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Saarbrücken. Marcus Magnor headed
this group until the end of last year.
He was so successful, in fact, that he
is now continuing his scientific ca-
reer as a professor for computer
graphics at TU Braunschweig. He has
left Saarbrücken, but that is the
whole idea of the Max Planck Soci-
ety’s support program for junior sci-
entists. At the same time, however,
the young professor will remain
closely affiliated with the Max
Planck Institute for Computer Sci-

ence. Some of his team members are
still there completing their theses or
doctoral dissertations.

“Our specialty is creating three-di-
mensional videos of moving scenes,”
explains the 33-year-old researcher.
By this, he does not mean films that
can be viewed with 3-D glasses to
create the illusion of three-dimen-
sionality. Magnor’s team approaches
the third dimension from a different
angle. Their “Free Viewpoint Videos”
allow the audience to choose any
vantage point. Viewers can interac-
tively turn running scenes back and
forth on the screen, and even watch
them from above, turning the scene
into a game board with living pieces.

Such videos require a dispropor-
tionately greater amount of work
than conventional films that com-
prise merely a straight sequence of
images. For the 3-D videos, the com-
puter must provide the right pictures
from every point of view. This re-
quires a full three-dimensional model
for each frame, and this model must
capture the original movement exact-
ly. The computer then uses the model
to synthesize the scene from the de-
sired perspective – a process known
in the graphics world as rendering.

EIGHT POINTS OF VIEW

FOR THREE DIMENSIONS

As a basic researcher, Marcus Mag-
nor is interested primarily in the
question of – to put it simply – how
the 3-D model gets into the com-
puter. Modern-day animators could,
of course, reconstruct their virtual
models manually. After all, such a
labor- and cost-intensive approach
has been used to create the odd
character for certain animated films
and computer games. However, it is
of limited use for figures that are

supposed to be realistic in their ap-
pearance and movements.

Thus, Magnor and his team of re-
searchers took a different approach.
Their models are based on pho-
tographs and video images of real
objects and people. The team in
Saarbrücken is developing a largely
automated series of steps by which
the essential image data can be har-
vested from the raw footage. Follow-
ing sophisticated image analysis, the
data is then used to generate a virtu-
al model of the scene that very
closely resembles the original. Final-
ly, the computer can use the model
to render images in real time from
any point of view. “Real time” means
that the computer carries out the
commands with no time lag or
jumps in the flow of movement.

For this to work, all of the neces-
sary calculations must be completed
sufficiently quickly. This requires in-
telligent optimization of the synthe-
sis processes, which the team is con-
stantly working to refine. They have
set the bar very high for themselves:
their 3-D videos are not designed to
run on elite supercomputers, but on
commercial graphics cards on stan-
dard PCs.

A look at a three-dimensional
video that the team created from a
solo dance scene exemplifies their
methods. The footage was shot at the
Max Planck institute in an impro-
vised studio that was originally a
computer room for students and that
is about the size of a large class-
room. Black curtains were used to
hide the walls and windows. Eight
video cameras were distributed
around the room and focused on
center stage, where the dancer per-
formed on a floor made up of black
and white squares. This grid pattern

Iwould describe myself as a very 
visual person,” says Marcus Mag-

nor when our discussion turns to 
human vision. He and his team are
confronted daily with the problem
that we have a tremendously precise
ability to identify faces and move-
ment patterns, and to differentiate
between an enormous variety of ob-
jects and materials. Shapes play a
key role in this, but so does texture:
we are immediately able to identify
skin, hair, leaves and fabric based on

their surface appearance. We register
even the tiniest details that subtly
affect the reflection of light.

Thanks to our keen sense of vi-
sion, computer graphics specialists
have their work cut out for them –
especially if they want their syn-
thetic images to be convincingly re-
alistic. And that is just what Marcus
Magnor is aiming for: his basic re-
search involves developing new
ideas for image production. The
subjects he studies are as varied as

A Perfect Semblance 
of Reality
Computer graphics special-

ists dream of computer-gen-

erated images with a highly

realistic appearance. But 

our sensitive eyes can dis-

cern even slight differences

between reality and imita-

tion. MARCUS MAGNOR

and his independent research

group at the MAX PLANCK

INSTITUTE FOR COMPUTER

SCIENCE in Saarbrücken 

are looking for new ways to

create more realistic com-

puter graphics. Their specific

focus is the reconstruction

of three-dimensional scenes

from two-dimensional 

photographs or videos.
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the world around us. They range
from virtual models of candle
flames, trees, sunsets, animated arti-
cles of clothing and dancing people
to celestial bodies.

“Graphics – Optics – Vision” is the
name of a six-member independent
research group at the Max Planck
Institute for Computer Science in

The movements of the dancer are
recorded by eight synchronized video
cameras, then aligned with a digital hu-
man model – temporarily transforming
the dancer into a Spiderman of sorts.
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aided image analysis, helping the
computer identify the silhouette of
the dancer and the relative position
of the floor.

The eight cameras were set for
synchronous filming. “The synchro-
nization was the most expensive as-
pect of the studio,” says Magnor. But
it was important, because the pro-
gram always needed eight simulta-
neous images to compare during the
analysis stage. If the computer had
miscued and combined images shot
at different moments, the three-di-
mensional reconstruction would
have failed.

The first step in analyzing the im-
ages involved the computer identify-
ing the silhouettes of the dancer.
These were used to frame the figure
in a sort of cage comprising eight
contour lines taken from the respec-
tive camera angles. To complete the
3-D model, the computer had to fill
in the remaining spaces with the ap-
propriate convex surfaces. For this
part, the team reached into its bag of
tricks and found a prefabricated hu-
man model – a digital model of a
human body with a simple skeleton,

the 17 major joints of the limbs and
torso, and even the ability to flex its
muscles in a convincingly real way.

THE CONSTRUCTION

OF A VIRTUAL CLONE

The computer expanded this ho-
munculus into the contours of the
real dancer. After each stage of
growth, it synthesized images from
the model and compared them to the
original video. If there were discrep-
ancies, the computer adjusted the
digital human model in the succeed-
ing step, until it ultimately filled in
the contours of the real dancer per-
fectly. Such computing processes
that gradually conform a model to
an original image of a real object are
the specialty of the researchers in
Saarbrücken. “I think it is a very
good idea to approach analysis as a
synthesis of images,” says Magnor.
“The best part about the resulting
graphic is that we quickly arrive at a
realistic picture. The great challenge,
of course, is how to make the model
match the images.” The researcher
calls this step in the process the in-
verse problem, and that is what the

research group is now focused on
solving. “It calls for a bit of real
mathematical genius,” says Magnor.

Of course, animators and computer
game developers have long imple-
mented similar processes. Modern
animated characters such as Shrek
use motion capture filming, in which
actors bring the characters to life. But
current technology reproduces move-
ments only at a small number of
markers on the bodies of the actors.
That is enough for animated charac-
ters from the realms of fantasy.

For images that are meant to de-
pict realistic human characters, 
however, the team in Saarbrücken is
at the forefront with their process
that precisely models the contours 
of the performer from every angle.
The result is a nearly perfect “digital
clone”: it is bound to the original
video images, and copies the move-
ments of the living dancer down to
the subtlest detail, convincing even
our critical human eyes.

“We are very good at identifying
movements as authentic or obviously
recreated,” explains Magnor. “This
problem was already recognized by
Disney animators some sixty or sev-
enty years ago.” Their clever solution
was to draw characters with comical-
ly exaggerated, rubber-like move-
ments. “But that is just what we have
to avoid when attempting to render
images realistically,” stresses Mag-
nor: “Between caricature and realism
is a range to which our senses are
very critically attuned.”

CLOTHES

MAKE THE MAN

The virtual dancer now twirls with
convincingly realistic flair across the
screen of the 3-D video in Saarbrück-
en, but only as a gray figurine. To
complete the perfect virtual clone,
skin, hair and clothing are needed.
The interplay of light and shadow is
also missing. Computer graphics spe-
cialists refer to these aspects as “tex-
ture”. In order to create texture when
rendering, the computer first covers
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the model in a tight-fitting body-
stocking made up of triangles. It then
fills these triangles with surface char-
acteristics such as “red fabric” or
“blonde hair.” These are taken from
the original video images of the
dancer and transplanted onto the
gray surface of the model – an ele-
gant solution to another major prob-
lem presented by synthetic computer
images. Texture is enormously com-
plex, especially when it comes to rep-
resenting humans. There is a reason
that the prominent computer-game
heroine of ten years ago, Lara Croft,
looked like a defiant sister of Barbie.
It is also no coincidence that the pro-
ducers of the first fully computer-an-
imated film Toy Story chose plastic
figures to star in their 1995 feature.

“Real skin is problematic, for in-
stance, because it is semi-transpar-
ent,” says Magnor. “Light goes in at
one place and comes back out at an-

other.” Since computer graphics can’t
copy the complex realities of mole-
cules and light quanta, convincing
alternatives must be developed.

BAD HAIR DAYS

IN VIRTUAL REALITY

“Some very interesting approaches
are now being used for skin, and
much progress has been made in this
area over just five years ago,” says
Marcus Magnor. “Hair and fur, on
the other hand, can be endlessly
troublesome.” There is much too
much going on in a head of hair for
the strands to be modeled individu-
ally. “But I can’t simply take hair as
a texture and overlay the head with
a photo of the hairdo,” explains the
researcher. Hair is too thick for that
to work. Our eyes can discern indi-
vidual strands even in the fullest
head of locks. “Moreover, hairs have
a directional structure and thus re-

With “Free Viewpoint Video,” the team in Saarbrücken can
portray moving humans or objects from any point of view.

If green isn’t in this season, one click will change the color
of the dress to suit any taste – at least on the screen.

flect light more strongly in some di-
rections than in others,” he adds.

On top of this, because it is semi-
transparent, hair also tends to direct
light much like fiber optics do. In the
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a tree for them to be modeled indi-
vidually, and yet the individual
leaves are too large to simply ignore.
A simple cut-and-paste texture
would give the tree a strange, lifeless
appearance. And on a real tree, there
is a different interplay of light and
shadow caused by the leaves when-
ever the point of view is shifted.

A VIRTUAL TREE

BEARS NO LEAVES

In order to synthesize more realistic
trees, the team integrated billboards
into their three-dimensional model –
small surfaces that fill out the entire
volume of the tree. A texture of
leaves, taken from photographs of
real trees, was then projected onto
these. This voluminous distribution
of tiny projection screens, however,
is only the first step. For the realistic
depth effect, the computer scientists
needed a second process to intelli-
gently distribute the textures across
the billboards, taking into considera-
tion, for instance, that outward-ly-
ing leaves shine more brightly than
those closer to the trunk.

The team cracked this tough nut
with the help of researchers at the
INRIA institute in Nice, using a

process taken from the field of com-
puter tomography. 

The imaging programs used in
computer tomography must be able
to automatically identify the depth
within the body from which the im-
age is taken. The program for the
distribution of leaves works in a
similar manner: it automatically
identifies the billboards that are far-
ther from the outer foliage, and ap-
plies darker textures to them.

The result on the screen is quite
realistic, despite the fact that the vir-
tual tree has no actual leaves. “When
viewing an image with a resolution
of 1,000 x 1,000 pixels, which is the
setting on a typical computer screen,
the eye cannot perceive individual
leaves,” explains Marcus Magnor.

Of course, researchers dream of
models that include even more detail
and that approximate reality even
more closely: “We are already con-
sidering construction of multi-scale
models with which you can zoom
deeper and deeper into the tree, to
view first an individual leaf, then a
cell, and then for example the mito-
chondria,” reveals Magnor with a
meaningful smile. “That would be
something!” ROLAND WENGENMAYR
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mass of a head of hair, all of these
aspects result in very complex prop-
erties in terms of light and shadow.
“There is a broad field of research to
cover,” Marcus Magnor goes on, “be-
fore that can be realistically ren-
dered in real time.” The methods
used in Saarbrücken work well with
fibers that are finer than human hair,
such as fabrics. Unlike hair, fabric
textures can be lifted directly from
photographic images. The team has
even devoted an entire research pro-
ject to the subject. “You could call it
chameleon clothing,” says Magnor,
grinning. One click changes the col-
or, or even the pattern, of the article
worn by the animated model on
screen. Each new outfit is impres-
sively realistic, with even the critical
shadows cast by the swaying folds
being rendered perfectly.

HEAVENLY BODIES

IN A NEW LIGHT

Where there is shadow, there must be
light, and its properties are the leit-
motiv of Marcus Magnor’s research
career. He studied physics at the Uni-
versity of Würzburg and the Univer-
sity of New Mexico, finishing with a
master’s thesis on experimental op-
tics. Thereafter, he turned his atten-
tion to electronic communications in

Erlangen, where he focused on the
coding of light fields for computer
graphics. “That’s a data structure in
which an object is photographed
from several different angles,” he
explains. Thus he found his research
calling, which he continued to pur-
sue even as a postdoc in computer
graphics at Stanford University. In
2002, the position offered by the
Max Planck Institute for Computer
Science enticed him from California
back to Germany.

Light plays an important role
when modeling astronomical bodies.
Marcus Magnor is particularly inter-
ested in animating these for educa-
tional purposes. “The digital revolu-
tion in video projection is offering
planetariums completely new possi-
bilities,” says Magnor, “such as 3-D
flights around astronomical objects,
or even right through them.” But the
projectors need suitable footage in
order to provide these 3-D effects,
and production of such film material
costs disproportionately more in
time and effort than traditional flat
images of the celestial realm.

Marcus Magnor demonstrates how
the production process can be made
more efficient using the impressive
subjects known as bipolar planetary
nebulae. Some stars in the throes 
of death surround themselves with
these gas clouds. “They are generat-
ed by the rotation of the dying star,
or by a second star orbiting the
burnout victim.” These rotations can
give the gas cloud, which is released
by the star as a kind of cosmic 
last breath, a symmetrical form: the
forces generated by the motion work
like a tight ring around the star and
impel the gas to move out into space
in opposing directions. This gives
planetary nebulae a delicate hour-
glass shape.

The images of such objects, how-
ever, are always projected onto the
celestial sphere in only two dimen-
sions. Unlike with the dancer, Mag-
nor and his team can’t move around
astronomical nebulae and view them

from different directions. However,
this gap was filled by astronomers’
physical models. They have identi-
fied some 1,500 planetary nebulae to
date, each of which presents a differ-
ent aspect to the Earth.

EVEN COMPUTER GAMES

REQUIRE RESEARCH

“The planetary nebulae emit a very
beautiful glow in various colors,”
explains Marcus Magnor enthusias-
tically. The variety of colors comes
primarily from hydrogen, helium,
sulfur and oxygen that glow from
within the cloud as if it were a gi-
gantic fluorescent lamp. Magnor and
his team analyzed astronomers’ im-
ages, for example those of nebulae
M1-92, and used them to develop
three-dimensional models. As with
the dance video, their program syn-
thesized images from the models,
compared them with the original
photo, and aligned them in a step-
by-step process. This resulted in
striking three-dimensional nebulae
models that could be interactively
turned and viewed from all angles
on the screen.

Marcus Magnor’s research group is
developing new ideas for 3-D worlds
in a broad array of fields, from plan-
etariums and astronomy research to
the clothing industry. And, in addi-
tion to the film industry, computer
games are increasing in importance
for the scientists. “We are being dri-
ven by this mass market, even
though it does not sound very scien-
tific,” says the young professor. “But
because of its scientific potential,
this market has done much to ad-
vance computer graphics.”

Computer games also led Magnor
to look at some objects that are
much closer – namely trees. “Many
computer games contain outdoor
scenes,” he explains, “and realistic
representation of trees is a problem
that remains to be solved.” At the
heart of it, trees present another
“hairy” problem, this time clad in
green: there are too many leaves on

The Max Planck researchers in Saarbrücken 
use a technique from the field of computer 
tomography to portray foliage realistically.

Planetary nebulae, viewed through a telescope at the top left,
can be modeled in three dimensions with a computer (bottom
left and right), orbited virtually and viewed from any direction.
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