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Abstract

Intensive computations required for sensing and processing perceptual information can
impose significant burdens on personal computer systems. We explore the use of value of
information to guide sensing and analysis in automated behavior recognition systems, and
highlight the role of such computations as a formal foundation for selective attention. We
examine several different policies for selective perception in SEER, a multimodal system for
recognizing office activity that relies on a layered Hidden Markov Model (LHMM) represen-
tation. We review our efforts to employ expected value of information (EVI) computations to
limit sensing and analysis in a context-sensitive manner. We discuss an implementation of a
one-step myopic EVI analysis and compare the results of using the myopic EVI with a heuris-
tic sensing policy that makes observations at different frequencies. Both policies are then com-
pared to a random perception policy, where sensors are selected at random. Finally, we discuss
the sensitivity of ideal perceptual actions to preferences encoded in utility models about infor-
mation value and the cost of sensing.
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1. Introduction

Investigators have been long interested in the promise of performing automatic
recognition of human behavior and intentions from observations. Successful recog-
nition of human behavior enables compelling applications, including automated
visual surveillance and multimodal human–computer interaction (HCI)—consider-
ing multiple streams of information about a user�s behavior and the overall context
of a situation to provide appropriate control and services. There has been progress
on multiple fronts in recognizing human behavior and intentions. However, chal-
lenges remain for developing machinery that can provide rich, human-centric no-
tions of context in a tractable manner. We address in this paper the
computational burden associated with perceptual analysis.

Computation for visual and acoustical analyses has typically required a large
portion—if not nearly all—of the total computational resources of personal com-
puters that make use of such perceptual inferences. It is not surprising to find that
there is little interest in invoking such perceptual services when they require a sub-
stantial portion of the available CPU time, significantly slowing down more pri-
mary applications that are supported or extended by the perceptual apparatus.
Thus, we have pursued coherent strategies for automatically limiting in an auto-
mated manner the computational load of perceptual systems, in a similar way as
biological systems do.

We shall focus in this paper on the control of perception in SEER, a probabilistic
reasoning system that provides real-time interpretations of human activity in and
around an office [1]. We have explored two strategies for sensor selection and sensor
data processing in SEER.

The first approach is based on the use of decision-theoretic principles to guide per-
ception, where we compute the expected value of information (EVI) of different sub-
sets of observations in real-time on a frame by frame basis. This is a greedy, one-step
lookahead approach to computing the next best set of observations to evaluate at
each time step. We refer to this strategy as EVI-based perception.

The second approach to limiting the computational burden of perception centers
on defining heuristic policies in terms of observational frequencies and duty cycles
with which each feature, extracted from the sensors, is computed. We refer to this
approach rate-based perception.

We compare the performance of the EVI-based and the rate-based perception
methods with the legacy SEER system that analyzes all features all the time (i.e.,
without selective perception), and with a random feature selection perception ap-
proach, where the features are randomly selected at each time step.

This paper is organized as follows: we first provide background on context-
sensing systems and principles for guiding perception in Section 2. In Section 3,
we describe the challenge of understanding human activity in an office setting
and review the different perceptual inputs that are used. We also provide back-
ground on the legacy SEER system, focusing on our work to extend a single-layer
implementation of HMMs into a more effective cascade of HMMs, a representa-
tion that we refer to as Layered Hidden Markov Models (LHMMs). Section 4
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