





e Header File Utilities - The header file utilities provide the capability to copy,
load, unload, and show headers and to set the elevation parameters in a
header.

e Image Utilities - ISIR’s image utilities enable users to minimize and extract
images and to transpose Intergraph raster files.

e  Output Utilities - The output commands allow users to append a color bar to
the bottom of a raster file, to add a color collar around the border of an
image, and to insert both destructive and nondestructive corner tick marks.

3.3.1 Mosaicking Tools

There are two options available for mosaicking, an interactive mode and a batch
mode. The interactive mode allows the user to interactively mosaic two images

at a time. The seam line can be chosen by one of three different ways: 1)
interactive placement of points by the oper rator 2) the selection of existing
graphics elements in the design file 3) the software will default to splitting the
difference of the two images. The mosalakm;j module has also a feathering
option that blends by weighted averaging. Several options are available for tone
matching, including ‘match cumulative frequcnu', and match mean and standard
deviation. ImageStation Imager (ISI) software is ideally suited for image display
and enhancement, including tone matching and seamless mosaicking of
overlapping orthoimages. ISI achieves the seamless result during mosaicking by
applying a feathering algorithm on either side of the seam line in the overlap
area between two digital images. The seam can be automatically generated by
the software, user-defined, or can use an existing design file element (e.g., a road,

river, or boundary). The feathering width is adjustable and does an excellent job
of blending one photo into the next without any visual trace of the join.

The batch mosaicking module is a completely automated process that uses
multiple mthoplmtm as input. ImageStation AutoOrtho (ISAO) software
mosaics, feathers and, tone matches the multiple orthophotos and outputs a
single composite image. The feathering option in ISAO is used to blend the
pixels across the mosaic seam lines. ISAO locates the seam lines by building a
tile map. The width of the seam line is influenced by the temporary tile size. The
tile map is based on the location of zero value pixels which represent fill values
in the input images.
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4. Other Software Modules
4.1 TRIFID Multi-sensor Triangulation

TRIFID Multi-sensor Triangulation (third-party product - TRIFID, USA) software
is the core software and has driver capability specific to SPOT, Landsat, and
Aerial modules.

ImageStation Photogrammetric Manager (ISPM) is needed to set up necessary
file structures and parameters for these triangulation products. ISPM provides
other capabilities such as the setup and maintenance of a photogrammetric
project and the ability to read data from a SPOT or Landsat Thematic Mapper
digital tape into the system. ImageStation Digital Mensuration (ISDM) is used to
perform point mensuration (tie/ pass and control) and editing for different sensor
imagery (Figure 4).

The SPOT triangulation product provides a sophisticated orbital model of the
SPOT satellite system, allowing for highly accurate geodetic positioning. It
provides a simultaneous bundle adjustment of up to 84 SPOT level 1-A digital
images with a minimal number of control points. SPOT module uses a rigorous
orbital mathematical model constrained by the ephemeries data read from the
SPOT digital tape and uses a very flexible weighting scheme. This product can
work in conjunction with Landsat and Aerial modules for multi-sensor
triangulation of different sensor imagery.

The Landsat triangulation product, a simultaneous bundle adjustment with a
minimum number of control points, represents the triangulation portion of
digital Landsat Thematic Mapper satellite workflows. Landsat module supplies
an empirically calculated orbital model of the Landsat satellite system allowing,
for accurate geodetic positioning. Finally, Aerial module represents the
triangulation portion of aerial imagery workflows.

Main Multi-sensor Triangulation Features

* Fundamental observation equations account for the time dependent nature
of the SPOT sensor.

* Has no constraint on acquisition look angles. The only geometric constraint
between the SPOT images is that each image must ov erlap with at least one
other image.

* Adjusts any combination of up to a total of 84 level 1-A panchromatic and/or
multi-spectral SPOT images.

e Inputimage data and control point coordinates are in free format ASCII files.

e Extract initial values for exterior orientation parameters from a leader file on
standard level 1-A SPOT CCTs.

e DProvides default weights for sensor parameters, image coordinates, control
points, and tie points in free format ASCII files.

* Computes initial values for tie point coordinates using an Image-to-Ground
algorithm intersecting at zero elevation.
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* Control points may be assigned individual weights, allowing for a variety of
control point sources.

¢ Diagnostic (check) points are used to evaluate the absolute accuracy of the
adjustment results.

* Generate reports with optional listings of the orbital and point data, iteration
listings, image residuals, variance-covariance analysis, and other statistical
indicators.

e Flags any image points with residuals exceeding three times the adjusted
reference standard deviation.

* Triangulation results are compatible with Intergraph’s InterMap Analytic
(IMA) stereoplotter and InterMap Digital stereoplotter

4.2 Industrial (Close-Range) Photogrammetry

Digital photogrammetry is ideal for terrestrial photogrammetry applications,
such as the creation of accurate as-built models of industrial plants and
refineries. Digital photogrammetry products are used to create a visual data base
of an existing plant that can be exploited by photogrammetrists, plant design
engineers, or facility management personal.

As-Built Visualization (ABV) describes the overall solution targeted at plant
revamp projects which combine products and services for the capture,
processing, analysis, and output of photogrammetric data, and the design
information generated from that data. The photogrammetric component, close-
range, is created through an onsite survey and the capture of p]miugmphu
images, which are then manncd to create digital images and processed using
dwltal photogrammetric techniques. This data capture is generally provided by
phntm,mmnwlr\ companies to produce a “visual database” (Figure 3). This
visual database can be used to generate a 3-D CAD model of the plant by an
engineer or designer using the MicroStation-based PLANTGEN (third-party
pmdml - Alias, England) product. The created graphic model and the associated
intelligent engineering data can be used w ith’ Intergraph engineering design
applications, such as PDS, VDS, and Design Review, to address related
workflows and expand these overall solution offerings (Figure 8).

ABV solution provides functionality and flexibility that allows experts in each
part of the workflow to control that portion of the process. Surveyors do the
surveying, photogrammetrists do the photogrammetry, and engineers and
designers create the as-built model based on the requirements of the design
project.

The primary use of this technology will be for plant revamps. Any plant or
facility that has the need for an as-built or as-is model is a potential target for
ABV. The nuclear power industry is another example of u%mg., this applu.atmn
due both to safety factors and the reduced on-site personnel and time that ABV
requires when compared with traditional methods.
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Figure 8. As-Built Visualization System Workflow

5. Summary and Concluding Remarks

An integrated digital production system must integrate all the tools of the digital
environment and enhance the real photogrammetric workflows, aerial
triangulation, feature and elevation collection, and orthophoto production. The
digital workflow provides major benefits in the area of automated measurement.
Currently both aerial triangulation and elevation model collection use correlation
and auto-measurement techniques to increase productivity. The degree of
automation for both workflows continues to improve, for example, automatic
breakline detection for elevation collection and completely automatic pass point
and tie point measurement for aerial triangulation. The challenge for a digital
photogrammetric production system is to integrate these automated techniques
with an operator's ability to interactively measure and edit points. Automated
feature extraction is still mostly in a research and development stage; however,
softcopy provides an environment where these advancements are now very
feasible for the future. Advancements for aerial triangulation and elevation
collation also represent advancements for digital orthophoto production. Digital
orthophotos have become a very popular product, especially for the added value
they bring to geographic information systems (GIS) projects.

Digital aerotriangulation is another benefit of the ImageStation line of digital
photogrammetry products. This software allows for interactive automated point
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transfer through image correlation, which means further speed increases for the
production workflow. On-line interactive bundle adjustment software will also
be included in the next release of the software.

This paper has described the Intergraph Integrated Digital ’lmtn;_,ramnwtr\
System, including its unique hardware/software configuration. Its integration in
other GIS and Engineering products makes it a hlL_hI\, efficient photogrammetry
platform. Its unique user-friendly interface, flexible forms and icons, numerous
data editing capabilities, rigorous mathematical models, high-speed
raster/vector processing and superimposition, and ergonomic design make the
IMD a highly efficient system.

ImageStation’s 27-inch, 2-megapixel display, 24-bit true color monitor provides a
larger field of view than conventional analytical plotters. Typically the field of
view for an ImageStation is more than twice as big as analytical plotters at the
same magnification. This allows the operator to look ahead further and work
more comfortably. The 27-inch monitor is also well suited for the multiple photo
layouts required for the aerotriangulation process. It also has nondestructive
vectors, which means an operator can make edits such as deleting or moving a
feature without erasing the image(s) behind the vectors.

Digital photogrammetry builds on computing technology. As more and more of
the processes are automated, the productivity of the user will continue to
increase. A well integrated digital photogrammetry system will yield greater
productivity over its predecessors, as well as bringing added value based on the
computer tec hnologies.
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The ImageStation Digital Photogrammetry Workflow

Compiled by James D. Carswell

Product Marketing Manager - Digital Photogrammetry - Intergraph EHQ - February ‘96

Abstract

The ImageStation from Intergraph incorporates a suite of hardware and software
products specially designed for high production digital photogrammetry and image
processing. The following pages will describe the entire ImageStation digital
photogrammetry workflozo from scanning on the PhotoScan to interior/relative/absolute
orientations to DTM/feature extraction to orthophoto production.

STEP 1 Scanning

The first step in the digital photogrammetry workflow is the scanning of the
photos. This step could probably be considered as one of the most important in
the entire workflow. The idea of course is to try and completely capture both the
true radiometric quality of the aerial film while the same time maintaining its
geometry.

The most accurate (< 2um RMS per axis) aerial film scanner available today is the
PhotoScan. The PhotoScan is a high-resolution, radiometrically and
geometrically precise, flatbed scanning system that converts photographic
information from black and white or colour positive or negative aerial film into
digital raster image data. The PhotoScan is the result of a co-operative
de\ elupnwnt agreement between Zeiss and Intergraph, Zeiss providing the
superior optics and precision mechanics and Intergraph providing the CCD
camera, electronics, powerful host workstation, and specialised application
software.

The PhotoScan has an optical resolution of 7.5 um. This means that all scanning
is done at 7.5 um resolution and then averaged, if the operator requires, to
generate an output scan at 15 um, 22.5 ym, 30 um, 60 um or 120 ym resolution.

Intergraph has investigated measurement accuracy at different scan resolutions
and has found that orientation and DTM results carried out digitally on 15 um
images are more accurate than those obtainable by analytical plotters. The
accuracy achievable on 30 um scans is less than 15 1 m images however 30 ym
resolution still provides good results for some photogrammetric applications like
stereo feature digitising and orthophoto production. For accurate
aerialtriangulation results, 15 #m is recommended.




Another advantage of the PhotoScan is its capability for JPEG image
compression/decompression. JPEG (Joint Photographic Experts Group) is a sub-
working group of both IEC/ISO and CCITT. JPEG has developed an
international standard for continuous tone (grey scale or colour) still-image
compression.

The image compression is achieved by a series of steps beginning with the
subdivision of the image into 8x8 blocks. Next, the blocks are transformed by the
Discrete Cosine Transform. The result of the transform is a 8x8 block of
transform coefficients. These coefficients are quantised by a variable amount,
depending on the position of the coefficient in the 8x8 array. The level of
quantisation can be changed by varying the Q-factor (Quantisation or Quality-
factor). The quantised coefficients are then run-length encoded and the run-
length codes are then Huffman encoded.

The Q-factor is variable between 0 and 300 with a value of 0 meaning no
compression. Typically, if a Q-factor of 25 is used, image compression of 3-4
times is achieved (depending on image texture) without any noticeable change in
image quality or detail.

Intergraph has incorporated the JPEG algorithm into a JPEG image
compression/decompression hardware board. This JPEG board is inside every
PhotoScan and allows the imagery to be scanned to disk directly into JPEG
compressed format. When the imagery is needed for viewing or other
subsequent processing, it first moves in real time from the disk through the JPEG
board to get decompressed on-the-fly before being displayed on the monitor. So
the imagery is always in compressed format on the disk and decompressed
format on the screen or when being processed.

An uncompressed black and white image scanned at 30 um has a file size of
about 60 MB. A single colour image scanned at the same resolution will be
approximately 180 MB (60 MB for each of the three bands - red, green, blue).
This means that a single 2.1 GB internal hard disk will be able to hold 35
uncompressed black and white 30 um images (or 11 uncompressed colour
images). With JPEG compression, the number of images that can be stored
increases to 105. This conservative estimate assumes only 3 times compression
for each image. Currently, a fully configured PhotoScan or ImageStation can
hold 45 GB of internal disks which allows for complete projects (hundreds of
photos) to be stored and therefore available on-line. Of course this does not take
into account the option to further increase storage capacity by connecting
additional external disks.

STEP 2 Interior Orientation - ISDO or ISDM

This step can use software module ImageStation Digital Orientation (ISDO) or
ImageStation Digital Mensuration (ISDM).




Interior orientation is the process of measuring the fiducial marks on the digital
imagery. This measurement process will relate the pixel coordinates of the
digital image to the photo coordinate system. This step and all the remaining
steps in the workflow are carried out on the ImageStation.

Once the fiducials on the first photo have been measured, all the fiducials on
subsequent photos will be automatically measured using image correlation
techniques (automatic functionality in ISDM sw only). Image footprints can be
automatically generated into a design file allowing the operator the option to
select a stereo model by graphically pointing to which images he wants to
process.

STEP 3 Relative Orientation - ISDO or ISDM

Relative orientation is the process of measuring (removine x and v parallax of) at
. N - E© - ;, - ot -
least 6 points, in the overlap region on both the left and right photo of a stereo
st 6 p gio ght f |
pair. This measurement process will relate the two photos to each other in space
and transform the photo coordinates of the measured points into model
coordinates.

The point measurement process is facilitated by the ability to measure in both
mono and stereo modes at the same time. Also, common points can be locked in
one photo while being transferred down or across strips. Automatic point
measurement and transfer using image correlation techniques is available in
ISDM. Functionality exists for the viewing of up to 6 photos at a time while
performing the pass/tie/control point measurements.

All pass points (points tying stereo models together), tie points (points tying
strips together), and control points can also be measured during the relative
orientation step. If aerial triangulation adjustments are required, all
measurements from the relative orientation step can be output to third party
adjustment packages like PATB-RS, PAT-MR, BLUH, and BINGO or
alternatively, ISDM’s own bundle adjustment sw can be used. After adjustments
have been made, the results are read back into the ImageStation environment
where the exterior orientation parameters will be used to epipolar resample each
stereo model.

STEP 4 Absolute Orientation - ISDO or ISDM

If aerial triangulation is not required (because there are at least 3 control points
already identifiable in each model), then the process of absolute orientation will
be the next step. If all the pass points, tie points and control points have already
been measured in relative orientation, then the absolute orientation form needs
only to be checked off and the software will calculate the elements of exterior
orientation for each photo relative to ground control.
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If these points have not yet been measured (x parallax removed), then they can
be measured and/or transferred in the absolute orientation environment in the
same way as they would have been measured in relative orientation.

STEP 5 Epipolar Resampling - ISPM
This step uses software module ImageStation Photogrammetric Manager (ISPM).

After the elements of exterior orientation have been calculated for each photo,
either from the aerial triangulation adjustment program or directly from absolute
orientation, the photos will then be resampled into epipolar format.

Epipolar format is a re-arrangement of the pixels in each digital photo of a stereo
model in such a way as to remove all the y parallax. The resulting images will
then be stereo ready for 3D feature and DTM collection.

For 30 um images. resampling a stereo model to epipolar format takes about 15
minutes. The resulting files are approximately 60% (assuming a 60% overlap
between photos) the size of the original scanned images. To free up disk space,
the original images can be removed from disk at this stage as all further
processing (except ortho photo production) will be on the resampled images.

After the orientation steps, it is possible for operators to set up the epipolar
resampling process to run in batch over night. When they return the next day,
production can continue uninterrupted as all models will be set and ready for 3D
viewing and digitising.

STEP 6 3D Digitising/Feature Collection - ISSD, MSFC, ISDC, ISMT

This step uses modules ImageStation Stereo Display (ISSD), MicroStation Feature
Collection (MSFC), ImageStation DTM Collection (ISDC), and ImageStation
MatchT (ISMT).

After resampling into epipolar geometry, each stereo model is ready for stereo
viewing and digitising. MSFC provides an efficient map feature digitising
system that extends standard MicroStation 32 capabilities. It furnishes numerous
commands to collect, edit and attribute feature data directly into an Intergraph
design file.

Digital terrain models can be collected interactively with ISDC or automatically
with ISMT. On-line triangle and contour generation allows the operator to view
and manipulate in real time the contours over the collected area while still in the
model.

ISMT was originally developed by Dr. Fritz Ackermann's company INPHO from

Stuttgart, Germany. This automatic DTM generation program (commonly called
MatchT) will, on a 30 um model, collect a DTM at a user specified grid spacing in
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less than 1 hour (typical times can be less than 1/2 hour/model). This savings in
time (as compared to collecting the same area analytically) is one of the main
reasons why most photogrammetric and mapping organisations are inv esting in
ImageStation digital photogrammetry today.

STEP 7 Ortho Photo Production - MSM, ISIR, IS]

This step uses software modules MicroStation Modeler (MSM), ImageStation
Image Rectifier (ISIR) and ImageStation Imager (ISI).

The output from the DTM generation process of Step 6 is used as input into
MSM. Here the DTM will be merged with any other terrain information like
breaklines, spot heights etc. to generate what is called a grid file. This grid file is
nothing more than another DTM stored in a binary format ready to be used by
the [5[[\ software for generating the orthophoto. MSM can be used to analyse
plan or perspective views of topographic features, trlans_,lvs surface mesh,
contours, and colour coded elevations. Also in MSM is the capability to
represent 3D terrain information in a large number of projection and coordinate
systems.

After the grid file has been generated in MSM, all the elements are in place
(original digital image, orientation parameters, DTM) for creating a dlz,ll’d]
orthophoto. “The orthophoto is created using ISIR and typically takes less than 5
minutes to process (depending on the grid spacing of the DTM and the output
pl\cl size of the orthophoto). ISIR is alu.n capable of orthorectifying satellite
imagery. Any ground features collected in stereo from Step 6 can be d]apla\fed in
their true orthographic positions directly on top of the newly generated
orthophoto. Additional digitising in 2D can also be performed dire LH\ on top of
the digital orthophoto.

Once the orthophoto has been generated, it can be viewed in the image
processing software, ISI. This software is ideally suited for image display and
enhancement, including seamless mosaicking of overlapping orthoimages. 1SI
achieves the seamless result during mosaicking by applying a featheri ing
algorithm on either side of the seam line in the overlap area between two digital
images. The feathering width is adjustable with 100 pixels on either side of the
user defined seam line usually being sufficient to blend one photo into the next
without any visual trace of the join.
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SUMMARY

The following pages will further expand on the advantages of digital
photogrammetry with the ImageStation.

1: The VI-50 is the ImageStation's raster processor with 172 MIPS, 300
MOPS and 18 MFLOPS. With the VI-50, the ImageStation can do real-time stereo
roaming and digitising with true colour images and vectors. Roaming is not
restricted to any specific window size or image area - roaming can be carried out
over the entire model in real time inside any size window. The VI-50 is also used
for resampling the raw images (after the orientation process) into epipolar
geometry for stereo viewing/digitising and for resampling the raw images into
orthophotos. For colour orthophotos, the VI-50 speeds up the resampling time
about 3 times as it resamples the three red /green/blue colour bands at the same
time. This means a colour digital orthophoto can be produced in about 5
minutes or less.

2. One of the biggest advantages of the ImageStation is the JPEG
compression/decompression board. No other vendor of mapping solutions has
on-the-fly hardware compression. This means a savings of 3-10 times in disk
space. The images are scanned into JPEG (compressed) format directly on the
scanner and spend their entire lives in compressed format. When the user wants
to view the images on the monitor, the images travel from the disk through the
JPEG board and get decomprc%ed on-the-fly to arrive on the monitor in
decompressed format. All this is done in real time.

With 3 times compression, a typical 2.1GB disk can hold 105 b/w images
scanned at 30 um. Without JPEG, the same disk can hold only 35 b/w images
scanned at 30 um. For 3 times compression on colour images, a 2.1GB disk can
hold 35 JPEG images compared to only 11 uncompressed 30 um images.

So for any organisation who wants to do production digital photogrammetry, a
hardware on-the-fly compression board is a must. Note that these figures quoted
above are for just 3 times compression. It is very common that higher

compression rates are used without any noticeable loss of detail in the i imagery.

Another plus for [PEG compressed imagery is that because the files are smaller,
they transfer over the network faster and backup to tape faster.

3. Digital aerotriangulation is another benefit of the ImageStation line of
digital photogrammetry products This software allows for interactive
autumated point transfer through image correlation which means further speed
increases for the production workflow. After measurement, the on-line bundle
adjustment can be run to triangulate the block without translation to 3rd party
programs.

4. Digital photogrammetry builds on computing technology. As more and
more of the processes are automated, the productivity of the user will continue to
increase. For example:




Satellite Triangulation (Available now)

SPOT Stereo Triangulation
This will allow the user to triangulate SPOT stereo images using only

two control points per scene.

—  LandSat Stereo Triangulation
This will allow the user to triangulate LandSat imagery for stereo use
with SPOT images. This would be used in areas where the SPOT
stereo  coverage did not exist.

Terrain Extraction (Available now)
Match-T with Satellite Imagery
Enhancements made to the Match-T software to allow its use with
satellite images.
—~  Machine assisted dot-on-the-ground through image correlation

Interactive Automated Feature Extraction (Future)
— Automatic house tracing
—  Area “flooding” for water bodies/fields/woods
—  Assisted line following for roads







PHODIS Innovations
Christoph DORSTEL, Aalen

Carl Zeiss, Abt. V-PEP, D - 73446 Oberkochen
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ABSTRACT

The contents of this paper are the new applications and functions in the digital
photogranmnetric image processing system PHODIS. The report on news in
PHODIS starts with new functions in PHODIS Base which represents a set of
functionalities common to all PHODIS applications. This is followed by a short
description of the wnew, vrollfilm-capable photogrammetric scanning system
PHODIS SC. Automatic aerotriangulation is tmplemented in the new PHODIS
AT. For DTM-generation, the new tool PHODIS TS applies an integrated ap-
proach of preprocessing, automatic DTM-derivation, and postprocessing in a stereo
editing environment. The paper concludes with a description of the new model
PHODIS ST 10 of the digital stereoplotter.

1. INTRODUCTION

A digital photogrammetric system is supposed to offer to the user the full
range of functionality lvquncd for pmdmtmn This starts with the analog to
digital (A/D-) conversion of analog images. Based on oriented images, appll—
cations such as topographic data acquisition, DTM-generation, and orthopro-
jection follow. For the purpose of orienting images, methods including aero-
triangulation, absolote model orientation, and spatial resection are applied.
Finally, the results of production are digital data and map sheets of any
form.

These processes represent known procedures in Photogrammetry. There is,
however, a specific potential of power of digital systems over analog or ana-
Iytical systems which is the possibility to generate automatic measuring
puncduw Such functionality uses the digital information contained in im-
ages in order to perform measurements.

The following focusses on the implementation of these possibilities in new
applications and functions in PHODIS. Advantages in the use of digital pho-
togrammetry (DP) are shown.
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2. PHODIS

The first step of Carl Zeiss into digital aerial image processing was in 1989
with the presentation of the PS1 PhotoScan p]mto;,rammetm scanner (Faust
1989). The extension to a digital photogrammetric image processing system
was done in 1991 through the presentations of the digital orthoprojection
system PHODIS OP (Mayr 1991) and the system TopoSURF (Krzystek 1991)
for the automatic generation of DTM using one stereomodel. The DTM-
generation applies a fully automatic measuring method. This capability is
one of the main features of DP. The generated DTMs were primarily used in
orthophoto-generation. The introduction of the PHODIS ST digital stereo-
plotter opened the way to do data acquisition on such a device as well.
Based on this package, new features and robust automatic procedures are
implemented in new PHODIS applications. Figure 1 gives a schematic prod-
uct overview of PHODIS and expresses the common base.

PHODIS SC
PHODIS AT
PHODIS ST
PHODIS TS
PHODIS OP
PHODIS M

PHODIS BASE

Figure 1: PHODIS product overview
2.1 PHODIS Basis
Automatic interior orientation (AIO)

The automatic interior orientation procedure is integrated into PHODIS Base
(Willkomm and Dorstel 1994) which is an essential part of every PHODIS
application (see figure 1). The method searches the fiducials by correlating a
fiducial pattern with the image in a strategic approach. This w ay it deter-
mines the coordinates of the fiducials in the pixel coordinate sy stem of the
C]l}.,lt("ll image (Schickler 1995). AIO is capable of recognizing the rotation of
the image in the file. There are 8 situations possible. By localizing an un
symmetry pattern in the image it is possible to determine the situation of
the image in the file. Furthermore, AIO can detect if the image is a diaposi-
tive or a negative. The robust estimation of the transformation parameters
from the pixel coordinate system into the photo coordinate system contains
criteria which allow the process to automatically either accept or neglect
the results. AIO comes prepared for a variety of aerial cameras.

446




Automatic relative Orientation (ARQO)

The stereo model setup is done either in a one-step procedure, applying the
bundle solution for one model, or it is carried out as a two-step procedure
with relative and absolute orientations. The latter procedure is commonly
used e.g. in analytical stereoplotters. The process of relative orientation is
based on the determination of conjugate points, so-called tie-points. This task
can be performed in DP by an automatic process and is called the automatic
relative orientation. Such a principle is integrated in PHODIS. It is composed
of several steps the keywords of which are image pyramids, feature extraction,
feature matching, feature tracking, and robust parameter estimation (Tang and
Heipke 1994, 1993). ARO reduces the required time for interactive work with
the system thus freeing up the operator. Due to the large number of conjugate
points, e.g. 200, there is a high redundancy in the adjustment process. This
ensures stable results, and, provided that good measurements were possible,
one can obtain stereomodels with residual parallaxes of about 3 to 5 um - a
range of values which is comparable to results from relative orientations on
analytical qte:et‘:plottvm However, the redundnacy usually is an order of
magnitude higher in ARO. The absolute model orientation is reduced to the
manual determination of ground control points. This procedure is called the
manual bundle orientation (MBO) in PHODIS. Tie-point measurements of
ARO are imported into MBO as additional observations.

Interfaces

The technology of digital photogrammetry is - with the exception of the
scanning system - bawd on algorithms only and thus based on computers. All
app]uatmn*« are software solutions only. The scanner is the only hardware
required. The common perception of software is that it has the property of
being adapted and extended easily. To a certain extent this is correct. For the
user it has the advantage that he can solve special integration tasks him-
self, if he has access to appropriate interfaces. For this purpose an open sys-
tem is required which allows access to all user-relevant information.
PHODIS achieves this by default as it comes with open interfaces to its
libraries for import and export of photogrammetric data. Data exchange can
take place directly, or via ASCII-files or binary files. The user has the op-
portunity to access e.g. image data, ground control data, camera data, project
data, and model dala With an extra library it is possible to get access to
the command syntax of the PHODIS ST dl?_,l[.‘ll stereoplotter with the possi-
bility of superimposing colored vectors in the stereomodel.
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2.2 PHODIS SC

The requirements for a photogrammetric scanner contain technical and appli-
cation-specific aspects. Important technical features of such a device are
geometric and radiometric quality as well as the quality of color reproduc-
tion. From the point of view of the application, the following items are of
special interest:

The possibility to operate the scanner without human interaction over a longer
period of time

The generation of photogrammetric digital images for the direct use in other
applications

This type of functionality is implemeted in the new photogrammetric scan-
ning system PHODIS SC (Mehlo 1995). The operation without human inter-
action is possible through the autowinder, a retrofittable rollfilm attachment
to the scanner base umt. This device allows the use of uncut rollfilm. The
user is able to scan images from the roll film in an arbitrary order. The lim-
iting factor is the available disk space. Otherwise the scanner can process in
unattended mode. The potential connection to an image archiving system
opens the possibility of a highly production-oriented scanning system. This
way huge data volumes as used e.g. in automatic aerotriangulation can be
handled and processed.

The ;.,uneratmn of photogrammetric digital images can be achieved in a post-
processing step. Here automatic processes are 5_,athured and started as batch
jobs. Such processes can be e.g. the generation of image pyramids, the auto-
matic interior orientaiton, or hlsto;ﬁram modifications. Storage of flight in-
formation and the generation of an overview image are done as well in this
step.

2.3 PHODIS AT

One of the main features of DP is the automation of measuring processes by
the use of image processing techniques. This has made pnas:l‘-le the develop-
ment of the automatic aerotriangulation (AAT). AAT is presented as a new
member of the PHODIS family of applications in PHODIS AT (Mayr 1995).
The basic approach of conv entional aerotriangulation consisting of the steps
block definition, measurement, and block computation remains the same in AAT.
However, within block preparation and measurements many changes took
place. The method of block computation is unaffected by AAT. Existing bun-
dle block adjustment programs can be continued to be used in AAT.

Block preparation in AAT uses as input data the flight identification of the
images, the image numbers, the approximations of the coordinates of the
projection centers, and the approximate values of the orientation angles x.
These data determine the geometry of the image block approximately. The
block is inspected visually using a wire frame representation of all images in
the block. During the block preparation in conventional aerotriangulation the
block is tied together by interactively selecting images, selecting tie-points to-
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be-determined, and pugging, i.e. doing the point transfer. In AAT the block is
tied together in the measurement phase automatically.

Prerequisites for automatic measurement in AAT are image pyramids. The
connection between the images of the block is done automatically in the
higher (lower resolution) pyramid levels. This step is called the generation
of the topology of the block. The algorithm applied is a modified automatic
relative orientation. Due to the fact that only higher pyramid levels are
involved, this step can be done for the whole block. Ground control points and
new object points are measured manually in the original images. The methods
of least squares matching or feature based matching are applied as measure-
ment techniques in manual measurement. The manual measurement mode is
part of PHODIS AT and allows the measurment of any type of point e.g. for
the purpose of quality control measurements and rcpcatvd measurements of
already measured points

2.4 PHODIS TS

The automatic generation of digital terrain models (DTM) is almost a stan-
dard feature of a DP-workstation. The elevations are derived by a matching
process which can be considered as robust and field proven. The DTM-
generation is done with PHODIS TS. It contains the components digital stereo-
plotter, DTM-verification, and TopoSURF.

Digital stereoplotter

The functionality of the digital stereoplotter is used as the tool for model
setup. It also enables this application to perform interactive DTM-
preprocessing and DTM-postprocessing which in combination represent the
DTM-verification. The ability of superimposing colored vectors in stereo of-
fers the visual inspection of the DTM itself. Thus, for an environment for
DTM-generation the digital steroplotter is required.
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DTM-Verification

This component of PHODIS
TS kind of triggers the

main work flow in auto-
matic DTM-generation.
DTM-verification requires a

stereomodel in which, in

the DTM-preprocessing ‘

step, three-dimensional

morphological data are Stereomodel Setu
collected. The following P

morphological features are
of special interest. ‘

Points of singularity
Break lines
Cutout area polylines

DTM - Preprocessing

\

Morphological information

is of importance to the ] y
DTM-generation process. It Automatic DTM-Generation
defines the  constraints with TopoSURF
within the derivation of

the raster-DTM. DTM-

postprocessing, better ‘

called quality control of
the DTM, takes the result-
ing raster-DTM and ana-
lyzes it. It is possible to
superimpose in color the ‘
DTM over the stereomodel.

Visual inspection is then
carried out. DTM-points can
be picked, moved, deleted,

measured additionally or
simply inspected.

DTM-Postprocessing

Figure 2: PHODIS TS main components

TopoSURF

The automatic DTM-generation is composed of the four steps image pyramid
generation, feature extraction, feature matching , and robust finite element adjust-
ment for the raster-DTM-generation. The procedure is discussed in detail e.g.
in Krzystek 1991.

With this environment the user can easily collect additional information,
start the automatic DTM-generation process, and perform quality control. The
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stereo capability is an essential part of this concept. The raster-DTM can be
used in PHODIS OP or for on-line elevation interpolation in PHODIS M.

2.5 PHODIS ST 10

The digital steroplotter PHODIS ST is now available in two models. In both
cases the computer platform is Silicon Graphics (Dérstel and Willkomm
1994). The models differ in the way thy display the stereomodel.

PHODIS ST 10moving image fixed cursor (MIFC)
PHODIS ST 30fixed image moving cursor (FIMC)

PHODIS ST 10 is new. The images are moving in subpixel steps, and the
floating mark is fixed in the center of the field of view. In addition to this
capability, PHODIS ST 10 can display stereo scenes without having the
requirement of pre-computing epipolar images. This saves computing time
which, depending on the image parameters and computer speed, can be 30 or
more minutes per image. It also saves disk space which can add up to several
hundreds of megabytes of savings. Dynamic measurments especially e.g. con-
tour line following are improved by this mode of displaying stereo scenes in a
digital stereoplotter.

3. CONCLUSIONS AND OUTLOOK

PHODIS offers all appplications and function of a powerful digital photo-
grammetric product family. The homogeneous data flow is given on a stan-
dard hardware platform. Automatic procedures are integrated wherever
they are robust. They are a fundamental part of the concept behind PHODIS.
Currently the requirement for huge amounts of storage capacities in some
applications is still an open issue. The use of data compression methods
might be a solution to a certain extent. However, non-reversible data com-
pression techniques - and only those deliver acceptable data reduction values
- can result in unacceptable loss of image information (Jaakola and Orava
1994). An alternative to this approach might be the implementation of a
jukebox-based data archiving system. Storage media can be e.g. EXAByte,
DA, or rewritable magneto-optical CDs. Such a system could be connected to
the scanner system which appears to be very helpful in unattended scanning
modle. An alternative to a jukebox system can be a disk array. In conjunction
with aerotriangulation, another use of such a mass storage device is feasible.
For the time being, the integration of field experience and further robust
automatic procedures are important to DP. The operator is freed more and
more from standard tasks in order to use his experience to take the decisions
which an algorithm is not yet capable of.Automatic ground control point
recognition, object extraction and line following in arial large scale images
are amongst other subjects main areas of focus to the research community e.g.
Heipke et al 1994, Giilch 1994, Fuchs 1995. PHODIS is prepared to imple-
ment such features.
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