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Abstract

The state-of-art of sensor management has been ad-
vanced to the extent where high-level information plays
an increasingly important role. Since situation state and
associated request for information are device indepen-
dent, a question arises as whether the term (sensor man-
agement) is sufficient enough to encompass the func-
tions on the information level. Recognizing the essen-
tial need of intelligent agents to perceive the environ-
ment to take appropriate actions, this letter proposes the
concept of perception management. It refers to con-
trolling the process of data acquisition from the exter-
nal world to enhance percepts obtained. The content of
perception management is outlined and its relationship
with sensor management is also discussed.

1 Sensor Management: Advanc-
ing to the Information Level

Control of sensing resources to enable efficient and co-
ordinated observations plays an important role in mod-
ern multi-sensor systems. It serves the purpose of pro-
cess refinement within the JDL data fusion model [1].
The term sensor management [2] was created to refer to
the generic aspect of controlling and allocating the us-
age of sensor resources to enhance fusion performance.

With the increasing sophistication of real applica-
tions, however, the scope of sensor management has
been extended considerably to beyond merely control-
ling and scheduling physical devices in response to es-
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timated object states. As there is a close coupling be-
tween estimation and control in multi-sensor data fu-
sion systems [3], high-level information about the state
of the environment is highly valuable for directing the
control to proceed in an efficient course in a perplex-
ing environment. We believe that adaptive management
(of observation actions) also involves analysis and rea-
soning on the information level (encompassing situa-
tion and impact assessment) to make situation depen-
dent decisions for exploring what is truly needed or
relevant. This opinion of ours coincides with recent
endeavours by many researchers towards information-
oriented management functions, including:

� proposal of an additional mission manager [4, 5]
above the sensor manager. In appraising the cur-
rent mission situation, the proposed mission man-
ager is envisaged to recognize the lack of infor-
mation and raise requests for additional data to the
sensor manager;

� prioritizing various information requests with ref-
erence to the current mission and situation analysis
[6, 7, 8, 9];

� selecting sensing actions (including resource allo-
cation) for maximised information gain [10, 11,
12];

� selecting desirable viewing locations and direc-
tions to improve the utility of gained information
[13];

� deploying extra sensing resources to enhance the
quality of fused information in dynamic environ-
ments [14, 15, 16].

Obviously, due to resource constraints, it is not re-
alistic to continuously perceive everything in the envi-



ronment. Control and management of data acquisition
under constrained devices and communication channels
seem crucial for effective and efficient information pro-
cessing. Information-oriented observation (data gather-
ing) exhibits strong relevance toactive perception [17]
in artificial intelligent systems. It contributes to the im-
provement of perception in that it restricts the focus to
the most critical or interesting events or aspects, facil-
itates better situation awareness, as well as helps avoid
overwhelming storage and computational burden in a
data rich environment.

2 Perception in Intelligent Systems

In biology, perception is understood as “the mental in-
terpretation of physical sensations produced by stimuli
from the outside world” [18]. Here “mental interpreta-
tion” could be interpreted as a process of constructing
an internal model of the environment.

There is an obvious analogy between the needs of bi-
ological beings and artificial intelligent systems to per-
ceive the environment to perform appropriate actions.
This has encouraged the exploration of machine percep-
tion.

Perception is an important concept in the research
field of computer vision. Active perception, referring
to modeling and control for perception, has been recog-
nized as effective means to reduce problem complexity.

In agent theory, an agent can informally be described
as some entity, artificial (e.g., robotic) or natural (e.g.,
mammal), that is capable of perceiving its environ-
ment and acting upon it (a tentative definition inspired
by [19]). In agent theory, the term perception is fre-
quently used and is widely recognized as an essen-
tial part of the agent model. Normally, the notion of
perception is represented by a mappingf : Ω ! P,
where Ω is the set of environment states andP the
set of percepts (i.e., outputs of the perception process)
[20, 21, 22, 23, 24, 25, 26]. Figure 1 illustrates a com-
mon model of the agent perception-action cycle.

Robotics, being an application domain of both agent
theory and computer vision, naturally inherits the term
perception. This fact is made instructively clear in [27]
where a robot system combines computer vision tech-
nology and an agent architecture for self-localisation.
Furthermore, a chapter in [28] has been devoted to
an extensive discussion about robot perception. Other
works that recognize the need for perception include
[29, 30, 31, 32].
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Figure 1: In the agent perception-action cycle, the per-
ception process produces percepts of the environment
states. The percepts are fed to the action process which
generates the actions the agent applies to the environ-
ment.

3 Perception Management

In Section 1, we presented some indications of an ongo-
ing expansion of research for sensor management. We
feel that the term ”sensor management” is no longer suf-
ficient to encompass the recent and future research in
which the data acquisition is driven by the outcomes of
situation and impact assessment (functions in the JDL
model [1]). A similar opinion, doubting the appropri-
ateness of sensor management to capture the nature of
this fast developing area, was expressed in [33].

A study of the literature on data acquisition reveals
that several different terms have been used to name
the process. However, none of them seems to meet
the requirements presented here. Terms such asre-
source management andasset management are too gen-
eral since they include resources which are of no use
for perception. The termcollection management, which
has also been used, is a bit ambiguous since it may refer
to either a collection of items or the process of collect-
ing.

Section 2 provides support for the term perception,
which is well established in various fields of research.
Perception was also incorporated into the data fusion
model in [34], treating situation awareness as percepts
of the environment. Since the perception discussed here
is active, we naturally need a mechanism to manipu-
late it. This, combined with the just mentioned limi-
tations of the sensor management concept, encourages
us to propose a new concept,perception management.
The name inherits its first part, “perception”, from its
affinity with the notion of perception used frequently in
related fields of research. The second part, “manage-
ment”, reflects its close relation to sensor and resource
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management.
Perception management would be an appropriate

concept referring to controlling and improving data ac-
quisition from the external world to obtain information
with greater content, higher utility, and lower uncer-
tainty. This concept also implies and acknowledges
that data acquisition is an integral part of an artificial
intelligent system due to its close relation to the agent
metaphor.

In our view, activities for perception management can
include but are not limited to the following:

� reasoning about information requests with respect
to the underlying mission and situation;

� ranking the importance of various information re-
quests and resolving the conflicts between them;

� real-time distribution and adaptation of percep-
tion tasks through, e.g., cooperation or negotiation
among decision agents;

� management of other data acquisition resources, in
addition to sensor devices, that can also support the
perception process (e.g., in a command and control
system, additional resources may include human
observers or news agencies);

� planning of sensor external actions (e.g., control-
ling the motion of a mobile platform carrying sen-
sors) to support the purpose of perception with in-
creased scope and utility of gained information;

� pro-active deployment and planning of resources
according to predicted situation tendency, to get
first-time information of an event which is likely
to happen in the upcoming period.

Perception management would be a generic concept
emphasising the ultimate purpose of data fusion (i.e.,
acquiring percepts) without necessarily paying particu-
lar attention to details of concrete sensor devices. The
motivation for doing this is the awareness that infor-
mation and associated (information) requests are sensor
and device independent, and at the information level it
is knowledge and information processing systems that
play a key role in working out required outcomes. In
comparison, the term sensor management leaves one
with the intuition of it involving only utilisation of sen-
sor devices. Therefore, this old term seems weak in cap-
turing the nature of management functionality at high
levels.

At present, we are contemplating two different alter-
natives of the interrelation between sensor and percep-
tion management. We are not yet confident whether to
include sensor management in perception management
or treat it as a separate and independent concept.

In favour of the former alternative is the fact that
perception is often considered to be responsible for all
levels of information processing including dealing with
data directly from sensors. Hence, perception man-
agement should, by this consideration, also include the
functionality of sensor management. Figure 2 roughly
describes this relationship from a resource accessibility
point of view.

Perception management

Sensor management

Figure 2: A coarse sketch of the relationship between
the two types of management. Perception management
is in this alternative considered to encompass sensor
management.

In case the latter alternative is more appropriate,
we have yet to discern a clear boundary between the
two concepts. According to our current understanding,
one of the major functions of perception management
should be to figure out a schedule of perception tasks
to be served by sensor management. In this sense, per-
ception management works above sensor management
and offers a driving force to sensor management, as il-
lustrated in Figure 3.
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Figure 3: One may envisage a boundary between sen-
sor management and perception management. Herein,
perception management offers a driving force to sensor
management.

Although sensor and perception management have
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different foci (the former mainly reconfiguring devices,
the latter serving information needs), perception man-
agement does not overlap with the lower levels of the
JDL data fusion model. It refers to resource control
(as opposed to the lower JDL levels which deal with
assessments), and, thus, would be entirely contained
within the process refinement level of the JDL model
(just as sensor management). Since process refinement
is currently not clearly distinguished from sensor man-
agement, perception management contributes to a better
understanding of it by well reflecting its true versatility.

Even though extension of traditional sensor manage-
ment to encompass the emerging aspects mentioned
may not be entirely ruled out, attempting to do so may
risk spoiling or weakening the notion of sensor man-
agement, today well established in a wealth of litera-
ture (including [35, 36, 37]). Indeed, the established
sensor management term is inherited from the multi-
sensor data fusion and target tracking field, sometimes
making it awkward in a more general context. Hence,
we believe that the introduction and investigation of the
new concept of perception management will be benefi-
cial for further advancement of information fusion tech-
nology on the process refinement level.

Finally, it bears emphasising that the concept of per-
ception management is proposed to refer to the exter-
nal aspect of perception (i.e., sensations of the envi-
ronment). But it does have an indirect, yet important,
effect also on the internal process of data interpretation
by controlling data streams and offering the most useful
data to be processed.
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