowed box. Thereby the prompt “finish” is not displayed
distance of the 0.0500 m after picking the second point and the workflow is
image rays quicker.

Minimum allowed
angle of the 10 =
image rays

’ 30 protocol points onjoff ]

Here you can select the colour of the epipolar
’ Epipolar lines off ] ’ Colour... | lines.

Dock the image manager on the left, lower or
right edge.
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Details on how to use the image manager when processing multiple images can be
found in sections 5.3 and 5.5 of this manual. Details on the meaning of distance and
angle between the image rays can be found in Command Reference page 7-101 ff.

Note: When opening the image manager the system variables UCSVP and
UCSFOLLOW are both set to 0 in all viewports of the current drawing, if at least one
of the viewports is in camera navigation mode. The same applies when changing
drawings and when the image manager is open, into a drawing with active camera
navigation and by changing the viewport configuration through the image manager.
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Oriented Images — CamNav on

Command name: Menu:

Ild"
@ OICAMNAV As-Built Photo

This command switches the current AutoCAD view to the camera navigation mode.

This new way of navigation has been especially developed for the work with
orientated images. In the camera navigation mode the position of the viewer is put
into the projection centre of an orientated image and kept. The viewer sees the
drawing with "the camera’s eye".

Proceed as follows to switch on the camera navigation mode:
Command: OICAMNAV
Select image: (Select an oriented image, which is to be place on the view)

The camera navigation is activated in the current window.

You may use the command > Oriented Images — CamNav off to switch the camera
navigation mode off.

Camera navigation

You may navigate (almost) as usual with the mouse or the camera navigation
commands while in the camera navigation mode.

mouse action command

-

zoom turn mouse wheel N
5] Oriented Images — CamNav - Zoom

move the view | hold middle mouse )
key and move [£] Oriented Images — CamNav - Pan

mouse

rotate the view | CTRL + hold middle
around line of | mouse key and
vision move mouse up and
down

I'_E?II"I Oriented Images — CamNav - Twist

change image | CTRL + scrolling | "Scale" property of the oriented image
size (move | mouse wheel
image forward
or backwards)

If the camera navigation is activated for a viewport, all other AutoCAD navigation
commands (e.g. ZOOM, 3DORBIT, PAN,...) as well as commands which change the
view, are deactivated for that viewport. The changing of all AutoCAD system
variables that could possibly change the view incorrectly, is prevented. If you, by
mistake, should leave the correct view, just set it again with this command.

Besides that, you may use the "Oriented Images — CamNav - Zoom" command with
the option "image" any time in order to get back to the view.
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Oriented Images — CamNav off

'E" Command name: Menu:
@ OICAMNAVOFF As-Built Photo

This command switches the camera navigation mode of the current viewport off
without any prompts.
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Oriented Images — CamNav - Zoom

+ | Command name: Menu:

OICAMZOOM As-Built Photo

With this command you can zoom when the camera navigation mode is enabled.

You may alternatively zoom with the mouse wheel.
Command: OICAMZOOM
First point of [Image/Window/nX]: (Select the first corner of the zoom window)
Second point: (Select second corner of the zoom window)

Command: OICAMZOOM
First point of [Image/Window/nX]: | (Select the "Image" option in order to zoom
to the complete image)

Command: OICAMZOOM
First point of [Image/Window/nX]: 2x (Enter a zoom factor, followed by an "x")

|

1 gl

I
H
&
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Oriented Images — CamNav - Pan

4%; Command name: Menu:

@ OICAMPAN As-Built Photo

With this command you can pan the view when the camera navigation mode is
enabled.

You may alternatively hold the middle mouse key and move the mouse — just like the
common AutoCAD pan.

Command: OICAMPAN

Press ESC or ENTER to exit! (Press the left mouse key, hold it and move the mouse.)
(Press the ESC or ENTER key in order to end the command.)
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Oriented Images — CamNav - Twist

:) Command name: Menu:
OICAMTWIST As-Built Photo

With this command you can rotate the view around the viewing direction.

Alternatively you may rotate the view by pressing the CTRL key and holding the
mouse wheel down while moving the mouse back and forth.

Command: OICAMTWIST
Select new twist angle <24>: 0 (An angle of 0 refers to the
original orientation of the oriented image.)
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Oriented Images — Set size

Command name: Menu:
@ OISETSIZE As-Built Photo

With this command you set the size in which one or more oriented images are to be
displayed.

Command: OISETSIZE
Select oriented images <All>: (Select one or more oriented images
or press the ENTER key in order to select all)
1 selected; display selected images large (in background) or small [Large/Small] <Small>:
(Select "Large" in order to display the selected
images behind all AutoCAD graphics and

"Small" or ENTER key in order to reduce the images.)

The selected images are displayed in the set size.

"Large" means:

The images are displayed large enough — seen from the camera — that they are
placed behind all AutoCAD graphics (except the oriented images themselves).
Therefore all AutoCAD graphics is displayed correct in position in front of the images,
when working in the camera navigation mode.

"Small" means:

The images are scaled, so the distance of the centre of projection to the principal
image point equals 20 times the focal length.

Hint:

You may also adapt the size of the images manually, e.g. in order to avoid
overlapping of several oriented images.

e Within the camera navigation mode: by pressing CTRL + scrolling the mouse
wheel. The scroll direction corresponds to the direction the image is moved to
from the observers point of view.

e Changing the "scale" property within the AutoCAD properties window of the
oriented image manually. The value is a manifold of the focal length. Therefore 3
means 3 times the focal length.
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Example
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The oriented image — here in camera navigation mode (CamNav) - is small (size
factor 20). It lies in front of the control points and therefore hides them.



7-88 Command Reference

i i . T PEE b e S, T

Ve Nl ard Farrrai Teetz TN s 4 ‘e AElcRedD “Fanellhaut i Dazime

- 'l-*m#*r-'f—'ri H‘ —-"fm ﬂn—
W

RS L 12]]s

[Fcdbaps 0
S or sl e widsh 1

The oriented image — here in camera navigation mode (CamNav) - is large (size
factor 563). It lies behind the control points so they are shown at correct position in
front of the image.
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Oriented Images — Show/hide in 2D visual style

! E Command name: Menu:
2D | OISHOWIN2D As-Built Photo

With this command you set whether the oriented images are to be displayed in the
AutoCAD visual style “2D wireframe” or not.

This is useful, when you have set an overview (like top view, isometric view, ...)
within an AutoCAD viewport, where the display of, possibly very large, oriented
images would be interfering.

Command: OISHOWIN2D
Select oriented images <All>: (Select one or more oriented images
or press the ENTER key in order to select all.)
1 selected. Show or hide oriented images in 2D visual style [Show/Hide] <Hide>:
(Select "Show" in order to show the images
in the visual 2D wireframe and select "Hide" or

press the ENTER key to hide the images)
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Oriented Images — Show/hide auxiliary lines

|—_| Command name: Menu:

G OISHOWLINES As-Built Photo

With this command you can turn the display of the auxiliary lines (pyramid from the
center of projection to the image corners) on and off.

Command: OISHOWLINES
Select oriented images <All>: (Select one or more oriented images
or press the ENTER key in order to select all.)
1 selected. Show or hide auxiliary lines [Show/Hide] <Hide>: h (Select "Show" in order
to show the auxiliary lines of the selected images
or "Hide" or the ENTER key in order to hide the auxiliary lines.)

J lines shown
—

i
5

b ket et} g

[[-'\- Fikmeesilis - Ao~ 00F)

J lines hidden
~
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Image Modeling — 3D Drawing - Settings

& | Command name:

Menu:

; IMDRAW3DCONFIG

As-Built Photo

With this command you select the objects and commands for which the 3D drawing is

to be active.

-

ik 30 Drawing - Settings

=

Objects | Commands |

30 Drawing

surface,

Mo surface selected!
2 oriented images selected.

3D Drawing is not available. Please insert at least one oriented imags inthe drawing and select at least of 2 OFiented  images

Status information for
3D drawing.

exist within the

drawing. Further
surfaces have to be
selected.

Add surface objects:
e  kubit layers
e  kubit cylinders

Remove
objects.

You may add new objects

all

at any time.

surface

-~

[ \:%dd Surfaces...

I Remove all

\f. foucan activate 30 Drawing in
Q/:_| AutoCAD's drawing status bar.

[

oK

| I Cancel
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Objects | Commands

,rﬁ' 3D Drawing - _

3D Drawing

30 drawing is available.

2 sufaces selected.
1 kubit Plane(s)
0 kubit Cylinder(s)
1 AutoCAD suface(s)

2 oriented images selected.

|

Add Suraces. . |

[ Remove |

You can activate 30 Drawing by switching the button 30 Drawing” in the drawing status bar.

Two surfaces have been
added, the 3D drawing is
now activated.

@ k

|____ You can activate 30 Drawing in
7 AutoCAD's status bar,

[ ok || cancel

1k 30 Drawing - Settings.

Commands

Activate 30 Drawing for the following AutoCAD commands:

Available commands:

Active commands:

Add command

Global command name |

Command group . [ _4

Add

Command name Command group Command name Command group
LINE AutaCAD
POINT AutoCAD
ADPOLY AutaCAD
INSERT AutaCAD
-INSERT
ucs AutaCA]
L
"active commands"

You can activate 30 Drawi
AutoCAD's drawing status H

If one of these commands
is started, image rays will
intersect with the selected
surfaces and the
calculated point is returned
to AutoCAD.

[ oK

| [ Concel
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[ -
1%k 3D Drawing - Settings M

Objects.| Commands

Activate 30 Drawing for the following AutoCAD commands:

Awailable commands: Active commands:
Command name Command group Command name Command group
ucs AutoCAD LIMNE AutaCAD
INSERT AutoCAD sy FOINT AutaCAD
-INSERT AutoCAD -3 3DPOLY AutaCAD

» \

. Move commands between
the lists "available
commands" and "active

) commands".
-
Add command | ?15"
Global command name JDFACE Here yOU may add further
- an AutoCAD commands -
Command group MUC&D' .Q/:’_r' AutoCAD's dlﬁ\\'ing o even Comm-and-s from
| Add ] : AutoCAD applications — to
— the list of available
commands.
[ ok || cancel |

ik 30 Drawing - Settings

e

Objects | Commands

Activate 30 Drawing for the following AutoCAD commands:

Available commands:

Command name Command group

ucs AutoCAD

INSERT AutoCAD B
JANSERT AutoCAD

MY_COMMAND

Femove

Add command

Global command name |
Cammand group

Add

Active commands:

Command name Command group

LINE AutoCAD
FOINT AutoCAD
3ADPOLY AutoCAD
3DFACE AutoCAD

The "3DFACE" command
has been added to the list
of activated commands.
The "MY_COMMAND"
command from an
AutoCAD application has
been added to the list of
available commands.

% “fou can activate 3D Draw
4}_[ AutoCAD's drawing status

| 0K || Cancel

|

The command lists (available and activated) are saved to the As-Built configuration

file and apply to all drawings.
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The selected objects and the current status of the 3D drawing are saved in the
AutoCAD drawing.

Within the status bar you can turn the 3D drawing on and off.

On/off switch for the 3D
drawing within the status

bar.
&8
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Image Modeling — Prepare viewports

% Command name: Menu:
OISETVP As-Built Photo

As already described in chapter 5.3 of this manual at least two oriented images have
to be loaded into the drawing in order to use the multiple image drawing. It is helpful
to open at least two AutoCAD viewports for the images in which you alternately click
corresponding points. Furthermore it is recommended for each viewport to set the
camera navigation to the displayed image. Additionally the display size of the
oriented images should be set in a way that the graphics to be generated are not
covered by them (=>Oriented Images — Set size) and the auxiliary lines should be
turned off (=>Oriented Images — Show/hide auxiliary lines). The manual preparation
of viewports can make sense but it also is time consuming and quite an effort.

This command is a short cut for the preparation of the AutoCAD screen for the 3D
drawing with multiple oriented images. You are prompted to select two oriented
images:

Command: OISETVP
Select first oriented image: (Click first oriented image.)
Select second oriented image: (Click second oriented image.)

Please note that always in the second image the geometry is shown in front.

Following window for the definition of the alignment of the viewports opens after you
selected the images:

-
‘K Select viewport configuration &J

@ Two viewports: (e
Yom
(7 Three viewparts /@k
g B
N R 5

m
3 1 W

(s

BB
27

l oK J

After confirmation with OK As-Built automatically creates the viewports.

In the viewports with the oriented images the camera navigation mode is set to the
respective image. The images are scaled in a way that at least in one viewport the
three dimensional geometry drawn is displayed in front of the oriented image. The
auxiliary lines of both images are turned off and in the three-viewports-mode an
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additional viewport is generated, where the development of the geometry can be
observed and checked. In this viewport the 2D Wireframe style is automatically turn
on and the oriented images are hidden in order to keep the view on the geometry
clear.

You may now use the commands for the multiple image drawing which are described
in the following sections. You find further information in chapters 5.3 and 5.5 of the
manual.

Hint: Use the ->Image Modeling — Reset viewports command in order to restore
the original view status.

If you have changed the UCS during the multiple image evaluation it is better you first
activate the viewport with the geometry and then use the AutoCAD command from
the menu ‘View' = ‘Viewports’ -’1 Viewport'.



Command Reference 7-97

Image Modeling — Reset viewports

Command name: Menu:

@ OIRESETVP As-Built Photo

If you used the command ->Image Modeling — Prepare viewports for the
preparation of the AutoCAD screen, you may reset the screen to the state it had
before you ran ->Image Modeling — Prepare viewports by using this command.

Of course you may also reset the AutoCAD screen manually by means of the
AutoCAD commands for viewports. This task can be quite time consuming though,
since you have to turn off the camera navigation, turn the auxiliary lines of the
oriented images on again (= Oriented Images — Show/hide auxiliary lines) and,
where applicable, adapt the image size manually (=>Oriented Images — Set size).

If you did not use the command ->Image Modeling — Prepare viewports for the
preparation of the viewport this command does not have any effect.

Caution!

If you added further viewports manually after you used the command - Image
Modeling — Prepare viewports these viewports get lost if you run this command. If
you changed the UCS during the multiple image evaluation, this new UCS does not
stay current.
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Image Modeling — 3D point

Command name: Menu:

‘MPT2P As-Built Photo

This command returns a 3D point to the AutoCAD command line. This 3D point
results from the intersection point of image rays which were clicked within two or
more oriented images.

Image rays  with The intersection point
calculated intersection results from the center of
point. the virtual shortest line

between both rays.

e

AE

There have to be at least two oriented images within the drawing or the image
management has to be open so the function can be called up. Otherwise a warning
message pops up.

&)
1

It is recommended to work with viewports and for each view port set the camera
navigation to the corresponding image (->Oriented Images — CamNav on). To

prepare the screen the >Oriented Images — Image management command is very
helpful.
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Example

A drawing with two oriented images, which show the same object and which were
taken from different camera positions.

WO e | | i Nl S

. : ﬁ,‘_ :
. '\C

T !

Now call up an AutoCAD command, e.g. "LINE"
Command: LINE
State first point: ‘IMPT2P

(When ever AutoCAD expects a point you may enter it directly or use the function 'MPT2P to
calculate the spatial intersection.)

. —
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>>> Specify point on oriented image or [Cancel] <Cancel>:

(Click a point in one of the oriented images; green circle in the right image. The click point in the
first image is always highlighted by a magenta coloured cross. This is meant as aid to memory.
It disappears after clicking in the second oriented image.)

>>> Specify point on another oriented image or [Back] <Back>:

(Click a point in another oriented image; red circle in the left image)

Now do the same for the other points of the line. The displayed plane has been
generated by clicking points within both images by using the ->As-Built Modeler —
Modeling — Fit Plane command. You may also use the command ‘IMPT2P to insert
AutoCAD blocks for instance.

If you have not enabled the option “Image evaluation with two images” in the image
management, the command IMPT2P finishes not automatically after you clicked in
the second image. Instead you may click the same point in further oriented images
and thus improve the accuracy.

>>> Specify point on another oriented image or [Finish/Back] <Finish>:

After having clicked in further image you finish the command line prompt by pressing
ENTER.

- Pa
p . ™. Epipolarline

Image left ! Image right

The epiplolar line helps you finding the corresponding point in the second image. It
always lies on the epiplolar line. This fact is especially useful when you want to
digitize linear or curved objects that have no exactly distinguishable single points.
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You may toggle the visualization of the epipolar line on/off by using the button ]EI in
the lower right of the AutoCAD statusbar or by clicking the according button on the
“Settings” tab of the image management. If you use more than two images in addition
to the epipolar line a circle is displayed after you clicked in the second image. The
point clicked in the next oriented image has to lie inside this circle.

To avoid inaccuracy and errors when assigning the image points you may set
thresholds for the maximum distance and for the minimum spatial angle between the
image rays. This is done on the “Settings” tab of the image management (- Oriented
Images — Image management).

The distance and the angle between the image rays are explained in the following
paragraphs.

Distance between the image rays

shortest line
(=Distance) between
two image rays

The threshold for the maximum allowed length of the shortest line applies for a
distance of 10 metres from the camera position.

Following warning pops up if the maximum distance is exceeded:
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Intersecticn &J

The distance between the projection rays [ ]
{0.4453) is above the threshold (0.1). The /@
required precision is not achievable.

Do yous still want to accept the point?

es
Here the distance values refer to the drawing unit which is set within the As-Built

settings under “System®. This warning message does not appear if the second point
was click on or close to the epipolar line.

Depending on the project it might be necessary to change the threshold (unit meters).
An aerial photo or a satellite image need other tolerances than a detailed photo of a
facade element.

Spatial angle between the image rays
The second tolerance value refers to this angle. It is given in decimal degrees.

If the angle wfalls below the default minimum angle wnin, you receive following
warning:

Intersecticn &J

The angle between the projection rays (18)is [ ]
below the threshold (20). The required precision /%
is not achievable.

Do you still want to accept the point?

Yes

(e ]
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The angle values of the message are given in the angle units currently set in
AutoCAD.

As-Built draws a protocol block for every point that is created by multiple image
evaluation. The blocks are drawn on a specific layer which is hidden by defaul.

0.0257
5/

The upper attribute of the block is the maximum distance between the image rays
while the lower attribute shows the minimum angle between them.

You may show/hide the protocol block by pressing the button on the “Settings” tab of
the image management (=>Oriented Images — Image management). In the
- Settings in the section ,Layer* you may define the name of the layer the software
puts the protocol blocks on. The name of the variable is “Layer3DMultiimgPoint* and
its default value is ,3DMULTIIMGPOINTS".

Hints:

(1) If you cannot see the drawn graphic within the images, this most likely results
from the fact that the images are in the front. Use the [Large] button of the image
management in order to place an image behind the AutoCAD graphic.

(2) If both images overlap adapt the image size using the properties window or the
mouse (CTRL + scrolling the mouse wheel) manually.

(3) There are native FARO commands available for the 3D drawing of geometry like
lines, 3D polylines, 3D splines, 3D circles, and 3D circle arcs. Those commands
help you to draw easier and faster than using the transparent 3D point command.
They are described in the following sections.

You find further information on 3D drawing with two oriented images in chapter 5.3 of
this manual.
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Image Modeling — 3D line

d

Command name: Menu:

IMDRAW3DLINE As-Built Photo

This command facilitates the drawing of a 3D line by means of oriented images. For
every point of the line you consecutively have to click corresponding points in two or

more
point

different oriented images. It does not matter in which image you click the first
of the pair. To finish the command press ESC:

Command: IMDRAW3DLINE

Specify first point for line:

>>> Specify point on oriented image or [Cancel/Back/Point snap] <Cancel>:
>>> Specify point on another oriented image or [Cancel/Back]<Cancel>:

>>> Specify point on another oriented image or [Finish/Cancel/Back]<Finish>: F

Specify point for line:
>>> Specify point on oriented image or [Cancel/Back/Point snap] <Cancel>:
>>> Specify point on another oriented image or [Cancel/Back]<Cancel>:

>>> Specify point on another oriented image or [Finish/Cancel/Back]<Finish>: F

Specify point for line:

>>> Specify point on oriented image or [Cancel/Back/Point snap] <Cancel>:
>>> Specify point on another oriented image or [Cancel/Back]<Cancel>:

>>> Specify point on another oriented image or [Finish/Cancel/Back]<Finish>:

>>> Specify point on another oriented image or [Finish/Cancel/Back]<Finish>: F

Specify point for line:
>>> Specify point on oriented image or [Cancel/Back/cLose/Point snap] <Cancel>:
>>> Specify point on another oriented image or [Cancel/Back]<Cancel>:

>>> Specify point on another oriented image or [Finish/Cancel/Back]<Finish>: F

Specify point for line:

>>> Specify point on oriented image or [Cancel/Back/cLose/Point snap] <Cancel>: L

You also have the option to snap points of existing AutoCAD objects and use them

for th

e line.

>>> Specify point on oriented image or [Cancel/Back/cLose/Point snap] <Cancel>: P
>>> Specify or snap 3D point:

(the object snap is now enabled and you may snap for instance an existing line end)
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For closing the line run use the [cLose] option.

There have to be at least two oriented images within the drawing or the image
management has to be open so the function can be called up. Otherwise a warning
message pops up.

To avoid inaccuracy and errors when assigning the image points you may set
thresholds for the maximum distance and for the minimum spatial angle between the
image rays. This is done on the “Settings” tab of the image management (- Oriented
Images — Image management). The distance and the angle between the image rays
are explained more detailed on page 7-101 of this command reference.

Hints:

(1) It is advisable to work with viewports where camera navigation is set to the
respective image (- Oriented Images — CamNav on).

(2) If you cannot see the drawn graphic within the images, this most likely results
from the fact that the images are in the front. Use the [Large] button of the image
management in order to place an images behind the AutoCAD graphic.

(3) If both images overlap adapt the image size using the properties window or the
mouse (CTRL + scrolling the mouse wheel) manually.

(4) The command ->Oriented Images — Image management is very helpful for
preparing the screen.

You find further information on 3D drawing with two oriented images in chapter 5.3 of
this manual.
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Image Modeling — 3D polyline

; Command name: Menu:

IMDRAW3DPOLY As-Built Photo
This command facilitates the drawing of 3D polylines by means of oriented images. It
works the same way as the command ->Image Modeling — 3D line.
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Image Modeling — 3D spline

N Command name: Menu:

IMDRAW3DSPLINE As-Built Photo

This command facilitates the drawing of 3D splines by means of oriented images. It
works the same way as the command ->Image Modeling — 3D line.

Please note, that the starting tangent and the end tangent correspond the spatial
direction in the start point respectively the end point. During the command the lines of
the tangents are shown. The spline is only displayed after the command is finished.

Possibly you have to edit the spline later.
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Image Modeling — 3D circle

D Command name: Menu:
IMDRAW3DCIRCLE As-Built Photo

This command facilitates the drawing of a 3D circle via exactly three points that lie on
its perimeter by using oriented images. The points should — if possible — have a
distance of 120° in relation to the circle centre.

It works the same way as the command - Image Modeling — 3D line. But there is no
visualization of the circle during the point inquiry.
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Image Modeling — 3D circle arc

Zﬂ/-" Command name: Menu:
IMDRAWS3DCIRCLEARC As-Built Photo

This command facilitates the drawing of a 3D circle via exactly three points that lie on
its perimeter by using oriented images. The first and the last point define the start and
the end of the arc.

It works the same way as the command ->Image Modeling — 3D line. But there is no
visualization of the circle during the point inquiry.
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Image Modeling — 3D cylinder

ﬁ Command name: Menu:
IMDRAWS3DCYLINDER As-Built Photo

This command helps measuring a cylinder without the cylinder needing to have
distinctive surface structures.

An Example:

Command: IM_DRAW3DCYLINDER
First image - Point for cylinder top left:

>>> Specify point on oriented image or [Visualisation/Back] <Back>: (click image point)
First image - Point for cylinder top right:

>>> Specify point on oriented image or [Visualisation/Back] <Back>: (click image point)
First image - Point for cylinder end left:

>>> Specify point on oriented image or [Visualisation/Back] <Back>: (click image point)
First image - Point for cylinder end right:

>>> Specify point on oriented image or [Visualisation/Back] <Back>: (click image point)
Second image - Point for cylinder top left:

>>> Specify point on oriented image or [Visualisation/Back] <Back>: (click image point)
Second image - Point for cylinder top right:

>>> Specify point on oriented image or [Visualisation/Back] <Back>: (click image point)
Second image - Point for cylinder end left:

>>> Specify point on oriented image or [Visualisation/Back] <Back>: (click image point)
Second image - Point for cylinder end right:
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>>> Specify point on oriented image or [Visualisation/Back] <Back>: (click image point)

It is important that you hit the rim of the cylinder as exactly as possible. But it does
not matter if you do not get the start or the end of the cylinder as accurate — those
values are averaged. The extend of the cylinder can be edited easily after the
cylinder has been created. Ensure that the cylinder axis is fixed when changing its
length.

Of course this method is limited. If the cylinder broader than it is long or if its
beginning and its end lie close to each other then the direction of the cylinder axis
becomes less definite.
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Image Modeling — Define UCS with minimum 3 points

l = Command name: Menu:
IMSETUCS As-Built Photo

If you want to digitize objects on planar surfaces (e.qg. flat facades) during the multiple
image evaluation, it can be beneficial to chose a different strategy. Therefore you
define a UCS with its XY plane in the plane of the facade. Now you may use native
AutoCAD commands like LINE or RECTANGLE to draw on this facade.

Of course you do not draw on the facade itself but on the XY plane of the new UCS
with Z value zero.

The As-Built command IMSETUCS helps you to create such a UCS very easily. The
sequence of points which is prompted in the command line is shown here with an
example.

-5: Y-axis o
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Command: IM_SETUCS
Point for origin:
>>> Specify point on oriented image or [Cancel/Back/Point snap] <Cancel>:

(click image point)
>>> Specify point on another oriented image or [Cancel/Back] <Cancel>:

(click image point)
Point on positive X axis:
>>> Specify point on oriented image or [Cancel/Back/Point snap] <Cancel>:

(click image point)
>>> Specify point on another oriented image or [Cancel/Back] <Cancel>:

(click image point)
Point with positive Y co-ordinate in XY plane of UCS:
>>> Specify point on oriented image or [Cancel/Back/Point snap] <Cancel>:

(click image point)
>>> Specify point on another oriented image or [Cancel/Back] <Cancel>:

(click image point)
Further point:

>>> Specify point on oriented image or [Cancel/Back/Point snap] <Cancel>: *Cancel*

ELEVATION was set to 0.

For the definition of the new UCS you simply have to state three points in the image
which lie on the new drawing plane (facade). You do it in two oriented images. Thus
you have to click six times. To improve the accuracy you may of course state more
points. The drawing plane is then computed as average plane.

The meaning of the values for the angle and the distance is explained in more detail
on page 7-101 of this command reference.

You find an introduction to the creation of 2D plans of structured facade using
oriented images in chapter 5.5 of this manual.

Note: When running this command the system variables UCSVP and UCSFOLLOW
are set to 0 in all viewports of the current drawing.
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Image Modeling — Set drawing elevation to XY plane UCS

@ Command name: Menu:
IMSETELEVATION As-Built Photo

Like already described for the command Image Modeling — Define UCS with
minimum 3 points it sometimes is helpful to draw directly on the XY plane of the
UCS during multiple image evaluation.

There is another trick to speed up drawing. If there are for instance parts of a facade
which are parallel to the main fagade (like windows, doors, ledges) you do not have
to define a new UCS for digitizing those parts. You simply set the drawing
ELEVATION to a value which corresponds with the distance to the main fagade.

As-Built provides the command IMSETELEVATION which makes it easy to set the
elevation during the multiple image evaluation. The sequence which is prompted in
the command line is shown here with an example.
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Command: 'IMSETELEVATION
Point for ELEVATION (Z co-ordinate in UCS):
>>> Specify point on oriented image or Elevation [Cancel/Reset] <Cancel>:

(click image point)
>>> Specify point on another oriented image or [Cancel] <Cancel>:

(click image point)
ELEVATION was set to -0.2625.

You merely click one and the same point in the new drawing plane in both oriented
images.

The meaning of the values for the angle and the distance is explained in more detail
on page 7-101 of this command reference.

You find an introduction to the creation of 2D plans of structured facade using
oriented images in chapter 5.5 of this manual.

Note: When running this command the system variables UCSVP and UCSFOLLOW
are set to 0 in all viewports of the current drawing.
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Image Modeling — 3D dimension

,ﬁ Command name: Menu:
IMDRAWS3DDIMENSION As-Built Photo

With this command you can determine and dimension the spatial distance between
two points. The 3D dimension will always be aligned with the current view and thus
will be readable.

First point for dimension:

>>> Specify point on oriented image or [Cancel/Back/Point snap] <Cancel>:
>>> Specify point on another oriented image or [Cancel/Back] <Cancel>:
Second point for dimension:

>>> Specify point on oriented image or [Cancel/Back/Point snap] <Cancel>:
>>> Specify point on another oriented image or [Cancel/Back] <Cancel>:

The 3D dimension is meant for quick determination of distances and the presentation
of spatial situations.

It is always displayed in the current text style and with the current As-Built dimension
size. The latter depends on the settings for the drawing unit and the block size factor
under = Settings section “System”.

The 3D dimension is by default put on the layer “3DDIMENSIONS”. But you may
change the layer under = Settings section “Layer *“.

Hint: You may print the 3D dimension infront of the oriented image in camera
navigation mode using the AutoCAD command. Doing so it is important that you
enable the suitable viewport and that you ensure the visual style of the viewport is no
wireframe.
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Image computations — Merging of images...

Command name: Menu:
]
|_J KUBT_PC_MONTAGE As-Built Photo

This command serves for melting more than one separate image to one complete
image. It is used for combining more than one single rectification to one image plan.
The projection plane is always the XY plane of the current UCS.

ik Merging of images @

Source images

Image Drawing order . ?\'
Name Region L %
SouthemFacadel rif defined | Add @ At top : k

@ SouthemFacade? rtif defined ——— Move shove
= | Move below
=] gegenemte Merging
— drawing
E At bottom New

| Cptions ...

Automatic brigthness comection

Lietine

(vT]

Cancel

T

!
i
ol
It

it

Close

Merged image
File name: C:\lUsers‘grscha®Documents bt T, \SouthemFacade1_r_m tif @

Image size: 23 BERGx 10.8710 (4011 = 1850 pel)
approee. 7.1 MEB

I Further settings ... I Merge

e

Heading "Merging"

e With [New] you define a new merging. A previously existing image selection is
discarded.

e With [Edit] you can call up the montage settings of a previously merged image.
After a security check you can also switch to the UCS of the selected image
montage.

e With [Cancel] you leave the dialogue. All alterations are discarded. With [Close]
they are stored.

e With [Merge] you will start the assembling process. This button is only activated if
all requirements for image merging are fulfilled: at least one image has to be
selected in order to merge and all statements concerning the assembled image
have to be complete.
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Images to be merged

Here all images to be merged are entered. With [Add] or [Delete], respectively, you
may set up the list. The following call appears in the command line when you click on
[Add]:

Choose source image or <Cancel>: (click on image’s periphery)

In the drawing the software will draw a rectangular frame around all selected images.
It will represent the size of the merged image.

Order of display

The images to be merged will be displayed in the drawing as they are listed in the
image list of the montage dialogue. The image on top in the list will also be the image
on top in the drawing. If you mark (select) an image in the list, it will also be
highlighted in the drawing.

You can change the order of display by selecting an image from the list and “to top“,
“to bottom“ etc. With overlapping image areas only the upper image will become
visible.

Options

Under Options you can enable a number of further functions for merging images.

( “k Cptions I&JW

Merging options o=
[7] Create separate images ( %k
[] Remove source images from drawing

[ Hide merged image(s)

Image quality

[] Fade over images | 8] |

[¥7] Automatic brigthness comection |m

e If you click the check box ‘Create separate images’ for each image to be merged
an extra image with the image size of the complete merging is generated. You
may overlay these separate images as a layer in an external image processing
program and design the cutting edges and transitions by hand (see chapter 4.11).
The image name of a separate image will be:

‘ImageNameMergedimage_Image NameSourcelmage’.

e ‘Remove source images from drawing removes these images from the
AutoCAD-drawing but does not delete them from your hard disk.

e ‘Hide merged image(s)’ removes this/these image(s) immediately after the
assembling from your AutoCAD-drawing but does not delete it/them from your
hard disk.

e ‘Fade over images’ merges images through partial overlapping. In contrast to
picture a) a softer merging, which can compensate global differences in
brightness (b), is achieved. Satisfactory results can only be achieved as long as
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the image content of the overlapping areas coincide. Otherwise the result will
appear blurry or double exposed. You should only decide for this option when it is
impossible to adjust overlapping areas through brightness adjustments of the
individual pictures. For brightness and contrast adjustments of an entire image,
you can use the AutoCAD function ‘Adjust image’. Picture c) shows the result
without ‘Fade over’ option. This result was achieved with ‘Adjust image’.
However, this process demands a great deal of computer performance. Thus the

c)

Automatic brightness correction adjusts the mean brightness and colour level
of all images to be merged. In the main dialogue there will be a separate area for
the definition of the image regions that are needed for the adjustment.

—Automatic brigthneszs conection

Drefine image region I

With this button you can access the image,
where you will be asked to define an image
region with a polygon.

With this button you can delete a previously
defined image region.

-@ | Set/delete ref%

T
Delete image region _J:_’J

With this option you may select one of the
images as reference. The image region of this
image is decisive for the brightness of the whole
resulting merged image. If you do not set a
reference image an average value for the
brightness is calculated.

Source images

I ame: | Region |
Sudfazsade2_ent..  defined < A new column that shows whether an image has
Sudfazsadel_ent.. defined already been selected will appear in the list of the
images to be merged.

Different brightness and colour levels of images of one and the same object are
very common in praxis. Only changing the angle of the lens relative to the
projected surface leads to different brightness and colour levels. If there is also a
different position of the sun or overcast skies, the brightness and colour levels are
bound to deviate. The same is true when using different devices.

The automatic correction function can only be used for the same or very similar
objects. These can be images of e.g. facade plaster-surfaces, brick work or road
surfaces - all objects with a relatively homogeneous surface (texture). However,
trying to adjust brightness and colour levels of a meadow with flowers and a piece
of brick work seems less sensible.

As images to be merged usually contain not only areas of the surfaces that are to
be merged (e.g. brick work) but often also pieces of a meadow, the sky or a
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window opening, you have to indicate which regions should be considered when
the program runs the automatic brightness and colour correction. You have to
define a piece of reference structure (e.g. brick work) on every individual image. If
you do not define such an image region, the whole image will be used as
reference region.

You can, of course, also try to adapt the brightness manually. Either you use an
external image processing program or the As-Built function “Adapt image“.
However, with very large sets of images or a high degree of exactness, this
process may become time consuming and tiresome. Therefore, we have
developed the automatic brightness correction.

b

pa ) —

Example with individual images, all of which show almost the same surface structure
(cobblestones) — without defined reference regions: (Source: GS Rilievi, Project Pavimenti,

Italy)
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Two rectified
images that have
different levels of
brightness due to
different conditions

Montage with automatic
brightness correction but
without defined image
regions.

Due to the different character

Montage with automatic
brightness correction and with
defined image regions (marked
red in the left image). The
brightness correction works

correction fails. cobblestones.

Example with images that show different surface structures (street surface, curbs, doors, people
etc.) without defined image regions (Source: GS Rilievi, Project Pavimenti, Italy)

Merged image

File names

Before you can start the rectification process, you have to enter a file name for the

rectified image. Use the buttons [«] or [] to enter name and path manually.
BMP, TIFF, JPEG and PNG are at your disposal as are file formats for the

rectified image. With the button (A you enable the automatic naming. You may
determine where the merged images shall be stored when using this mode using
the ->Settings command. Further more you may determine the image format
(e.g. Tiff) and you may add a prefix or suffix to the file name.

Extended settings

With the button "Further settings..." you can adjust the properties of the rectified
image. You will be shown the optimal values for the number of pixels, image
size and pixel size/resolution. Optimal means that the image to be created
contains exactly so many pixels that a maximum of image information is available
without wasting memory at the same time. If necessary, you can also adapt
values to your individual needs. For further details on this dialog please refer to
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page 7-37 (Rectification by control points - Rectification of photos (Projective
Transformation)) of this command reference.

Image size

Here you see the information on an image in a compressed way:

Image size Number of
in AutoCAD pixels

Image size; 243263 & 23,3230 [3155 » 3025 Pisel]

approx. 3.1 B £ 2.7 w Distarted Image

Required disc space
(uncompressed) and compared to
the original image

In addition to each assembled image a file
‘FileNameAssembledimage_FileExtension.ppb’, in which the image position
information is stored, is stored in the same directory. If you have deleted the merged
image from your drawing by mistake you may restore it with ‘Load Image’.

For the peripheral sections that come into being during the image merging the same
rules as for the rectification are valid: They will be filled with the currently set
background color of the AutoCAD drawing area.

An Example:

The merging of two images X.pg and Y.png to Merged.tif with the option
‘Create Separate Images’ leads to the following files in your target directory:

Merged_ X.tif
Merged_X_tif.ppb (image information file)
Merged_Y.tif
Merged_Y _tif.ppb (image information file)

If you process Merged _X.tif and Merged _Y.tif in an external image processing
program (e.g. Photoshop) and generate an image Processed.tif from them with
the same size you may position it exactly again in AutoCAD. In order to do so
you will have to rename the image information file Merged_X tif.ppb or
Merged_Y _tif.ppb into Processed_tif.ppb.

The image that is created during the merging is always laid into the XY-plane of the
current UCS. The selected images that do not lie in this plane are projected
perpendicular on it and thus probably displayed shortened. The merged image looks
thus exactly like the top view of the current UCS.

Note: If you merge images that stand at a very wide angle to the UCS and they will
appear strongly shortened, the number of pixels suggested automatically and thus
the required disc space will increase immensely. In this case reduce the number of
pixels manually.

Hint: Once you have clipped parts of an image you might use this command to
calculate a new image out of this. The hidden parts of the image are then deleted.
The parts without photo information are filled with the background colour currently set
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in AutoCAD. In order to do so accomplish an image merging with only one image. .
Please do NOT activate the merging option "Create separate images".

Note: The merged image will automatically be placed on the layer which you have
defined with the command - Settings under Layer "LayerMergedimages". If no layer
is stated (default) the image will be placed on the current layer.

Hint: You may also use the ->Image computations — Merging of images...
command for merging scanned maps and plans. If you have bitonal images (one
color and white or transparent background) of plans of different content for the same
object — e.g. layout plans from different times or at different conditions — you may
superpose these plans by merging them. Please also refer to the information given in
chapter 2 Supported Image Formats
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Image computations — Edit prismatic surface

S

Command name:

Menu:

PCEDITUNWRAPSURFACE

As-Built Photo

Using this command you may define the extend of a prismatic surface in extrusion
direction.

Command: KUBT_PP_EDITUNWRAPSURFACE

Select prismatic surface (2D polyline, line, circle, circle arc):

Lower boundary of surface:

Point in drawing or [in oriented Image] <in oriented Image>:

Upper boundary of surface:

Point in drawing or [in oriented Image] <in oriented Image>:

The selected prismatic surface does not have to have a “thickness”. Optionally you

may also click points in oriented images:

2D polyline (with “thickness*

dark red area)

top end

lower end

For more detail on the application of this command please refer to chapter 6.2

Unwrap prismatic surfaces of this manual.
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Image computations — Unwrap cylinder

@ Command: Menu:
PCCU As-Built Photo

This command is for the unwinding of photos of cylindrical surfaces into the plane,
mainly for the generation of 2D image plans. Additionally already existing CAD
graphic, lying on the cylinder, can be unwound.

Please refer to chapter 6 of this manual for the requirements and inputs for this
command.

When you start the command for unwrapping cylinders the following dialogue opens:

kubit Cylinder o
Reference point on the cylinder surface |: ?\.
——— Zk
@ using image point inside an oriented image
Side to unwrap 7 3D point projected to cylinder surface
@) Qutside
]
[ Futher settings to unwrap cylinder ... J
[T Unwrap CAD geometry Settings ... Select objects <
[¥] Unwrap image data:
kubit Oriented images [ kubit PointClouds Projection
Mame Add [] Automatic brightness correction _
Delete Automatic brightness correction

Define image region

Delete image region

[r3n | Set i delete reference
Overlapping options f' L

Unwrapped image

i . Cancel
File name: E] A
Close
Image size: =
Further settings
ro cylinder defined. pjcztp'i- ;::.5'1
ojecaor

Heading "Projection”

Here you can state what to do next.
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e With [New] you start a new unwinding of cylinders. A possibly existing image
selection and other inputs will be dropped.

e With [Edit] you can recall an existing unwinding of cylinders and you can then
change and/or process it again. The following prompt appears in the command
line:

Select unwrapped image or <Cancel>: (Click image on frame.)

The previous settings are displayed. An image unwinding can only be edited,
when the respective unwound image and the underlying oriented image still exist
in the drawing.

e You exit the dialogue with [Cancel]. All changes are dropped. If you exit using the
[Close] button the changes will be saved.

e With [Unwrap] you start the calculation of the unwound image and/or the
unwound CAD geometry. The button is only active, if all conditions for an
unwinding are complied with: A kubit cylinder has to be selected and the
reference point has to be stated.

Heading "kubit Cylinder"

Select a kubit cylinder from your drawing. It represents the cylindrical lateral surface
to be unwound. You may also generate a kubit cylinder by using for example the
—>As-Built Modeler — Modeling — Cylinder command.

Side to unwrap:
Here you state, which side of the cylinder barrel has been photographed.

outside inside

Reference point on the cylinder surface:

The reference point states that point on the cylinder barrel, at which the unwound
image will be positioned. Opposite of the reference point the lateral surface of the
cylinder will be split open and unwound into the image plane.
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The reference point can be defined in two different ways:

| Using image point inside an oriented

S~ image. This is the easiest and most
natural way. With AutoCAD orbit you
turn the drawing, so you are looking at
an oriented image, which pictures the
cylinder. Now, within the image, you
simply click on the point of the
displayed cylinder that is to serve as
reference point. You do not have to run
the camera navigation mode.

R 3D point projected to cylinder surface.

In order to do so you snap a point or
select a control point alternatively. That
point will now orthogonally be projected
onto the cylinder axis. The piercing
point on the lateral surface of the
cylinder is the reference point.

[Further settings to unwrap cylinder]

Following window opens when you click that button. Here you can determine the
position and alignment as well as the width of the unwrapped result.
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s — =
A Further settings to unwrap cylinder i |i y ’ &J

Position and orientation of the unwrapped obijects Width of the unwrapping

@ at the cylinder () parallel to XY plane of the current UCS @ complete perymeter of the cylinder

I relative to reference point:

Lo |
I Cancel
— —_—

The unwrapped result can be aligned and positioned at the cylinder. A new UCS will
be set, the origin of which will be in the previously defined reference point. The Y-axis
runs parallel to the cylinder axis through this point on the barrel, the X-axis
perpendicular to it, as shown in the sketch. With this, the image plane has been
defined.

Alternatively the unwinding result can be generated within the drawing parallel to the
XY plane of the current UCS. The unwound image (and where applicable also
unwound CAD geometry) will be shifted, so that the previously defined reference
point will be at the position within the current UCS, that has been selected here.

W

Furthermore, the width of the unwrapping is determined within this window. By
default always the complete cylinder circumference will be unwound. But since this is
not necessary or wanted for many applications, it is possible to set the unwinding
width manually. The basis for this information is the reference point on the cylinder
barrel.

"Unwrap CAD geometry"

When you enable this option, you can hit the [Select objects] button and select CAD
geometry to be unwound like AutoCAD points and lines or curve-like objects. These
are scanned, according to the scan width defined under [Settings...], projected to the
cylinder barrel and then exactly unwound into the image plane.
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Click on [Settings...] in order to set the scan width for curve-like objects and in order
to state, if the initial geometry is to be deleted after the unwinding.

I 8
1k Unwrap CAD geometry from cylinder surface &J
Settings F—
After dicking Unwrap' you are immediately prompted to \ 2 L/
select the geometry to be projected. /@

': Remove original geometry after unwrapping

During the projection process curved linear objects have to
be scanned with a certain interval:

Scan interval:  0.1000 AutoCAD units
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"Unwrap image data"

Enable this option, if you want to generate an unwound image (enabled by default).
The unwound photo gets the image information from one or several oriented images,
on which the cylindrical surface is shown.

wrmore I =
lubit Cylinder o,
Reference point an the cylinder surface |: ? {
| Select cylinder ... ‘ \(/ ) L k
@) using image point inside an oriented image
Side to unwrap () 3D point projected to cylinder surface
@) Outside
[ Futher settings to unwrap cylinder ... I
Unwrap CAD geometry [ Settings ... l [ Select objects <

Unwrap image data: LolzEsseaie

kubit Oriented images / kubit PointClouds Projection
Name Region - Add Automatic brightness correction
D5C_0008_o.JPG defined Delete Automatic brightness correction
(BDSC_0007 0.0PG  defined | _
DSC_0009_o.JPG - 1 Define image region
DSC_0010_o.JPG -
DSC 0011 0.JPG ~ e Delete image region

DSC_0012_0. 76 ) ) ] @ Set | delete reference
DSC 0013 0.JPG - = | |Cwverlapping options e
1| 0 | v

Unwrapped image

File name: D:\Demo_schreibgeschitzt\PhoToPlanLitfalsaule\DSC_0008_o_cu.JPG @
Image size:  3.9014 x 3.4793 (405 x 361 pixel) )
approx. 571 kB Further settings
rarameters of projection determined.
projection

Heading "kubit Oriented Images”

This heading contains the list of the oriented images, which are to be used as source
data for the developing unwound image. In addition to the buttons "Add" and "Delete"
you can use the arrow keys to change the order of the entries.

Hint: Use the command "Clip image" to cut out unneeded or "bad" image parts from
the oriented images before the unwinding. For cylindrical surfaces this is necessary
in many cases, since very different illumination and reflexes are more likely to occur,
than for a plane.



Command Reference 7-131

The currently set background colour of the AutoCAD drawing area is used for those
area of the unwound image, which have no colour information from an oriented
image.

Overlapping options:

A point on the cylinder barrel can be shown in several oriented images. With the help
of the overlapping options you determine, how to handle the different image data.

i~ — -
¢k Cverlapping options [i_"_?_]

Overlapping behavior

@ Use image data with best angle of inddence
"1 Average image data according to angle of inddence

"I Preferably use image data of oriented images from the top of the list

(7 Create separate images

L

Let's take a closer look at the meaning of the single overlapping options.

Oe

O; and O, are two oriented images in the above picture. n is the surface normal,
which builds the angles ®; and o, with the two view rays of the oriented images.

Option "Use image data with best angle of incidence ":
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The image data with the smallest angle o is used. For this as well as for the following
options it is assumed, that the oriented images have a similar shooting distance and
about the same resolution.

Option "Average image data according to angle of incidence ":

The image data is averaged according to their angle of incidence . A smaller angle
gets a higher importance.

Option: "Preferably use image data of oriented images from the top of the list":

The image data of oriented images which are at the topmost position in the list, are
used for the resulting image. That way you can determine, which images are to be
preferred as source for the colour information.

Option "Create separate images":

One unwound output image is generated per oriented image. All output images lie at
the same position and have the same size. They may now be put on top of each
other as image planes and be merged manually using with an external image editing
software (see chapter 4.11). The file names for the individual images are defined as
follows:

{path and file name of the unwound image} {file name of the oriented image}.{file
extension of the unwound image}

Automatic brightness correction

Activate this option, when colour and brightness of the used oriented images are to
be adapted to one another.

Please read the part "Automatic brightness correction” from the command "Image
computations — Merging of images... " (page 7-119ff)

Heading "Unwrapped image"
e File name

Before you can start the unwrap process, you have to enter a file name for the

unwrapped image. Use the buttons [ or @ to enter name and path manually.
BMP, TIFF, JPEG and PNG are at your disposal as file formats for the unwrapped

image. With the button A you enable the automatic naming. You may determine
where the unwrapped images shall be stored when using this mode using the
- Settings command. Further more you may determine the image format (e.qg.
Tiff) and you may add a prefix or suffix to the file name.

e Further settings

With the [Further settings..]" button you can adjust the properties of the unwound
image. The optimal values for the number of pixels, image size and pixel
size/limage resolution will be displayed. Optimal means that the image to be
created contains exactly as many pixels that a maximum of image information is
available without wasting memory at the same time. If needed it is possible to
adapt the values to your requirements. You can find further information regarding
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the individual settings under Rectification by control points - Rectification of
photos (Projective Transformation) (page 7-37).
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e Image size
Here the information regarding the unwrapped image is summarized:
Image size in AutoCAD units (image size in pixels)
Demand of memory space (uncompressed)

The status bar

The status bar is at the bottom of the window. It displays information about the
current calculation status of the unwinding and if applicable missing input.

Hints:

The unwound image will automatically be placed on the layer, which you have
defined with the command "Settings..." under Layer "Unwrappedimages". If no layer
is stated (default) the image will be placed on the current layer.

The unwrapped geometry will by default be placed on the same layer as the source
geometry. With the = Settings command under Layer >“Layer suffix for unwrapped
geometry”“ you may state a layer name extension. The software will then create a
copy of the source layer to put the unwrapped geometry on. The name of the new
layer is the name of the source layer plus the suffix.

Additionally to every wunwound image a file "FilenameUnwrappedimage-
_FileExtension.PRK will be generated in the same directory. This protocol file in
ASCII format contains all important information for every unwinding of a cylinder like
information regarding the used cylinder, the names and paths of the used oriented
images, set options as well as name, size, resolution and measurements of the
unwound image.

The computation of the unwrapped image may take a few minutes. The time depends
on:

the number of used oriented images,
the clipping of these images,

the size of the unwrapped image,

the processor power of your computer.
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Image computations — Unwrap surface

Command: Menu:
PCPU As-Built Photo

This command is for the unwinding of photos of prismatic surfaces into the plane,
mainly for the generation of 2D image plans. Additionally already existing CAD
graphic, lying on the surface, can be unwound.

What are ,prismatic surfaces"?

=

Prismatic surfaces have a baseline (AutoCAD elements: line, arc, circle, rectangle,
2D polyline) with a thickness (object height). These 2D elements are usually drawn
on or parallel to the XY plane of the current UCS. This way the XY plane is the datum
plane of our object while the Z axis is the extrusion direction. The extents of such a
surface in Z direction are defined by the thickness property.

x
fr ’Polyline *] + & | [
= General &
Color M Bylayer
Layer 0
Linetype ByLayer
Linetype scale |1
Plot style ByColor
Lineweight ByLayer
Transparency  |Bylayer
Hyperlink
Py lhickness m
g_ 3D Visualization -
o M
Current Vertex |1

The 2D polyline is the most universal object. It may contain a combination of straight
und curved segments or may also be completely fitted as curve or spline. With a 2D
polyline almost all prismatic surface shapes can be represented or at least
approximated with sufficient accuracy.

The unwrap command refers to such “prismatic surfaces” as Projection surface.
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Please refer to chapter 6.2 of this manual for the requirements and inputs for this
command.

When you start the command for unwrapping prismatic surfaces the following
dialogue opens:

W I =
kubit Cylinder .
Reference point on the cylinder surface |: ? i
| Select cylinder ... ‘ ,,/' ) . k
@) using image peint inside an oriented image
Side to unwrap (7} 3D point projected to cylinder surface
@) Dutside
[ Futher settings to unwrap cylinder ... I
Unwrap CAD geometry [ Settings ... I [ Select objects <

Unwrap image data: Liiaisasene

kubit Oriented images [ kubit PointClouds Projection
Name Region B Add Automatic brightness correction
D5C_0008_o.JPG defined Delete Automatic brightness correction
(BDSC_0007 0.0PG  defined |
D5C_0009_o.JPG - 1 Define image region
DSC_0010_o.JPG -
DSC 0011 o.JPG ~ =— Delete image region

DSC 0012 0. PG ) . . @ Set [ delete reference
D5C 0013 0.JPG - = | |Owverlapping options e
1| i | »

Unwrapped image

File name: D:\Demo_schreibgeschitzt\PhoToPlanLitfafsaule\DSC_0008_o_cu. JPG @
Image size:  3.9014x 3.4793 (405 x 361 pixel)
approx. 571 kB Further settings
rarameters of projection determined.
projection

Heading "Unwrap surface"

Here you can state what to do next.

e With [New] you start a new unwinding. A possibly existing image selection and
other inputs will be dropped.

e With [Edit] you can recall an existing unwinding and you can then change and/or
process it again. The following prompt appears in the command line:

Select unwrapped image or <Cancel>: (Click image on frame.)
The previous settings are displayed. An image unwinding can only be edited,

when the respective unwound image and the underlying oriented image still exist
in the drawing.
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e You exit the dialogue with [Cancel]. All changes are dropped. If you exit using the

[Close] button the changes will be saved.

e With [Compute projection] you start the calculation of the unwound image and/or

the unwound CAD geometry. The button is only active, if all conditions for an

unwinding are complied with: A prismatic projection surface has to be selected

and the reference point has to be stated.

Heading "Projection surface"
Via the [Select projection surface] button you select one of the above described

projection surfaces from your drawing.

Reference point on projection surface:
The reference point defines the point on the projection surface at which the

unwrapped image will be tied.

The reference point can be defined in two different ways:

N

d

Using image point inside an oriented
image. This is the easiest and most natural
way. With AutoCAD orbit you turn the
drawing, so you are looking at an oriented
image, which pictures the projection
surface. Now, within the image, you simply
click on the point of the displayed
projection surface that is to serve as
reference point. You do not have to run the
camera navigation mode.

3D point projected to surface. In order to
do so you shap a point or select a control
point alternatively. The point on the surface
with the shortest distance to this point is
the reference point.
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[Further settings to unwrap surface]

Following window opens when you click that button. Here you can determine the
position and alignment of the unwrapped result.

“k Further settings to unwrapped surface e

Position and orientation of unwrapped image

(" at projection surface @) parallel to XY plane of the current UCS

-

Reference point at Select ... |

(0.0000, 00000, 0.0000)

Tk |
]
e

The unwrapped result can be aligned and positioned at the projection surface. A new
UCS will be set, the origin of which will be in the previously defined reference point.
The Y-axis runs parallel to the extrusion direction.

Alternatively the unwinding result can be generated within the drawing parallel to the
XY plane of the current UCS. The unwound image (and where applicable also
unwound CAD geometry) will be shifted, so that the previously defined reference
point will be at the position within the current UCS, that has been selected here.

"Unwrap CAD geometry"

When you enable this option, you can hit the [Select objects] button and select CAD
geometry to be unwound like AutoCAD points and lines or curve-like objects. These
are scanned, according to the scan width defined under [Settings...], projected to the
projection surface and then exactly unwound into the image plane.
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Click on [Settings...] in order to set the scan width for curve-like objects and in order
to state, if the initial geometry is to be deleted after the unwinding.

“k Unwraping of CAD geometry &J
Settings S5
After dicking 'Unwrap’ you are immediately prompted to '? ot
select the geometry to be projected. /@

[ Remove original geometry after unwrapping

Curing the projection process curved linear objects have to
be scanned with a certain interval:

Scaninterval:  0.1000 AutoCAD units I. Ok ]

| Cancel |

"Unwrap image data"

Enable this option, if you want to generate an unwound image (enabled by default).
The unwound photo gets the image information from one or several oriented images,
on which the prismatic surface is shown.
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e

Projection surface

Reference point on projection surface I“"'_?‘\‘
g
2D polyline, drde, arc, linie () using image point inside an oriented image k
with thickness . .
@ 3D point projected to surface
[ Select projection surface ... I \/ l Select ... I \/

[ Futher settings to unwrap surface ... I

Unwrap CAD geometry [ Settings ... I [ Select objects < ]

Unwrap image data: ToiEsszeral

kubit Oriented images [ kubit PointClouds Unwrap surface
Mame Add [ Automatic brightness correction
ori_D5C09362.bmp Delete Automatic brightness correction

ori_D5C09363.bmp
Define image region

Delete image region

Overlapping options @ ;SrﬁatéedEIEte reference
File name:  K:‘\kubit'\Projekte \PhoToPlan\Entwicklung\Wersionen\Version 10.0'Featuretestsidz E] A

Image size: 15,4336 x 4. 7941 (1543 x 479 pixel) ]
approx. 2.8 MB Further settings

Unwrapped image
Cancel

Close

Compute
projection

rarameters of projection determined.

Heading "kubit Oriented images”

This heading contains the list of the oriented images, which are to be used as source
data for the resulting unwound image. In addition to the buttons [Add] and [Delete]
you can use the arrow keys to change the order of the entries.

Hint: Use the command "Clip image" to cut out unneeded or "bad" image parts from
the oriented images before the unwinding. For prismatic surfaces this is necessary in
many cases, since very different illumination and reflexes are more likely to occur,
than for a plane.

The currently set background colour of the AutoCAD drawing area is used for those
area of the unwound image, which have no colour information from an oriented
image.
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Overlapping options:

A point on the projection surface can be shown in several oriented images. With the
help of the overlapping options you determine, how to handle the different image
data.

i~ — -
“k Cverlapping options [i_:_?-]

Cwverlapping behavior

@) Use image data with best angle of indidence
“1 Average image data according to angle of inddence

"I Preferably use image data of oriented images from the top of the list

(7 Create separate images

; Qi ] | Cancel | '36 k

Let's take a closer look at the meaning of the single overlapping options.

O-

O; and O, are two oriented images in the above picture. n is the surface normal,
which builds the angles ®; and o, with the two view rays of the oriented images.

Option "Use image data with best angle of incidence ":
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The image data with the smallest angle o is used. For this as well as for the following
options it is assumed, that the oriented images have a similar shooting distance and
about the same resolution.

Option "Average image data according to angle of incidence ":

The image data is averaged according to their angle of incidence . A smaller angle
gets a higher importance.

Option: "Preferably use image data of oriented images from the top of the list":

The image data of oriented images which are at the topmost position in the list, are
used for the resulting image. That way you can determine, which images are to be
preferred as source for the colour information.

Option "Create separate images":

One unwound output image is generated per oriented image. All output images lie at
the same position and have the same size. They may now be put on top of each
other as image planes and be merged manually using with an external image editing
software (see chapter 4.11). The file names for the individual images are defined as
follows:

{path and file name of the unwound image} {file name of the oriented image}.{file
extension of the unwound image}

Automatic brightness correction

Activate this option, when colour and brightness of the used oriented images are to
be adapted to one another.

Please read the part "Automatic brightness correction” from the command "Image
computations — Merging of images... " (page 7-119ff)

Heading "Unwrapped image"
e File name

Before you can start the unwrap process, you have to enter a file name for the

unwrapped image. Use the buttons [ or @ to enter name and path manually.
BMP, TIFF, JPEG and PNG are at your disposal as file formats for the unwrapped

image. With the button A you enable the automatic naming. You may determine
where the unwrapped images shall be stored when using this mode using the
- Settings command. Further more you may determine the image format (e.qg.
Tiff) and you may add a prefix or suffix to the file name.

e Further settings

With the [Further settings...] button you can adjust the properties of the unwound
image. The optimal values for the number of pixels, image size and pixel
size/limage resolution will be displayed. Optimal means that the image to be
created contains exactly as many pixels that a maximum of image information is
available without wasting memory at the same time. If needed it is possible to
adapt the values to your requirements. You can find further information regarding
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the individual settings under Rectification by control points - Rectification of
photos (Projective Transformation) (page 7-37).
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e Image size
Here the information regarding the unwrapped image is summarized:
Image size in AutoCAD units (image size in pixels)
Demand of memory space (uncompressed)

The status bar

The status bar is at the bottom of the window. It displays information about the
current calculation status of the unwinding and if applicable missing input.

Hints:

The unwound image will automatically be placed on the layer, which you have
defined with the command "Settings..." under Layer "LayerUnwrappedimages". If no
layer is stated (default) the image will be placed on the current layer.

The unwrapped geometry will by default be placed on the same layer as the source
geometry. With the = Settings command under Layer >“Layer suffix for unwrapped
geometry”“ you may state a layer name extension. The software will then create a
copy of the source layer to put the unwrapped geometry on. The name of the new
layer is the name of the source layer plus the suffix.

Additionally to every wunwound image a file "FilenameUnwrappedimage-
_FileExtension.PRK will be generated in the same directory. This protocol file in
ASCII format contains all important information for every unwinding like information
regarding the reference, the names and paths of the used oriented images, set
options as well as name, size, resolution and dimensions of the unwound image.

The computation of the unwrapped image may take a few minutes. The time depends
on:

the number of used oriented images,
the clipping of these images,

the size of the unwrapped image,

the processor power of your computer.
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Image computations — Compute orthophoto

=1 | Command: Menu:
2% [pcor As-Bilt Photo

With this command you can compute orthophotos of any 3D scene, which are mainly
used for documentation reasons and for the generation of 2D image plans.

Concerning the requirements and inputs for this command please refer to chapter 6
of this manual.

The following window opens, when you run the orthophoto command:

r B |
ik Orthophoto calculation Iﬁ

0 kubit Plane(s) [l
Select surface objects ‘ \/' 0 kubit Cylinder(s) -
1 AutoCAD surface(s) '
kubit Qriented images Orthophoto
Mame Region Add [¥] Automatic brightness correction New |

DSC_0007_o.JPG = IT] Automatic brightness correction Edit ‘
. Delete | i

DSC_0012_0.1PG -

| Define image region ‘

Ot S @ Setfdelete reference image

]

s
T
b
i
o
']
T
1
]

Crthophoto
Image plane

@ Current view
() kubit Plane Select kubit Plane ..

(1 XY plane current UCS (71 YZ plane current UCS "1 XZ plane current UCS

Select size, position, dip and orientation ... | J
Cancel |
File name: E:\Old_F\Projekte\Zylinderabwicklung'LitfaBsaule\DSC_0007_o_of, PG @ W

Image size:  2,1126 x 0.9329 (2197 x 970 pixel)
approx. 8,1 MB Further Settings ...
= : Calculate
rarameters of orthophoto computation determined. orthophoto

Heading "Orthophoto™"

L 9

Here you can state what to do next.

e With [New] you start a new orthophoto calculation. A possibly existing image
selection and other inputs are dropped.
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e With [Edit] you can recall an existing orthophoto calculation and you can then
change and/or process it again. The following is prompted in the command line:

Select orthophoto or <Cancel>: (Click image at frame)

The previous settings will be displayed after selection of the image. An orthophoto
calculation can only be processed, if the respective orthophoto and the underlying
oriented images still exist in the drawing.

e You exit the window with [Cancel]. All changes are dropped. The changes are
saved when you click the [Close] button.

e With [Calculate orthophoto] you start the calculation of the orthophoto. The
button is only enabled, if all conditions for the calculation are complied with: At
least one oriented image and one surface object have to be selected. Image size,
position and alignment as well as the name of the orthophoto have to be stated.

Button "Select surface objects”

In your drawing select all surface objects belonging to the scene. The following are
accepted as surface objects:

o kubit planes (caution: have to be limited to their boundaries)

0 Kkubit cylinders

0 AutoCAD surfaces (solids, meshes)
The number of the objects selected of the respective surface type is displayed as
status behind the button.

Important! AutoCAD solids and meshes are not supported in AutoCAD LT.

Due to an AutoCAD error, at the moment the use of AutoCAD solids results in a
memory overflow. Until Autodesk has solved this problem we advice you not to
select solids as surface. But it is possible, to convert all 3D solids as well as poly-
face networks (As-Built Total Station Interface > intermeshing) into AutoCAD meshes
(convert to mesh, AutoCAD command MESHSMOOTH).

When using AutoCAD meshes as surface, please make sure, that the value for the
‘Smoothness’ property is set to ‘None’.

x

fo| [Mesh MY
[E

| 3D Visualization - |

g Level 2

b= EWE

2 VertexV | evel3

= VertexZ | evel 4

| Mesh - |
Hint:

If you want to use a smoother mesh as surface anyhow, it is possible to set the
wanted smoothness level (level 1 to 4) and then use the AutoCAD command
‘MESHREFINE’. The mesh will be refined accordingly. The resulting mesh is denser,
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but has the smoothness level ‘NONE'. The higher the smoothness level or the denser
the mesh, the longer the calculation time for the orthophoto will be.

For even more smoothness especially for Mesh Primitives like cones, spheres etc.
You may use the AutoCAD command _ MESHOPTIONS with its Tesselation options.
Please refer to the AutoCAD help file for a detailed description of the above stated
AutoCAD commands.

Heading "kubit Oriented Images"

This heading contains the list of oriented images, which are to be used as source
data for the orthophoto. Besides the buttons "Add" and "Delete", you may use the
arrow keys to change the order of the entries. Please refer to the respective section
under ->Image computations — Unwrap cylinder (page 7-130) for more information
about further functions within this heading.

Heading "Orthophoto"
Image plane

Define the image plane of the orthophoto. The latter may lie in exactly one of the
three principal planes of the current UCS, on a kubit plane which you have defined
previously or simply on the current view plane. For the last option, the plane will
automatically be placed in front of all selected surfaces.

Button "Select size, position, clip and orientation”

After clicking this button you will leave this window. The view of the drawing changes
to the selected plane with focus on all selected surface objects. Now outline the area
of the new orthophoto polygonal, in order to define the clipping of the orthophoto.

State position or <Cancel>:
State next point or [Close/Cancel] <Close>:

State next point or [Close/Cancel] <Close>:

Hint: If you want a rectangular clipping, use the ortho mode of AutoCAD.

File name

Before you can start the calculation of orthophotos, you have to enter a file name for
the image. Use the buttons || or (4] to enter name and path manually. BMP, TIFF,

JPEG and PNG are available as file formats for the orthophoto. By clicking the A
button, you enable the automatic naming. With the = Settings command you can
determine, where to save the orthophotos when using this mode. Further more you
may determine the image format (e.g. TIFF) and have an automatic prefix or suffix
assigned to the name.

Button "Further settings”
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With the [Further settings...] button you can adjust the properties of the orthophoto.
The optimal values for the number of pixels, image size and pixel size/image
resolution will be displayed. Optimal means that the image to be created contains
exactly as many pixels that a maximum of image information is available without
wasting memory at the same time. If needed it is possible to adapt the values to your
requirements. You can find further information regarding the individual settings under
Rectification by control points - Rectification of photos (Projective Transformation)
(page 7-37).

Image size

Here the information regarding the image is displayed summarized:
Image size in AutoCAD units (image size in pixels)

Demand of memory space (uncompressed)

The status bar

The status bar is at the bottom of the window. It displays information about the
current calculation status of the orthophoto calculation and if applicable missing
input.

Hints:

The orthophoto will automatically be placed on the layer, which you have defined with
the command ->Settings under Layer ‘LayerOrthophotos’. If no layer is defined
(default) the image will be placed on the current layer.

In addition to every orthophoto a file ‘FilenameOrthophoto_Fileextension.PRK’ will be
generated in the same directory. This protocol file in ASCII format contains all
important information for every orthophoto calculation like information regarding the
used surface objects, the names and paths of the used oriented images, set options
as well as name, size, resolution and measurements of the orthophoto.

The computation of the orthophoto may take quite a while. The time depends on:

the number of used oriented images,

the clipping of these images,

the number and complexity of the used surfaces,
the size of the unwrapped image,

the processor power of your computer.
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Dimension - Reference height dimension

Command name: Menu:

[—]

0
22 | KUBT_PC_HPO As-Built Photo

(—]

In order to put spot heights on a rectified image at first a height reference has to be
created. This command serves for that purpose. At the corresponding place a symbol
is inserted that marks the reference height.

W Reference height: 0.00

All following height measurements refer to this value.

When you call up the command ‘reference height dimension’ the following dialogue
will appear.

ik Reference height dimenszion I&J
Symbal type
& Filed
e W HEKGHT
Dutline
Bitribute ted
- 0.00 [<] [3] -
(Pog LK |
ﬁ Cancel |

Under ‘Symbol Type’ you may select whether the symbol is to be solid or just
outlined. On the right you can see a display window in which you may check your
selection.

The frame ‘Attribute text’ allows for various options concerning the design of the
object labelling. In the middle you see a grey text window with 0.00. This is the value
of the reference height. If you want, you can change this value for instance to a given
height over sea level. With the two arrow switch keys on its right-hand side you may
state how many digits behind the decimal point are to appear. In the left-hand side
text window you may determine the prefix. You either select one of the default terms
(‘Reference height:’ or ‘Ref.H.:") with a click on the arrow key or fill in a self-chosen
term. In the right-hand side text window you may determine a suffix in the same way.
Various units are offered as defaults here.

With OK you will return to the drawing. In the command line this message will
appear:

Point for reference height:
Determine the height reference point with a click.
With Cancel you exit the command early.
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Dimension - Height dimension

E |_|1 Command name: Menu:

" |KUBT_PC_HP As-Built Photo

This command serves for putting spot heights on a rectified image. A symbol with the
corresponding height value is inserted at the desired place.

Zero as determined using the previous command ‘reference height dimension’ is
used as reference height. If no reference height was determined the zero of the
current UCS serves as a reference point. The height always orients on the Y-axis
of the current user coordinate system (UCS).

When you call up the command the following dialogue will appear:

%k Height dimension I&J

Symbal type
@ Fll=d @ Upper side
iled: v
Outline | Underside HEIGETY
Atribute texdt
- 0.00 <] 3] -

Lok |

@y, i
ﬁ | Cancel |

Under ‘Symbol Type’ you may select whether the symbol is to be solid or just outlined
and whether it represents an upper side (point shows down) or an underside (point to
the top). On the right you can see a display window in which you may check your
selection.

The frame ‘Attribute text’ allows for various options concerning the design of the
object labelling. In the middle you see a grey text window with 0.00. This symbolizes
the height value. With the two arrow switch keys on its right-hand side you may state
how many digits behind the decimal point are to appear. In the left-hand side text
window you may determine a prefix. You either select the default term ‘Height:” with a
click on the arrow key or fill in a self-chosen term. In the right-hand side text window
you may determine a suffix in the same way. Various units are offered as defaults
here.

If you put a hook into the box ‘Repeated Insertion” you may insert more than one
height point one after another without having to call up the command anew.

With OK you will come back to the drawing. In the command line this message will
appear:

Select point for height dimension:

Determine the height point with a click. With Cancel you cancel the command early.
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Dimension - Area dimension

\(

Command name:

Menu:

KUBT_PC_AREA

As-Built Photo

The command ‘KUBT_PC_AREA’ serves for putting measurements on areas in the
rectified image. After selecting a boundary line its area and circumference will be
calculated. These are inserted together with additional information, into the drawing
in the form of an area stamp.

Before calling up the command ‘KUBT_PC_AREA'’ the areas to be calculated have to
be defined with AutoCAD-drawing elements (e.g. lines, polylines).

The following dialogue belongs to the command:

‘k Area dimension ﬁ
Partial areas: Add partial area:
MName Prea Factor  Status [ ... from ohject |
I ... COMEr paints l
‘E ... point inside ]
[¥] Detect islands
Modify selected partial area:
| Add area I | Area factor |
l Subtract area ] I Delete ]
~ (e
Factorfortotal area: 1 || Keep boundary %
Hame: 1
= oK
Total grea: - 0.00 E] El m* - |_—|
Total perimeter: - 0.oo EJ m i - Cancel |

An area can be put together including multiple partial areas. They are listed in the
chart on the left-hand side in the dialogue. In order to select the boundary lines of the
areas to be measured there are various possibilities:

e Add partial area...from object

With a click on this button you will come to the drawing and the following call will
appear in the command line:

Choose a closed object:

Click on a closed object e.g. a polyline, circle, ellipse or a region. The selected
area is hatched immediately in colours. You may select as many partial areas as
you want to. With Return you will come back to the dialogue.
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e Add partial area...corner points

Here you are asked directly for the corner points of the area boundary. Follow the
command line text:

Start point: (click first point of the boundary)
Next point or [Close] <Close>: (click first point of the boundary)
Next point or [Close] <Close>: (click second point of the boundary)

If you want to close the boundary then enter the option ‘C’ into the command line
and press Return.

e Add partial area...Point inside

Here you only have to click inside the area to be supplied with measurements.
The software picks out the area’s boundary line automatically and marks it with a
hatch. A previously drawn closed boundary is a pre-condition for this. It may be a
combination of various objects, e.g. lines, poly lines, arches, circles etc. If If no
boundary line can be found the following error message will appear:

Valid hatch boundary not found.
0 loops extracted. 0 Regions created.
No closed region found!

You may select as many partial areas as you want to. With Return you will come
back to the dialogue window. If you activate the option ‘Detect Islands’ then holes
that lie within the area are separated from the calculation.

The result of an area selection could look like this:

e x
Partial areas: Add partial area:
[ arme | .-’-\real Factar | Status ... from object |
| 143 100 Addton :
[ Jtnner point 109 100 Addition = SO RS |
nlnnel paint 254 1.00  Addiion
\ DInner point 040 1.00 Addition .. point inside |
____ 7 ] L .Inner paint 022 1.00  Addiion

.Inner point 021 1.00 Addition V¥ Detect islands
. Inner paint 042 1.00  Addiion _ )
[ [tnrer point 102 100 Addiion Ml selecion nollnl ol
Inner point 133 1.00  Addition Addition area | Subtraction area |
[:I Inrer point 0.EE Subtraction
| Area factor |
D elete

'_ 2 Factor for entire area: |1 [~ Keep boundany

© Name: |plaster area oriel

Entire: area: |Area: j | 865 il jl 113 j LI
|F'erirneter: jl 44 42 jjl m Ll Cancel |

Entire perimeter:

You may assign a factor to each partial area with which the area value is to be
multiplied. In order to do so mark the corresponding line in the list and click on Area
Factor. An input field for the factor will appear.

With the buttons ‘Addition area’ and ‘Subtraction area’ you may determine whether
the corresponding area is added to or subtracted from the complete area. Subtracted
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areas always have the highest priority, they represent ‘holes’ throughout all partial
areas.

With Delete you remove a partial area.

The determined complete area can be multiplied with a factor for entire area. This
factor is 1 as a standard but you may alter it in the corresponding text field.

The final values are displayed under ‘entire area’ and ‘entire perimeter’,
respectively. The figures are in the grey text field in the middle. With the two
corresponding arrow keys you may state how many digits behind the decimal point
are to be displayed. On the right and on the left input fields are set in which you may
determine optionally a suffix or prefix, respectively, in the area stamp. You may either
select one of the default terms or enter something yourself.

With OK you will cancel the dialogue. An area stamp with an area name, area value
and circumference is now ‘attached” to the mouse which you may position with a click
in the desired place.

—plaster area oriel
Area: 8.65 m2
Perimeter: 44.42 m

To write area dimensions into a text file in tabular form, use the AutoCAD command
“Tools — attribute extraction” (eattext).
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Dimension - Align dimension symbols

E Command name: Menu:

£ | PCROTATECP As-Built Photo

This command serves for aligning dimension symbols or other AutoCAD blocks with
the XY plane of the current UCS. After that all selected As-Built dimensions or other
blocks are brought to front in the display order.

Command: PCROTATECP
Align all control points or
[Control points/dimension Symbols] <Control points>: S
Select dimension symbols to be aligned: (Select blocks to be aligned and confirm with ENTER)
Select objects: 1 found
Select objects:
Align with [Ucs/current View] <Ucs>:
A typical application for this command is the change into another UCS. The As-Built

dimensions are possibly not visible anymore as they may lie e.g. rectangular to the
top view.
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Dimension - Change size of dimension symbols

% Command name: Menu:
PCRESIZECP As-Built Photo

This command allows you to adjust the size of As-Built blocks (control points or
dimension symbols) to your individual needs.

Different projects often differ in depicted images of the world. The standard setting of
As-Built uses symbol (block) sizes (e.g. Control and Image point blocks) which are
adjusted to facades between 5-20 m (AutoCAD units). If you want to rectify smaller
objects e.g. a painting control points may be too large. You can change these
settings by using the command ‘PCRESIZECP.

When running the command a dialogue appears, in which you change the scale
factor which relates to the AutoCAD drawing unit.

‘k Block size (S|

The size of a control point or a dimension symbol is
influenced by two values.

On the one hand by the drawing unit

Meters -

On the other hand by the black size factor
1.0

The latter serves the fine tuning and can be
adjusted to the size of the object.

| Ok ] | Cancel | I“;ék

Afterwards all control points, area and height blocks in the drawing will be adjusted.
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Dimension - Insert coordinate frame

Command name:

Menu:

KUBT_PC_COORDRASTER

As-Built Photo

This command allows you to insert a coordinate frame with coordinate dimensioning

and grid for any perpendicular section into the drawing.

An example:

The coordinate frame may be featured variably by individually designed templates.

But a number of ready to go templates will be provided.

The frame may be inserted into the drawing within the model or the paper area. The
coordinate dimensioning is always based on the model coordinates though. The
WCS or the UCS may serve as basis. The top view has to be set for the underlying

coordinate system.

Command Reference
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7-157

Command run

After calling up the command a window will open where all essential settings can be
set. If the layout area is active, you will have to select the relevant view first.

Selection of the
coordinate
system to be
used (model).

Distance in drawing units,
into which the coordinates
will be marked out. Different
dimensions can be stated

Surrounding
frame or only at
the top and left
border of the

Outside or inside frame
regarding the selected
section. For "inside" a
rim may be defined.

for the X and Y axis. section.
A In&\goordinaie frame l / \ / /&J

F_rame Coordir&and size Frame desig Dlsplaylng the
size: ; i coordinate

Coordinate wes rame . .
Enter stem @ Current UCS @ All sides and left only grid as grid
value in X i ) Ccrosses or
and Y Grid width X 1 Meters a Erame ?”E'de grid lines.

() Frame inside
i i Grid width ¥ 1 Mete )
direction Fio FIEES o= | p Hat
or : = ;
selection Frame size Xo=| 297 Plot unit [¥] show coordinate grid
on the a2 s @ Gridcrosses (1) Grid lines Displaying the
screen e [T Show north arrow north arrO_W
. Plot scale 1 1 10 Plot unit, and showmg
Stating 7 it e ACOCAD Pt Did s the offset
the plot unit see Au ot-Dialog -10 from the
scale so Templates upper right
the rim corner.
can be fit Template Frame 7%ubit\eubitBox 17.0. 1 English AC20 16\DWGBASENCOGRID 388 =yl = s e sl 10s |
to scale Template Morth  C:'\Users\siebenbj\AppData‘Roaming fubitwubitBox 17.0, 1 English AC2016\dwgbz | ...
w Preview Frame Preview Selecting the
narth
Eir' el templates
-_?;. &
OK | /U. | Cancel
Settings

Coordinate system: Either the WCS or the current UCS (if existing) can be used as

basis for the dimensioning of the coordinates.

In order to be able to insert the

coordinate frame, the top view of the according coordinate system (view parallel to
the XY plane of the relevant UCS or WCS) has to be selected within the drawing
view. If the coordinate system is twisted regarding its XY plane, the entry cannot be

selected.

Grid width X and Y: Distance in drawing units in which the coordinates will be
marked out. You may state different units for the X axis and the Y axis.

Frame size: You may state a definite dimension for constant frame sizes, so only the
lower left corner of the wanted section has to be stated. You will more often use the
option to draw a perpendicular section on the screen in order to specify the frame

size. In order to be able to do, so activate the "Specify on-screen” option.
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Plot scale: The selection of the correct plot scale is important, so the frame layout,
like width and font size, is always the same within the plot. The plot scale to be stated
(ratio plot unit in mm to drawing unit) should match the plot scale within the AutoCAD
dialog "Plot".

Example model area: A drawing (drawing unit meter) is to be plotted in the map scale
1:100. The plot scale then has to be set to 1:0.1. Reason: The plot units in
AutoCAD are always in millimeters (for metric paper formats). Therefore the wanted
map scale 1 : 100 has to be multiplied with the ratio of drawing to plot unit (1 meter /
1.000 millimeters = 0.001) in order to get the matching plot scale or 1: 0.1

Example paper area: Here it is easier. Since the plan scale is controlled via the view
window, you will have, in general, to set plot scale 1 : 1, unless the paper format is to
be reduced or enlarged. In that case you will have to adapt the plot scale as well.

Frame design:
e "All sides" The frame will be drawn circular.

e "Top and left only": The frame will only be drawn on the top left rim of the selected
section.

e "Frame outside": If this option is selected, the frame will be drawn directly outside
of the selected section.

e "Frame inside ": The frame will be drawn within the selected section.

e When selecting "Rim", you can state an offset in order to separate the frame from
a drawing frame for example.

;5 4 800

on
|

I
Show coordinate grid:

e Grid crosses: The elements (lines, circles, points, etc.) from the template will be
drawn at the grid points.

e Grid lines: A grid with continuous lines will be drawn. The template has to contain
lines as cross elements for this.
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Show north arrow: As block the north arrow will be inserted into the selected
template. The X and Y measure for the insertion position of the north arrow refers to
the top left corner of the selected section.

Templates: Here you select the templates for the frame and the north arrow. A small
selection of templates will be provided. You will find those within the As-Built program
directory in the sub folder \DWGBASE\COGRID. It is also possible to create your
own templates.

Further command run

After you have adjusted all wanted settings, close the dialog with OK. Next you will
be prompted to select the section.

For the model area you will always have to select a perpendicular section by
selecting two opposite points. For the layout area, the section may match the
dimensions of a view (no further selection) or you may select a section that is
different from the view.

After you have selected the section the coordinate frame will be drawn. The frame
will be inserted as block reference. In order to change the frame afterwards, you will
have to use the block editor or use the AutoCAD command "Explode".

Within the paper area the view window is locked by the command execution, so
it is impossible to change the view, because this could lead to invalidity of the
coordinate frame. You may unlock the window manually (Click window and call
up context menu with the right mouse key. Select “No” at "Display locked")

Hint: If the view is twisted, the coordinates will change to the right or left when
aligning in north direction. That means, the northing (Y-values) will marked out to the
top and the easting will be marked out to the left.

Information regarding the templates:

Next to the provided templates and their individual adaptation like changing the line
color and width, font size, etc. you may create your own templates.

The templates for the coordinate frames are AutoCAD drawings, which contain the
basic elements of a frame, like frame line, coordinate labeling, crosses or grids.

According drawing objects have been assigned to these elements. Via this
assignment the individual drawing elements will be used when creating a frame.

The following elements will be differentiated according to the following figure (grid
size = 10):

76 54.3 frame, top

f , left
76 (0,0) (10,0) rame, e

coordinate, top

@ coordinate, left
0,-10
54.3 ( )

The template drawing shows the top left corner of the coordinate frame. The
dimensions of the frame (width, font size) refer to plot units (mm). The origin 0,0 has
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to be defined at the inner corner. For further elements a square grid of the size x is
valid. That means, the top coordinate is at x,0, the left coordinate is at 0,x and the
cross at -x,-X. In order to determine the grid measure by the program, at least one
object has to be defined as cross element.

Only lines (no polylines) and text objects are allowed as drawing objects for frame
and coordinate elements. You may use circles or points for the crosses though. For
the "Frame" element you may use text as leading coordinate digit, so it does not have
to be named for every coordinate labeling.

The drawing objects of the template have to be assigned to the individual frame
elements separately. You will do this with extended data (xData). In order to do so
enter the command KUBT_PC_COORDRASTEREDITTEMPLATE into the command
line. Select the drawing objects belonging to the elements within the opening window.
In order to show the assignment on the screen use the "Show" buttons.

The formatting of the coordinate labeling will be done via statement of the position of
the location to be shown. That means, the text "76" puts out the 7" and 6" place
before the comma of the coordinate (matches the first two digits for Gaul3-Kruger).

The text for the coordinate labeling should generally be aligned centered.

The center or pivotal of the north arrow has to be inserted at 0,0 within a template
drawing for the north arrow. The size has to be stated in plot units.
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Flatten drawing

(@__/. Command name: Menu:
.fl_lx KFFLATTEN As-Built Photo

The command ‘KFFLATTEN' is used to orthogonal project line-like 3D drawing
elements into a plane. Thus, elements that have been measured in the 3D mode can
be processed to a 2D plan in AutoCAD.

The projection plane is defined parallel to the XY plane of the current UCS with the Z
value that has been entered in the field ‘Z-value’.

Following types of elements are flattened:

Points, circles, lines, all poly lines, ellipses, arcs, beams, straight lines and
dimensions.

ik Flatten drawing ll-ﬁ-n
All elements are projected to this Z
Projects drawing entities to XY-plane of — value of the UCS. Via the button
cument LICS. (20 Il you can pick a value from the
drawing.
Zvalue 0 TOMm arawing = -ll
Object selection Via the button you can select the

objects to be flattened in the

[7] Mlilow selection of objects on locked layers ;
= : : s drawing. Furthermore you can

[ Mlow selection of objects on frozen/deactivated layers enable the selection of objects for
Ocbjects selected | Select ohiects < | | locked orfrozen layers.
Options Tick these options if you like to

flatten text and blocks as well. Note
w that control points and instrument

[ nchade test <

[ Include blocks (excluding control points) stations cannot be flattened

% If necessary, all elements can be

saved in an external file before the
| oK | | it | flattening process.

J

If the options ‘include text’ and ‘include blocks’ are activated, texts and blocks too will
be shifted to the defined Z value. However, the inner geometry of a block is kept.

Save onginal 30 data to file

=

Dimensions are only flattened if measurement lines and texts are parallel to the UCS.
It makes sense to dimension the plan after having flattened the drawing.

The blocks for control points are not flattened. Flattening does not make sense here,
since the 3D positions are absolutely valuable for image rectification and image
orientation.
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Export - Create ESRI World Files

o Command name: Menu:

" |KUBT_PC_WORLDFILEEXPORT As-Built Photo

This command serves for creating an image position file in ESRI format.

If you want to import correctly positioned and scaled images of your As-Built drawing
into another System (e.g. GIS), a world file will serve for storing the required position
data. This step is called geo-referencing.

The world file format for geo-referencing of raster images was established by the
ESRI company. It became a quasi-standard, because of its easy appliance.

A world file has following properties:

e For each image a separate world file in the same folder like the corresponding
image has to exist. There are guidelines for the naming. The file name equates to
filename of the corresponding image with a special file extension. The extension
consists of the first and third letter of the image file extension followed by “w”, e.g.:

Image: aerialview.TIF — World file: aerialview. TFW
Image: map.JPG — World file: map.JGW

e The world file as an ASCII File is readable with any text editor.

o

File Edit Zearch Wiew Format Language

Settings Macro Rum TextFx  Plugins  Window 2

% Pixel size in X direction (in full size)

o JEﬁ =} G|*|§ﬁﬁ1|ac|ﬁﬂ
= eaststified.igwl

Rotation parameter

0. 000000a0aagoon Rotation parameter

0. 000do0o0000o00

Negative pixel size in Y direction
(in full size)

£2545470.488655633 50000
5512830.3504317457 0000

1
2
3
4  -0.00819171543166
5
&
=

—

|

\X-coordinate of upper left pixel

Ln:1 Col: [Dosiwindows |ANSI s

] ] ] Y-coordinate of upper left pixel
e A world file does not contain details about the coortmrerre—syorermosororravye—o

take care to use the correct system for creating these files. Further details you will
find below.
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After calling up the command you are asked to select one ore more images:
Command: KUBT_PC_WORLDFILEEXPORT
Select image(s):

Confirm the selection with Return. As-Built now creates a separate world file for each
selected image.

The correct coordinate system

World files contain no information about the kind of coordinate system. This means
neither the origin of coordinates nor kind of projection are saved in world file.

You have to take care that coordinate systems are identical in AutoCAD and your
final system. A world file with e.g. Gauss Kruger Coordinates cannot be positioned
correctly in a GIS which expects longitude and latitude.

As-Built always uses the just current UCS. Before creating world files you have to
select the correct UCS as the current one. Furthermore selected images have to lie in
the XY plane of the current UCS or have to be parallel to this. Otherwise As-Built
cannot create a world file and the following message appears:

Error saving "ESRI World File" for "C:\.. \IMAGE_NAME.jpg".
0 "ESRI World Files" of 1 image(s) created.

Loading images with world files

Conversely As-Built allows you to load any images, which are geo-referenced by
world files. They will be placed in the correct position. See further details in this
command reference under = Image - Load image.
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Export - Export to VRML

tﬂ] Command name: Menu:
K PPEXPORTVRML As-Built Photo

This command saves the geometry of certain images in a VRML 2 format (*wrl).
VRML files can describe 3D scenes independent of the system. VRML allows you to
move virtually in a 3D room. The images are only referenced if possible with their
relative path to their VRML file.

You can download a free Viewer for your Web browser from
http://www.parallelgraphics.com

After running the command you are prompted to select the images to export.
Afterwarts following dialog opens:

%k Export VRML model =i

(1 Transmission project

(Copies all referenced images to folder of VRML file.)

@ Create only YRML file!

“ 1 With absolute paths to referenced images

@) With relative paths to referenced images, if possible {otherwise absalute)

=]

Select the desired option, path and name of the VRML file and confirm with [OK].

VRML file



http://www.parallelgraphics.com/�
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View — 3D Orbit

@ Command name: Menu:
PP3DORBIT As-Built Photo

This command is especially meant for users of AutoCAD LT. The full version of
AutoCAD does contain 3D orbit as native feature anyway.

Using 3D orbit you can rotate and move a drawing freely in 3D space. Thus, the
spatial position of objects can be made clearer you can get a better view on the
scene.

VLM

14 4[p [P}y Modell { Layout! { Layout2 /

After having run the command you press the left mouse button, keep it pressed and
move the mouse. If you found the right view you may let go the mouse button. You

finish or escape the 3D orbit by pressing ECS or you press the right mouse button
and select ‘Finish* from the context menu.

You may also enable the 3D orbit by pressing Ctrl- and the left mouse button at the
same time. Release the Ctrl key once the orbit is activated. Note: this works only if
activated under Settings—>AutoCAD (LT)).

Two more AutoCAD commands are useful in this context:

If you want to switch back to the plan view of the XY plane of the current UCS you
run the command PLAN and use the option <Current>.

If you like to create a UCS from the current View you run the command UCS with the
option <View>.

3D orbit can of course be started while another command is active (transparent
mode).
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View — 3D Orbit (with center)

f‘;::, Command name: Menu:

lls““—’*'l PP3DORBITCTR As-Built Photo

This command is very useful when working with larger sceneries, since you may
define the rotation center for the orbit.
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View — Mode (visual style)

Command name:

Menu:

PPSETVISUALSTYLE

As-Built Photo

With this command you may set the visual style for your current viewport. It also
works in AutoCAD LT an in camera navigation mode. The latter is necessary for
plotting/printing, since plotting in perspective mode with the oriented image visible
does only work if you set the visual style to “3D Hidden”, “Conceptual” or “Realistic”.

Following modes are available:

(1 2D Wireframe
Yt

L —

@ 3D Wireframe
@ 30 Hidden
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Rectification according to geometry - Correction of lens distortion

Command Name: Menu:
% KUBT_PC_CORRDISTGEOM As-Built Photo

Our software allows you to eliminate distortions caused by photographic equipment
that is not fully distortion free.

Photos that are taken with lenses which are not equipped for the correction of lens
distortion are usually unsuitable for the use in surveying. Often you find such lenses
in low quality cameras. If, however, the effects of distortion can be eliminated, the
area in which these cameras can be used is much broadened.

Distortion of lenses can most commonly be recognized by the effect that originally
straight lines are not straight in the picture. This effect is especially strong on the
edges of the photo — some lenses distort a square to a cushion (edges are bent
inward, picture 1a), others distort the square to a barrel (edges are bent outward,
picture 1b). The degree of distortion of an image point depends on the distance to the
principal point of a picture. The principal point of a picture is the point through which
the optical axis of a camera runs. Except for a few specialized cameras, the principal
point of is usually the centre of a picture.

=

la) cushion shaped distortion 1b) barrel shaped distortion

As-Built is able to delete also the radial-asymmetric distortion from an image. In this
case, if necessary, more information have to be gathered but leads to a more precise
result. In most cases it is sufficient enough to consider only the radial- symmetric
distortion around the principal point of a picture.

The software offers multiple ways of distortion correction.

a) You can run correction of lens distortion in a separate process. A corrected image
is produced, which you can use for rectification afterwards. The rectification
parameters for a certain camera can be saved in a file and be reused at any given
time.

b) You can determine the correction of lens distortion directly during the rectification
process. This, however, only works with Rectification by control points -
Rectification of photos (Projective Transformation).

c) You can determine the correction of lens distortion directly during the image
orientation process (> Oriented Images — Image orientation).
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In the following method a) (correction of lens distortion in a separate process) is
explained step by step. For method b) (correction of lens distortion directly in the
rectification process) please refer to section Rectification by control points -
Rectification of photos (Projective Transformation), for method c) to section Oriented

Images — Image orientation.

How to proceed:

1)

2)

3)

Insert the distorted image in approximately natural size into an AutoCAD

drawing. Therefore you can use the command ‘Image - Load image’

Go to the As-Built Photo ribbon tab and choose ‘Rectification according to
geometry - Correction of lens distortion’. You will then be lead through the

process step by step. Your first step is to choose the distorted image.

7-169

F = N
‘k Correction of lens distortion - Distorted image I,i:h,l

Bamel and Cushion distortion is most apparent when a wide-anale lens is used. These distortions make
straight lines at the edges of the image look curved.

This wizard leads you through the lens distortion comection process.

Choose path and name of distorted image.

File name: 'C:‘xLls.ers\grischa"w.Du:uu:umerlts‘dcubit"-ﬁhu:uTDF‘Ian E.E.E— English ACLTZ201 ...‘~.Tut-di5tu:|rted._r.t'rf

Choose image ...

Image size: 25.0004 x 23.9683 (3112 x 2584 pixel)

Resolution: 000280 per pixel

&,

l Close | [ e | %k

If you already have determined and saved a set of distortion parameters for
your camera, select ‘Load from file’ and proceed as in step 5). Otherwise select
‘Derive from lines in current image’.
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4.)

-
1k Correction of lens distortion - Method

=)

How do you want to define the lens distortion of the image?

@) iDerive from lines in cument image ;

i) Load from file

s s ;%k

L

The next dialogue asks you to define linear structures (straight edges) in the
image, which are needed for calculating the distortion parameters.

i
&

Principal point
@ Centre of image
71 User defined

I Calculate parameters ]

Save parameters

i

P

. ™
1k Correction of lens distortion - Calculation of distortion parameters ﬁ
Calculation of distortion parameters per definition of "lines” in the distorted image:
7 [N Add line
-y LineT :
- Line3d —
: dit po
g Lined Ear po
De-j Activate
[ Radial-asymmetric
comection
?Distnrtinn parameters not
icalculated.
[ << Back ] [ Close
L

Define lines
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First click ‘Add line’. This will take you to the drawing and you will be asked to
determine points within the image. After you have marked all points of a line,
‘Finish’ takes you back to the dialogue.

Using this method you should try to define as many lines as you can.
Important: Not all edges in an image are suitable for distortion correction.

Be careful when defining lines. Consider following recommendations:

- Check that all edges are straight in reality. If there is a curvature on the
original object, the result of the distortion correction will not represent a
true image.

- Define enough points to describe the curvature of the line correctly.

- Lines that run radial to the principal point (green rhomb) i.e. diagonally
through the picture are unfavourable since no useful distortion correction
parameters can be determined by them.

- The longer a line is the better. Ideally, a line should run through the entire
width or height of an image.

Notice: For defining lines within an image, we recommend the use of a scroll
mouse. The mouse can be configured so that turning the wheel zooms the
image in or out, whereas the image can be moved by pushing the wheel
(button).

The picture below shows an ideal definition of lines. All depicted edges (here
joints) are defined as lines with a sufficient number of points.
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[ ;
I =

Principal Point:

In unclipped images of ordinary cameras the principal point should always be
the centre of the image. If, however, the image was clipped or a special camera,
in which the optical disc was not centred, was used the principal point does not
coincide with the centre of the picture. In this case you have to approximately
determine the principal point yourself (choose ‘User defined’) and lose the
fixing. The software will than try to calculate the principal point.

Calculate parameters:

After you have defined all lines, click ‘Calculate parameters’. The program will
then present a set of distortion parameters. The correctness of the
determination is expressed by individual errors of defined points in pixel.
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7-173

-

‘k Correction of lens distortion - Calculation of distortion parameters

~*" Measured lines

----- + Point5 (e = 0.3 pixel)

Calculation of distortion parameters per definition of "lines” in the distorted image:

Principal point
Add line

+\{ Line1 @ Centre of image
+\f Line2 Add pairts ~) User defined
- Lined : —
B- + Lined Edit p

""" + Point1 (g = 0.1 pixel) T T 14592

""" ~ Poirt2 (e = 0.6 pixel) A S |

""" " Paint3 (e = 0.3 pixel) - Radial-asymmetric oose .

v Poirtd e = 0.1 pixel) " comection -

|| Foed

[Distortion parameters:

----- " Poirt6 (& = 1.4 pixel) ﬁ & i
" Point7 {e = 0.8 pixel) RO = 1437.0

5.)

K1 =-5.4138062766e-010
K2 = 37168719536 016

----- « Pairt8 (& = 0.3 pixel)
----- " Poirt3 (e = 0.9 poeel)
----- + Point10 {& = 0.2 pixel)

[ Calculate parameters |

S0 = 0.7807 pixels

jm— S

The individual error e hereby is the deviation of the corrected single point from
the mean line through all corrected (line) points. The ‘Mean deviation’ is the
mean value of all individual errors, which can be taken as a global quality
criterion.

| Save parameters ]

Close

[ =z Hack ] [

If you think that an individual error is too high you can edit this point. In order to
obtain an optimal result, you may have to add additional lines or deactivate
unfavourable lines/points. Mark the appropriate point or line in the list and use
the buttons ‘Edit’, ‘(De-) Activate’, ‘Add line’ and ‘Delete’. After the changes
the calculation of parameters has to be repeated (button ‘Calculate
parameters’).

Save parameters:

You can save distortion parameters in a (*.vp2) file. Name the file e. g.: ‘Camera
name_Lens_Focal length_Image size’'.

The distortion parameters can only be used for images of the same size (in
pixel). If you use an image of the same camera configuration which has been
clipped afterwards you have to determine the distortion parameters for this
image size again.

In the next step choose path and name of the undistorted image. Notice
recommendations concerning file formats in chapter ‘Rectification by control
points - Rectification of photos (Projective Transformation)’. Detailed information
on saving image data and on path options are to be found under 2Image -
Load image.
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)
ik Correction of lens distortion - Undistorted (rectified) imat

Choose path and name of undistorted {rectified) image.

File name: t:\Users‘ﬂana\Fﬁdures‘undistarted.t'tf

Choose ... ] @

Image size: 150686 x 20.9948 (1782 x 1962 pixel)
approoc. 13 MB /1.0« distorted image

Resolution: 0.0107 per piel

T | N . %k

Finally, click ‘Finish’ to calculate the undistorted image. It will be shown in your
AutoCAD drawing right of your distorted image.

Previously curved lines appear as straight lines in the undistorted image. Edges
that you have not defined through lines should also not resemble lines. If an
unacceptable deviation occurs, the distortion correction has to be repeated
under inclusion of these lines. Your current settings concerning the distortion
correction process will be saved internally.

You can now use the undistorted image for Photo rectification according to geometry,
which requires straight edges.



Command Reference 7-175

You can, of course, rectify an undistorted image with Rectification by control points -
Rectification of photos (Projective Transformation) but the distortion correction
process can be included in the rectification right away, which saves a great deal of
time and work.

Recommendation:

We recommend using once determined distortion parameters on a number of images
(e.g. all images of a project). That saves the hassle of having to determine the
correction in every single image anew. Distortion parameters can be saved in a file.
However, you have to use the exact same camera settings for all pictures. That
means all pictures have to be taken with:

e the same camera and lens

e the same focal length (zoom level with zoom lenses)

¢ the same resolution (number of pixels) as well as

¢ the same image orientation (landscape format or panel format)
as the distortion is depending on these items.

The required image orientation can also be determined after the image has been
taken with rotating it or pasting it rotated. Caution: The images must not be clipped
before used in As-Built. Two separate files with parameters (*.VP2) are needed one
for the landscape the other one for the portrait format, because the image size
(height and width) as well as the parameters are saved in a certain order and
therefore are not transferable between both formats.

This method especially is of advantage when the object to be rectified is not suitable
for defining lines for distortion correction (e.g. stone walls, oblique historic timber-
framed houses). Then you can take an additional picture, which is better suitable for
distortion correction (e.g. a facade of a modern sky scraper with many horizontal and
vertical edges). This picture can function as a calibration picture.

If you are using different cameras or if you are taking photos with the same camera
but once in landscape and the other time in portrait format, you should build up a
library of VP2 files that contains the distortion parameters for different lenses, focal
lengths and image formats. Distortion is an optical phenomenon caused by the
refraction of the light at the lens. It is therefore influenced by the quality of the lens,
the focal length and the resolution.

You find a detailed description of the camera parameter file (VP2) in chapter 4.8.
Important Remarks:

Applying the radial-asymmetric distortion correction has to be done very carefully.
On the one hand it leads to a better result in the corrected image but requires a
complete grid of straight lines over the whole image. This can be found only in some
kind of a test image.
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Hint:

If you are saving the rectified image, it will automatically be placed on the layer which
you have defined with the As-Built command ->Settings under Layer

"LayerUndistortedimages”. If no layer is defined (default) the image will be placed on
the current layer.
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Rectification according to geometry - Attach rectification grid

%% Command name: Menu:
%IE KUBT_PC_RECTGRID As-Built Photo

This command serves for inserting a rectification grid into a pixel image.

The rectification grid is a pre-condition for a rectification according to geometry. After
inserting the grid it is adapted to the image in a way that its horizontal and vertical
lines reflect the projective distortion in the image. With the help of the rectification grid
the program will thus learn the degree of distortion.

After calling up the command you are at first asked for the distorted image:

Select distorted image or <Cancel>: (click on the distorted image’s periphery)

Now a dialogue field appears.
[ 'k Rectification grid S ]

Mumber of aidliany lines

Horizartal: 4| Ii %k
Lok |

Verical: 4

miznd 20 —_—
(madmum 20) | =

b A

Here you may state how many auxiliary lines the grid should have in horizontal and
vertical direction. Confirm your entry with Return. An even, rectangular grid in the
color of the current layer will appear above the image.

The grid now has to be adapted. It is marked with a click on a grid line and the
‘handles’ typical for AutoCAD will appear in certain places. There are two different
kinds of handles:

e On the four corner points the main grid points are situated, especially
emphasized with a circle. Marking and pulling on the handles attached there with
the mouse will alter the complete grid in its geometry.

e On each auxiliary line there are more than one handle between the points of
intersection. With their help you may move the auxiliary lines parallel to each
other while the grid’s geometry remains unchanged.

Only one grid may be applied to each image. If you try to fit a grid above an image
that is already provided with a grid a corresponding error message will appear.
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Rectification according to geometry - Add horizontal auxiliary line

%J% Command name: Menu:

KUBT_PC_ADDHLINE As-Built Photo

This command will add a horizontal auxiliary line to an existing rectification grid.

After calling up the command the following command line dialogue will appear:
Command: KUBT_PC_ADDHLINE
Select rectification grid: (click on the rectification grid)
Insert point for the new horizontal auxiliary line:

(click on the position of the new horizontal auxiliary line)

The number of auxiliary lines does not influence the rectification parameters. They
only serve for a better visualization during the grid adaptation.
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Rectification according to geometry - Add vertical auxiliary line

%% Command name: Menu:

KUBT_PC_ADDVLINE As-Built Photo

This command will add a vertical auxiliary line to an existing rectification grid.

After calling up the command the following command line dialogue will appear:
Command: KUBT_PC_ADDVLINE

Select rectification grid: (click on the rectification grid)
Insert point for the new vertical auxiliary line:
(click on the position of the new vertical auxiliary line)

The number of auxiliary lines does not influence the rectification parameters. They
only serve for a better visualization during the grid adaptation.
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Rectification according to geometry - Delete auxiliary line

Command name: Menu:

N

KUBT_PC_DELLINE As-Built Photo

This command deletes an auxiliary line from an existing rectification grid.

After calling up the command the following message will appear in the command line:
Command: KUBT_PC_DELLINE

Select auxiliary line of rectification grid to be deleted:  (click on the auxiliary line to be deleted)

You may delete vertical as well as horizontal auxiliary lines but not the lines on which
the main grid points are situated.
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Rectification according to geometry - Rectification of photos
according to geometry (Projective transformation)

H Command name: Menu:

KUBT_PC_RECTIFYGEOM As-Built Photo

With this command the photo rectification according to geometry is carried out.

An extensive dialogue window belongs to this command which is separated into
various sections:

ik Reciification of photos according to geometry (Projective transformation) I&J

Distorted image =
File name: C:\Users\grischa“Documents kubit*Pho.. \Tut-distorted Hif ' ?\'
Cument image gize: 227196 x 24 5916 (1720 x 1958 pocel) ﬁk
Cument image resolution:  0.0728 per piel

Geometry of distorted image Rectification
Aspect and scale of rectification grid: Length: |T|
| Width measurement fed) | 22600 ———
it

[ Height measurement {green) ] \(r 1.9600 ‘/

N Large reference measurement Cancel
optional: inisgerts) \/’ 11.7600 V/ |—|

| Cloze |
Rectified image
Alignment: Horzontal line felow i atline
@ at UCS
Inzertion point {ight blue) l J

Insertion point ; I
{optional)

Eile name: C:hUsers‘grschaDocuments ubit " PhoT.. \Tut-distorted_r tif @

Image size: 255247 x 22 6511 (3227 x 2820 Pocel) | Further s=ttings ... I
approoe. 8.7 MB # 2 6x Distorted Image

Rectffication 2.0 {nomal angular shot)
Factor:

| rectification parameters detemined.

Rectify

L%

1. The Frame ‘Rectification’

Here you may determine in general what you want to do next.

With [New] you start a new rectification. With a click on this button you leave the
dialogue for the moment and the following call will appear in the command line:

Select distorted image or <Cancel>: (select pixel image in the drawing)

After that the dialog returns. All value fields are empty and behind them you will
see red question marks. You may now start to assign the reference measures (see
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3.: Geometry of the Distorted Image). A pre-condition for a rectification according
to geometry is the existence of a rectification grid. If you select an image that does
not yet have a grid a corresponding error message ‘This image wasn't allocated
to a valid rectification grid.” will appear. If you select an image for which the grid
was not yet adapted you will get a warning message: ‘Rectification grid wasn't
fitted to the distorted image.’

e With [Edit] you call up a previous rectification and may alter it and/or carry it out
anew. The following message will appear in the command line:

Select rectified image which to be edited or <Cancel>: (click on image’s periphery)

The reference measurement information that were already assigned in this
rectification is displayed. At this point you may process the values and rectify the
image anew. A rectification can only be processed if the corresponding distorted
and rectified image still exist in the drawing.

e With [Rectify] you start the rectification process. The button is only activated if all
requirements for a rectification are fulfilled: The rectification has to be
determinable (that means all required values for the reference measures have to
be stated) and all statements concerning the rectified image have to be complete.

e With [Cancel] you leave the dialogue. All alterations are discarded. With [Close]
they are stored.

2. Information concerning the distorted Image

In the upper part of the dialogue you will find a few statements concerning the
distorted image.

e Under ‘current image size’ you will find two statements: the current size of your
drawing and behind it in brackets the number of pixels in width and height.

e The current image resolution states — based on these values — the size of a
pixel.

3. Geometry of the distorted Image

This frame takes up a central position. Here the measured values belonging to the
reference measures are entered and the assignment of the reference measures in
the image is carried out. In order to have a good overview the following symbols are
used:

& here a valid entry is missing

‘/| here a valid entry already exists

You have to assign the three reference measures that you have measured on the
object, in the image. These three buttons serve for that purpose:

Azpect and zcale of rectification grid: Lenqth:
Width meazurement [red) ‘/ I ?
Height measurement [green) ‘/ I ?
S Large reference meazurement
optiohal magental ‘/ I ?
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When you click on them the dialogue will disappear for a while and the following
prompts appear one after another in the command line:

First point for zoom region or <Cancel>: (click near the first reference measure
point)

Second point for zoom region or <Cancel>: (open a zoom region around the first
point)

First point for width measure: (click on the first reference measure point)

First point for zoom region or <Cancel>: (click near the second reference

measure point)

Second point for zoom region or <Cancel>: (open a zoom region around the
second point)

Second point for width measure: (click on the second reference measure point)

Draw the reference measurements into your distorted image in that way. The
width and height measurement may only be aligned parallel to the grid lines. The
direction of the large reference measurement may be selected randomly.

Hint: If you generally want to turn off the prompt for the zoom you may do it using
the =2 Settings command (section “System”).

Back in the dialogue a green hook will appear behind each button.

Behind it you will find a field labelled with ‘length’ for each measurement. Enter
the measured value belonging to each reference measurement here.

You may edit or repeat, respectively, the measured values and the assignment of
the reference measurements as often as you want to.

4. Information concerning the rectified Image

In the frame ‘rectified image’ you have to make a few statements concerning the
rectified image.

Alignment

You decide how the rectified image is to be aligned. If you accept the default ‘at
UCS’ the image’s lower edge is aligned to the X-axis of the current user
coordinate system (UCS). If you select ‘at line’ then the button ‘define
horizontal line (yellow)' will become active and you may state a line for
aligning the image in the drawing. Command line run:

First point for zoom region or <Cancel>:
Second point for zoom region or <Cancel>:
First point for yellow alignment line:

First point for zoom region or <Cancel>:
Second point for zoom region or <Cancel>:

Second point for yellow alignment line:
Insertion point

With this you determine at which position the rectified image is to be inserted into
the drawing. With a click on the button you select the point from the drawing. The
command line run is similar to that of the reference measurement alignment. You
have to state a reference point in the distorted image and assign an insert point to
it. The definition of an insertion point for the rectified image is optional. If you do
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not define it, the rectified image is automatically placed right of the distorted
image.
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e File names

Before you can start the rectification process, you have to enter a file name for the

rectified image. Use the buttons [] or @ to enter name and path manually.
BMP, TIFF, JPEG and PNG are at your disposal as file formats for the rectified

image. With the button A you enable the automatic naming. You may determine
where the rectified images shall be stored when using this mode using the
->Settings command. Further more you may determine the image format (e.g.
Tiff) and you may add a prefix or suffix to the file name.

e Image size settings

With the button [Further settings...] you can adjust the properties of the rectified
image. You will be shown the optimal values for the number of pixels, image size
and pixel size/resolution. optimal means that the image to be created contains
exactly so many pixels that a maximum of image information is available without
wasting memory at the same time. For further details on the settings please refer
to Rectification by control points - Rectification of photos (Projective
Transformation) (page 7-37) of this command reference.

“k Rectified irmage - Further settings [ﬁ
Murmber of pixel = Image size
optimum
: ; : Image size that has to be set within an extemal image processing

Width 4011 Peel ] 3 401 Pixel software in order to get the selected scale.
Height 1924 Pocel 1524 Picel
Requires a memary capacity of 7.4 MB {unpacked). e orinant siep §ie| O i

Width 0.235402 Meters
Image size in AutoCAD

Height 0.1128599 Meters
One AutoCAD unit equals one Meters -
Width 23.5402 Meters Image resolution

Image resolution in DFI that has to be set within an extemal image
Height 11.2859% Meters processing software in order to get the selected scale.
Pixel size in AutaCAD if you change the DPl value, both the pixel size in AutoCAD and

the number of pixels of the image will change.
The pixel size is calculated from the number of picels and
the image size in AutoCAD. The image size in AutoCAD is

Resolution  432.8001 DPI
foced.
if wou change the size of a pixel, the number of pixels of Image background
the image will change automatically (and vice versa).
Background color [ [ J

Phezl size 0.00587 Meters | oK |
Restore optimal

e m @
The optimal pixel size is 0.00587 Meters. values I bt | ﬁk
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e Image size
Here you see the information on an image in a compressed way:

Image size Number of
in AutoCAD pixels

Image zize; 243253 # 23,3230 [3155 & 3025 Pixel]

W\E d 2.7 w Diztorted Image

Required disc space
(uncompressed) and compared to
the oriainal imaae

e Rectification factor

The Rectification factor indicates the relation between rectified and distorted
image having an optimal resolution. The more the original images is distorted the
larger this factor becomes. The information shall help to prevent extreme cases.
In general the Rectification factor lies between values of 1 to 3. Only in cases of
very large projective distortions larger values are to be expected.

5. The Status Bar

At the bottom of the dialogue you will find a status line that provides you with
information concerning the current calculation status of the rectification. The following
messages are possible:

e ‘Rectification parameters not complete’ means that too few reference
measurements were taken or activated. The button Rectify will be inactive in this
case. What information is missing can be seen by the red question marks.

e ‘Rectification determined’ means that all necessary information for calculating
the rectification parameters are complete. The button Rectify is activated and you
may start the rectification process with it.

e ‘File name of rectified image not specified’ tells you that you still have to state
a file name for the rectified image. The button Rectify will remain inactive.

e ‘Error calculating boundary’ may have various reasons, generally it is an
extremely distorted image that cannot be calculated anymore from As-Built. In
these cases the image to be rectified has to be limited to the relevant sections
with the command ‘Clip Image’.

The rectified image has a rectangular matrix just like the distorted image. During the
rectification process a more or less irregularly shaped image is formed. The
peripheral areas that come into being, because no image data of the distorted exist,
will be filled in with the currently set background colour of the AutoCAD drawing
surface. You can make this visible by clicking the image boundary of the rectified
image to draw a new boundary. New parts within the boundary will be filled with
current background colour.
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The Image Position File

For each rectified image a file ‘FilenameRectifiedlmage_FileExtension.PPB’, in which
the image position information is stored, will be set up in the same directory. If you
have deleted the rectified image from your drawing by mistake you can reconstruct it
exactly with the help of this file and the command ‘Image - Load image'.

The Protocol File

In the same directory a file ‘FilenameRectifiedimage_FileExtension.PRK’ is also set
up for each rectification. This protocol file in ASCII format contains all important
information for each rectification such as name, size, resolution and scale of the
distorted and rectified image as well as rectification parameters, values of the
rectification parameters and UCS definition.

Hint: The rectified image will automatically be placed on the layer which you have
defined with the command ->Settings under Layer "LayerRectifiedimages”. If no
layer is defined (default) the image will be placed on the current layer.
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Manual
> Command name: Menu:
2 PPHELP As-Built Photo

This command opens the PDF file which contains the present manual and the
belonging command reference. Thus, this helpful documentation is also available in
digital format.
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Tutorials
@ Command name: Menu:
KUBT_PC_TUTORIAL1 or KUBT_PC_TUTORIAL1 As-Built Photo

The command “KUBT_PC_TUTORIALL1" automatically opens the drawing file
TUTORIAL1.DWG whereas “KUBT_PC_TUTORIAL1* opens the drawing
TUTORIAL2.DWG.

When running the command the first time the respective drawing is copied from the
installation folder of As-Built to the folder \ DOCUMENTS and there into \FARO\AS-
BUILT X.X.X EN ACXXXX\ TUTORIALS\PHOTO. Later always this copy is used for
working on it.
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