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ABSTRACT

Robot perception is the ability of a robotic platform to perceive its environment by the means of sensor 
inputs, e.g., laser, IMU, motor encoders, and so on. Much like humans, robots are not limited to perceiv-
ing their environment through vision-based sensors, e.g., cameras. Robot perception, through the scope 
of this chapter, encompasses acoustic signal processing techniques to locate the presence of a sound 
source, e.g., human speaker, within an environment for human-robot interaction (HRI), that has gained 
great interest within scientific community. This chapter will serve as an introduction to acoustic signal 
processing within robotics, starting with passive acoustic localization and building up to contemporary 
active sensing methods, such as the usage of neural networks and spatial map generation. The origins 
of active acoustic localization, which finds its roots in biomimetics, are also discussed.

INTRODUCTION

The detection and localization of acoustic reflectors such as walls, objects or people within an environ-
ment is a popular topic within the area of robotics. Traditionally, camera and laser-based technologies 
are used to detect the presence of these landmarks to generate a spatial map of a 3D space and aid these 
robotic platforms in navigating within their environment. However, these light-based sensing modalities 
often face challenges such as a lack of light, overexposure (glare), the inability of detecting transparent 
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surfaces such as windows, false reflections, or their sensitivity to occlusion. These issues can be addressed 
when incorporating sound-based sensing modalities. Research in animal auditory system has inspired 
researchers to develop technologies to locate the presence of sound sources within an environment.

This chapter will serve as an introduction to robot audition, starting with the subdomains of robot 
audition and building up to more contemporary active sensing methods, such as the usage of Artificial 
Intelligence (AI) on recorded data to detect and track acoustic sources and for spatial map generation. The 
origins of active acoustic sensing, which finds its roots in biomimetics, are also discussed. This chapter 
is written as a reference for people working on robot perception using sound and wants to contribute to 
future works by bringing new challenges to the field of robot perception. The chapter will begin with 
an introduction to biomimicry in robotics, which aims to mimic an animal’s auditory system to localize 
the position of sound sources in the nearby environment. Biomimicry facilitates intelligent designs in 
robots to achieve high performance and robustness when navigating between and localizing acoustic 
sources in a dynamic environment. Designers of such robots make use of new materials, sensors and 
actuators to provide high capabilities that allow robots to mimic biological processes such as hearing.

Furthermore, this chapter will review techniques in scientific literature associated with passive 
acoustic localization and active acoustic localization, which are the two important sub-domains of robot 
audition for SSL. Passive acoustic localization involves detecting sound generated by objects present 
in an environment while active acoustic localization techniques probe an environment with a known 
sound to detect the position of objects within an environment. Both sub-domains have their fair share of 
advantages and disadvantages. For example, active acoustic localization is useful in a quiet environment. 
This is normally the case when a robot explores an underground environment, such as caves, tunnels, and 
sewers. Bats, rats and even some aquatic mammals are known to use these techniques to navigate and 
hunt in complete darkness. These animals probe the environment with a unique sound, or call, and use 
acoustic echoes to distinguish flora and fauna, different types of animals/prey, and everything needed for 
their survival. Therefore, a discussion on the different types of probe signals that can be used in robotics 
to acquire spatial information from the environment is also an important highlight of this chapter. More 
specifically, analysis of additive white Gaussian noise (AWGN), coded emissions, and chirp signals 
will be discussed in detail. The application of spatial mapping using echolocation is also an important 
highlight of this chapter, which incorporate spatial filtering techniques, such as, beamforming techniques.

Finally, the chapter will review data-driven approaches to using contemporary methods such as neural 
networks for perceiving the environment in an artificially intelligent way. This is relatively a newer ap-
proach that combines physics-based model of sound with machine learning to teach robotic platforms 
to learn to classify and predict their surroundings.

BACKGROUND

Biomimicry in Robotics

The goal of robotics is to design an autonomous machine that behaves, reacts, and interacts with its sur-
roundings much like a human does. That is, a robot should mimic the behavior and, in some cases, the 
physical appearance of humans. To fulfil this dream, researchers started studying humans and animal 
senses in an attempt to replicate the sensory organs, so that they can be used by robots. The five senses 
(seeing, hearing, touching, tasting, and smelling) have been a popular area of research and a source of 
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