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Perception Enhancement Systems : technologies for making the world more 
intuitive. 
 
In road vehicles new interfaces are being developed which integrate the 
functions of humans with those of the machine, blurring the traditional 
distinctions between the two. In this complex new environment the concept of 
perception enhancement emerges from the observation that not all 
environmental stimuli are informative, only certain cognitively-relevant 
features from the environment have meaning for humans. The goal is therefore 
to develop perception enhancing systems which selectively amplify the key 
environmental stimuli such that humans can better interact with their machines 
and automated assistants.  
 
The concept of perception enhancement is not a new one, at least not in the area 
of vision and optics. Optical lenses for enlarging or reducing were used in 
Greek and Roman times, and there exist among the writings of Seneca several 
examples of the use of such devices to assist reading. A more recent 
development, however, is the ability of new technology to provide sophisticated 
systems for modifying environmental stimuli so as to make them more intuitive. 
Never before has technology provided such a great variety of ways for 
enhancing the properties of the stimuli which lie at the heart of human 
perception. 
 
In the case of road vehicles the 
term perception enhancement 
system can be used to describe any 
device which optimises the feedback 
to the driver of information about 
vehicle interaction with the 
environment. Such systems treat 
stimuli from an information 
theoretic point of view, and 
optimise the person-machine 
interface so as to make the vehicle 
feel more like an extension of the 
driver’s body. The objective is to 
improve those characteristics of 
the stimuli which trigger useful 
cognitive cues, while simultaneously reducing those characteristics which are 
normally associated with background noise. Key to the successful design of 
perception enhancing systems is thus a working knowledge of the relationships 
between the stimuli which people perceive on the one hand and their 
environmental sources on the other. 
 
Two general classes of perception enhancement system are being investigated by 
the members of the Perception Enhancement Systems (PES) research group. The 
first involves single modality systems in which vibrational or acoustical stimuli 
are selectively manipulated so as highlight the dominant cognitive cues, 
rendering the stimuli easier to understand and more intuitive. This class of 
system operates within a single perceptual modality and is based on the use of 



analytical transformations which modify the statistical properties of a 
stimulus from the original form which is produced by the road vehicle to an 
enhanced from which should be presented to the human. The overall aim of the 
approach is not to change the stimulus to the point of denaturing it, but, 
rather, to improve its statistical properties as much as is practically possible in 
order to render it more easy to understand and intuitive. In this approach the 
analytical transformations which are applied to the stimuli are usually 
borrowed from the field of music mastering or from the field of information 
theory. 
 
Perception enhancing transformations borrowed from the field of music 
mastering include the use of stimulus compressors or expanders, which modify 
the peak values of the vibration or the sound so as to either drive large events 
down into the main body of the stimulus or so as to extract specific large events 
out from the main body of the stimulus. The general concept is to adjust the 
relationship between the large events and the small events, balancing the one 
against the other, in an optimal manner which makes the stimulus easier to 
understand and more intuitive. 
 
Perception enhancement transformations 
borrowed instead from the field of 
information theory are based on the use of 
information carrying events. In the case of 
road vehicle vibration or sound, information 
carrying transient events have been 
identified which are called “bumps”. These 
semiotic symbols act as the basic unit of 
information which humans use when 
interpreting the stimulus. By identifying the 
library of “bumps” which are emitted by a 
road vehicle under specific operating 
conditions, it is then possible to tailor the 
number and size of the “bumps” so as to 
modify a stimulus from its original form to 
an enhanced form. Adjusting the number and 
size of the “bumps” in real time makes the 
stimulus easier to understand and more intuitive. 
 
The second general class of perception enhancement system being investigated 
by the members of the research group is that of modality transforming systems. 
In this approach information from one stimulus modality is transformed into 
another modality so as to facilitate detection and interpretation. The general 
concept is to use the freedom offered by modern technologies so as to 
transform sensory information from a channel characterised by relatively 
limited perceptual characteristics to one which is characterised by relatively 
sophisticated perceptual characteristics. Such perception enhancement systems 
can be though of as synaesthetic transformers. The approach of transforming a 
stimulus from one modality to another can make a stimulus easier to understand 
and more intuitive through a variety of effects including greater spatial extent, 
greater spatial resolution, improved frequency response, lowered perceptual 

threshold, novelty or improved 
association with situation-relevant 
cognitive constructs. 
 
Perception enhancing systems of this 
second class are typified by the 
popular modern technology of 
thermal imaging cameras. The 
Perception Enhancement Systems 
(PES) research group has been 
investigating the ability of thermal 



imaging to enhance the immediacy and intuitiveness of the human understanding 
of temperature and of temperature associated properties. Research questions 
include the achievable reduction in detection times when thermal information is 
made visible, the achievable reduction in training times when thermal 
information is made visible and the potential of thermal visibility to increase 
awareness and to affect lifestyle changes in relation to issues such as global 
warming. 


