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Abstract: 

This paper reports the requirements on a state-of-the-art digital photogrammetric workflow as 
it has already been realised within the business area of photogrammetry. All process steps of 
photogrammetric production are covered, including automatic aerial triangulation, automatic 
block-wide DTM extraction, stereo data capture capability, ortho-rectification and mosaicking. 
Special emphasis is placed on high degree of automation, smooth workflow, support of new 
sensors as well as connection to all kind of standard CAD and GIS packages. On demand a 
true orthophoto can be derived as well. 

 

1. Introduction 

INPHO was founded in the year 1980 by 
Prof. Dr.-Ing. Friedrich Ackermann, retired 
head of the Institute of Photogrammetry of 
Stuttgart University. There he has been 
active in aerial triangulation as well as 
DTM processing. INPHO started already 
within 1985 in first developments on digital 
image matching algorithms. In 1995 
INPHO introduced the first solution for 
GPS-supported aerial triangulation, 
including a revised version of the well-
known PAT-B program. Already at 44th 
Photogrammetric Week in 1991 MATCH-T 
was introduced as a fully automated 
measurement tool of Digital Elevation 
Models. As the very first software 
developing company INPHO has 
introduced in 1996 a full automated digital 
aerial triangulation system (Krzystek at al, 
1995). The program is well known to a 
world wide clientele as MATCH-AT. 

Since 2000 INPHO acts as a full system 
supplier for all components in digital 
photogrammetry covering the entire 
workflow. 

2. Digital workflow – components 

Figure 1 - workflow 

A digital photogrammetric workflow is 
characterised by integrated software 
components in order to guarantee a high 
degree of automation. As INPHO’s 
software approach these components are 
in detail: 

·  MATCH-AT 

·  Summit Evolution 

·  DTM Box (MATCH-T & DTMaster) 



 2

·  OrthoBox (OrthoMaster & 
OrthoVista) 

A digital workflow can be summarised and 
reproduced as displayed within diagram 
(Figure 1 above). 

3. Allocation of digital imagery 

3.1. Scanned imagery 

High performance, photogrammetric 
scanners are able to perform uncut roll film 
within one process. Thus an overnight 
batch process can be carried out saving 
time as well as personnel costs. Storage of 
images via local area network (LAN) can 
be set up at assigned PC. State-of-the-art 
photogrammetric scanners are able to 
scan aerial images with a resolution to the 
point of 5mm. Standard resolution for 
photogrammetric purposes are in the 
range of 12mm to 21mm. A high geometric 
accuracy is necessary and must not 
exceed about 2mm. INPHO offers the 
photogrammetric scanner UltraScan 5000 
from Vexcel, Austria, which fulfils all 
requirements. 

3.2. Imagery from airborne sensor 

3.2.1. Digital frame cameras 

All kind of digital frame cameras (e.g. 
DMC, UltraCamD) are fully supported 
within INPHO’s product line. 

3.2.2. Line sensors 

Data from aerial line sensors (e.g. ADS40) 
or satellite sensors are supported in 
INPHO’s tools for stereo plotting, DTM 
generation as well as for orthophoto 
production. 

4. Automatic aerial triangulation 

INPHO’s answer to high performance 
digital aerial triangulation is MATCH-AT 
(Krzystek P. et al, 1995). It is meanwhile 
well established and highly optimised and 
stands out for: 

·  automatic initialisation of tie point 
areas 

·  fully automatic matching of tie point 
clusters within tie point areas 

·  automatic point transfer 

·  integrated bundle block adjustment 

·  full support of GPS/INS information 

·  12 or 44 parameter self-calibration 

·  flexible sub-block handling 

·  graphical analysis of block geometry 

The preparation of automatic AT includes 
the manual or semi-automated 
measurement of control points and the 
fully automatic fiducial marks 
measurement (interior orientation). Tie 
point areas are fully automatically 
initialised based on an automatic analysis 
of image overlaps. GPS/INS information 
can be introduced as well, eventually in 
combination with a DTM. Result of this first 
part are approximate orientation data of all 
images. Location of tie point areas given in 
object space as X,Y,Z–coordinates, this 
information is used by the kernel system in 
order to apply the automatic point transfer 
throughout the entire image pyramid by 
matching tie point clusters, and by 
performing robust block adjustment within 
the automatic process. The final results 
are the orientation data of the images and 
the adjusted X,Y,Z-coordinates of the tie 
points. 

The accuracy of an automatic aerial 
triangulation fully meets the expectations 
with s0 of 0,15-0,25 pixel (Sigle M., 
Heuchel T., 2001). A pixel size of about 
20mm would be sufficient for a sigma 
naught of about 4 to 5mm. Typical sigma 
naught values of conventional aerial 
triangulation are between 5 and 8mm. 

Another benefit of automatic aerial 
triangulation can be reported. As an 
example, the 1722 images block of 
Baltimore County (Heuchel T. et al, 1998) 
could be processed with MATCH-AT by 
one operator in less than two months, 
instead of about six month with manual 
block preparation, point transfer, 
measurement and block adjustment. A 



 3

processing time of about 10 – 15sec. per 
image can be achieved under normal 
circumstances. That includes tie point 
generation as well as final bundle block 
adjustment. Derivation of image pyramids 
need to be processed in beforehand and is 
not included within that time calculation. 

With MATCH-AT a front end product for 
automatic aerial triangulation is offered to 
the photogrammetric community world-
wide. All requirements on a state-of-the-art 
AT-system are fulfilled like sub-block 
handling, GPS/INS support, graphical 
block analysis as well as multi-sensor 
support. 

5. Stereo plotting 

Summit Evolution a digital 
photogrammetric stereo workstation allows 
3D feature collection directly within either 
CAD or GIS environment, e.g. AutoCAD, 
MicroStation or ArcGIS. It includes project 
management as well as orientation tools. 
3D vector data can be superimposed onto 
the stereo imagery. A seamless workflow 
from MATCH-AT into Summit Evolution is 
ensured. Further, DTM’s can be generated 
by integrated MATCH-T. 

6. Block-wide DTM generation 

Over a period of time DTM generation 
using orientation information from aerial 
triangulation has been performed on 
photogrammetric stereo models. This 
procedure was called “model based 
approach”. This approach has also only 
been realised in strip direction. 
Consequently DTM’s were generated 
model by model covering any area of 
interest or even the entire block 
sequentially. 

A new version of MATCH-T has recently 
been released to overcome the old 
strategy and provides now a new “area 
based” approach in generating a DTM. 
One seamless DTM can now be generated 
for user definable areas over e.g. 

·  DTM of the entire block 

·  DTM of sub-block area 

·  DTM of any polygon area 

The derived DTM will be stored in an 
internal high-performance hybrid file 
format. A hybrid DTM file allows not only 
the storage of DTM-points itself but also 
break line, form line and border line 
information within one common data 
structure. 

6.1. Parameter definition 

In the first instance of MATCH-T some 
general parameter settings are necessary. 
Camera settings (distorsion etc.), interior 
orientation and some more general 
parameters can be taken over from 
previous done aerial triangulation run e.g. 
from MATCH-AT. Within a common project 
file all parameters are know to the system. 
Exterior orientation parameter are known 
as well. 

6.2. Normalisation 

Applying of digital epipolar images, which 
means utilisation of relative orientation, 
has been already introduced in 1976 by W. 
Kreiling also known as normalised images. 
Both of the images which are 
corresponding to the normal case have 
only parallaxes in x-direction but no y-
parallaxes. Thus correlation of 
homologous points can be done one-
dimensional, and so less time-consuming. 
Normalised images are characterised by 
the fact that the rows of the digital images 
are the epipolar lines. MATCH-T fully 
utilises the epipolar imagery approach. 

6.3. Image pyramids 

Image pyramids are very much common 
within Photogrammetry in order to derive 
follow-up products from aerial imagery. 

For the computation of a certain pyramid 
level the previous lower image pyramid 
level is smoothed with an appropriate 
Gauss filter approximated by a binominal 
filter of the order 5 or 7. Then, every 
second pixel of the filtered image is picked 
out to constitute the new pyramid level. 
Such an image can be interpreted as a 
multi-level low pass filter, in which aliasing-
effects (Moiré effects) are minimised 
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(Schmidt, 1981). The pyramidal image 
structure reduces step by step the image 
information to leave only the most 
significant structures and features at the 
upper level. The image pyramid approach 
gets over the problem of pre-knowledge of 
the DTM. The DTM approximation is 
carried through the levels of the pyramid, 
beginning initially with a very rough 
approximate DTM, like a horizontal plane 
(Ackermann F., Hahn M., 1991). 

Any aerial colour image (23*23cm2) 
digitised (3*8 bit) with a resolution of about 
15 m the needed data storage is about 
~750MB plus about  of the original image 
size. Overall, image plus pyramid 
approximately ~1GB space is necessary. 

Figure 2 – image pyramid 

Figure 3 shows an example of three 
different pyramid levels as well as 
corresponding DTM. 

6.4. Feature Pyramids 

The image pyramid also serves for the 
extraction of image features. The 
associated feature pyramid is expedient in 
order to MATCH homologous features on 
each level from which the 3D points of the 
terrain surface are derived. In the present 
approach the features are image points 
and are derived by the Förstner interest 
operator – modified with respect to 
epipolar geometry. A 5*3 pixel window is 
used, in which the interest value is 
computed by the weighted square sum of 
the gradient values, and a non-maxima 
supression, by which only significant local 
maxima are selected. For the subsequent 

matching process the sign of the gradient 
and the interest value are assigned to the 
extracted interest points as attributes. The 
accuracy of the interest points is 
approximately  pixel, because no sub-
pixel estimation is applied. 

Figure 3 – image pyramids and DTM’s 

6.5. Robust DTM generation 

The DTM generation within MATCH-T is 
subdivided into the matching process and 
the robust DEM modelling with finite 
elements. The DEM approximation is done 
stepwise by going through the pyramidal 
image data structure. 

The starting point on every pyramid level is 
an approximate DEM, which is taken from 
the previous level. At the beginning a 
horizontal plane is introduced as an initial 
approximation. The grid width of the DEM 
to be determined is twice as fine as one of 
the approximate DEM. 

By a 3D intersection of the homologous 
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image points the respective object points 
are calculated which represent the terrain 
surface quite densely, however still 
including erroneous data. They may result 
from matching errors or from 3D 
disturbances like houses, trees, bushes, 
cars etc., which do not belong to the 
terrain surface. In order to obtain a reliable 
modelling of the terrain surface a robust 
finite element fitting is applied, which is 
designed to eliminate outliers deviating 
from the terrain surface. 

The final product of the DEM generation is 
a DEM pyramid representing the terrain 
surface in several grid widths as a whole, 
even in areas which are to be excluded. 
Every DEM level is accompanied by an 
extensive set of statistical data including 
parameter for the subsequent internal 
quality check. 

6.6. DEM comparison 

conventional automatic 
1000 - 5000 
measured points / 
model 

> 500000 matched 
points / model 

10000-30000 
grid points / model 

80000-100000 
grid points / model 

~0.5 points / mesh > 10 points / mesh 
(high redundancy) 

 
Robust 

 
internal quality 
checks 

8 h / model 
photogrammetric 
measurement 

< 5min / model 
(30 � m resolution) 
(P4 2GB RAM) 

 

6.7. QC/QA with DTMaster 

As a post-processing step quality control is 
required to all kind of DEM generation. 
Therefore a powerful editing and checking 
tool has been developed by INPHO called 
DTMaster. Two versions are available in 
order to fulfil all incidental tasks regarding 
quality check as well as quality assurance; 
a monoscopic and a stereoscopic version 
of it. 

The main features are: 

·  Visual data checking by super-
imposition of DTM data overlaying 
raster imagery, online contour 
generation, hill-shading, perspective 
views and side-views 

·  Data editing in stereo, ortho, 
perspective or side-views 

·  Re-interpolation of points 

·  Local DEM interpolation 

·  Automated plausibility checks 

·  Software guided DTM measurement 

·  Automated data corrections 

·  3D mice support 

·  etc. 

DTMaster works stand-alone, i.e. it does 
not require any CAD or GIS package. 

7. Orthophoto generation 

In many GIS applications orthophotos are 
used as background information enriching 
their look-and-feel. Due to the 
characteristic having a homogeneous 
geometry they are often applied in order to 
capture data in planimetry. However, the 
ortho-rectification of aerial imagery is partly 
geometrically inaccurate and/or 
incomplete, i.e. buildings are distorted from 
their true location as they are not modelled 
in the DTM. Corrective in order to avoid 
above mentioned effects would be the use 
of a Digital Surface Model (DSM). 

Orthophotos generated with a DTM have 
typically following shortcoming: 

·  Perspective displacement and areas 
occluded by objects (e.g. buildings) 

·  Partly geometrically inaccurate 
and/or incomplete orthophotos 

This matter of fact makes it in some areas 
impossible to superimpose vector data of 
man-made objects. Furthermore, to 
measure the correct position for such 
objects isn’t rather possible. Overall quality 
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control is only limited feasible. 

Today’s procedure: 

Assuming an error-free georeferenced 
aerial image, the ortho-projection basically 
is as accurate as its underlying surface 
model. Terrain models, however, are 
associated with topographic DTMs and 
explicitly exclude man-made objects (like 
building etc.). Figure 4 shows the schema 
of orthoprojection with a DSM, which is a 
perpendicular parallel -projection. 

Figure 4 – true ortho projection with a DSM 

It becomes clear, that occluded areas may 
become imaged as other image contents. 
In figure 4 the blue roof also covers the 
horizontal occlusion area of the DSM in the 
left aerial image. If the building is not part 
of the surface model used during ortho-
projection this “non-existing” geometric 
information introduces errors, also called 
“artifacts of the method”. One artifact is 
double imaging (ghosting images). 

Figure 5 – double imagine effect 

This happens, when one source image 
only is used and the ortho-image 
generation software does not recognize 
occluded areas. The ortho-image in figure 
5 shows buildings imaged twice. This 

double imaging effect happens when using 
a topographic terrain model or by filling 
occluded areas from the same source 
image in the case a DSM has actually 
been used. 

In order to overcome such ghosting effects 
one has to detect the occluded areas. This 
is done by considering the line of sight 
from the projection centre to a specific 
object point on the DSM. With one source 
image and a DSM it is possible to mark 
occlusion areas in the orthophoto. 

Figure 6 - Orthophoto with occluded areas 
marked in white 

7.1. Filling up occlusion areas 

By combining image information coming 
from several sources it is possible to fill up 
occlusion areas. 

Figure 7 - occlusion area in the left image can 
be filled by using image contents from the right 
image. 

With a DSM and overlapping source 
images from different views, e.g. an aerial 
image block, one can generate 
overlapping orthophotos all of them having 
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the occlusion areas marked. By fusing 
them in overlapping areas, all parts of 
occluded areas which are visible in one of 
the orthophotos can be filled up with real 
image information. This process must be 
very intelligent as all images with their 
different radiometry have to be considered, 
the seam lines have to be found 
automatically and the orthophotos have to 
be fused in a way that later on it is no more 
possible to see that the final mosaic was 
computed with image content coming from 
several images. Otherwise the mosaic 
would be a patchy carpet. 

Figure 8 - True-Orthophoto produced with 
OrthoBox. Occlusions automatically replaced 
by using several overlapping orthophotos. 

An orthophoto (see figure 8) based on a 
DSM and with replaced (fused) occlusion 
areas is known as “True-Orthophoto”. It is 
“true”, since it truly projects man-made 
objects, e.g. buildings, in the perpendicular 
parallel direction onto the orthophoto 
plane. 

7.2. Modelling of man-made objects 

The man-made objects, to be modelled for 
True-Orthophotos can be very versatile. All 
kind of bridges, buildings with saddleback 
or hipped roofs, but also towers and 
steeples could occur. The objects could 
have any kind of forms like rectangular, 
irregular or round. One has to answer the 
question with which level of detail man-
made objects have to be modelled. Is it 
necessary to measure object borders and 
if yes how accurately do they have to be 
measured and how detailed? Furthermore 
the models of the man-made objects have 
to be blended with a DTM, which is built 
with e.g. mass-points, single-points and 

break lines. 

Requirements on the modelling of man-
made objects: 

Experiences with different data sets have 
shown, that it is not enough to model the 
objects just by using a simple box around 
the buildings. All superstructures of the 
objects which are not modelled will be 
rectified to a wrong position within the 
True-Orthophoto. As such objects appear 
disturbed and look unnatural. Object 
borders which are inaccurately measured 
and thus inaccurately modelled appear in 
the orthophoto blurred and odd. 

The following examples of one building 
block shall demonstrate these problems. 
To present the problem more clearly here, 
the occluded areas in these examples are 
not filled up by image information. 

Figure 9 - true-Orthophoto detail with modelled 
roof top 

Figure 10 – corresponding building model 

Above, roof border and ridges of the 
building block are exactly measured. This 
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leads to a correctly positioned building in 
the True-Orthophoto. The True-Orthophoto 
has the building borders (yellow vectors) 
and roof ridges (brown vectors) overlaid. 
The measured borders of the building and 
the roof ridges are sharp in the building 
model (shown on the right) and therefore 
also in the True-Orthophoto. The dormers 
are not measured as they are quite small 
which is not disturbing. 

7.3. Economical aspects and 
production application 

In order to implement True-Orthophoto 
projection in a production environment one 
needs to have proper software and 
procedures in place. INPHO’s OrthoBox is 
prepared to handle True-Orthophotos and 
the DSMs as well. The software imports 
man-made object models and combines 
them on-the-fly with a given DTM. The 
resulting DSM then facilitates the 
generation of orthophotos with occlusions 
especially coded. 

OrthoVista (INPHO’s mosaicking tool) 
interprets the occlusions code and picks 
True-Orthophoto contents from valid 
overlapping orthophotos automatically. 
This way a True-Orthophoto is actually 
constructed. 

Economically, True-Orthophoto production 
can however be expensive, following facts 
has to be considered: 

·  In case all occlusion areas have to 
be filled automatically and 
completely it is necessary to fly with 
a higher side overlap. Usually 60%. 

·  If a DSM shall be built-up by using a 
DTM and vector data representing 
the object shape lines, the shape 
lines have to be interactively 
measured if not available. This can 
be time consuming in urban areas if 
many details have to be modelled. 
This statement is not valid for 
bridges. The measurement of the 
shape of bridges is quite simple and 
fast. 

·  If a DSM shall be built-up by using 
LIDAR/SAR/INSAR data, the flight, 

the data management, the editing of 
the data and especially the 
necessary interactive measurement 
of object shape lines can be 
expensive as well. 

Because of the eventually high production 
expenses, in our opinion the production of 
True-Orthophotos of building models 
makes sense for areas of main interest, 
e.g. downtown areas. For bridges however 
this is completely different. Bridges in 
Orthophotos often cause problems as if 
not modelled they are either shifted 
against the true position but more worse 
they are displayed curved and/or twisted. 
The bridges have to be therefore corrected 
interactively with image manipulation tools, 
which is usually more expensive than just 
measuring the border of the bridge and 
introduce it into the DTM analogue to 
buildings as described above. 

8. Conclusion - look ahead 

INPHO’s components for digital 
photogrammetric workflow are considered 
as high-end software products meeting all 
the new requirements on state-of-the-art 
photogrammetry. Several independent 
research studies and benchmarks on 
photogrammetric software solutions are 
proving the high automation level as well 
as the fact of reaching highest accuracy by 
using INPHO’s approach. Nevertheless, 
continuous enhancements are necessary 
in order to keep the software up-to-date at 
any future time. INPHO stands for 
progressive developments focused on 
customers demand. 
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