Perception Management:

An Emerging Concept for Information Fusion

L. Ronnie M. Johansson^∗ and Ning Xiong

Computational Vision and Active Perception Laboratory (CVAP), Department of Numerical Analysis and Computer Science,^† KTH, SE-100 44 Stockholm, Sweden

Abstract

The state-of-art of sensor management has been advanced to the extent where high-level information plays an increasingly important role. Since situation state and associated request for information are device independent, a question arises as whether the term (sensor management) is sufficient enough to encompass the functions on the information level. Recognizing the essential need of intelligent agents to perceive the environment to take appropriate actions, this letter proposes the concept of perception management. It refers to controlling the process of data acquisition from the external world to enhance percepts obtained. The content of perception management is outlined and its relationship with sensor management is also discussed.

1 Sensor Management: Advancing to the Information Level

Control of sensing resources to enable efficient and coordinated observations plays an important role in modern multi-sensor systems. It serves the purpose of process 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 usage of sensor resources to enhance fusion performance.

With the increasing sophistication of real applications, however, the scope of sensor management has been extended considerably to beyond merely controlling and scheduling physical devices in response to es-

∗Tel: +46-8-790-6724, Fax: +46-8-723-0302, E-mail: rjo@nada.kth.se

†This work was financially supported by the Swedish Defence Research Agency, Division of Command and Control.

timated object states. As there is a close coupling between estimation and control in multi-sensor data fusion 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 perplexing environment. We believe that adaptive management (of observation actions) also involves analysis and reasoning on the information level (encompassing situation and impact assessment) to make situation dependent decisions for exploring what is truly needed or relevant. This opinion of ours coincides with recent endeavours by many researchers towards informationoriented management functions, including:

• proposal of an additional mission manager [4, 5] above the sensor manager. In appraising the current mission situation, the proposed mission manager is envisaged to recognize the lack of information and raise requests for additional data to the sensor manager;

• prioritizing various information requests with reference to the current mission and situation analysis [6, 7, 8, 9];

• selecting sensing actions (including resource allocation) for maximised information gain [10, 11, 12];

• selecting desirable viewing locations and directions to improve the utility of gained information [13];

• deploying extra sensing resources to enhance the quality of fused information in dynamic environments [14, 15, 16].

Obviously, due to resource constraints, it is not realistic to continuously perceive everything in the environment. Control and management of data acquisition under constrained devices and communication channels seem crucial for effective and efficient information processing. Information-oriented observation (data gathering) exhibits strong relevance to active perception [17] in artificial intelligent systems. It contributes to the improvement of perception in that it restricts the focus to the most critical or interesting events or aspects, facilitates 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 interpretation of physical sensations produced by stimuli from the outside world” [18]. Here “mental interpretation” could be interpreted as a process of constructing an internal model of the environment.

There is an obvious analogy between the needs of biological beings and artificial intelligent systems to perceive the environment to perform appropriate actions. This has encouraged the exploration of machine perception.

Perception is an important concept in the research field of computer vision. Active perception, referring to modeling and control for perception, has been recognized 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 environment and acting upon it (a tentative definition inspired by [19]). In agent theory, the term perception is frequently used and is widely recognized as an essential part of the agent model. Normally, the notion of perception is represented by a mapping f : Ω → P, where Ω is the set of environment states and P the set of percepts (i.e., outputs of the perception process) [20, 21, 22, 23, 24, 25, 26]. Figure 1 illustrates a common 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 technology 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].

Figure 1: In the agent perception-action cycle, the perception process produces percepts of the environment states. The percepts are fed to the action process which generates the actions the agent applies to the environment.

3 Perception Management

In Section 1, we presented some indications of an ongoing expansion of research for sensor management. We feel that the term ”sensor management” is no longer sufficient 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 appropriateness 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 as resource management and asset management are too general since they include resources which are of no use for perception. The term collection management, which has also been used, is a bit ambiguous since it may refer to either a collection of items or the process of collecting.

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 manipulate it. This, combined with the just mentioned limitations 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, “management”, reflects its close relation to sensor and resource management.

Perception management would be an appropriate concept referring to controlling and improving data acquisition from the external world to obtain information with greater content, higher utility, and lower uncertainty. 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 requests and resolving the conflicts between them;

• real-time distribution and adaptation of perception 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., controlling the motion of a mobile platform carrying sensors) to support the purpose of perception with increased 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 particular attention to details of concrete sensor devices. The motivation for doing this is the awareness that information 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 sensor devices. Therefore, this old term seems weak in capturing the nature of management functionality at high levels.

At present, we are contemplating two different alternatives of the interrelation between sensor and perception 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 management should, by this consideration, also include the functionality of sensor management. Figure 2 roughly describes this relationship from a resource accessibility point of view.

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, perception management works above sensor management and offers a driving force to sensor management, as illustrated in Figure 3.

Figure 3: One may envisage a boundary between sensor management and perception management. Herein, perception management offers a driving force to sensor management.

Although sensor and perception management have different foci (the former mainly reconfiguring devices, the latter serving information needs), perception management 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 management, perception management contributes to a better understanding of it by well reflecting its true versatility.

Even though extension of traditional sensor management 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 management, today well established in a wealth of literature (including [35, 36, 37]). Indeed, the established sensor management term is inherited from the multisensor 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 beneficial for further advancement of information fusion technology on the process refinement level.

Finally, it bears emphasising that the concept of perception management is proposed to refer to the external aspect of perception (i.e., sensations of the environment). 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.

Acknowledgments The authors would like to thank Henrik Christensen (Centre for Autonomous Systems, KTH, Stockholm) and Per Svensson (Swedish Defence Research Agency, Stockholm), for their constructive comments and helpful suggestions.

References

[1] A. N. Steinberg, C. L. Bowman, Handbook of Data Fusion, CRC Press, 2001, Ch. 2.

[2] R. Adrian, Sensor management, in: Proceedings, AIAA/IEEE Conference on Digital Avionics System, IEEE Computer Society Press, 1993, pp. 32– 37. [3] R. Denton, E. Alcaraz, J. Llinas, K. Hintz, Science of Command and Control: Part III - Coping with change, AFCEA International Press, Fairfax, Virginia, 1994, Ch. 13, pp. 119–134.

[4] G. McIntyre, A comparative approach to sensor management and scheduling, Ph.D. thesis, George Mason University, Fairfax, FA (1998).

[5] C. Schaefer, K. Hintz, Sensor management in a sensor rich environment, in: Proceedings of the SPIE International Symposium on Aerospace/Defence Sensing & Control, Vol. 4052, SPIE, 2000, pp. 48–57.

[6] K. Hintz, Goal lattices for sensor management, in: Proceedings of the SPIE International Symposium on Aerospace/Defence Sensing & Control, Vol. 4380, SPIE, 2001, pp. 324–327.

[7] K. Hintz, G. McIntyre, Goal lattices for sensor management, in: Proceedings of the SPIE International Symposium on Aerospace/Defence Sensing & Control, Vol. 3720, SPIE, 1999, pp. 249–255.

[8] W. Komorniczak, J. Pietrasinski, Selected problems of MFR resource management, in: Proceedings, 3rd International Conference on Information Fusion, 2000, pp. WeC1–3–8.

[9] J. M. Lopez, F. J. Rodriguez, J. C. Corredera, Symbolic processing for coordinated task management in multi-radar surveillance networks, in: Proceedings of the International Conference on Information Fusion, 1998, pp. 725–732.

[10] V. Caglioti, An entropic criterion for minimum uncertainty sensing in recognition and localization - Part I: Theoretical and conceptual aspects, IEEE Transactions on Systems, Man, and Cybernetics 31 (2) (2001) 187–196.

[11] P. Dodin, J. Verliac, V. Nimier, Analysis of the multisensor multitarget tracking resource allocation problem, in: Proceedings, 3rd International Conference on Information Fusion, 2000, pp. WeC1–17–22.

[12] W. Schmaedeke, K. Kastella, Information based sensor management and IMMKF, in: Proceedings of the SPIE International Conference on Signal and Data Processing of Small Targets, SPIE, 1998, pp. 390–401.

[13] D. J. Cook, P. Gmytrasiewicz, L. B. Holder, Decision-theoretic cooperative sensor planning,

IEEE Transactions on Pattern Analysis and Machine Intelligence 18 (10) (1996) 1013–1023.

[14] K. Jöred, P. Svensson, Target tracking in archipelagic ASW: a not-so-impossible proposition?, in: Proceedings of Underwater Defence Technology Europe 98, 1998, pp. 172–175.

[15] D. Penny, M. Williams, A sequential approach to multi-sensor resource management using particle filters, in: Proceedings of the SPIE International Conference on Signal and Data Processing of Small Targets, SPIE, 2000, pp. 598–609.

[16] P. Svensson, K. Johansson, K. Jöred, Submarine tracking using multi-sensor data fusion and reactive planning for the positioning of passive sonobuoys, in: Proceedings of Hydroakustik 1997, FOA, Stockholm, Sweden, 1997.

[17] R. Bajcsy, Active perception, Proceedings of the IEEE 76 (8) (1988) 996–1005.

[18] E. Lawrence (Ed.), Henderson’s Dictionary of Biological Terms, Prentice Hall, 2000.

[19] S. Russell, P. Norvig, Artificial Intelligence - A Modern Approach, Prentice Hall, Englewood Cliffs, New Jersey, 1995.

[20] V. Botti, C. Carrascosa, V. Julian, J. Soler, Modelling agents in hard real-time environments, in: F. J. Garijo, M. Boman (Eds.), Proceedings of the 9th European Workshop on Modelling Autonomous Agents in a Multi-Agent World, Springer Verlag, 1999, pp. 63–76.

[21] J.-J. C. Meyer, P.-Y. Schobbens (Eds.), Formal Models of Agents: ESPRIT project ModelAge Final Workshop; Selected Papers, Springer Verlag, 1999.

[22] N. J. Nilsson, Artificial Intelligence - A New Synthesis, Morgan Kaufmann Publishers Inc., 1998, Ch. 2, pp. 21–35.

[23] S. Ossowski, A. Garcia-Serrano, Social structure in artificial agent societies: Implications for autonomous problem solving agents, in: Proceedings of the 5th International Workshop of Agent Theories, Architectures and Languages, 1998, pp. 133–148.

[24] S. J. Russell, E. Wefald, Do the right thing: studies in limited rationality, MIT Press, Cambridge, Mass., 1991.

[25] M. Wooldridge, Multiagent Systems - A Modern Approach to Distributed Artificial Intelligence, MIT Press, 1999, Ch. 1, pp. 27–78.

[26] M. Wooldridge, S. Parsons, Intention reconsideration reconsidered, in: Proceedings of the 5th International Workshop of Agent Theories, Architectures and Languages, 1998, pp. 63–79.

[27] G. Wasson, D. Kortenkamp, E. Huber, Integrating active perception with an autonomous robot architecture, in: K. P. Sycara, M. Wooldridge (Eds.), Proceedings of the 2nd International Conference on Autonomous Agents (Agents’98), ACM Press, New York, 1998, pp. 325–331.

[28] R. C. Arkin, Behavior-Based Robotics, MIT Press, 1998.

[29] M. Brady, Artificial intelligence and robotics, AI Journal 26 (1) (1985) 79–121.

[30] G. Dudek, M. Jenkin, E. Milios, D. Wilkes, A taxonomy for multi-agent robotics, Autonomous Robots 3 (1996) 375–397.

[31] R. Grupen, T. C. Henderson, Traditional and Non- Traditional Robotic Sensors, Springer-Verlag, Berlin, 1989.

[32] S. Thrun, Probabilistic algorithms in robotics, AI Magazine 21 (4) (2000) 93–109.

[33] N. Xiong, P. Svensson, Sensor management for information fusion - issues and approaches, Information Fusion 3 (2) (2002) 163–186.

[34] S. Paradis, B. A. Chalmers, R. Carling, P. Bergeron, Towards a generic model for situation and threat assessment, in: S. B. Raja (Ed.), Proceedings of SPIE, Digitization of the Battlefield II, SPIE, 1997, pp. 171–182.

[35] S. Blackman, R. Popoli, Design and Analysis of Modern Tracking Systems, Artech House, Norwood, MA, 1999, Ch. 15, pp. 967–1068.

[36] D. L. Hall, Mathematical Techniques in Multisensor Data Fusion, Artech House, Norwood, MA, 1992, Ch. 8.

[37] E. Waltz, J. Llinas, Multisensor Data Fusion, Artech House, Norwood, Massachussets, 1990, Ch. 5, pp. 129–158.