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Thermal Infrared Sensors

What Platforms Are Available?

e Aircraft
e Satellite
e Handheld

What Are They?

TIR sensors are passive sensors that detect

thermal radiated energy (radiance) between 3.0

and 14.0 um. Radiated energy between 3.0 and

8.0 um is defined as MWIR, and between 8.0

and 15.0 um as LWIR. Currently, most TIR  yignt infrared View of Gulf Oil Spill NASAIGSFC/METI/ERSDAC/JAROS,
remote sensing of oil spills takes place at andU.S.JJapan ASTER Science Team.

wavelengths of 7.0-14.0 pm.

How Do They Work?

Two significant properties can be used to discriminate oil from water in the TIR wavelengths: emissivity
and temperature. Emissivity is the ratio of emittance from an object to the emittance by a black body (an
object that absorbs and emits all radiation) at the same temperature. Emissivity describes the actual
absorption and emission properties of an object. Since oil has a slightly lower TIR emissivity than sea
water, it emits less radiation at the same temperature. Therefore, when converting data from radiance
(the value measured by a sensor) to temperature, the oil will appear cooler. This technique is used to
distinguish oil in night imagery.

The difference in oil's emissivity, heat capacity, and thermal conductivity compared to the surrounding
water also allows for remote detection using TIR sensors/imagery. Oil often retains more heat than sea
water when exposed to an IR source like the sun. Therefore, oil will have a higher temperature than the
surrounding sea water. This technique can be used only during the day or early evening when oil has
been exposed to solar heat.

The ability to distinguish oil in TIR images depends on many variables, including relative oil thickness and
time of day. In addition, a number of natural phenomena in the open ocean can appear to be oil slicks in
TIR imagery, such as sea grass and oceanic fronts. TIR imagery and other spectral bands are often
acquired concurrently and then electronically fused to more accurately delineate the extent and relative
thickness of an oil slick. This complexity illustrates the need for expert interpretation.

When Are They Effective?

e Day and night with clear skies

When Are They Not Effective?

e Rough weather

e Degraded performance for oil-water emulsions (because there is little temperature difference between
oil that is heavily diluted in water and the surrounding water)
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What Are the Pros?

e TIR sensors can detect oil on water during day or night due to temperature variations between the
two bodies.

e The technology is mature. A wide range of commercially available sensors are used by responders.

e Relative thickness information can be used to direct skimmers and other countermeasure equipment
to thicker portions of a slick.

What Are the Cons?

e TIR sensors cannot detect thin oil sheens.

e TIR sensors require good visibility, with no fog or haze; cloudy conditions can limit the effectiveness
of MWIR and LWIR.

e The imagery typically needs to be interpreted by a trained remote sensing specialist prior to
distribution of the data, potentially adding significant delay from collection to useful dissemination of
the data.

e Natural phenomena, such as biogenic oils (kelp beds), boat wakes, and river outflows, may appear to
be oil slicks and result in false positives.

Additional Notes

e Expert interpretation is needed to differentiate between naturally occurring thermal differentiations in
water.

3.2.3 Active Sensors

The active sensors discussed in this section include
e SAR

e SLAR

e X-band (marine navigation) radar

e Laser-induced fluorosensors

Synthetic Aperture Radar

What Platforms Are Available?

e Aircraft systems

e Satellite systems

NASA UAVSAR image of the Deepwater Horizon Oil Spill.
Courtesy NASA/JPL-Caltech.

e Ship-based systems
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What Is It?

SAR is an active sensor that provides its own microwave energy source and records how much of an
emitted signal is returned to the sensor. The presence of oil is detected by textural discrimination, as
natural sea roughness is greater than surface areas with oil. Current systems operate in frequencies that
provide capabilities for both terrestrial and marine event response.

How Does It Work?

When an SAR system sends radar signals toward the sea surface, the energy is reflected back to or
away from its receiving antenna—or a combination of the two (scattered). How the energy interacts with
the sea surface is governed mostly by its roughness. Wind-generated capillary waves are dampened by
oil's higher surface tension; therefore, the sea surface is smoother when oil is present. Smoother surfaces
reflect the impinging radar signal away from the radar’s receiving antenna. In the resulting imagery, this
appears as a “dark” patch of low spectral reflectance (low backscatter). Where the sea surface is rougher
(no oil is present), wave facets generally reflect a greater portion of the energy back to the receiving
antenna. In resulting imagery, these appear as “bright” patches of high spectral reflectance (high
backscatter). Experts can then interpret the location of oil on the sea surface based on the bright and dark
patches in the imagery. In either very calm or more extreme (higher energy) wave conditions, this
capillary wave-dampening effect is reduced or eliminated.

When Is It Effective?

e Most mild sea states (between 0.2 and 1 m)
e Daylight hours and nighttime

e Cloud, rain, or fog conditions

When Is It Not Effective?

e Very calm seas, with wind speeds less than 5.5 kph (approximately 3 knots)

e Very rough seas, with wind speeds greater than 22.5 kph (approximately 12 knots)

What Are the Pros?

e SAR works day or night, under clear or inclement weather conditions.
e Little data processing time is required.
e The technology has been successfully used during oil spills for decades.

e SAR is readily available as both airborne and satellite systems, from both private and government
sources.

e SAR imagery provides spatial resolution superior to SLAR imagery by simulating a longer antenna
length through signal processing.

What Are the Cons?

e The interpretation to discern oil is complex and requires a skilled expert.
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The imagery is prone to false positives due to other sea-dampening phenomena (e.g., seaweed, wind
shadows, and rain).

SAR does not discriminate between thin or thick oil.

SAR is difficult to use in areas cluttered with wind shadows (e.g., an area with a high concentration of
small islands).

Additional Notes

When tasking aircraft, keep in mind that the image swath is to the side of (or both sides of) the flight
path and not directly beneath the aircraft.

Resolutions for satellite systems range from 1 to 100 m, with swath widths ranging from 5 to
500 kilometers (km)

Aerial platform SAR resolutions vary with aircraft altitude but are generally as fine as, or finer than,
the highest satellite resolutions.

Polar orbiting satellites produce more frequent repeat coverage at higher latitudes than at the
equator.

Optimal polarization is VV (vertical transmit, vertical receive), although some studies indicate that the
difference between HH (horizontal transmit, horizontal receive) and VV can help discriminate oil slicks
from biogenic oil slicks.

The most commonly found frequency bands for imaging radar include the following:
o X-band, 8-12 Gigahertz (GHz) (2.5-3.75 centimeters [cm])
o C-band, 4-8 GHz (3.75-7.5 cm)
o L-band, 1-2 GHz (15-30 cm)
o P-band, 0.2998- 0.999 GHz (30-100 cm)

C-band radar is generally regarded as the best frequency for oil slick detection.

Side-Looking Airborne Radar

What Platforms Are Available?

Aircraft systems

What Is It?

Side-looking airborne radar (SLAR) is an active sensor that provides its own energy source, similar to
SAR systems. Therefore, it does not require sunlight and is not affected by cloud cover. It differs from
SAR in that its spatial resolution is restricted in part by the length of the physical antenna mounted on the
platform (i.e., the side of the aircraft). SLAR imagery is used to detect the presence of oil on the water’s
surface by texturally discriminating between natural sea surface roughness and local areas dampened by
surface oil slicks.
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How Does It Work?

When an SLAR system sends radar signals toward the sea surface, the energy is reflected back to or
away from its receiving antenna—or a combination of the two (scattered). How the energy interacts with
the sea surface is governed mostly by its roughness. Wind-generated capillary waves are dampened by
oil's higher surface tension; therefore, the sea surface is smoother when oil is present. Smoother surfaces
reflect the impinging radar signal away from the radar’s receiving antenna. In the resulting imagery, this
appears as a dark patch of low spectral reflectance (low backscatter). Where the sea surface is rougher
(no oil is present), wave facets generally reflect a greater portion of the energy back to the receiving
antenna. In resulting imagery, these appear as bright patches of high spectral reflectance (high
backscatter). Experts can then interpret the location of oil on the sea surface based on the bright and dark
patches in the imagery. In either very calm or more extreme (higher energy) wave conditions, this
capillary wave-dampening effect is reduced or eliminated.

When Is It Effective?

e Sea states between 0.2 and 1 m
e Daylight hours and nighttime

e Cloud, rain, or fog conditions

When Is It Not Effective?

e Very calm seas, with wind speeds less than 5.5 kph (approximately 3 knots)

e Very rough seas, with wind speeds greater than 22.5 kph (approximately 12 knots)

What Are the Pros?

e Little data processing time is required.
e SLAR performs day or night, under clear or cloudy conditions.
e The technology has been successfully used during oil spills for decades.

e SLAR is readily available.

What Are the Cons?

e The range resolution is altitude dependent. At higher altitudes, the sensor sees a larger area but at a
lower resolution.

e Interpretation of true oil is complex.
e SLAR does not discriminate between thin or thick oil.

e The imagery is prone to false positives due to other sea-dampening phenomena (e.g., seaweed and
wind shadow).

e The technology is difficult to use in areas cluttered with wind shadows (e.g., an area with a high
concentration of small islands).
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Additional Notes

e SLAR s found only on aircraft, not on satellites.

e When tasking aircraft, keep in mind that the image swath is to the side of (or both sides of) the flight
path and not directly beneath the aircraft.

e VV polarization is the optimal configuration.

X-Band (Marine Navigation) Radar

What Platforms Are Available?

e Marine surface vessels
What Is It?

Although X-band radar is used on marine surface vessels primarily for navigation purposes, the systems
can be reconfigured to maximize sea clutter in order to observe the reduction of return signals associated
with calmer areas. Like all radar systems, they are active sensors that provide their own energy source.
Therefore, no sunlight is required to operate, and X-band radar is not affected by cloud cover.

X-band radars are available from numerous marine platforms, but the vast majority of these systems are not
designed to highlight the wave-dampening effect of oil. Some commercially available marine navigation
radars have been modified through changes in processing and/or hardware to better serve this purpose.

How Does It Work?

When X-band radar sends radar signals toward the sea surface, the energy is reflected back to or away
from its receiving antenna—or a combination of the two (scattered). How the energy interacts with the sea
surface is governed mostly by its roughness. Wind-generated capillary waves are dampened by oil's
higher surface tension; therefore, the sea surface is smoother when oil is present. Smoother surfaces
reflect the impinging radar signal away from the radar’s receiving antenna. In the resulting imagery, this
appears as a dark patch of low spectral reflectance (low backscatter). Where the sea surface is rougher
(no oil is present), wave facets generally reflect a greater portion of the energy back to the receiving
antenna. In resulting imagery, these appear as bright patches of high spectral reflectance (high
backscatter). Experts can then interpret the location of oil on the sea surface based on the bright and dark
patches in the imagery. In either very calm or more extreme (higher energy) wave conditions, this
capillary wave-dampening effect is reduced or eliminated.

When Is It Effective?

e Sea states between 0.2 and 1 m
e Daylight hours and nighttime

e Cloud, rain, or fog conditions

When Is It Not Effective?

e Very calm seas, with wind speeds less than 5.5 kph (approximately 3 knots)

e Very rough seas, with wind speeds greater than 22.5 kph (approximately 12 knots)
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What Are the Pros?

e X-band radar provides real-time processing on the scene.

e The technology works day or night, under clear or cloudy conditions.

What Are the Cons?

e Most navigation radars are not configured for oil slick detection.
e The low altitude of the sensor limits the observable range of the field of view.
e X-band radar does not discriminate between thin or thick oil.

e The imagery is prone to false positives due to other sea-dampening phenomena (e.g., seaweed, wind
shadows, and biogenic oils).

e The interpretation to discern the presence of oil is complex and requires a skilled expert.

e X-band radar cannot provide an estimate of slick thickness.

Additional Notes

e VV polarization is optimal.

o HH polarization, the most commonly found and the most useful for marine navigation, is the
poorest choice for oil detection.

o The HH configuration is designed to minimize sea clutter, which is the feature of the image
necessary to observe wave dampening (and the presence of oil).

e Most marine radars are not configured to observe the wave-dampening effect of floating oil.

e Care must be taken to locate those few commercially available marine radar systems that have been
properly configured for oil slick detection.

Laser-Induced Fluorosensors

What Platforms Are Available?

e Aircraft systems

What Are They?

Laser-induced fluorosensors (LIF) are active sensors that provide their own energy source. Their
performance does not require sunlight and is not affected by cloud cover. The energy from the system is
absorbed by constituents in the oil that become electrically stimulated and produce a fluorescence. The
sensors then detect the spectral signature specific to the oil being observed. Laser fluorosensors are the
only remote sensors systems that provide the ability to discriminate between different types of oil and
other materials that fluoresce.
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How Do They Work?

Laser fluorosensors used in oil detection utilize a laser in the UV range. The laser illuminates the water
surface, and a telescope is directed at the same field of view. When oil is present at the surface, the laser
light is absorbed by constituents in the oil. These constituents then re-emit a portion of that light energy
as fluorescent light. This returning light signal is transmitted to a sensor by way of the telescope, and the
wavelength of the returning light is measured. Different materials (e.g., water, organic materials, oil, and
chemicals) emit fluorescent light at different wavelengths, providing the ability to identify and discriminate
among them. This analysis can be performed and recorded in real time.

When Are They Effective?

e Daylight hours and nighttime

When Are They Not Effective?

e Fog and weather conditions limit the transmission of laser and returning fluorescent light.
o The extent of limitation by weather is determined by the power of the laser system.
e Altitude affects performance, and present systems may not be effective above 500 m.

e Because water surface roughness may backscatter returning light, surface dynamics can affect the
imagery quality.

What Are the Pros?

e Laser fluorosensors enable real-time analysis.
e The technology discriminates oil from non-oil false positives.

e Laser fluorosensors may be able to provide slick measurements in both daylight and darkness.

What Are the Cons?

e The current technology is a large system and typically requires a dedicated aircraft.
e Aircraft mission altitude is determined by the power of the laser.
e QOil weathering produces additional complexities in analysis of the data.

e Laser fluorosensors cannot provide large aerial coverage due to their narrow beam width.
3.24 Multi-Band Integration

The discussion of multi-band integration includes:
e Multispectral sensors

e Hyperspectral sensors
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Multispectral Sensors

What Platforms Are Available?

e Aircraft systems
e Satellite systems

What Are They?

Multispectral (MS) refers to passive sensors that
measure reflected and/or emitted radiation in the o
UV, VIS, and IR wavelengths in a relatively small EL = 4
number of discrete spectral bands (4-50 spectral £ '
bands). While human vision is limited to visible light,
multispectral sensors, or imagers, can collect data )

R Landsat 2 MSS image of the Santa Barbara Channel Image created
over a wider range of the EM SpeCtrum and record by Laura Rocchio using Landsat data provided by the United
the energy of a discrete number of spectral bands.  States Geological Survey.

MS sensors usually cover the VIS portion of the EM
spectrum, in addition to the NIR and SWIR. Frequently, an MS platform will have a variety of different
sensors onboard and therefore can collect data across the EM spectrum from the VIS to the TIR range.

How Do They Work?

All materials leave unique fingerprints across the EM spectrum, known as spectral signatures. A
material's spectral signature is determined by how much energy is absorbed or reflected at a certain
wavelength. Multispectral sensors are able to “view” objects within a wide range of the EM spectrum at
discrete bandwidths. Consequently, the spectral signatures of an object can be used to identify the
materials in the image. Because hydrocarbons have a distinct spectral signature, multispectral imaging
can be utilized in determining the extent of oil, affected shorelines, and actionable areas of surface oiling
with less occurrence of false detections.

What Are the Pros?

e Collection of data across multiple spectral ranges may reduce false positives.

e The potential exists for combining, or fusing, bands together into one image that can quantitatively
measure oil thickness or provide other specialty data sets.

What Are the Cons?

e The more complex sensor systems may have longer turn-around times for producing usable data and
images.

e Operators typically need greater technical specialization and training to operate the equipment.

Additional Notes

e MS sensors typically are flown on satellites with variable spatial, spectral, and temporal resolutions,
which likely require a combination of different sensors for the most effective result.

e Several long-term series and high spatial resolution satellites are equipped with MS sensors.

e Several off-the-shelf aerial sensors are available for rapid deployment.
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Hyperspectral Sensors

What Platforms Are Available?

e Aircraft systems

e Satellite systems

What Are They?

Hyperspectral sensors are passive sensors that collect data across the EM spectrum. While human vision
is limited to visible light, hyperspectral imagers can collect data over a wider range of the EM spectrum
and divide the energy into many more bands (>100 spectral bands). Although most hyperspectral sensors
operate between the VIS and SWIR wavelengths, several sensors also collect data in the TIR range.
Hyperspectral imaging differs from multispectral imaging in that it divides the image spectrum into much
narrower spectral wave bands.

How Do They Work?

All materials leave unique fingerprints across the EM spectrum, known as spectral signatures. A
material's spectral signature is determined by how much energy is absorbed or reflected at a certain
wavelength. Hyperspectral sensors are able to “view” objects within a vast portion of the EM spectrum
and at very small bandwidths. Consequently, the spectral signatures of an object can be used to identify
the materials in the image. Because hydrocarbons have a distinct spectral signature, hyperspectral
imaging can be utilized in determining the extent of oil, affected shorelines, and actionable areas of
surface oiling with less occurrence of false detections.

What Are the Pros?

e Collection of data across multiple spectral ranges may reduce false positives.

e The potential exists for combining, or fusing, multiple bands together into one image that can
guantitatively measure oil thickness or provide other specialty data sets.

What Are the Cons?

e The more complex sensor systems may require longer turn-around times for producing usable data
and images. Because hyperspectral sensors generate such a large volume of data, their ability to
provide near real-time data and images is severely limited.

e Hyperspectral sensor operators typically need greater technical specialization and training to operate
the equipment.

Additional Notes

e An extensive volume of data is generated, and post-processing data can be time consuming. Final
image products cannot be provided in near real time based on the large size of files and status of the
current technology.
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3.25 Multi-Sensor Integration

What Platforms Are Available?

e See descriptions for the individual sensors.

What Are They?

Integrated multi-sensor platforms are combined
sensor packages. Commercially operating paired
systems include the following:

e UVandTIR

Multiple cameras on JPL's MISR instrument on NASA's Terra
[ ] -
X-band radar and IR camera spacecraft. NASA/GSFC/LaRC/JPL MISR Team.

e SAR, SLAR, IR, UV, microwave radiometer, LIF, and VIS
e Digital MS, TIR, and VIS
e MSandIR

The combinations of sensors depend on the capabilities of the organization and the typical day-to-day
utilization of the sensor packages.

What Are the Pros?

e Use of multiple sensors may reduce false positives.

e See descriptions for the individual sensors.

What Are the Cons?

e Results must be integrated in a timely manner to be useful.
e See descriptions for the individual sensors.

e Some paired sensors may not possess the same exact field of view, which adds to the complexity of
integrating their outputs.

Additional Notes

Most currently utilized platforms fall under this category.

4.0 Deploy the Technology

One reason that remote sensing is such a useful tool for oil spill response is that its technology can be
deployed on a variety of platforms. Depending on the size, timing, and location of an incident, different
types of data can be gathered from different platforms. This section covers the following major types of
platforms currently utilized for remote sensing:

e Satellite systems
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e Aircraft systems
e Unmanned aerial vehicles
e Tethered balloon systems
e Surface vessels

4.1 Satellite Systems

What Are They?

As the name implies, satellite systems are spaceborne platforms that host a variety of sensors. Many
civilian satellites have been acquiring and archiving imagery for nearly 40 years. Imagery from systems
such as LANDSAT, SPOT, IKONOS, RadarSAT, and others are available—along with newer systems
such as Pleiades, RapidEye, WorldView2, and GeoEye.

How Do They Work?

A satellite’s field of view is determined by its nadir angle and altitude. In some cases, multiple passive or
active tasking opportunities are obtainable each day from individual commercial satellite vendors. By
leveraging all of these imaging opportunities in an organized manner, it is possible to achieve multi-
temporal coverage approaching that of persistent surveillance. Data gathered by the satellite platform are
transmitted to teams on the ground, who then process and interpret the data to produce actionable
intelligence. The newer satellite systems have spatial resolutions as low as 50 cm, and systems like these
can revisit a specific target daily. Multiple SAR systems are currently in orbit. A single MS image from a
commercial satellite could cover 300 square km, with better than 0.5 m resolution. When imaging off
nadir, the same MS imaging satellite can acquire 10,000 square km, with resolution that is still adequate
for most response needs. A significant constellation of commercial MS imaging satellites is available,
assuring multiple passes per day, weather permitting. In support of a declared emergency, satellite
imagery may be tasked with as little notice as 90 minutes.

What Are the Pros?

e Satellite systems can potentially cover a large area in a short period of time.
e Data may potentially be transmitted via the internet almost immediately.
e Many radar satellites are useful in detecting large offshore spills and spotting anomalies.

e Some operational commercial satellites can be tasked to respond to emergencies within a range of
90 minutes to 4 hours.

What Are the Cons?

e The timing and frequency of overpasses by satellite systems may not be optimal for the situation.
e Clear skies are needed to perform optical work.

e The probability of detecting oil may be low.
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e Developing algorithms to highlight oil slicks is difficult.

e Extensive time may be required to convert data into actionable information. In some situations, data
can be collected in hours; when bounded by different situational factors, however, actionable
information may take days.

Additional Notes

e In past spill response events, when the position of the oil was already known, processing the satellite
data to actually “see” the oil frequently took several weeks.

e The ability to detect oil may be a complex function of conditions, oil types, and view angles.

e To be successful, these techniques generally rely on ancillary data, such as suspected position or
other satellite data.

4.2 Aircraft Systems

What Are They?

Various models of planes can be tasked to deploy observers and specialized observation equipment.
Aircraft have a much better chance of finding and tracking oil, compared to some other systems, due to
their ability to change direction, altitude, and course when needed.

How Do They Work?

Remote sensing equipment is loaded into locally available or pre-identified aircraft. For open ocean spills,
there is less need for rapid changes in flying speed, direction, and altitude. In these instances, low-
altitude, fixed-wing aircraft have been shown to be the most effective platform. In near-shore waters, the
flexibility of helicopters is beneficial when considering the intricacies of coastlines (e.g., cliffs, barrier
islands, extensive bays, and estuaries).

What Are the Pros?

e Large areas can be surveyed in a relatively short time frame.

e Aircraft are usually available on short notice and can be more cost effective.
e Most types of remote sensors can be deployed on aircraft.

e Multiple sensor types may be deployed from a single aircraft.

e Aircraft usually have multiple navigation aids that can assist in pinpointing locations.

What Are the Cons?

e Weather and daylight/darkness must be suitable for the type of aircraft and sensors being utilized.
o Safety margins for operation need to be determined and adhered to.

o Regional flight rules may dictate operating conditions for aircraft (e.g., visual flight rules).
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e |t is almost necessary to have remote sensing equipment in a “universal’ package that can be
deployed on any type of aircraft.

o Specifications of a remote sensing package are needed prior to locating the appropriate
aircraft, and the air speed operational parameters (if any) of the remote sensing equipment.

o Some equipment may require that an operator, or operators, be present on the aircraft.

e Some remote sensing equipment is too bulky and can be used only from the dedicated aircraft on
which it is installed.

e The remote sensing operation must be coordinated with other aircraft activities (e.g., overflight,
dispersant, and observer).

e The remote sensing package must have the necessary method of data capture and communications
that can relay information to the command center from the aircratft.

o Some remote sensing packages have self-contained data capture that must be downloaded
after the flight, which can delay interpretation and use of the data.

Additional Notes

e Safety considerations are paramount, and the aircraft pilot should be consulted on all aspects of the
intended remote sensing operation—prior to engagement and before departure.

e Those taking part in a flight should be thoroughly briefed beforehand on the safety features of the
aircraft and procedures to be followed in the event of an emergency.

e Suitable protective equipment, such as life jackets and ear protection, must be used.
4.3 Unmanned Systems

The discussion of unmanned systems includes:

e Unmanned aerial vehicles

e Tethered balloon systems

Unmanned Aerial Vehicles

What Are They?

Unmanned aerial vehicles (UAVS) are a relatively new option for deploying remote sensors. UAVs come
in two types: fixed wing and rotary wing. They have been used extensively in the military/intelligence
community for several years. The technology has been restricted from civilian use by the Federal Aviation
Administration (FAA) due to safety concerns, but the FAA is developing a commercialization strategy to
address this.

How Do They Work?

UAVs come in all shapes and sizes—from long-range, high-endurance models to small, human-portable
UAVs with ranges of a few miles. A large UAV offers outstanding performance and capability (carrying
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VIS, IR, and SAR sensors), but at a high cost ($20-$30 million per unit). A family of smaller, lighter UAVs
offers a more balanced approach between capabilities and costs for oil spill response. These UAVs are
propelled by gasoline-powered engines, are capable of programmed or manually controlled flight, and
require minimal space for launch and recovery. UAV systems generally include a ground station used to
program missions; make in-flight adjustments; and receive, process, display, and potentially disseminate
real-time imagery and imagery products. The smaller UAVs can be packaged with their ground station to
fit into a mid-sized sport utility vehicle, and they typically involve relatively simple assembly and user-
friendly operation. Operational sensor packages that are small enough to meet payload restrictions for
small UAVs include panchromatic (VIS) and IR imagers.

What Are the Pros?

e UAVs can fly lower than aircraft and generate imagery of high spatial resolution.

e UAVs can fly below low clouds, removing that obstruction from the field of view.

e The cost of some UAVs is significantly lower than the cost of some other platforms.

e Launch and recovery requirements help UAVs reach some places inaccessible to other aircraft.
e UAVs can be deployed rapidly.

e UAVs are less noisy, smaller, and less intrusive than manned aircraft.

What Are the Cons?

e Payload capacity limits the sensors currently available for operations.
e |nthe United States, current FAA regulations heavily restrict the use of commercial UAVSs.
e Some UAVs are limited by government regulations to “line-of-sight” operations.

e Slow speeds and short-duration flights may limit the amount of data collected.

Additional Notes

e The ability of UAVs to capture, process, and integrate imagery from multiple sensors increases the
utility and timeliness of obtaining useable event intelligence.

e On some systems, quantified information can be directly downloaded, processed, analyzed, and web-
served to the command and control or response assets.

Tethered Balloon Systems (Aerostats)

What Are They?

Tethered balloon systems are lighter-than-air, balloon-like systems that can be deployed from ships or
other marine- or land-based attachment points. The large size and weight-carrying capacity of some
systems allow them to support a broad range of sensors that will greatly extend the operational
observation capabilities of response assets. Co-registered visible, thermal, and other spectral sensors
can greatly enhance the ability to provide quantifiable information to event responders by viewing an area
several miles around the platform, depending on the operational height of the balloon.
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How Do They Work?

These systems are intended to function in a manner similar to planes with aerial observers. A variety of
sensor types may be attached to a helium-filled balloon using a tether and winch system attached to a
platform. The sensor can be wirelessly controlled from a computer and deck station on the platform. It
transmits a signal wirelessly back to the mother ship and surrounding vessels. The balloons are generally
powered by a battery with an expected duration of 24 hours, and there may be an option for using a wire
to transmit power and signal to and from the camera. High winds and other intense weather conditions
can restrict the effectiveness of these systems.

What Are the Pros?

e Balloons are relatively low cost.

e Balloons can fly below low clouds, removing that obstruction from the field of view.

e A tethered balloon increases the height of observation, compared to boat-based observers.
e Balloons can be deployed from a moderate-size ship.

e Balloons transmit pictures wirelessly.

e Balloons can operate 24 hours per day, with few weather limitations.

e Balloons are not subject to the FAA regulations that limit the use of UAVs.

What Are the Cons?

e Operating the system to its full capability can require extensive training.
e High winds can degrade the system’s capabilities.

e Obtaining adequate volumes of helium for larger balloons may be difficult in some areas.

Additional Notes

e Tethered balloons must operate under the FAA regulations found in 14 CFR Part 101. This regulation
covers operating limitations, notices, lighting and marking, and other requirements.

e Tethered balloon systems may provide a tool for resource management, allowing task force leaders
to observe other vessels within the task force and check for positioning and adherence to tasks.

e The tethered balloon may also be used to develop a communication relay system by carrying
repeating equipment.

e The majority of the costs for these platforms are associated with the sensor/camera system.

e |f deployed more than 5 miles from an airport and below 500 feet, a permit is not required.
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4.4 Surface Vessels

What Are They?

Remote sensing devices used on surface vessels direct response assets to actionable oil on the water.
The platforms are comprised of ships, boats, barges, and buoys. Any number of sensors can be deployed
that may increase the interface with floating or subsurface oil. Examples include visual observations,
radar systems, and thermal sensors. Trained observers on these vessels also can verify the presence of
oil and direct resources in removing oil from the surface of the water.

How Do They Work?

Surface vessels are very agile and can be maneuvered to locate oil. Observation instruments are often
mounted on the highest point on the vessel to provide the maximum viewing distance. Manned vessels
can be maneuvered to find and remain in oil, based on data from the sensing instruments.

What Are the Pros?

e Surface vessels have increased interface with the thickest oil based on remote sensing data and
visual means.

e Surface vessels are versatile and can be maneuvered to remain in actionable oil.

e Instrumentation and sensors can easily be changed to meet needs and weather conditions.

e The probability of detecting oil is very high.

e Human presence on manned vessels enables the presence of oil to be validated by visual means.

e Surface vessels can provide a much longer “time on station” (e.g., hours to days) in the area of intent
for observations grouped with other platforms.

What Are the Cons?

e Surface vessels are limited to small coverage areas in the immediate vicinity of the vessel.

e Surface vessels have limited usefulness in high seas due to sensor movement at the high point of the
vessel.

Additional Notes

e Surface vessels with appropriate sensors can locate and remove oil from the water’'s surface, and
they can track oil on the surface or subsurface.

e Appropriate use of sensors can place removal equipment into the thickest oil, increasing the interface
and achieving the best collection results.

e The ability to detect oil may be a complex function of sea state and conditions, oil types, and sensor
view angles.
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5.0 Analyze and Communicate the Data

Once the remote sensing technology has been selected and deployed, it will acquire data in the chosen
manner and transmit it to the remote sensing team. The remote sensing team is then responsible for
processing and interpreting the acquired data, integrating it with other data sources, and producing a
usable product that can effectively communicate the information to the appropriate parties. Often the
collected data and images are integrated into a Geographic Information System (GIS) for analysis and
displayed in the incident command center on a Common Operating Picture (COP) system.

Several steps must occur to ensure that the remote sensing data are communicated accurately. This
section discusses the following steps and the responsibilities of the remote sensing team:

e Image acquisition, analysis, and interpretation
e Data integration and exploitation
e Internal and external data communication

5.1 How Are Images Acquired, Analyzed, and Interpreted?

The first step in the data communication process is to acquire and process data set(s) into imagery
products, which are then interpreted by SMEs. Details of the acquisition, processing, and interpretation
steps include, but are not limited to:

e Determine the appropriate sensors and platforms necessary to most effectively respond to the event.

e Task the appropriate satellite, aircraft, and/or marine vessels, as well as remote sensing service
providers to deploy the technology.

e Acquire and download the data.

o The time for these processes varies significantly, depending on the type of sensor and
platforms used, and on the size of the images acquired.

e Process, analyze, and interpret the data.

o Pre-processing or initial processing is a mandatory step when interpreting remote sensing data.
Sensor calibration, atmospheric corrections, georectification, and orthorectification must be
completed to prevent inaccuracies in the products.

o Only after initial image processing should the EM signals be analyzed. The scope of the
analysis depends on the data type (band ratios, spectral unmixing, textural, or backscatter
analysis).

o Once data are processed, the imagery and products should be interpreted by an SME. Single
images or datasets are useful by themselves, but often the most useful information is obtained
when multiple images and data types are fused. During integration of multiple sources of data,
it is important to use common data formats in order to allow fusion of different sensors and
reproduction of various types of outputs (e.g., maps and mosaics).
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o Timely image enhancement and information extraction are key components of the tactical
advantage of remote sensing data. Because data are acquired at different rates, it is necessary
to distinguish between critical processes and more complex tasks that can be completed when
time permits. For example, high temporal resolution sensors like SAR produce images with a
lower spatial resolution, but their high acquisition rate allows them to track the trajectory of an
event. As this type of data is particularly useful, these images should be analyzed as they are
acquired, while a more time-consuming hyperspectral analysis may be conducted when time
permits.

o During this stage it is vital that the data interpretation be conducted by a trained and
experienced SME. The ability of the SME to clearly understand the data and effectively convey
what the EM signal represents is imperative to successful remote sensing data communication.

5.2 What Are Data Integration and Exploitation?

The second step in the data communication process is integration of the data to form all-source
intelligence products (remote sensing, GIS, field observation, and other human assets). Timely all-source
intelligence is critical to successfully managing an operational event, as extensive delays between
recognizing a reconnaissance requirement and delivery of actionable information can lead to delays in
tactical operations.

Although actual imagery is sometimes essential for a responder to visualize the environment, it is more
important to receive accurate information. Quantifiable, geographically accurate information that is
capable of determining where and when to deploy appropriate response assets is crucial for an effective
response. Therefore, it is necessary to create and deliver rapid response products (RRPs), in near real
time, to the response facility.

GIS is an ideal tool because it ensures that all data are in the same coordinate system. GIS also allows
users to add new data as collected (including remote and field-based observations), edit response maps,
and turn layers on and off (including imagery, maps, areas of interest, and vectors). Products can be
viewed in a detailed output or in a more generic output, such as PDF. The products can be delivered to
responders in the field on electronic tablets or cell phones, where responders also can update the
working file with field observations. The products can also be directly integrated into aircraft or other
platforms.

53 How Are the Data Communicated?

The final step in the data communication process is sharing of the remote sensing products to supply
information both internally and externally. To ensure that supplied information is accurate, the SME
analyzing the data must clearly define what the products represent. For example, if a map is produced
from an SAR image and it is not possible to distinguish the thickness of the oil, those facts must be
apparent in the RRP. The data used to generate the product, along with the processes and analyses
completed, also need to be noted and stored, in addition to any areas of uncertainty.

It is the responsibility of the SME to clearly and precisely transfer the data, product, and information to the
appropriate unit leaders within the response team. Those leaders are then responsible for distributing the
information to the public and the command center. The SME should be available to answer any questions
that arise about the data, the generation of the products, or the products themselves.
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6.0 Beyond the 5 Steps

The 5-step process detailed in this guide will aid responders in integrating remote sensing into response
operations. It is essential to remember, however, that maintaining readiness directly affects the success
of a response plan during an actual spill event.

Understand
how remote Establish the
sensing remote

Determine
the
appropriate
technology

Analyze and
communicate

supports a sensing team the data

response

Spill response readiness must be actively managed to ensure that the capabilities, technology,
infrastructure, and logistics are in place and that they are sustained, ready, and continuously improved.
Therefore, a remote sensing program should be included in response plans and implemented in
readiness exercises and drills in order to be effective during an actual spill event. Oil spill response plans
should contain a specific reference to remote sensing, including available resources, processes, and staff
to support a response.

As stated above, maintaining readiness includes staying abreast of advances in technology. This guide
includes detailed information on existing sensors and platforms, but numerous research and development
projects are continually underway—to advance and refine current technology, and to conceptualize and
test novel sensors and methods. It is therefore important to periodically review new innovations in remote
sensing and to update response planning accordingly. A number of ongoing remote sensing research and
development projects are listed in Appendix A. This list includes information on the particular technology
being researched and links to the program websites. Appendix A also contains a listing of published,
peer-reviewed papers and “Lessons Learned” documents related to remote sensing use during previous
oil spill response operations.



Attachment A

Surveillance Technologies for Oil Spill Response: An Assessment of
Current Research and Emerging Trend
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