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Recent developments in ultralow-noise silicon imaging sensors have

made it possible to image scenes in full color under lighting
conditions that defy the ability of the human eye to perceive color.
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Recent developments in ultralow-noise silicon imaging sensors have made it possible to
image scenes in full color under lighting conditions that defy the ability of the human eye

to perceive color.

Color night vision (CNV) is a shorthand term for electronic color imaging in the visible
band of the electromagnetic spectrum in low-light conditions. Successfully imaging in
these conditions can be challenging since nighttime visible-light illumination levels in
urban and suburban areas can be more than a million times lower than during the day.

The goal of CNV imaging is to present video to the operator in the actual colors one
would see during the daytime. Security personnel are often trying to identify unknown
objects of interest in low-light scenes. This color information is readily available in
most daytime conditions (especially at ranges less than 1 km) but disappears rapidly at
dusk with typical color surveillance cameras.

FIGURE 1. A moonbow—a rainbow
formed by the light of full moon—can

be successfully imaged in full color
with a FLIR Tau CNV camera and a 25
mm, £/0.95 lens.

Recent developments in visible-light imaging technology, including electron-
multiplying charge-coupled device (EMCCD) and scientific complementary metal-oxide
semiconductor (sSCMOS) sensors, enable CNV in illumination conditions where the
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rainbow is visible to the dark-adapted eye of the observer, no color information is
apparent and instead, the "moonbow" just has a silvery sheen. In another example,
images of a vehicle in deep-twilight conditions are dramatically different for a
conventional CCD imager and an sCMOS imager despite using the same zoom lens type
with identical settings (see Fig. 2).

FIGURE 2. A truck with a red gas can
and a blue duffel bag on the hood is
imaged with conventional CCD (a)
and a FLIR Tau CNV sCMOS imager
(b) in deep-twilight conditions.

Low-light color imaging options

Nighttime security imaging at ranges from 0 to 500 m is typically performed by
cameras equipped with conventional CCD sensors, zoom lenses, and ambient artificial
lighting, such as sodium lighting in a parking lot. Under these conditions, if color
information is required by the operator, the ambient artificial lighting must be quite
bright. This can incur significant costs in terms of electricity used to operate that
lighting and may not be possible due to light-pollution considerations. The other
approach to capture low-light imagery with high color fidelity is to make the system
much more sensitive to light.

Typically, color reproduction has not been a requirement of nighttime security imaging
systems because the cameras weren't sensitive enough to the available visible light
alone. Instead, the cameras could be reconfigured for maximum sensitivity in the near-
infrared (NIR) band to take advantage of NIR illuminators or the ambient NIR
illumination produced by many man-made light sources. During the day, the cameras'
natural NIR response is suppressed by an optical filter in the image path, but when this
filter is retracted, the camera switches to a black-and-white video mode, because the
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cause very soft-focus images unless special wide spectrum-corrected lenses are used.

In very dark conditions, such as in rural areas with no moonlight or when using a long-
focal-length, high f/# lens, a color camera can fail to achieve adequate signal-to-noise
ratio (SNR). The only solutions remaining are to increase sensitivity through increased

sensor integration time, pixel binning, or alternate sensor technologies.

Conventional CCD cameras for closed-circuit television (CCTV) applications can often
be set for multiframe integration, but this comes with a cost in terms of being able to
image moving objects. In addition, cameras with long-focal-length lenses on pan /tilt
systems are very susceptible to wind-induced motion blurring. These factors often
drive the system engineer to specify 33 ms as a practical upper limit to integration
time, which corresponds to a 30 Hz frame rate.

Binning is an alternate approach by which the captured charge from multiple adjacent
pixels is added together to effectively increase the size and thus the sensitivity of each
pixel but at the cost of resolution. Binning is not available in all cameras, and different
types of binning can be more or less effective in increasing the camera sensitivity. If
increased integration times or binning are not available due to system constraints,

consideration of alternate sensor technologies is in order.

Cameras equipped with EMCCD sensors attempt to overcome these challenges by
adding gain to the signal captured by the sensor in low-light scenes. This is
accomplished by a very low-noise impact-ionization amplifier stage between the pixel
and the output of the sensor. Good low-light results require high levels of gain to
increase sensitivity, but high gain can result in image artifacts in scenes with both
bright and dark objects.

An alternate sensor technology for low-light color imaging is SCMOS. This sensor is
based on a very different architecture than CCD cameras and focuses on ultralow read
noise to achieve a good SNR instead of using gain to increase the signal level. Here, a
dual-gain structure simultaneously reads each pixel at both a low gain and a high gain
level. The camera can then determine which gain should be used for each pixel and
construct a final image that captures low-light detail even in the presence of bright
objects.
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long-range surveillance imaging, where long-focal-length lenses can severely limit the
light signal reaching the sensor and where ambient lighting is difficult or impossible to
control. In a shopping center parking lot of several hundred meters in size, one can
light the whole area. But at an airport or in harbors, items of interest may be kilometers
away from the camera system and illumination can be highly variable, depending on
factors that include moonlight or the location of the object relative to man-made light
sources. Zoom lenses for this application class are typically 1000 mm or more in focal
length and will have variable f/#s that increase with zoom and are typically in excess
of f/10 at full zoom. These high f/#s impose severe restrictions on light reaching the

sensor relative to short- or medium-range imaging systems.

Consider the Fujinon (Saitama, Japan) D60x16.7 autofocus lens, which changes from an
aperture of f /3.5 to f /18 over its full zoom range. This capability is driven entirely by
the fixed diameter of the objective lens—not by the lens iris. The consequence is that
the camera image will tend to get progressively darker and noisier as the operator
zooms in on a target in low-light conditions; that is, relative optical throughput
(defined as the square of the lowest f/#—which is 3.5—divided by the square of the
f/#) drops from 1 to 0.04 over the zoom range (see Fig. 3). The image will get
approximately 26 times darker when zooming from the widest to the narrowest field of
view for a fixed illumination and fixed camera sensitivity.
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FIGURE 3. Relative optical
throughput vs. focal length is
graphed for a Fujinon D60x16.7AF

lens.
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lens out to a 135 mm focal length. But at 500 mm, 1000 mm, and 2000 mm, the images

become progressively darker because of the increasing f/# of the lens. Note that under
these illumination conditions, the internal iris of the lens is fully dilated—all of the f/#

increase is due to changes in focal length alone.

FIGURE 4. Loss of light is obvious
when zooming from 135 mm focal
length (a) to 500 mm (b), 1000 mm (c),
and 2000 mm (d; nearly black). All
variables except for f/# due to focal

length change were held constant.

In a surveillance system with a low-light imager and zoom lens, the operator will
usually get the best results by operating with a wide field of view to acquire targets of
interest. At wide fields of view, the system sensitivity will be the highest, but the spatial
resolution will be the lowest. When an item of interest is detected, the operator may
choose to narrow the field of view of the camera system in order to gain more
information, such as the numbers on a license plate. Due to the tradeoff of available
light vs. resolution, it is advisable to use the lowest zoom required to resolve the object
of interest in a particular low-light scene.

Scenes with very bright and very dark regions

Nighttime imaging is not only about seeing in very dark conditions. Often there are
very bright sources of light within nighttime scenes of interest that can produce
undesirable effects, making it difficult or impossible to discern important details. A
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clear image in the absence of the headlights.

The contrast in a scene may be just as important as the absolute light level. The ratio of
the brightest nonsaturated object (where saturation is defined as the maximum light
signal that can be output from a pixel) to the darkest object that can be discerned
through the noise in a single image is defined as the intrascene dynamic range.
Creating imaging systems that can deal with scenes exhibiting high intrascene dynamic
range poses a number of unique challenges that can influence both camera and lens
selection. In a situation where buildings, vehicles, and figures on a hillside could be of
interest, but it might also be desirable to resolve markings on an aircraft in the air
above the hill, the intrascene dynamic range can easily exceed 10000:1. Both the optics
and the image sensor used in the system present their own limitations on what system
dynamic range can be achieved and each component must be addressed separately; a
limitation on dynamic range imposed by the lens cannot be solved by using a better

camera, and vice versa.

For the lens, veiling glare is the primary factor in degrading system performance (see
Fig. 5). This effect is caused by reflections of a bright source of light within the field of
view off the various glass surfaces in the lens assembly. These reflections can obscure
important details in the scene, especially in dark or shadowy areas. High-quality optical
glass and coatings can help mitigate this effect.

FIGURE 5. Veiling glare is the
primary factor in degrading system

performance (a vs. b) and is caused by
reflections of a bright source of light
within the field of view off the
various glass surfaces in the lens
assembly.
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or less simply because of dynamic range-the relationship of their noise floor to their

saturation level. Image intensifiers are quite a bit worse, with ratios as low as 10:1 under
some conditions. Recent sSCMOS cameras are typically capable of dynamic ranges in
excess of 10,000:1, which makes them eminently suitable for high-dynamic-range

SCENES.

Beyond the native dynamic range of the camera, sensor blooming and other saturation
artifacts also come into play. In EMCCDs and conventional CCDs, blooming is often
seen as a vertical streak coming from a bright object in the scene. Elimination of
blooming usually requires the lens to be stopped down or the integration time to be
shortened such that the object causing the blooming is reduced in intensity to a level
that the camera can handle. In turn, this reduces the intensity of the rest of the image
by the same ratio, which causes dark objects that could be successfully imaged with
higher integration times or a wider aperture to fall below the noise floor of the camera
and be lost.

Cameras using sCMOS sensors typically don't suffer from blooming but can exhibit an
effect where a very bright object in the scene can appear black. This artifact is referred
to as "black sun" and must be addressed in the same way as blooming; however, this
phenomenon typically requires much higher light levels to appear and thus limits the
system performance much less than blooming in other sensor types.

Austin Richards is a senior research scientist and Mike Richardson is a systems
engineer at FLIR Commercial Systems, 27700 SW Parkway Ave., Wilsonville, OR 97070;
e-mail: austin.richards@flir.com; www.flir.com.
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Airborne sensing, laser scans shed light on the Amazon

An airborne lidar technique can map gaps in the Amazon rainforest, helping researchers to identify factors
contributing to tree mortality.

Justine Murphy May 19th, 2021

Detectors & Imaging
New technique demonstrates in vivo detection of cancer progression

In initial research, a new imaging technique has the potential to help medical professionals better detect early
cancer and ultimately more effectively treat it.

Justine Murphy May 19th, 2021
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Lasers & Sources
MEMS swept-wavelength laser enables new OCT capabilities

Optical interferometry is accurate and noninvasive, making optical coherence tomography (OCT) a valuable
clinical diagnostic tool.

Richard Gaughan May 19th, 2021
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Detectors & Imaging
Holographic endoscope could better treat severe brain diseases

Using holographic methods to reconstruct images of macroscopic objects in front of the far end of an endoscope,
medical researchers could gain a better understanding of severe brain diseases and other biomedical applications.

Justine Murphy May 19th, 2021
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Detectors & Imaging
Long-range 3D imaging now possible via single-photon imaging

A newly developed coaxial single-photon lidar system is capable of 3D imaging, reaching long distances: more
than 200 km away.

Justine Murphy May 19th, 2021
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How thermal imaging can improve autonomous driving sensory systems
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Ben Miethig May 19th, 2021

Software & Accessories
LED controller has use in machine vision inspection of materials

The XLC4 LED controller supplies continuous external power up to 80 W per channel with an adjustable current
to control brightness.

Laser Focus World Editors May 7th, 2021
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Optics
Deep-UV laser cavity optics from MLD have landed on Mars

MLD cavity optics, tailored for Photon Systems’ deep deep-UV laser, an essential component of the advanced deep
UV Raman and fluorescence spectrometer on the Mars Perseverance Rover, landed safely on Mars, Feb. 18, 2021.

Laser Focus World Editors May 5th, 2021

BioOptics
Ultrasound and photoacoustic imaging device offers several imaging modes

The MoleculUS ultrasound and photoacoustic imaging device features B(2D), M, Color Doppler, and Pulsed Wave
Doppler imaging modes as standard clinical features.

Laser Focus World Editors Apr 28th, 2021

Detectors & Imaging
EMCCD cameras have use in low-light imaging for the life sciences

Back-illuminated Evolve EMCCD camera models with pixel sizes of 10, 13, and 16 um provide
sensitivity with >95% quantum efficiency.
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Scientific CMOS camera offering suits harsh environments

Two CMOS cameras have uses in harsh environments, with one able to perform monitoring in high-
radiation applications.

Laser Focus World Editors Apr 23rd, 2021

Software & Accessories
Source-mask optimization using thick masks improves EUV lithography

A software algorithm based on social learning particle swarm optimization (SL-PSO) simultaneously
optimizes source and mask for extreme-ultraviolet (EUV) lithography.

John Wallace Apr 21st, 2021

Test & Measurement
Advances in DMD-based spectrometers benefit industry and medicine

Compact near-infrared spectrometers based on digital micromirror devices (DMDs) can be lower in
cost than diode-array spectrometers while maintaining high stability.

Thomas Rasmussen Apr 21st, 2021
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