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INTERACTIVE GENERATION OF DIGITAL TERRAIN
MODELS

LWolfgang Reinhardt and Rainer Ho8ler, Munich

1. Introduction and review

Today the digital terrain model (DTM) has become almost a standard product in planning and
mapping. Consequently quite a number of applications can be satisfied using the DTM and rather
attractive graphs are supplied using vector as well as raster techniques. In contrast to this progress
in DTM application and display the methods used in practice for DTM data collection almost didn’t
change in the last decade. In particular no capabilities are provided to check the measured data in
this stage, although there is a clear necessity for it, especially when high fidelity DTM’s have to be
generated, which are mainly related to large scale applications.

This paper, related to photogrammetrically sampled DTMs, presents a procedure for an interac-
tive on-line DTM generation, with different possibilities to check the DTM fidelity directly in the
stereo model during data collection. Special emphasis is given to a review of the whole procedure,
to its performance and to results from practical tests.

In the first chapter of the paper some preliminary remarks on DTM -accuracy, -data collection and
-modelling are given. The next chapter discusses the possibilities for DTM verification and pre-
sents some results of practical investigations. This is followed by a description of the procedure for
an interactive DTM generation directly in the stereo model and some aspects of its practical reali-
zation. After this the new capabilities of the PROSA program for DTM data capture using ZEISS
analytical plotters with the PHOCUS system are reviewed and some concluding remarks are given,

2. Preliminary remarks

2.1 DTM - accuracy

During the period of 1980-1984 ISPRS WG II1/3 has performed a DTM-test and the resul.ts were
presented in [Torlegard et. al., 1984]. Due to the particular importance of the test for this topic
some of the main results of the test should be summarized here: It was found that the average DTM
accuracy could be predicted by participants quite well, but only by ’experienced organisations’
(mostly university institutes). Furthermore, an important result was that the number of gross errors
(’blunders’) in the DTM’s generated by the participants was very high.

As a consequence of these results, two main requirements follow for generating high fidelity
DTM’s: The first is that the sampling parameters (mainly the point distance) have to be choosen
properly to achieve a certain DTM accuracy. The second one is that procedures have to be estab-
lished to minimize the number of blunders in a DTM.
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In principle the first requirement can already be met in practice as the DTM test results show, but
the second one can be satisfied only when the DTM is checked during data collection in the stereo
model. This paper is intented to present a procedure for this task.

2.2 Photogrammetric DTM - data collection

Concerning the measurement of mass points it is well known from various investigations that static
photogrammetric measurements are superior to dynamic ones. For that reason grid measurement
became very popular. But to establish a high fidelity DTM the grid measurement has to be supp-
lemented by selectively taken measurements (selective sampling). These mesurements can be lines
(e.g. breaklines) as well as points (e.g. characteristic single points) [Makarovic, 1977, Ruedenauer,
1980].

In [Ebner and Reinhardt, 1984] it has been shown that the use of the progressive sampling method
[Makarovic, 1973] instead of a regular grid can lead to a clear improvement in economy without
significant loss of accuracy.

i For progressive sampling first a coarse basic grid is measu-
FE 4+ red. Then second height differences are computed at the
* grid points to approximate the terrain roughness, taking into
: account break lines if available. If the second height diffe-
rence at a grid point exceeds a pre-choosen threshold the
basic grid is locally densified to half the original mesh size.
This procedure in general is repeated till a pre-determined
minimum sampling distance is reached. In this way the mea-
sured grid automatically is matched to the roughness of the
terrain. The procedure presented here for interactive DTM
generation is best suited to progressive and selective sam-
pling data, but is not limited to this methods.
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Fig.1: Example of DTM data

2.3 DTM - modelling

DTM modelling denotes the construction of a continuous surface from the captured data. With
respect to the requirements of working interactively a specific solution for this task has been pre-
sented in [Reinhardt, 1988]. This procedure includes two steps. The first one is related to a struc-
turing of the measured data. As these data are captured by progressive (PS) and selective samp-
ling (SS), during this step a network is generated which consists of triangles and quadrangles. Con-
sequently it is called "Triangle-Qudrangle-Network’ (TQN) (see fig.2). This network includes all
measured points and the lines are constraint to be edges of the network. The TQN leads to a vari-
able grid structure if no SS data are available and to a "Triangulated Irregular Network’ (TIN) if
only SS data are available. More details on the construction of the TQN are given in the paper
quoted above. During the second step a continuous surface for this network is generated. In the
most simple case planes or billinear surfaces respectively are computed for all the triangles and
quadrangles. ‘
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The main advantages of this DTM are, that the original
points are directly included into the DTM and therefore
its structure is best adapted to the measured data. Besides,
the construction requires only little computing time and
the resultant DTM can locally be updated very fast if the
data have been manipulated. Due to these features the
suggested DTM seems to be very suitable for interactive
DTM generation.

Fig.2: Example of a Triangle-Quadrangle-Network

3. DTM verification

DTM Verification in this context means to check whether the DTM represents the terrain adequa-
tely. The success of interactive DTM generation substantially depends on the usefulness of the
methods applied for DTM verifaction. For these reasons the methods are shortly described here
and the results of investigations concerning there usefulness are given.

3.1 By means of optical superimposition

Optical superimposition in general offers different possibilities for checking the DTM by compa-
ring DTM data and the stereo model. These possibilities have been discussed in detail in [Ebner
and Reinhardt, 1987] and are briefly repeated here. The check of the DTM can be carried out by
using the measured data as well as contours
derived from these data (see fig. 3a). To
discuss DTM verification in detail it is advi-
sable to distinguish whether the data are su-
perimposed onto one image (mono su-
perimposition) or to two images (stereo su-
perimposition) of the stereo model. If a ste-
reo system is used the correctness and the
completeness of the measured data can be
checked. If a mono system is used the cor-
rectness of points of course can’t be
checked, but the completeness of the data
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terrain forms, but a stereo system makes
this job more convenient.
Fig.3a: Example of Contour polygons and corresponding TQN
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3.2 By means of spot heights

If a continuous DTM is provided during the process of data collection it is possible to compute a
DTM height at every location. Thus, for every measured spot height the difference between this
terrain height and the DTM can be computed and this numerical value can help to decide whether
additional measurements are necessary. For economical reasons this will be used only in critical
cases when other methods don’t allow for a clear decision. Of course height differences can also
be computed if checkpoints from other sources are available.

3.3 Results from practical investigations

DTM verification directly in the stereo model was investigated, concerning the benefit of the
method in practice, with 3 operators using different data sets.

The first and also most interesting test was performed using the test area’Séhnstetten’ (image scale
1:10 000, wide angle) which is well known to readers of photogrammetric literature and which also
was subject of the already mentioned DTM test. The intension of our test was to investigate whether
and to what extent on-line DTM verification could improve DTM data collection. For this purpose
the test area mentioned is very suitable because about 1900 independently measured checkpoints
were made available to us from the organizers of the DTM test. Thus we could numerically check
the effect of DTM verification. For this purpose the DTM data measured some years before were
superimposed onto the stereo model and the operator supplemented the data wherever he thought
it necessary. To avoid any influence from interpolation, a continuous surface consisting of planar
triangles was constructed from the original data set as well as from the supplemented data set and
the differences at the checkpoints were calculated in both cases. The results confirmed the ex-
pectations that no significant improvement in the RMS value can be achieved, but the number of
large differences (blunders) is significantly smaller (see table 1).

data set RMS [m] Max [m]  No. of differences
>1.0m >15m

1285 PROSA pts.
1300 break line pts. 0.47 4.4 80 17
(original data)

1285 PROSA pts.

1398 break line pts. 0.43 2.8 57 11
21 single pts.

(supplem. data)

table 1: results of the 'Séhnstetten test’

Additionally it could be noticed that the contour quality was clearly improved.
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For reasons of brevity the results of the other tests are ommitted and only the résumé is stated
here:

The experienced operators fully accept the necessity to check the captured data directly in the
stereo model as well as the methods suggested for checking. The additional time needed for chek-
king of course depends on the terrain roughness which makes it difficult to give figures, but the
time for checking can be estimated to be in the order of 10% of the time for data capture. An im-
portant result is that in general it is sufficient to use the measured data for DTM verification, supp-
lemented by taking some spot heights to derive height differences in critical cases. If contours are
used for DTM verification, operators
confirm that using stereo superimpo-
sition makes the procedure more con-
venient (faster), but it is also possible
with mono systems. In this case the
problem arises thatline graphics of the
contours shouldn’t be to dense to
avoid negative effects for the stereos-
copic viewing. On the other side the
contours should be dense enough to
allow for DTM verification. In spite of
it, it can be recommended to use con-
tours for DTM verification, especially
if they are a main result of the DTM
project. This section shouldn’t be fi-
nished without emphasizing that the
quality of contour polygons derived
from the DTM without smoothing is
regarded to be suitable by the opera-
tors (see fig. 3a and 3b).

Fig.3b: Project Sbhnstetten, contour polygons (solid lines),
measured break lines (dashed lines) and points

4. Interactive DTM generation

4.1 Review

Conventionally DTM generation consists of the two steps, data collection and DTM modelling.
These two steps are performed subsequently which means DTM modelling starts after data collec-
tion has been finished. If any inconsistency within the captured data comes up after the data col-
lection has been finished, for example when contours are derived from the DTM, one has to go
back and remeasure in the stereo model. This is absolutely unacceptable in a pr.oductlonal envi-
ronment or sometimes almost impossible, when a new project has been started in the meantime.
Interactive DTM generation in most cases prevents such problems, because the DTM and also con-
tours can be computed and checked directly in the stereo model. Conseq_uently the measured data
are corrected or supplemented and the DTM is updated, if necessary. This Prgcedure of I_)TM ver-
ification, data correction and DTM update can be repeated till the result §atlsf1es the requirements.
Figure 4 shows a schematic flowchart of the individual steps of interactive DTM generation.
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DTM data collection

DTM modelling

DTM verification

END | ok? DTM update

N

data correction (editing)

fig. 4: schematic flowchart of interactive DTM generation directly in the stereo model

4.2 Hard- and software components

Interactive DTM generation as presented requires components for:

e stereo compilation
e superimposition

e system control and computations

For stereo compilation in general any analogue, analytical or even digital plotter is suitable, but
from a practical view the analytical plotter in the moment certainly is the proper choise. In con-
nection with analogue or analytical plotters a specific optical superimposition system is required,
with digital systems the image display system, in general a high resolution graphics screen, can be
used for this task. For control purposes and computations computer can be used, but a mini com-
puter or a PC is absolutely sufficient.

Software components are required mainly for the following tasks:

e graphical data editing
o DTM modelling and update

e DTM verification
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Working interactively requires a possibility to edit the measured data, in case corrections are ne-
cessary. For reasons of convenience graphical editing has to be performed directly in the stereo
model using the superimposed graphics of the measured data.There is also software necessary for
t!le DTM modelling directly in the stereo model and for updating the DTM locally if manipula-
tions of the measured data have been carried out.The methods for DTM verification have been
described above (see 3.). Also for this methods specific software components are necessary, mainly

modules for the derivation of contour polygons from the DTM and for the calculation of differen-
ces between terrain and DTM.

4.3 Practical realizations

First experience with an experimental system for interactive DTM generation based on the proce-
dure described above have been given in [Reinhardt, 1988]. This system runs in conjunction with
an analytical plotter ZEISS PLANICOMP and a VIDEOMAP system for optical superimposition.

Summarized this system includes components for :

e graphical editing of DTM data performed directly in the stereo model (insertion and de-
letion of points and lines)

e DTM modelling as described in 2.3

o fast DTM update without complete recomputation (insertion and deletion of points and
lines)

e DTM verification using DTM data, contours and / or spot heights

For DTM generation directly in the stereo model the overall area is processed in patches of ap-
proximately eyepiece image size which on one side makes the procedure of checking the DTM or
contours easier and on the other side prevents delays caused by necessary data processing. Never-
theless special emphasis was given to the development of fast algorithms for DTM modelling and
update to stand the on-line requirements. As a result we could notice that this aim has been achie-
ved.

Other systems for interactive DTM generation have been presented by [Ostman, 1986] and [Steid-
ler et. al., 1987].

5. PROSA - a Program for interactive DTM generation

The PROSA program was first presented in 1983 at the photogrammetric week [Reinhardt,1984]
as a program for progressive sampling in conjunction with the ZEISS PLANICOMP. The program
has been further developed through the years. As a first important improvement the connection
of PROSA with the superimposition system VIDEOMAP can be mentioned. Thus, a -fifs.t step
towards interactive DTM generation was taken, because this extension provided a possibility for
the operator to see what he has measured and how the terrain is represented by the m.easu.red data
[Ebner and Reinhardt, 1987]. Another ’highlight’ for PROSA was the integration into tl}e
PHOCUS software system of the P-Series PLANICOMP [Menke, 1988] which was performed in
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1988. Caused by this integration various additional capabilities are offered to the PROSA user.
The most import ones are:

e Command menus for different devices (soft keys, digitizing tablett, cursor keys, graphics
terminal, PHOCUS command panel)

e Graphical output to different devices (high resolution graphics terminal, VIDEOMAP,
STEREOVIDEOMAP)

e off-line graphical editing

Thus, PROSA can be controlled like any other program of the PHOCUS system using different
input devices and the graphical output can be displayed on various devices defined by the user.

Coincidentally the possibilities for an on-line check of the measured DTM have been extended
fundamentally by including HIFI-88 components into PROSA. HIFI-88 is the completely new and
substantially extended version of the well known HIFI DTM program package [Diisedau et. al.,
1987; Ebner et. al., 1988]. Within PROSA the HIFI-88 components provide the capability to con-
struct a continuous DTM from the measured data of a PROSA patch and to derive contours from
the DTM. These contours, superimposed onto the stereo model, can be used for checking the DTM
directly in the stage of data collection (see 3.).

Furthermore the commands available within PROSA have been extended. For example there is
now a possibility to delete the last measured point, to mention just one of the extensions. Besides
that the HELP functions have been adapted to the PHOCUS standard and also a tutorial is avai-
lable.

Summarized the 'new’ PROSA program is clearly more than a program for data collection, it is a
kind of on-line DTM program which allows for:

e data collection using progressive sampling
¢ additional selective sampling
e construction of a simple continuous DTM
e derivation of digital contours

o checking of the measured DTM using visualized DTM data and contours

6. Conclusion

A procedure has been presented which allows for an interactive DTM generation including capa-
bilities for checking the DTM in different ways directly in the stereo model. This procedure has
been realized in an experimental system to perform practical investigations. Furthermore it has
been shown that the PROSA program has been extended substantially on the one side by an inte-
gration into the PHOCUS system and on the other side by providing on-line DTM components
adopted from the HIFI-88 DTM package.
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Fipally it should be r'nention.ed that the integration of DTM into Land information systems (LIS),
b.rlngs up new questions which are related to the topic presented here. Until now general strate-
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ABSTRACT

This paper describes a procedure for an interactive generation of digital terrain models (DTM) di-
rectly during data collection from photogrammetric stereo models. The procedure starts with data
collection and DTM modelling followed by a DTM verification, mainly performed by means of
optical superimposition. Depending on the result of the verification procedure the collected DTM
data can be corrected and the DTM updated or not. The process of DTM verification, data
editing and DTM update can be repeated iteratively till the results satisfy the requirements. In the
paper experience with an experimental system for interactive DTM generation is given and a first
realization of this method within the PROSA program for DTM data collection at analytical plot-
ters ZEISS PLANICOMP is described.

INTERAKTIVE ERSTELLUNG DIGITALER GELANDEMODELLE
ZUSAMMENFASSUNG

Es wird ein Verfahren zur interaktiven Erstellung digitaler Gelindemodelle (DGM) direkt
waihrend der Messung im Stereomodell vorgestellt. Dieses Verfahren beginnt mit der Datenerfas-
sung, worauf sich die Berechnung des DGM anschliefit. Im néchsten Schritt wird Messung bzw.
DGM iiberpriift. Dies erfolgt im wesentlichen durch optische Uberlagerung von DGM - Daten mit
dem Stereomodell. Falls erforderlich konnen die Daten, und entsprechend das DGM, dann korri-
giert bzw. erginzt werden. Der Prozess der Uberpriifung und Korrektur kann so lange wiederholt
‘werden, bis das Ergebnis zufriedenstellend ausfillt. Des weiteren werden Ergebnisse praktischer
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Untersuchungen mit einem experimentellen System zur interaktiven DGM Erstellung priisentiert,
und es wird iiber eine erste Realisierung dieser Methode in Verbindung mit dem DGM - Mefipro-
gramm PROSA und analytischen Auswertegerditen ZEISS PLANICOMP berichtet.

Dipl.-Ing. Wolfgang Reinhardt
Lehrstuhl fiir Photogrammetrie
Technische Universitidt Miinchen
Arcisstr. 21

D-8000 Miinchen 2

Dr.-Ing. Rainer Ho8ler

Ingenieurbiiro Prof. Dr.-Ing. H. Ebner Dr.-Ing R. HoBler
Ottingenstr. 25

D-8000 Miinchen 22

Reinhardt and HoBler 11



Photogrammetrische Woche 1989
Institut flr Photogrammetrie
Schriftenreihe, Heft 13, 1989





