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Preface
Fabio MORBIDI and Pascal VASSEUR
MIS Laboratory, University of Picardie Jules Verne,
Amiens, France

P.1. Omnidirectional vision: a
historical perspective

“Charge-coupled devices” (CCDs) were invented by W.
Boyle and G.E. Smith at Bell Labs in 1969. They consist of a
sensor that converts an incoming 2D light pattern into an
electrical signal that, in turn, is transformed into an image.
Although the CCDs could capture an image, they could not
store it. Digital cameras, invented in 1975 at Eastman
Kodak in Rochester, NewYork, by S.]. Sasson, fixed this
problem. The first digital camera, equipped with a Fairchild
Semiconductor’s 100-by-100-pixel CCD, was able to display
photos on a TV screen (Goodrich 2022).

An omnidirectional camera (also known as 360° camera) is
a camera with a field of view (FoV) that covers
approximately the entire sphere or at least a full circle in
the horizontal plane (the adjective “omnidirectional”
combines two words: “omni” and “directional”. “Omni”
comes from the Latin word “Omnis”, meaning “all”). A
conventional camera has an FoV that ranges from a few
degrees to, at most, 180°: this means that it can capture, at
most, light falling onto the camera focal point through a
hemisphere. On the contrary, an ideal omnidirectional
camera captures light from all directions falling onto the
focal point, covering a full sphere. However, in practice,
most omnidirectional cameras span only part of the full
sphere and many cameras, which are dubbed
omnidirectional, cover only approximately a hemisphere, or



the full 360° along the equator of the sphere, the top and
bottom hemispheres excluded (in this case, the term
panoramic camera is preferred). If the full sphere is
covered, the captured light beams do not exactly intersect
in a single focal point, i.e. the system is non-central. Human
vision is an example of a system with a wide FoV. In fact,
humans have slightly over a 210° horizontal FoV (without
eye movements) (Strasburger 2020), while some birds and
insects have a complete or nearly complete 360° visual
field. The vertical range of the visual field in humans is
around 150°. A large FoV has proven to be a very important
asset in the preservation of certain species, and it likely
plays a crucial role in the evolution of animal vision
(Burkhardt 2005).

With the same ground being plowed many times by
different researchers in the last decades, various camera
designs have been proposed to capture 360° images:
cameras with a single lens (fisheye), cameras with two
lenses (dual or twin fisheye), cameras with more than two
lenses (polydioptric), camera rigs, pan-tilt-zoom and
cameras with rotating mechanisms, and catadioptric
systems combining mirrors (cata-) and lenses (-dioptric).
Some of these cameras capture 360° images in a single
shot, while the others build an omnidirectional image by
stitching together different regions of the FoV acquired
over a prolonged period of time. Fisheye cameras (which
use lens systems with very short focal lengths and strong
refractive power), and catadioptric systems (which were
first patented in 1970 (Rees 1970)), are in the first group.
On the other hand, pan-tilt-zoom cameras and cameras
with rotating mechanisms, belong to the second group.

Although the fundamental concepts have been around since
at least the 1970s (Cao et al. 1986; Yagi and Kawato 1990;
Ishiguro et al. 1992), modern omnidirectional vision dates
back to the late 1990s: in fact, the seminal works on image



formation and geometry by Nayar (1997); Baker and Nayar
(1999); and Svoboda et al. (1998) marked the beginning of
an independent field of investigation. Another milestone in
the history of omnidirectional vision is the unifying theory
for central panoramic systems developed by Geyer and
Daniilidis (2000), and subsequently extended by Barreto
(2006) and other researchers (Khomutenko et al. 2016;
Usenko et al. 2018). This pioneering work has been the
harbinger of a burgeoning array of papers in computer
vision (image processing and descriptors adapted to
spherical signals, calibration, epipolar and multi-view
geometry, structure-from-motion, 3D reconstruction, etc.)
and robotics (image-based localization, simultaneous
localization and mapping (SLAM), visual servoing, etc.).
Finally, the series of OMNIVIS workshops
(“Omnidirectional Vision, Camera Networks and Non-
Classical Cameras”) held annually between 2000 and 2011,
in conjunction with major computer vision conferences,
contributed to shaping the community and bringing
together researchers interested in non-conventional vision.
This tradition continued with the OmniCV workshops
(“Omnidirectional Computer Vision”), organized every year
since 2020 (CVPR’23 marked the fourth edition).

Today, with the miniaturization of image sensors and
optical components (lenses, prisms and mirrors),
omnidirectional cameras have risen to prominence in
consumer electronics (smartphone attachments,
surveillance systems, perception systems in autonomous
vehicles, etc.), and they have transformed our everyday
lives and made them easier. Applications include mobile
robotics, videoconferencing, art (panoramic photography),
real estate (remote tours), vehicle parking assistance,
virtual and augmented reality, tele-operated systems (for
enhanced situational awareness), forensics, astronomy and
entertainment. Several multinational electronics companies



(Samsung, Ricoh, GoPro) have invested in the field of
omnidirectional vision which has experienced a renaissance
over the past ten years, and they are actively producing
and supporting hardware. This fostered academic research
and has contributed to the growth of the community.

P.2. Why this book?

While innumerable computer vision books have made their
appearance in the last two decades, for example, books by
Forsyth and Ponce (2011); Hartley and Zisserman (2004)
and Ma et al. (2004) just to mention the most popular ones,
relatively few books or monographs have been dedicated to
omnidirectional vision. In fact, we are aware of only three
research-oriented books (Benosman and Kang 2000; Sturm
et al. 2011; Puig and Guerrero 2013), a survey paper
(Ishiguro 2005), and two dedicated chapters in robotics
textbooks, (Chapter 11.3 in Corke 2011; Chapter 4.2 in
Siegwart et al. 2011). Several indicators suggest that the
field of omnidirectional vision is now mature: it is then time
to review the core principles (image formation,
mathematical modeling, camera calibration, etc.), critically
assess the key achievements and present some of the main
applications, with an eye on the most recent trends and
research directions.

Obviously, the field is too vast and dynamic to be fully
covered in a single book. Therefore, a precise editorial
choice has been made, and some “trendy topics” have been
intentionally left out. A notable omission in coverage is the
growing body of research on machine learning applied to
omnidirectional vision (Ai et al. 2022), which is only briefly
mentioned in Chapters 3 and 6. Moreover, we pass over the
recent progress made in the field of graph image
processing (Cheung et al. 2018). This book brings together
the contributions of 10 renowned international scientists



with multidisciplinary interests in image processing,
computer vision, vehicle engineering and robotics. It is
intended for a general audience: young beginners
interested in discovering the field, professionals,
instructors and experimented scientists in academia.

P.3. Organization of the book

This book consists of a preface, six chapters and a
conclusion, and it is organized as follows:

— Preface: providing a brief history of omnidirectional
vision, it defines the position and scope of the book,
and presents its general structure.

— Chapter 1 reviews basic geometric concepts relevant to
omnidirectional vision. These include the image
formation process, with a special focus on catadioptric
cameras. A brief discussion on how camera models
approximate the image formation process is also
provided.

— Chapter 2 presents the geometric models behind the
formation of an omnidirectional image and critically
assesses the different existing techniques for the
estimation of the intrinsic parameters of an
omnidirectional camera.

— Chapter 3 describes different techniques for the
reconstruction of 3D environments from images
captured by static or moving omnidirectional cameras.

— Chapter 4 is devoted to image processing, adapted to
the spherical signals provided by catadioptric cameras.

— Chapter 5 presents a special class of omnidirectional
cameras, the so-called non-central vision sensors, and



provides an overview of their main geometric
properties and applications.

— Chapter 6 deals with the application of omnidirectional
cameras to robot localization and navigation.

— Chapter 7 concludes the book. The main contributions
are summarized and some prospects for future
research are discussed.

It is not knowledge, but the act of learning, not
possession but the act of getting there, which grants
the greatest enjoyment. When I have clarified and
exhausted a subject, then I turn away from it, in order
to go into darkness again. The never-satisfied man is so
strange; if he has completed a structure, then it is not
in order to dwell in it peacefully, but in order to begin
another. I imagine the world conqueror must feel thus,
who, after one kingdom is scarcely conquered,
stretches out his arms for others.

Extract from a letter of Carl Friedrich GAUSS to Farkas
BOLYAI, dated 2 September 1808.

June 2023
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