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9.1.1 Natural Communication with Machines

The human senses—evolved in primitive times primarily for survival-—serve modern man
as exquisitely-developed channels for communication and information exchange. Because
the sensory modalities are highly learned and natural, we seek to endow machines with
the ability to communicate in these terms. Complex machines can thereby be brought to
serve human needs easier and more widely. Sensory realism, similar to face-to-face
communication among humans, is the long-range objective.

Of the senses, sight and sound have been exploited to the greatest extent for
human/machine communication. Technologies for image processing and voice
interaction are deploying rapidly. But, understanding of the touch modality is
advancing, as tactile and manual interfaces develop. The dimensions of taste and smell
are yet to be harnessed broadly. Advocates of Virtual Reality are sure to be at the
forefront of research in this direction, as the search for sensory realism progresses.

The human is adept at integrating sensory inputs, and fusing data to meet needs of the
moment. Machines, to date, are less able to emulate this ability. This issue is central to
current research in multimedia information systems. But, the human ability to process
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information appears limited to rates that are small in comparison to the transport
capacities of modern fiber optic networks.

Experiments (Keidel, 1968; Pierce, 1961; Cherry, 1957) place the human processing
capacity for assimilating and reacting to sensory input at the order of 100 bits/sec., or
less. But the human’s ability to switch and allocate this processing power across
modalities seems to reflect a refined mechanism for data fusion. Again, machines do not
yet approach this ability.

In the domains of sight, sound, and touch, technologies have developed enough that
experimental integration is now being studied. Because the constituent technologies are
imperfect, task-specific applications domains represent the most prudent opportunities
for realizing synergistic combinations of modalities. Because of performance limitations,
careful systems design and human factors analyses are critical. Further, because
advances in microelectronics are now providing vast and economical computation, the
characteristics of human perception can to greater extent be incorporated in the
information processing, resulting in added economies of transmission and storage.

In discharging the duties of an overview, we propose to comment briefly on activities in
image, voice and tactile interfaces for human/machine communication. Additionally, we
point up issues in data networking, distributed databases, and synergistic integration of
multiple modalities in information systems.

9.1.2 Image Compression and Spatially Realistic Displays

Image signals (in contrast to speech) can be of a great variety, ranging from the teeming
crowd of a sports contest to a stationary pastoral country scene. Few constraints exist
on the source, and most opportunities for efficient digital representation stem from
limitations in the ability of the human eye to resolve detail both spatially and
temporally. The eye’s sensitivity to contrast is greatest for temporal frequencies of about
4 to 8 Hz, and for spatial frequencies of about 1 to 4 cycles/degree (Figure 9.1, adapted
from Netravali & Haskel, 1988).

Decomposition of moving images by temporal and spatial filtering into subbands
therefore offers opportunity to trade on the eye’s acuity in assigning digital
representation bits, moment by moment (Podilchuk & Farvardin, 1991; Podilchuk,
Jayant, et al., 1990). That is, available transmission capacity is used for those
components representing the greatest acuity, hence maintaining the highest perceptual
quality for a given transmission rate. Luminance dominates the transmission
requirement with chrominance requiring little additional capacity.

Additionally, while video signals are not as source-constrained as speech, they





















