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Abstract

Nowadays,  generat ing data of  h igh qual i ty  and high accuracy  is  not
suff ic ient  any more for  convincing customers  and sponsors.  At  least  equal ly
important  is  an appropriate  and impress ive  way of  data presentat ion.  As a
consequence ,  an  addi t iona l  module  to  SCOP has  been  deve loped  and
implemented.  The new Animated Terra in  Model  (ATM) tool  prov ides  an easy
way for  prepar ing and export ing SCOP DTM (Digi ta l  Terra in  Model)  data
and orthophoto mosaics  for  interact ive 3D visual izat ion with the help of
V R M L .  A s  t h e  V R M L  f o r m a t  w a s  i n t e n d e d  t o  b e  u s e d  f o r  I n t e r n e t
appl icat ions,  i t  has  been des igned to handle  a  reasonably  smal l  amount of
data .  There fore ,  the  ATM deve lopment  concentrated  on  process ing  and
interactive v isual isat ion of  extensive data sets,  as they are common in DTM
and orthophoto appl icat ions.  This  art ic le  descr ibes  the poss ibi l i t ies  and
l imitat ions of  the VRLM format in  that  context  with the help of  spaceborne
and airborne imagery.

1. INTRODUCTION

Today  d ig i ta l  te r ra in  mode ls  (DTM) and or thophotos  are  both  s tandard
product  of  photogrammetr ic  rest i tut ion.  The qual i ty  of  the  terra in  model  -
and furthermore of  the orthophoto -  depends on the technique used for
pr imary  data  acquis i t ion as  wel l  as  on the  sof tware  used for  generat ing  and
stor ing the terrain data structure.

For  the acquis i t ion we can dist inguish between the fo l lowing methods
[Gruen A.,  1998]:

• digit izat ion of  maps (s imple way,  sometimes necessary  i f  no other  sources
are avai lable -  only usable,  i f  old maps already exists)

• tachymetry  (method of  engineer ing survey ing -  only  v iable  for  smal l  areas)

• aer ial  photographs (tradit ional  method -  best  tested and proved to give
good and accurate  results)

• laser  scanning (new and promising technique,  especial ly  for  deriv ing
surface models  -  very  fast  although not ful ly  tested yet)

• other  remote sensing techniques (best  suited for  very  large areas,  where
high accuracy is  not  of  main interest .)
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The most  re levant  forms of  discrete  terrain representat ion are:

• regular  gr id (s implest  representation,  often the result  of  automatical ly
generated  DTMs on Dig i ta l  Photogrammetr ic  S tat ions  -  conta ins  no
further  st ructure  information,  only  2.5D,  compact  storage capabi l i ty)

• tr iangular  i r regular  network (tr iangulat ion including al l  measured points  -
breakl ines and formlines are maintained in the stored data,  ful l  3D is
poss ible,  much greater  data amount as  for  regular  gr ids)

• h y b r i d  s t r u c t u r e  ( r e g u l a r  g r i d  w i t h  a d d i t i o n a l  i n f o r m a t i o n  a b o u t
breakl ines and formlines,  a lso combination with TIN areas is  possible)
[ Kraus K., Jansa J., Kager H., 1997]

The qual i ty  of  the  computed orthophotos  a lso  depends  a  lot  on the  used
DTM. Concerning orthophotos for  smal l  scale  (pixe ls izes  greater  than 10 m)
a regular  gr ided DTM wi l l  be  suf f icent  to obtain good results .  For  large  and
medium scale  orthophotos  the  used DTM should a lso  cons is t  of  addit ional
structure  information.  I f  orthophotos with pixe ls izes  of  1  m or  less  have to be
generated also bui ldings must  be taken into account.

2. VISUALIZATION

Digital  terra in models  and orthophotos are  widely  used and a lot  of  products
can be der ived f rom them ( isol ines,  prof i les ,  perspect ive  v iews,  intersect ion
with other data,  volume calculations).  Such results  are used either as the
basic  information for  further  analys is  or  as  f inal  p lots  for  v isual izat ion and
presentation (Figure 1).

Figure  1:  DTM
representation of
isolines, breaklines,
formlines and outl ines
of buildings.
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Depending on the object  information and leve l  of  complex i ty  there  are
different levels  of  v isual izat ion for the derived products mentioned above
(wire- f rame,  shading,  texture  mapping,  integrat ion of  other  data such as
roads,  bui ld ings  or  thematics) .  Al l  these  outputs  can be produced with high
qual ity  and accuracy and therefore are suitable for  a lot  of  appl icat ions.

A disadvantage of  these outputs  is  the lack of  f lex ibi l i ty .  A shaded and texture
mapped perspect ive  v iew of  a  DTM is  a  very  i l lustrat ive  tool  for  g iv ing a more
real ist ic  appearance to landscape and larger areas,  but it  is  st i l l  a static v iew
of  a  much more complex  model .  To show the complex i ty ,  a  lot  of  di f ferent
plots  from dif ferent points  of  v iew have to be created.

In some cases,  especial ly  when discuss ing with customers  and sponsors,  i t  i s
of  the  same importance to  present  resul ts  in  an appropr iate  and more
impress ive  way.  Imagine  your  customer  can move over  the  DTM and explore
and analyze the model  in  real  t ime! As in today's  world everything is  rotat ing
and moving i t  seems obvious to look for  a  poss ibi l i ty  to perform interact ive,
dynamic,  real  t ime DTM visual izat ion and animation.

The problems that ar ise are not issues of  basic algorithms (computer
graphics  has reached a high leve l  of  sophist icat ion),  they  are  rather  problems
of handl ing very  large data sets  under  t ime-constrained condit ions.  Some of
the requirements for  eff ic ient v isual izat ion are distr ibuted worlds,  levels  of
deta i l  and image compress ion.

"Distr ibuted worlds," means that  the whole  DTM is  d iv ided into di f ferent
parts,  each one represent ing an own smal ler  DTM. So,  only  the v is ible  parts
(determined by  us ing a  v iewing pyramid)  need to be loaded.  Using this
concept ,  the  amount  of  data  to  be  hold in  memory  at  the  same t ime can be
reduced by  approximately  75 percent  on average.

A further  increase of  performance can be achieved by ut i l i sat ion of  leve ls  of
deta i l  (LOD).  "LOD is  a  mechanism used in  computer  graphics  to  improve
the drawing speed of  complex  scenes  [ Clark J.H., 1976].  Each object is
stored several  t imes in different levels of quality ( levels of detai l).  During
v isual izat ion each object  i s  drawn in  the  opt imal  leve l  of  deta i l .  The chosen
level  depends on the s ize  of  the object  in the current v iew. Objects  that
appear smal l  can be drawn in l i t t le  detai l  (and therefore very  fast)  without
loosing qual ity;  in contrast,  objects near the point of  v iew that cover a lot  of
space on the screen need to be rendered in ful l  qual i ty ." [ Kofler M.,
Rehatschek H., Gruber M., 1996] .  Although the total  amount of  data is
increased by storing dif ferent LOD in a pyramid structure,  the current
memory  demand dur ing  interact ive  v i sua l i zat ion can again  be  reduced
dramatical ly.

Geodetski vestnik
44 / 2000 - 3

207



As a  last  way  of  data  reduct ion,  image compress ion should be  ment ioned
here .  When v i sual i z ing  a  DTM together  wi th  an orthophoto as  texture  source
more  than 99 percent  of  the  data  i s  needed to  s tore  photo texture  in  an
uncompressed way.  Exper iments  prove that  lossy  compress ion techniques,
such as JPEG, shr ink the or ig inal  texture f i les  to some 5 percent  of  i ts  former
size without s ignif icant loss of  qual ity.

Al though uncompressed dur ing  v i sual i zat ion the  texture  can be  stored in
smal l  f i les  thus enabl ing faster  loading f rom disk.  Decompress ion in memory
is  much faster  than disk  reading.  The result ing loss  of  information and
accuracy  is  acceptable,  as  the images are  used mainly  for  v isual izat ion and
animat ion purposes .

3. IMPLEMENTATION

More  than 25 years  ago a  modular  program system (SCOP)  for  the
generat ion and management  of  h igh-qual i ty  DTM data  with  a  hybr id  data
s t r u c t u r e  w a s  d e v e l o p e d  a t  o u r  i n s t i t u t e  i n  V i e n n a  ( I n s t i t u t e  o f
Photogrammetry  and Remote Sensing [http://www.ipf . tuwien.ac.at])  in  very
c l o s e  c o o p e r a t i o n  w i t h  I N P H O  G m b H  i n  S t u t t g a r t  ( G e r m a n y )
[ h t t p : / / w w w . i n p h o . d e / s c o p . h t m ] .  I n  t h e  c o u r s e  o f  t h e  y e a r s  t h e
funct ional i ty  of  SCOP has  cont inuously  been extended and improved.

The DTM is  integrated in SCOP as the central  database,  and so i t  i s  possible
to der ive  in  a very  f lex ible  way (using addit ional  modules)  numerous fol low-
up products .  Some important  modules  a re :

• ISOLINES (der ives isol ines from any digital  surface descr ibed in the data
structure of  SCOP, this  can be e levat ion models,  s lope models  or
di f ference models)

• DOP (generat ion of  d ig i ta l  orthophotos  based on the  h igh qual i ty  DTM
data st ructure)

• PERSPECT (produces  stat ic  3D v iews of  the DTM in form of  a  perspect ive
representat ion or  a  paral le l  project ion)

• PROFILE ( interpolates s ingle heights and height prof i les  -  longitudinal,
paral le l ,  cross-sect ions -  for  any polygon posit ion within the DTM area)

• T D M (management  and archiv ing  of  huge amounts  of  ter ra in  data  us ing
a relat ional  data base system with eff ic ient geometr ic  queries)

As a  consequence of  the increas ing demand for  interact ive  v isual izat ion an
addit ional  module  to  SCOP has  been deve loped and implemented.  This  new
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Animated Terra in  Model  (ATM) tool  prov ides  an  easy  way  for  prepar ing  and
export ing SCOP DTM data for  interact ive  3D v isual izat ion.

I f  the  exported area  i s  a lso  covered -  maybe only  part ly  -  by  an orthophoto
or  an  or thophoto  mosa ic  th i s  image  data  can  be  mapped as  tex ture
in format ion  over  the  an imated  te r ra in  mode l .  Areas  w i thout  tex ture
information are v isual ized as gray shading.  In addit ion the predef init ion of
v iewpoints  and even  a  whole  camera  path  for  an  automat ic  f l ight  through
the model  can be  done graphica l ly  in  ATM (F igure  2) .

The  data  i s  then exported us ing  the  data  format  VRML97.  VRML i s  an
acronym for  "Virtual  Real i ty  Model ing Language".  I t  i s  the internat ional
standard ( ISO/IEC 14772) f i le  format for  descr ibing interact ive  3D worlds
and objects  on the  Internet  [ Carey R., Bell G., 1997] .  I t  i s  in  fact  the  3D
analogy  to  HTML.  This  means  that  VRML serves  as  a  s imple ,  mult i -p lat form
language for  publ ish ing 3D Web pages.

For v isual iz ing such data a VRML viewer is  necessary.  This  v iewer can either
be  a  s tandalone program or  i t  can be  integrated as  p lug- in  into an HTML
browser.  There  are  a  lot  of  such v iewers  on the market  (CosmoPlayerTM,
C A S U S P r e s e n t e r T M ,  V R w a v e T M ,  W o r l d V i e w T M , )  f o r  e v e r y  c u r r e n t
operat ing system,  most  of  them as  f reeware  [The VRML Reposi tory] .
Therefore,  no addit ional  cost  may ar ise  for  the  f ina l  user .  The VRML wor ld
enables  the users  to interact ive ly  examine and v isual ize  their  data.

As this  data format is  used on the Internet  i t  is  basical ly  designed for  a smal l
amount of  data.  Therefore,  special  attent ion has been given to managing

Figure 2: User interface
of  ATM showing coded
DTM and def ined f l i ght
path.
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la rge  data  set ,  that  have  to  be  deal t  wi th  i f  DTMs or  orthophotos  are
examined and visual ized interactively.  In order to achieve this  goal  al l
requirements  for  ef f ic ient  v isual izat ion ment ioned above have been real ized
i n  A T M .

The whole  DTM model  i s  sp l i t  up into T i les ,  each one stored in  d i f ferent
levels  of  detai l .  The image pyramid of  the orthophoto is  a lso div ided using
the same Ti le  l imits .  The number of  gr id points  and the number of  pixe ls
within one Ti le  as  wel l  as  the degree of  data reduct ion for  the LODs can be
set  by  the user ,  depending on the system used for  the f inal  v isual izat ion.  For
visual izat ion a master  f i le  is  created which controls  the loading and drawing
of the different Ti les at  the correct posit ion and the optimal level  of  detai l .

4. EXAMPLE

The fol lowing example was carr ied out  to test  the appl icabi l i ty  and the
l imitat ions of  VRML for  large textured data sets  on the internet.  The test  area
covers  about 10000 km square in the region of  Austr ia's  highest  mountain.
This  area was chosen because of  i ts  great  di f ferences  in  height  between the
lowest  point  (Zel l  am See 740m) and the highest  one (Grossglockner
3400m).  So,  dur ing  nav igat ion over  the  ter ra in  the  requi rements  for
computing vis ibi l i ty  is  much higher as in f lat  areas.

The DTM was exported us ing a  gr id  s ize  of  250 m.  For  textur ing,  a
georeferenced Landsat  TM scene with a  resolut ion of  25 m was used.  For
interact ive  v isual izat ion we use a more or  less  standard computer  (350 MHz,
64 MB RAM, s imple  graphic  card  wi th  3D acce lerator)  running  under
Windows NT.  Concerning  robustness  of  the  computer  system and fu l f i l lment
of  the VRML97 standards we made best  exper iences  us ing the f ree  avai lable
VRML v iewer  CosmoPlayerTM, a  plug- in  for  Netscape.

The  ter ra in  model  representat ion of  VRML only  supports  a  regular  gr id .  To
conserve al l  structure information a TIN representation is  also possible,  but
apply ing  texture  in format ion f rom orthophotos  would be  much more
compl icate  then.  Bes ides,  the gr id  interpolat ion is  based on the hybr id data
structure  used in  SCOP, y ie ld ing a  higher  qual i ty  of  the exported e levat ion
grid than achievable by a s imple regular gr id derived from the original  data
without taking breakl ines into account.

The main drawback of applying VRML for interactive visualization is the
impossibility of using the full resolution of the high quality DTM for great areas.
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While  for  that  reason th is  sort  of  presentat ion cannot  be  recommended as  a
subst i tute  for  plots  of  h igh accuracy,  but  i t  of fers  an excel lent  poss ibi l i ty  to
complement  and extend the  palette  of  photogrammetr ic  products .

One advantage of  VRML is  the easy  way to l ink addit ional  data (vector  data,
themat ic  informat ion,  . . . )  apart  f rom geometry  and texture  to  the  VRML
model.  So,  complex  spat ia l  and thematic  s i tuat ions can be shown in a real ly
v iv id  way through animat ion.

I n  a d d i t i o n  t o  t h e  i n t e r a c t i v e  v i s u a l i z a t i o n  a l s o  m e a s u r e m e n t  t o o l s
(coordinates,  orientations,  distances,  . . .)  were added [ Zeisler Ph., 1999].
This  was done using the EAI  (External  Authoring Interface).

This  inter face  a l lows  programmers  to  es tabl i sh  a  connect ion  between a  web
page and an embedded VRML browser  window,  thus  prov id ing  a  poss ib i l i ty
to  manipulate  the  VRML scene  depending  on  user  requests  on  the  web page .
Using this  possibi l i ty  the interactiv ity  is  not l imited any more to the purely
VRML scene but also external  systems can be connected.  In this  way,  the
VRML model  can be  used as  kerne l  of  an interact ive  spat ia l  in format ion
system (Dorffner L., Forkert G., 1998).

5. SUMMARIZING REMARKS

Exper ience proves the dramatical ly  growing importance of  interact ive  v i r tual
wor lds  in  future .  Be ing aware  of  th is  deve lopment  an addit ional  SCOP
module  (ATM) has been developed.  This  tool  provides  an easy  way to export
a terrain model  and an orthophoto for  interact ive  3D v isual izat ion using the
data  fo rmat  VRML.

Figure 3: Interactive
visualization using
VRML and coord inate
measurement using the
EAI.
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The determinat ion of  user  def ined v iewpoints  and a  camera path for  an
automatic  animation enables  a  presentat ion of  terrain data in  an impress ive
way even for  non VRML experts .  Using the poss ibi l i t ies  of  distr ibut ing VRML
worlds over  the internet  low-resolut ion terrain models  can be made avai lable
to a great  publ ic  without addit ional  cost  for  v iewing software.

By using VRML for interact ive v isual izat ion addit ional  information apart
f rom geometry  and texture  can be  l inked to  the  three-dimens ional  photo-
model .  Complex  spat ia l  and thematic  s i tuat ions can be shown in a real ly
vivid way. 

The use  of  EAI  enables  a  c lose  connect ion between web-s i tes  and VRML
scenes.  So external  database  systems can be  made avai lable  to  the  user  f rom
with in  the  VRML scene.
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