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Seeing the invisible with SWIR
Less scattering - better visibility

Applications:
Seeing through haze, dust and smoke
Vision enhancement for aircraft landing systems
Forest fire detection and aerial surveillance
Art and counterfeit money inspection?

Seeing through human tissue (optical coherence tomography)

Light scattering effects can be noticed every day when we look at the sky or the atmosphere. The
main reason why the sky is blue on a sunny day is Rayleigh scattering (after Lord Rayleigh) of
sunlight, i.e., the scattering of electromagnetic radiation by particles much smaller than the
wavelength. However, for cloud and haze scattering, the Mie theory (after Gustav Mie) is very
important where diameter-to-wavelength ratios of the order of unity or larger are characteristic.
According to Rayleigh, for particles small compared to the wavelength, the scattering is inversely
proportional to the fourth power of the wavelength. Therefore, SWIR wavelengths will scatter much
less than visible light, and therefore, SWIR imagers, like the Xenics Xeva camera, will be able to see
through the particles (haze, smoke, dust, ...). However, when patrticle sizes grow (Mie theory),
scattering is not strongly wavelength dependent, and eventually, the size of particles can become
large enough to also obscure SWIR images.

Seeing through smoke

In some parts of the world, forest fires are a common problem in the dry and hot summer months. The
large amount of particles, aerosols, generated by the fire, typically appear as light smoke that
obscures vision. As shown in the images below, SWIR light passes through smoke almost unaffected.
Therefore, SWIR cameras are key to improve the safety of fire fighters, who have to work in this
environment. Moreover, SWIR cameras can easily show the location of the flames. At some level of
aerosol density and particle size however, even SWIR wavelengths will not penetrate.

Pest control smoke in parking garage; left SWIR image (Xeva 1.7 320 camera) and right visible image.
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Pest control smoke; left SWIR image (Xeva 1.7 320 camera) and right visible image. In the SWIR image,
the smoke is not visible at all.

Seeing through haze or fog
SWIR cameras are complementary to thermal imagers, not only for night vision application where

SWIR relies on nightglow, but also for imaging in bad weather conditions. Aircraft landing systems
also rely on SWIR imaging for enhancing visibility in haze and fog.

Seeing through haze: skyline of Singapore in hazy conditions; left SWIR image (Xeva 1.7 640 camera)

and right visible image.

Art and counterfeit money inspection

SWIR cameras, like the Xeva 1.7 320 and 640, are useful tools for an art museum conservator to
authenticate and document paintings. Layers of paint, with suspended particles in the solvent matrix
obscure what is below due to light scattering. However, the pigments used in the paint, are typically
transparent for wavelengths longer than 1100 nm. Therefore, a Xeva SWIR camera can reveal
underdrawings because the infrared light penetrates the upper layers, and is absorbed by the
underdrawing. Being able to see underneath the layers of paint provides the art historian with critical
information about the original intent of the painter. This technique can also be used to validate whether
or not the work is an original work of art or if the work has been restored over the years. Similarly,
counterfeit money can be inspected using SWIR cameras; typically the ink in banknotes uses
pigments that are transparent for SWIR but opaque for visible light.
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Layers of paint, with suspended particles in the solvent matrix obscure what is below due to light
scattering. SWIR images can therefore reveal underdrawings. On the left, the hidden “Jesus on the

cross” in this wall painting is clearly visible (inspection done using a Xeva 1.7 320 camera).

Optical coherence tomography

Optical coherence tomography (OCT) is a promising biomedical application that permits cross-
sectional imaging of biological tissues with good spatial resolution and to depths of a few millimeters. It
is mainly used for non-invasive diagnostics of pre-cancerous growths. Typically, an illumination beam
centred around 1300 nm is being used for optimum penetration into biological tissues. For shorter
wavelengths, scattering increases and for wavelengths longer than 1300 nm, water absorption starts
to play a significant role.

sinfraRed, a daughter company of Xenics, sells a whole range of SWIR InGaAs cameras: the compact
and lightweight uncooled XS camera, the flexible Xeva range with 320x256 or 640x512 cooled InGaAs
sensor and the Cheetah range for the most demanding high-speed SWIR imaging applications.
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