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Abstract
The modeling of human characters consists of
two distinguished processes, namely the
definition of 3D shape and 3D movement of
the body. To achieve realism, both shape and
motion information should be acquired from
real persons. The two procedures are usually
considered separately, by using full body
scanners and motion capture systems. In this
paper, we report about deterministic methods
developed at IGP to perform the two modeling
processes by using a unique set of data.
Monocular or multi-camera videogrammetry in
fact allow for human body modeling and
motion reconstruction at the same time. The
two reliable and accurate photogrammetric
procedures are introduced and examples are
presented.
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1. Introduction
The realistic modeling of human characters
from video sequences is a challenging problem
that has been investigated a lot in the last
decade. Recently the demand of 3D human
models is drastically increased for applications
like movies, video games, ergonomic, e-
commerce, virtual environments and medicine.
A complete human model consists of both 3D
shape and movements of the body: most of the
available systems consider these two modeling
procedures as separate even if they are very
closed. A standard approach to capture the
static 3D shape (and colour) of an entire human
body uses laser scanner technology [1][2]: it is
quite expensive but it can generate a whole
body model in about 20 seconds. Afterwards
the 3D shape can be animated (articulating the

model and changing its posture) [3][4][5] or
dressed for garment models [6][7]. On the
other hand, precise information related to
character movements is generally acquired
with motion capture techniques: they involve
electro-magnetic sensors [8] or a network of
cameras [9][10] and prove an effective and
successfully mean to replicate human
movements. In between, single- or multi-
stations videogrammetry offers an attractive
alternative technique, requiring cheap sensors,
allowing markerless tracking and providing, at
the same time, for 3D shapes and movements
information. Model-based approaches are very
common, in particular with monocular video
streams [11][12], while deterministic
approaches are almost neglected, often due to
the difficulties in recovering the camera
parameters and because of human limbs
occlusions. Generally computer vision
techniques, image cues, background
segmentation, prior knowledge about human
motion, pre-defined articulated body models
and no camera model are used to recover
motions and 3D information from monocular
sequences [13][14]. A linear combination of
3D basis shapes [15][16] has shown to achieve
quite good results, even if it was not applied to
the full body tracking and reconstruction.
On the other hand, multi-cameras approaches
[17][18][19] are employed to increase
reliability, accuracy and avoid problems with
self-occlusions. New solutions were recently
presented employing multiple synchronized
video cameras and structured light projectors
[27]. They assure an accurate dynamic surface
measurement. However, to date, the
technology limits the acquisition to small areas
of the human body, as for example the face.
In this paper we report about human body
modeling and motion reconstruction from



    
Figure 1: Some frames (720x576 pixel) of a moving character extracted from an old video-tape.

uncalibrated monocular videos as well as from
multi-camera image sequences. The
approaches presented here combine many ideas
and algorithms that have been developed in the
recent years at the Institute of Geodesy and
Photogrammetry (ETH Zurich). The goal is to
bring them together and show reliable and
accurate photogrammetric procedures to
recover 3D data and generate virtual characters
from videos for visualization and animation
purposes. The reality-based virtual humans can
be used in areas like film production,
entertainment, fashion design and augment
reality while the recovered 3D positions could
serve as basis for the analysis of human
movements or medical studies. The analysis of
existing monocular videos can furthermore
allow the generation of 3D models of
characters who may be long dead or
unavailable for common modeling techniques.

2. Monocular Videos
A moving character imaged with one moving
camera (Figure 1) represents the most difficult
case for the deterministic 3D reconstruction of
its poses. To avoid copyright problems,
existing sport videos are considered. They are
usually acquired with a stationary but freely
rotating camera and with a very short baseline
between the frames.
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Figure 2: Workflow for character modeling
and animation from monocular videos.

The full reconstruction and modeling process
(Figure 2) consists of (1) calibration and
orientation of the images, (2) pose estimation
and human skeleton reconstruction and (3)
character modeling and animation. The
photogrammetric calibration and orientation of
the video is performed with a photogrammetric
bundle adjustment [20]. The procedure is
required to achieve the camera parameters
necessary for the determination of the scene’s
metric information and for the human’s poses
estimation. Tie points are measured semi-
automatically in the images by means of
template Least Squares Matching (LSM) [21]
and imported in the adjustment as weighted
observations.  All the unknown parameters are
treated as stochastic variables while
significance tests are applied for the
determinability of the camera parameters.
Once the sequence is oriented, some key-
frames where the 3D poses will be recovered,
are selected (while in the other intermediate
frames the 3D positions will be automatically
interpolated). In each key-frame the human
body is firstly reconstructed in a skeleton form,
with a series of joints connected with segments
of known relative lengths. The human joints
are measured semi-automatically through the
frames with LSM. Then a scaled orthographic
projection, together with constraints on joints
depth and segment’s perpendicularity, is
applied to obtained accurate and reliable 3D
models [22].

Figure 3: Recovered camera poses and
reconstructed moving character in skeleton form.



    
Figure 4: Some frames of the animation created fitting an H-ANIM model onto the recovered 3D poses.

For each key-frame, the recovered 3D human
skeleton is afterwards transformed to the
absolute reference system with a 3D-conformal
transformation and the 3D coordinates are
refined within a bundle adjustment using the
recovered camera parameters (Figure 3).
Finally, to improve the visual quality and
realism of the model, an H-ANIM virtual
character [23] or a laser scanner polygonal
model [1] can be fitted onto the recovered 3D
data. The fitting and animation processes are
performed with the animation features of Maya
5.0 software [24] (Figures 4 and 5).
The recovered virtual character can be used for
augmented reality applications, persons
identification or to generate new scenes
involving models of characters who are dead or
unavailable for common modeling systems.

 
Figure 5: Two views showing the results of the
fitting process with a polygonal model.

3. Multi-camera Videos
Multi-stations videogrammetry are usually
employed to avoid limbs occlusions and
increase reconstruction’s reliability. Our
method is composed of five steps: (1)
acquisition of video sequences, (2) calibration
of the system, (3) surface measurement of the
human body in each frame, (4) 3D surface
tracking and filtering, (5) tracking of key
points. Multiple synchronized cameras acquire
simultaneously sequences of a scene from
different direction (multi-image sequence). In
the presented example, three synchronized
progressive scan CCD cameras (640x480) in a
triangular arrangement were used. The imaged

person does not necessarily need to be naked.
A photogrammetric self-calibration method
[25] is used to determine very accurately the
exterior and interior camera parameters as well
as some additional parameters modelling the
distortion caused by the lenses. Afterwards, a
surface measurement, based on multi-image
LSM [21] with the additional geometrical
constraint of the matched point to lie on the
epipolar line, is performed. The automatic
matching process [26] determines a dense and
robust set of corresponding points in the
images starting from few seed points
automatically selected in the region of interest
(spatial matching). The 3D coordinates of the
matched points are then computed by forward
ray intersection using the orientation and
calibration data of the cameras (Figure 6).

Figure 6: Surface measurement. Top: image
triplet. Bottom: computed 3D point cloud.

This process is performed for each image
triplet of the multi-image sequence, resulting in
a dynamic measurement. Figure 7 shows the
determined 3D point clouds in some frames.
As next step, a tracking process, also based on
LSM technique, is applied. Its basic idea is to
track the corresponding points of each triplet
through the sequence and compute their 3D
trajectories (temporal matching). The spatial
correspondences between the triplets acquired
at the same time are therefore matched with the
subsequent frames (see Figure 8).



Figure 7: Dynamic surface measurement: 3D
point clouds for some frame of the sequence.

Figure 8: LSM tracking: temporal and spatial
correspondences are established with LSM.

The results of the automated tracking process
are the coordinates of a point in the three
images through the sequence, thus its 3D
trajectory is determined by forward ray
intersection. Velocities and accelerations are
also computed.
The advantage of this tracking process is
twofold: it can track natural points, without
using markers; and it can track local surfaces
on the human body. In the last case, the
tracking process is applied to all the points
matched in the region of interest. The result
can be seen as a vector field of trajectories
(position, velocity and acceleration).
To extract general motion information from the
dense set trajectories, the key-points are
introduced. A key-point is a 3D region
manually defined in the vector field of
trajectories, whose size can vary and whose

position is defined by its centre of gravity. The
key-points are tracked in a simple way: the
position in the next time step is established by
the mean value of the displacement of all the
trajectories inside its region. Key-points can be
placed in such a way that their trajectories can
describe complex movements. An example is
shown in Figure 9.

Figure 9: Example of key-points tracked on the
human body.

The key-points represent in this case an
approximation for the joint trajectories. The
final result of the tracking process is shown in
Figure 11 together with the corresponding
frames; two view of the 3D trajectories of the
key-points are displayed in Figure 10.

Figure 10: View from the top (left) and from the
front (right) of the 3D trajectories of the key-
points.

The key-points can afterwards be used for
further visualization purposes. Using an H-
ANIM human model and the freeware
raytracer Povray (Persistence of Vision Ray-
TracerTM), the different limbs of an H-ANIM
character can be automatically posed in the
correct position described by the recovered
key-points (see Figure 12).

Figure 11: Tracking key-points: some frames of the sequence and view of the tracked key-points.

Figure 12: Some frames showing the fitting of an H-ANIM character onto the recovered 3D data using
the extracted key-points.



4. Conclusions
In this paper two methods to perform both
human body modeling and motion
reconstruction from uncalibrated monocular
videos as well as from multi-camera image
sequences were discussed. The methods are
based on reliable and accurate
photogrammetric procedures that recover the
3D data from the images through a camera
model. Videogrammetry is therefore a
powerful and reliable solution for these kinds
of applications. The obtained photogrammetric
data can be used for gait analysis,
biomechanics studies or as motion input for
avatars in virtual environments.
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