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Abstract. This report summarises the author’s views and ex-
perience on the application of computer vision technology for
themodelling and analysis of people.The author conducted re-
search which led to the first commercial booth system for cap-
turing animated models of people for applications in games,
multimedia and virtual reality. This research is ongoing with
the aim of developing studio capture technology to enable
photo-realistic capture of a person’s shape, appearance and
movement for broadcast production.
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1. Application requirements

Computer vision technology which can capture a person’s
shape, appearance and movement from a video image se-
quence has a large number of potential application domains.
Examples of potential applications range from automatic body
measurement for the clothing industry, through photo-realistic
content production for film to human-computer interfaces to
interpret expressions and gestures. Each of these application
domains has specific requirements which include: accuracy,
photo-realism, speed, interaction, reliability, cost and physi-
cal space. These criteria need to be considered in detail when
developing a vision-based solution for a particular application.
For example, in clothing applications, the dominant require-
ment is accurate body shape measurement, together with cost
and space.

Application of vision technology in these domains requires
consideration of the specific requirements of the particular ap-
plication. This is critical as the limitations of computer vision
are such that the solution must be tailored to address a spe-
cific problem. General solutions tend to provide results which
fall short of the requirements of any particular application.
For example, a general iterative shape reconstruction algo-
rithm may be slow or not robust, whereas a domain-specific
model-based approach may be considerably faster and more
reliable but only applicable to the particular application. This
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does not prohibit research into genericmethods for solving the
open problems of computer vision. However, it doesmean that
in transferring this technology to address an application it is
critical to consider the specific requirements together with the
limitations of the generic vision algorithms in order to achieve
a satisfactory system.

Principal requirements of particular domains in which
vision-based human modelling and motion capture are ap-
plicable include:

Clothing: accurate shape measurement
Medical: accurate shape measurement, movement analy-
sis and diagnosis
Film: photo-realistic virtual actors andmarkerless capture
of natural movement
Games/location-based entertainment: low-cost realistic
modelling
Human-computer interfaces:movement capture for ges-
ture analysis

Computer-vision-based solutions are starting to be used
in several of these application domains, most notably by the
entertainment industry for both film and games where there is
a strong demand for tools to aid in content production. In the
remainder of this article, two such systems developed by the
author and colleagues are discussed.

2. Modelling people for games and VR

An example application domain in which we have experience
is the development of a capture technology suitable for mod-
elling people in games and virtual reality applications [6,7].
The dominant requirements for this application are realistic
appearance, low cost and automatic in a small capture space.
The goal of our work was to develop a system suitable for
use in an automatic booth system similar to a passport photo
booth to generate 3D animated models of people which can
be uploaded to the Internet for use in games, virtual reality
and communication applications. For a mass-user application
of this technology, cost dictates that the system should run
as a stand-alone automatic system and be of a similar size
to standard passport photo booths currently found in public
spaces.
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Prior to this work, commercial systems available for hu-
manmodellingwere focused on accuratemeasurement for use
in clothing and large-scale anthropometric surveys. Manufac-
turers of body scanning system included Cyberware,Vitronic,
Telmat, TCTI and Wicks&Wilson. These systems are highly
expensive and do not provide an automatic method for gener-
ating animated models of people.

Due to the requirements of the games/VR application do-
main for automatic capture of realistic animated models, we
developed a vision-based technology. This addresses the fol-
lowing application requirements:

• Low cost
• Mass-user
• Automatic
• Fast
• Small size
• Recognisable models of people
• Animated
• Reliable operation for changes in size/clothing of person

The solution developed uses a model-based approach with
a single camera.The subject is requested to stand in afixedpos-
ture facing the camera and to the side. Evenwith this constraint
the variation in pose between subjects is considerable. Silhou-
ette images of the person are extracted and used to morph the
shape of a generic humanoid model to that of a particular indi-
vidual. To avoid problems of chroma-key, where the subject’s
clothing may be a similar colour to the background, a light-
ing panel is used to give a high foreground/background con-
trast,which allows reliable silhouette extraction irrespective of
clothing. Themorphedmodel is texturemapped from the front
and side images to obtain a model with realistic appearance.
Models can then be animated using the internal articulated
joint structure of the generic model. Further details of this
approach can be found in [7]. The result of this work is a sys-
temwhich achieves fully automatic generation of recognisable
animated models of individual people suitable for games/VR
applications. Due to the use of a single camera, the overall
size required for the system is small. The use of prior mod-
els for human shape together with specific feature extraction
algorithms for the known pose enable reliable reconstruction
for large variations in size and shape. A closed-form analytic
solution was developed for rapid reconstruction (under 3 s for
the prototype system). These algorithms are specific to the
particular application but achieve the specified requirements
for a cost-effective solution.

This technology has been licensed to AvatarMe Ltd.
(avatar-me.com) for the development of the first commercial
booth system to capturemodels of people. Figure 1a shows the
avatar booth system.A system has been installed at a location-
based entertainment site in London throughout 2000 and used
to capture a quarter of a million models of members of the
general public. The captured avatars are shown on site in var-
ious computer-generated entertainment applications. Avatars
can be downloaded from the Internet and used in applications
for animated e-mail and popular games such as the ‘The Sims’
and ‘Quake II’. Figure 1b shows an example textured avatar
and the raw shape estimate from front and side view silhou-
ettes. Figure 1c illustrates the use of an avatar in ‘The Sims’
computer game application converted by Vapour Technology
Ltd.(vapourtech.com).

aAvatar-Me Booth (avatar-me.com)

b Example “avatar” c “The Sims” Games
of a person (Vapour Technology Ltd.)

Fig. 1.Generation of animated models of people “avatars” from pho-
tographs

This application demonstrates the need to tailor the use of
computer vision to the requirements of a particular applica-
tion. Through the development of model-based reconstruction
from silhouette images of people with clothing, we were able
to address the requirement for reliable automatic reconstruc-
tion for a large range of body size and clothing. Automatic
reconstruction enables the booth to be used without an op-
erator, which vastly reduces the running cost. The use of a
generic model also provides the internal structure required for
animation of the model, which is essential for the application
domain. The use of a single-camera rather than multi-camera
capture system allows a small size, which is a requirement for
putting booths in a variety of public locations where space is at
a premium. The result is a mass-user application of computer
vision technology for capturing shape and appearance [7].

3. Modelling people for broadcast production

There is a strong demand in the film and broadcast indus-
tries for studio production technologies which enable video
content to be more flexibly manipulated in post-production.
Desirable post-production operations include manipulation of
camera viewpoints or actor pose together with relighting of
actors to match scene lighting, improved interaction of actors
with virtual sets and adding virtual elements to real scenes.
Recently computer vision research has been exploited to de-
velop commercial tools for post-production in the film indus-
try; examples include scene reconstruction from uncalibrated
cameras for augmenting video of real scenes with virtual ob-
jects [14](2d3.com) and image mosaicing for removing ob-
jects from video of real scenes [9](imagineersystems.com).
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The strict requirement for computer-vision-based tech-
niques to be acceptable for broadcast content production is
that the resulting content must be of video quality. Consumers
of current broadcast content will expect the photo-realism of
future productions to be at least as good as current programs.
There is also a demand for new tools to produce highly realis-
tic content for new media forms such as interactive entertain-
ment and the Web. Computer vision techniques are required
to reconstruct video-quality image-based or model-based rep-
resentations of actor shape, appearance and movement. Re-
quirements for actor content production in broadcast and film
include:

• Video quality photo-realism
• Simultaneous production of conventional 2D programs
• Markerless capture of shape and movement
• Realistic shape and movement
• Video-rate reconstruction for production feedback
• Synthesis of arbitrary viewpoints and trajectories
• Relighting of actor with virtual scene illumination
• Interaction of actors with virtual set and objects
• Simultaneous capture of multiple actors

The requirements for video-quality and non-invasive cap-
ture are hard constraints on studio production tools, whereas
other requirements are soft constraints. Conventional marker-
based motion capture systems provide high-accuracy move-
ment capture but do not allow photo-realistic production. The
challenge for computer vision technology is to simultaneously
reconstruct models of both the appearance and movement of
actors either in a studio or, ideally, on location.

Current research, in collaboration with the BBC, is in-
vestigating the use of a multiple-camera studio to reconstruct
photo-realistic actor models suitable for broadcast production
[5,12,13]. This research has extended previous model-based
techniques detailed in the previous section to a generalN -view
projective reconstruction framework. Again, prior knowledge
in the form a generic humanoid model is used to constrain
the reconstruction process and enable robust reconstruction
in the presence of visual ambiguities. Figure 2a shows im-
ages of a dancer captured in a blue-screen studio using six
broadcast-quality cameras. The number of camera views is
limited due to camera equipment cost resulting in wide-angle
views between cameras, which prohibits direct stereo corre-
spondence using correlation. Standard blue-screen technol-
ogy together with controlled illumination is used to separate
the actor foreground from the background to sub-pixel accu-
racy. Foreground segmentation techniques for arbitrary back-
grounds havebeenwidely developed in computer vision.How-
ever, even with adaptive background models such techniques
fail to reliably segment foreground objects with sub-pixel ac-
curacy and are therefore not used for studio production. In
this application, where visual quality is the primary metric,
use of chroma-key technology to achieve the best results is
appropriate.

Our research has extended the model-based vision
methodology [12,13] to reconstruction frommulti-view video
of actor shape, appearance and movement. The model-based
approach enables robust reconstruction of actor shape and ap-
pearance in the presence of visual ambiguities. The visual
hull reconstructed from silhouette images of the human body
reconstructed using a small number of camera views is am-

aMulti-view images (three of six views)

bVisual hull. c Control model fit
dAnimation in street scene

Fig. 2. Multi-camera studio reconstruction of dancer model

biguous due to self-occlusion, as illustrated in Fig. 3b. The
use of a model-based approach together with local shape con-
straints [13] which are invariant to scale enables robust re-
construction of an approximate shape model from the visual
silhouettes. The initial model reconstruction is illustrated in
Fig. 3c. Note the correct reconstruction of the dancer’s chest
and back despite the self-occlusion. This illustrates the ad-
vantage of model-based reconstruction over previous multi-
camera volumetric approaches [8,10] where a large number
of views were required to achieve correct reconstruction of
human shape during movement. Model-based projective re-
construction techniques have previously been developed [1,
4] which also demonstrate the utility of strong prior shape
models for reconstruction from a limited number of views in
specific application domains.

Given the initial approximation, model-based multi-view
bundle adjustment [1,3,11] techniques are used to optimise
the correspondence across N views. The initial shape esti-
mate provides a starting point for the local shape optimisa-
tion. This approach enables improved reconstruction of local
surface shape and correspondence among images from wide-
angle views. Figure 2d illustrates the animation of the recon-
structed virtual dancer model in a Venice street scene.

The current status of this technology for studio-based re-
construction of actor shape and movement is that the quality
does not yet meet the requirements for photo-realism as set
out above. Advances made in model-based shape reconstruc-
tion and movement capture indicate that computer vision will
deliver video-quality 3D studio production, enabling virtual
camera views and interaction within a virtual set. Recent ad-
vances in motion capture in this and other work [2] indicate
that reliable and efficient capture of human movement can be
achieved. Both shape and motion capture use prior generic
models of human shape and anatomical structure specific to
the particular application, which enables reliable reconstruc-
tion.
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4. Conclusions

The development of vision-based techniques for human mod-
elling, motion capture and analysis must start from the user
requirements of the particular application. Automatic initial-
isation and analysis together with robustness are important
problems for many potential mass-user applications. Many
applications require trade-offs between automation vs. inter-
activeness and accuracy vs. realism which are central to the
development of an adequate solution. Entertainment appli-
cations in games, virtual reality and film primarily require
photo-realism as opposed to geometric accuracy. In addition,
issues of cost and space are important in designing appro-
priate hardware capture systems. The model-based computer
vision techniques developed in our research have enabled ro-
bust reconstruction from single-view and multi-view images
for real applications. The use of strong application-specific
prior models to constrain reconstruction helps in overcoming
problems due to inherent visual ambiguities. Computer vision
technology for humanmodellingwhich addresses application-
specific requirements has a bright future of exploitation to ad-
dress real mass-user applications.
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