
IEEE Workshop on Volumetric Scattering
in Vision and Graphics

PI: Srinivasa G. Narasimhan (Carnegie Mellon University)

Technical Report

1 Motivation for Workshop

Computer vision and graphics are multi-disciplinary fields of research with a wide spectrum of applications
that impact our daily lives. Today, cameras and displays are ubiquitous and the amount of imagery
generated is overwhelming. That said, most of computer generated imagery in video games, movies and
scientific simulations are of scenes on clear days or nights. Volumetric scattering effects such as the beautiful
fog rolling down the hills, the bluish haze of mountains, the eerie night mist, the brilliance of underwater
effects, or the light streaming through clouds provide pure artistic and entertainment value. They are used
in movies and paintings to portray different moods, and are captured in photographs to provide realism.
Besides digital entertainment, scattering effects are also simulated for training human operators in safety,
medical and hazardous situations — pilots landing through fog, soldiers conducting reconnaissance in dusty
desert terrain, divers exploring ocean depths, and doctors looking for cancerous tissue. In the absence of
scattering effects, current renderings appear unnatural and cartoonish.

Analogously, most computer vision systems have not enjoyed success when deployed in uncontrolled
outdoor environments. Today, modern vehicles have (semi-)automatic intelligent transportation systems
that assist drivers in navigation. However, they fail to work in common bad weather conditions such as fog,
snow and rain, indeed when they are most required. Similarly, field robots fail to navigate in hazardous
environments such as smoke and dust, underwater exploration tasks are hindered by murky water, aerial
and satellite imaging tasks are made difficult due to the presence of the atmosphere, and finally, medical
image analysis is made hard due to the complex scattering properties of tissues. Unfortunately, however,
most vision techniques are designed to only perform in clear air. Even with perfect performance, scattering
effects are the one fundamental hurdle that can stop vision from having successful impact in these domains.

1.1 Related Research

For the past few years, there has been growing acknowledgment of the importance of volumetric scattering
effects in graphics and vision. In computer graphics, the emphasis is on accurate simulation of scattering
effects through participating media. A brute force approach to simulating scattering effects would require
tracing millions of rays through hundreds of scattering events [3, 4, 16, 17, 18, 22, 24, 43, 47, 48, 7].
However, recent novel methods based on analytic derivations, approximations and empirical models [51,
18, 15, 20, 45, 13, 52, 9], and hardware accelerations [6, 12, 46], have the potential of decreasing the
computational complexity by many orders of magnitude [52].

The emphasis in vision and image processing has been to enhance or restore visibility in the presence of
bad weather (fog, mist, rain) [37, 27, 21, 67, 10, 11, 29, 33] or murky water [28, 23, 36]. Physically based
models and algorithms that exploit optical cues such as polarization [49, 50] and spectral [30] properties
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of scattering have been developed. As a by-product, the analysis of scattering effects has also yielded
information about the scene (3D structure) [31, 32] and the medium (optical properties) [34, 26] that is
useful for computer vision. It should be noted that recent research into both computer graphics and vision
benefits from studies into human perception and tolerance in the presence of such effects [61, 65, 2].

Given the broad impact and the recent surge of research, we believed that the time was ripe for a first
workshop dedicated to volumetric scattering. We conducted such a workshop in conjunction with a major
computer vision event - IEEE Conference on Computer Vision and Pattern Recognition (CVPR), 2007.

2 Workshop Objectives and Broader Significance

The following three broad objectives were envisioned for this workshop.

• Increasing awareness of imaging in scattering media: In recent years, computer vision has
seen great advances in the areas of object detection, recognition, segmentation and tracking, 3D
reconstruction, autonomous navigation, image retrieval, and industrial inspection. These advances
have been made possible due to successes in core areas of scene sensing and interpretation. However,
almost all of this research is still based upon one fundamental assumption — that light reflected by a
surface reaches the sensor unaltered. For the large part of the past 35-40 years, image formation has
been defined as “a geometric mapping from 3D to 2D”, which inherently leads to loss of information.
We strongly argue that light transport must not be viewed as “noise” that a traditional vision
algorithm needs to overcome, but rather as a new form of “encoding” of light and hence, the images
themselves. Our objective in this workshop is to increase awareness about this research area.

• Computer vision as an enabling technology for imaging sciences: The past decade has
seen computer vision research double in size in terms of both the number of papers in journals and
conferences and applications. The field has converged in new ways with other fields like machine
learning, graphics and medical imaging. As a result, there is a fast growing demand for vision
techniques in various scientific fields [69] ranging from oceanography (underwater imaging) [55, 59, 60,
64, 68, 14, 23, 35, 8], to astronomy (telescope and satellite imaging)[1, 5, 53], to remote sensing (aerial
imaging) [58, 21, 67, 70], and to even biology and medicine (microscopy, endoscopy, tomography) [44].
In all these areas, however, there is no escape from light scattering. We believe this workshop can
inspire research in this area increasing the impact of vision in many application domains.

• Promoting interdisciplinary research and collaborations: We also believe that the workshop
will spur new interdisciplinary collaborations among researchers in diverse fields. The invited talks in
this workshop helped focus on both the remarkable similarities in light transport research problems
faced in a range of disciplines, as well as their distinctive aspects.

3 Workshop Organization and Format

The organizing committee included Profs. Shree Nayar (Columbia University), Srinivasa Narasimhan
(Carnegie Mellon), and Yoav Schechner (Technion, Israel). The workshop was held for a full day (June
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18, 2007). This is the first workshop on this topic. Thus, the workshop featured lectures solely by invited
speakers, each being a prominent figure in an aspect of the workshop’s theme. The entire workshop
comprised of 10 speakers:

• Berthold K. P. Horn (MIT)

• David Lynch (Aerospace Corp, Thule Scientific)

• Paul Debevec (IST, USC)

• Shree Nayar (Columbia)

• Yoav Schechner (Technion)

• Jules Jaffe (UCSD)

• Henrik Wann Jensen (UCSD)

• Dvir Yelin (Mass General Hospital and Harvard)

• Shahriar Negahdaripour (Miami)

• Srinivasa Narasimhan (CMU)

The budget from ONR was utilized for arranging the talks from speakers (travel, stay, food, conference
registration and other related expenses).

A website was designed and maintained that gives the biographies about the speakers and the talks they
gave.

http://vasc.ri.cmu.edu/Scattering07/
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