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ABSTRACT
Extensive simulation of sensory perception for NPCs (Non
Playing Characters) or bots in 3D games has been quite
rare if not absent until recently. However, a few games have
proven that proper simulation of senses can lead to inter-
esting and novel gameplay, and it is likely that the trend
towards more sophisticated simulation will continue. In this
paper we analyze the existing techniques to simulate virtual
senses, highlight their weaknesses and propose some ideas
to improve over the main existing approaches. The work
presented here is part of an ongoing research on 3D learn-
ing characters, funded by the RMIT Emerging Researchers
Grant.
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1. INTRODUCTION AND RELATED
WORK

Extensive simulation of sensory perception for NPCs (Non
Playing Characters) or bots in 3D games has been quite rare
until recent times. However, a few games such as Thief:
The Dark Project [3] and Splinter Cell [2] have proven that
proper sense simulation can lead to novel gameplay. More-
over, intelligent software used in military simulation or the
film industry also adopted various models of perception to
drive complex crowd behaviors. A notorious example is
given by Massive, the software behind crowd animation in
feature films such as Lord of the Rings, Happy Feet, Er-
agon or the recent 300. Massive employs a decision making
strategy based on fuzzy logic to drive the action selection
of characters in a crowd. The fuzzy rules would not be
able to operate without built-in artificial senses: Massive
currently implements hear and vision using a variation of a
region sense manager citegameai, which is also the standard
approach in games or military simulations with sense simu-
lation.
Region sense managers accumulate sensory perceptions in

three stages:

1. Aggregation stage: Potential sensors are found in the
virtual environment;

2. Testing stage: Potential sensors are tested to see if
their signal reached any character;

3. Notification stage: Characters who registered for sen-
sory events notification receive information that got
through.

This approach suffers from a severe limitation though: The
geometry of the game level or the virtual environment is not
taken into account whereas distance is the only factor that
discriminates whether a specific perception is sensed by a
character. This can cause inaccuracies especially in indoor
action games where contiguous rooms may be separated by
thick walls or barriers.
Even though modified versions of this approach exist that
try to handle many special problematic cases, a more com-
prehensive solution improving over a region sense manager
is presented in [8] under the name of FEM (Finite Element
Method) sense manager. This approach relies on breaking a
game level down into a finite number of discrete constituents.
A sense graph is built in analogy to a scene graph [11]: Each
node in the directed acyclic graph represents a region of
space where the signals can pass around unhindered, and
as signals traverse the scene their effect is attenuated. This
approach seems to be tying into the idea of a multi-view
scene graphs [1] that advocates the need for different views
of a scene graph, which is solely useful for rendering or ani-
mation tasks. Inaccuracies in the region based approach are
readily solved by the FEM, at the expense of considerable
computational power. Also, the need for sophisticated de-
sign tools emerges to let game designers mark the areas of
the environment where specific sensory signals can travel. A
coarse approximation can be provided by the level geometry,
but this will result unsatisfactory in many practical cases.
Besides, the type of approximation provided to the sense
manager will largely affect the quality of an NPC’s senses.
The remainder of the paper is organized as follows: We first
describe some core ideas behind the architecture of our own
sense management system in Sections 2; Section 3 describes
the prototype we are currently developing, and finally Sec-
tion 4 highlights our future work.



2. A NOVEL SENSORY MANAGEMENT
SYSTEM

Before we analyze the basic building blocks encompassed in
the architecture of our sensory management system we will
give an overview of the main principles underpinning its de-
sign.
First and foremost, we wanted our sensor manager to be
able to output fuzzy predicates, because the decision mak-
ing architecture that we have in mind will use fuzzy logic,
as well. The decision making approach we will implement is
based on a fuzzy extension of [4] [14], where an architecture
for 3D learning embodied agents is described, using an XCS
classifier system [12] for action selection. While an FCS
(Fuzzy Classifier System) [5] has clear advantages in terms
of scalability over a standard FIS (Fuzzy Inference System)
[13], classifier systems tend to be more complex to manage.
Our future research in the decision making process will put
emphasis on deriving a fuzzy rule based system that is sim-
ple enough to work with, scalable but that can capture at
the same time the complexity of the problems we are set to
solve.
Thereafter, we needed our sensor manager to describe the
world in real-time: this has profound implications in terms
of the scalability and performance of the approach we will
adopt. Probably, the amount of resources currently available
to AI developers will limit the accuracy of the solution that
can be provided. Nevertheless, the current trend for PCs is
to adopt multi-core CPU architectures, and the same holds
for next-generation consoles such as the Xbox 360 and the
PS3. Therefore, it is likely to expect that the quality and
accuracy of NPCs sensory simulation will increase accord-
ingly.
Finally, care must be taken in not oversimplifying the repre-
sentation of the world, as this risks introducing aliasing i.e.,
the inability to learn the appropriate concepts because the
perceptual representations cannot distinguish between the
things they need to learn about [7].
We will now describe how our sense management system
produces sensory percepts that will be later used in the de-
cision making process (see Figure 1).

The operations performed by the system are executed in
three specific sub-stages:

1. The scene graph (or graphics database) is queried us-
ing the spatial information of the NPC under consider-
ation. An approximation of the scene graph is derived,
which is going to be further processed. We will refer
to this as the NPC view, in analogy with the graphics
database metaphor;

2. The NPC view is processed giving rise to a set of per-
cepts;

3. The percepts are expressed using fuzzy predicates (e.g.,
Table1 IS Very Close, etc.);

4. All the relevant percepts are collected and sent to the
decision making module.

The first stage does not present a great deal of problems as
long as the underlying implementation of the scene graph
includes an operator to perform fast spatial queries. This is

Figure 1: The Sensor Manager Architecture.

generally the case regardless of the data representation used,
and even more so if the scene graph is combined with spa-
tial subdivision techniques (BPS trees, kd-trees, octrees [9])
or a portal system [9] [10]. The type of query involved will
extract an NPC view of the scene graph based on its spatial
features (position, orientation, bounding volume, etc.).
The second stage performs a culling operation on the NPC
view, using an estimate of the NPC level of attention. A
näıve implementation of the level of attention would rely
solely on predetermined values given by game designers as
attributes of the NPCs. A better strategy for sight could in-
volve for instance fine tuning such values after eye-tracking
data is gathered from players’ activity. Clearly, culling is
performed to reduce the amount of sensory information that
needs to be processed, but also to mimic the typical limita-
tion of human sensory apparatuses.
The third stage is problematic, but it is our opinion that if a
good implementation is built then the whole approach will
be successful. The rationale for this stage stems from an
obvious observation: If we want to have human-like decision
making for our NPCs then we need to provide information to
the decision making system that better resembles the noisy
and uncertain type of information human beings manage.
In other words, we do not instinctively perceive an object as
”3.576 meters away”, but we would say that it is ”more or
less close” to us. Only if we started to measure the distance
between our position and the object’s would we be able to
refer to precise numerical data. This is at odds with the clas-
sic approaches in Computer Graphics and Artificial Intelli-
gence where we usually try to achieve the best possible level
of performance, but ironically this problem postulates the
simulation of both human deficiencies and strengths at the
same time. Besides, the use of fuzzy predicates to describe



sensory perceptions (e.g., “close”,“big”, “smelly”, “noisy”,
“fast”, etc.) brings another clear advantage: Different fuzzy
membership functions can be used by different 3D charac-
ters. Such an approach enables fine tuning sensory percep-
tions for each different human being, as different perceptions
of close or noisy may be given. Another possibility would
be designing a non-realistic perception system: What kind
of perception system would be adequate for a dragon, an
ogre, or finally an alien such as the ones found in Starcraft?
Once again, hyperrealism may not lead to the best results
in a video game scenario.
The fourth and final stage has just the function of collect-
ing the percepts and sending them to the decision making
module.

3. A PRELIMINARY PROTOTYPE
We are currently in the process of developing a prototype
using TGE (Torque Game Engine) [6]. TGE contains some
pre-packaged starter kits that allow developers to create and
customize applications very fast. At the moment we have
chosen to customize the FPS starter kit (see Figure 2), but
of course additions to the existing code base have been nec-
essary, and will also be in the future. The goals of the ex-
periments we are planning on implementing will be:

• Testing the actual performance of the approach: How
many queries can be realistically performed in any AI
computation cycle on a standard PC, without compro-
mising the game’s overall performance?

• Testing the scalability of the approach: As a conse-
quence of the previous point, is it likely that the ap-
proach presented here can scale to different orders of
magnitude? If so, we will need to quantify that.

• Testing a scenario integrating the complete sensory
system: Even though the approach may be computa-
tionally sound, we still need to find gameplay scenarios
conducive to players’ satisfaction. These experiments
will require play testing and questionnaires filling.

Figure 2: The current version of the prototype run-
ning in TGE.

4. FUTURE WORK
Our efforts are currently aimed at implementing a prototype
that will completely address the points raised in Section 2.

The next step will clearly involve testing the experimental
hypothesis described in Section 3. The future of sensory
perception simulation in games seems to be quite a promis-
ing and exciting one. That will hopefully lead to new and
interesting developments in the area of game design and de-
velopment.
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