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Abstract

Virtual environments are expected to provide a
complete range of human interactions and emo-
tions to participants. Holistic virtual environments
are to include both the reductionist and the non-
reductionist approaches for modeling complex hu-
man interactions. Implications and benefits of holis-
tic virtual environments are discussed in the con-
text of avatar research. There is a correlation be-
tween observable motion of the participants and
their emotions. Therefore, full body unencumbered
tracking, without any wires and gadgets, is ben-
eficial in virtual environments. For unencumbered
tracking, camera-based systems area ideal, however,
these systems require satisfactory resolution of cor-
respondence across multiple camera-images. We
have been developing the Scan&Track virtual en-
vironment with a goal of designing a holistic vir-
tual environment. The Scan&Track system is to
provide full body unencumbered tracking using the
active-space indexing method. We will discuss the
use of the active-space indexing method in resolving
correspondence across multiple camera-images, and
present results of our implementations.
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1. Motivation

Virtual Environments (VEs) are expected to facil-
itate real-time interaction with human participants
by using five major senses [1, 2, 3,4,5,6,7,8, 9, 10,
11]. These major channels provide means of inter-
action as well as tools for communication. The ex-
istence of several other senses, such as sense of fear,
sense of well being, are also aspects of human inter-
action. The present technological focus of Virtual
Reality (VR) is mainly on the five primary channels.
Such a reductionist approach has been only partial

successful, and can be considered flawed [12, 13].
Thus there is a need to systematically study and
create Holistic Virtual Environments which are sen-
sitive to the emotional, psychological needs of the
participants connected through a virtual environ-
ment.

Even in such modern times, a completely differ-
ent message can be communicated due to language
barriers, social, and cultural differences. Gestures
and styles in interaction also vary with where you
are. These interaction-styles have been developed
through ages geared towards optimizing the effi-
ciency of interaction with the surrounding circum-
stances or nature. So Holistic Environments must
work with these differences, and address verbal,
non-verbal, and other multi-modal communication
channels. Human participants would be modeled as
dynamic, complex multi-dimensional systems, capa-
ble of chaotic behavior.

Some theoretical questions arise and must be ad-
dressed: (a) How can man-made (Virtual) Environ-
ment pose, or at least pretend to be warm and fuzzy,
like humans, and have emotions. (b) Can a Virtual
Environment (VE) really simulate a human being?
(c) Is it necessary for a Virtual Environment to in-
teract like a human being? (d) What do we want to
achieve in a VE? (e) What are our motivations and
goals? (f) What would be the criteria to determine
if the virtual environment facilitated human-like in-
teraction? (g) Would a Virtual Environment ever
be able to replace another human’s touch, presence,
words, or body?

Although these questions can not be fully an-
swered at this time, and maybe seems to be the
best answer to these above questions. We believe
that systematic study and seeking answers to the
above questions would be an important application
of our efforts in the future.

It is generally accepted that the sense of smell

is useful in providing mood changes. In addition,
smell may also change the taste of what we are eat-



ing. As the sense of smell and taste are related, both
psychological and functional effects of smell on the
participants are to be also studied in Holistic Vir-
tual Environments.
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Figure 1: Virtual Environment with hyper-realistic
Avatars.
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Figure 2: Complex communication in a Virtual En-
vironment.

2. Possible Applications of Holistic
Virtual Environments

As mentioned earlier, Holistic environments
would create a new dimension to existing research
by addressing human-sensitivity issues, especially
the emotional and non-verbal aspects of human-
communication. Sub-conscious cues and indirect

message are also to be handled in these environ-
ments. This will provide new richness of experiences
to participants. Emotional evaluation, emotion gen-
eration, emotion synthesis, and control of emotional
contents are new dimensions and options available
to participants in holistic virtual environments.

Due to psychological reasons, we would like to
create an avatar which would be almost exactly-
similar to us (Figure 1). This leads to new pos-
sibilities and expansion of human-expression and
communication, that of autonomous-avatar and
mimicking-avatars, both existing at the same time
in a Holistic virtual environment. Autonomous-
avatars may represent some specific set of mo-
tions, emotions, and capabilities in a particular do-
main. Multiple autonomous-avatars and their in-
teractions with mimicking-avatars would create new
paradigms of human interaction in virtual environ-
ments (Figure 1). This indeed then would bridge
the gap between space and time as full body avatars
can create a feasibility that wvirtual and physical
presence are indeed identical. This creates a variety
of possibly new social interactions. A new type of
medium would have to be created to deal with the
holistic (or intrinsic) nature of participants instead
of dealing only with their senses [12].

Although 2D-images and 3D-graphical models,
representing avatars of the participants, have pro-
vided interesting applications, we further raise our
expectations of avatars [9] in holistic communica-
tions to another level. Avatars in holistic commu-
nication are to go beyond mimicking the actions of
the participants. In holistic virtual environment we
expect to address several new possibilities: (i) can
avatars be autonomous enough to complete an in-
teraction with other autonomous-avatars, and form
an agreement acceptable with their human partic-
ipants. They can also set up introductions before
the real (busy) participants interact.

One important issue which holistic virtual envi-
ronments must address is to assimilate a variety of
social, psychological, cultural, and complexity is-
sues. Large complex virtual environments provide
both clutter and useful information, the issue then
would be what information to provide to the partic-
ipants, and when. The context based presentation
is important. Change of domain could change the
avatar’s knowledge model. For example, multiple
domain avatars can assist the participant to deal
with other avatars and participants. These domain
specific avatars will fine-tune their communication
channels based upon the audience the intended mes-
sage is targeted for.

In holistic virtual environments, we are inter-
ested in providing with new tools and modalities



for human-to-human communication. So holistic
virtual environments are expected to grow as the
computation, knowledge, and time spent by the par-
ticipants in these environments grows. This opens
possibilities of a variety of holistic communications:
personal, professional, and a variety of group activ-
ities.

There is also a need to systematically study long-
standing questions: (i) Since human participants
and different forms of their avatars, are present in
holistic virtual environments, how can we measure
the intelligence in these environments. (ii) Is there
an intelligence in these environments which could
be compared to human intelligence (iii) Can a vir-
tual environment ever understand human partici-
pants to predict the participant’s next action, (iv)
what is the relationship between the knowledge of
human participants and that of their avatars.
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Figure 3: The Relationship between R and NR com-
plexity (Note the similarity with P and NP com-
pleteness [14].
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Figure 4: Sometimes R-complex virtual environ-
ment might provide NR-complexity, but not con-
sistently.

3. R and NR Complexity

Movies and arts provide powerful emotional ex-
periences. However, there are only handful of vir-
tual environments where powerful emotions can be
created, and felt. Emotions deal with subconscious
minds as well, so there is a need in virtual environ-
ments to generate subconscious messages (Figure 2)
(15, 16, 17, 18]. We also must acknowledge the du-
ality of mind and body. Subconscious subtle cues
and emotions have been extensively used in movies,
novels, and arts. We need to develop similar meth-
ods to directly appeal to mind along with the five
major senses.

When we consider the realistic emotions displayed
in animated movies, a large amount of information
is presented in a short time. For example, a full
length 90 minute movie may consist of over two
million frames to be generated [19]. Much higher
performance is expected in Holistic Virtual environ-
ments. So we at least would need hyper-realistic
avatars so that there is absolute similarity between
the participant and its avatar in appearance. If
there is no noticeable difference between the par-
ticipant and avatar then experiences of the partic-
ipants would be more profound to the participants
at the sub-conscious level.

There are two sets of complexities which a Holis-
tic environment can provide: R-complexity and
NR-Complexity (Figure 3). The virtual environ-
ments provide R-complexity by using structured,
domain specific knowledge where certain things
happen when specific conditions are met (reduction-
ist approach). The virtual environments providing
NR-complexity are those where simple interactions
are capable of generating interactions of arbitrarily
large complexity. A Virtual environment, that in-
terprets facial features using Ekman’s [20] models
for classification of emotions, can be considered an
example of R-complex Holistic virtual environment,
as it is based on the reductionist approach for under-
standing facial expressions. When the VE is capa-
ble of creating complex emotions from simple local
expressions and actions, they are said to provide
NR-Complexity. The idea of NR-complexity has
been already explored in the efforts in [21] for pro-
cedural animations. The NR-complexity relates to
subconscious models which are not rule based [12].
Both recognition and generation of emotions in vir-
tual environments, and providing NR-complexity,
is an open question. However some work has al-
ready been done. Sometimes, under certain circum-
stances systems exhibiting R-complexity may also
provide NR-complexity by establishing some seren-
ity or connection with the participants for exam-
ple, the IamAScope experiments [22] or experiments



conducted for dealing with the fear of flying [23].
Sometimes, there is an indirect message of calm and
peace. These messages are subtle and can be lost
(hence the dotted line in Figure 4). What is the best
way to provide indirect, subtle, subconscious mes-
sages consistently in virtual environments is still an
open question. We also must address the following
question: Can Virtual Environments providing R-
complexity also provide NR-complexity? In other
words, Is R=NR?

4. Unencumbered Methodologies

There have been several attempts to track par-
ticipants in a virtual environment. These can be
broadly divided into two main categories: encum-
bering and non-encumbering [24]. A variety of en-
cumbering tracking devices have been developed,
for example acoustic [24], optical [25], mechanical
(1, 26, 27], bio-controlled, and magnetic trackers [4].
For Holistic applications, it is essential that partic-
ipants are not tethered by wires or gadgets, or the
work area could be large, and may contain mag-
netic interference so encumbered methods are im-
practical or undesirable. Study of human-emotions
related to motion patterns, facial and gesture appli-
cations in virtual environments are some other ex-
amples where unencumbered 3D tracking has been
useful.

Camera-based techniques are well suited for de-
veloping unencumbering 3D tracking. For deter-
mining the 3D position of the participants from mul-
tiple cameras, both occlusion and correspondence
across multiple cameras are inherent in camera-
based systems [24]. The occlusion problem is more
severe when multiple participants are present in a
camera-based virtual environment. To date, there
are no camera-based virtual environments where
the occlusion-problem has been solved completely
to provide real-time interaction.

The well known correspondence problem is also
ever-present when purely camera-based systems are
used, and require several compromised methods.
Extraction of only a few key-features or significant
points from an image, has been investigated in great
detail for this purpose [6]. The idea behind signif-
icant point extraction is that a small collection of
points may provide enough information about the
intent or pose of the participant. Blob models [3]
are used in the Pfinder. Recently, there has been an
interest in pursuing 3D tracking using a relatively
larger set of spatially distributed data points [5].
We also use a 3D grid of points for implementing
the Scan&Track system.

5. The Scan&Track Virtual Environ-
ment

We are developing the Scan&Track virtual envi-
ronment using multiple cameras. The main differ-
ence between the proposed Scan&Track system and
other existing camera-based virtual environments is
that correspondence and occlusion solution is be-
ing resolved for a much larger set of points in the
Scan& Track system. We are attempting to directly
estimate the 3D locations of points for creating
hyper-realistic avatars. The number of such points
can be large (thousands) instead of only a few (tens
of) significant points. So we expect much realistic
3D surfaces for representing an avatar and a truer
resemblance of an avatar to the participant. This
is different than using synthetic human forms as in
[28, 29]. Although we are far from hyper-realistic
avatars at this time, we have obtained good results
in 3D position estimation and resolving correspon-
dence.

The active-space access used in the Scan&Track
system provides a framework for unencumbered 3D
tracking based upon multiple video sequences. The
active-space access method uses points on a regular
3D grid for estimating precise 3D position [7].

Figure 5: Extraction of 3D positions given nine
imprint-sets.

Figure 6: Three camera images with dot patterns.

Initial results of our implementation are shown
in Figures 5-8. Precise 3D position estimation
using the active space accessing method is possi-
ble (Figure 5) given a set of corresponding points.
Correspondence solutions are being developed and
our feasibility studies are quite encouraging. The
three images from left, center and right cameras are
shown in Figure 6. The candidates for correspond-
ing points are identified in Figure 7. If there are



nl, n2, and n3 candidate points identified in left,
center, and right camera-images, then using a brute
force approach nl x n2 x n3d unique corresponding
sets will have to be compared. This is a rather large
number. For example, typically, nl, n2 and n3 are
around 400 to 500, so brute force must consider 64
to 125 million imprint-set. This was quite time con-
suming for even the multi-processor Onyx machine,
taking several hours. In the Scan&Track system,
the active-space indexing allows an efficient filtering
algorithm so that correspondence was established
in one to two minutes. This is around 1000 times
or more faster algorithm. Corresponded points are
shown in Figure 8.

Figure 7: Extracting imprint-sets for camera-

images.

Figure 8: 3D points corresponding to every imprint-
set identified in Figure 7.

6. Concluding Remarks

The Scan&Track system uses a robust method of
localized estimation and correspondence. We hope
to develop hyper-realistic avatars as a first step to-
wards developing the Holistic Scan&Track virtual
environment. We have also presented our motiva-
tion for two classes of virtual environments provid-
ing R and NR complexity. A variety of open ques-
tions and methodologies were also discussed.

We expect Holistic Virtual Environments to have
a major impact on the computer-human interaction
in near future, and would provide new technology
and products. Holistic virtual environments would
facilitate a forum for a new type of interaction, and
provide a better medium of expression to pursue
and expand human-activity and emotions.
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