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FOREWORD

The U.S. Department of Homeland Security (DHS) established the System Assessment and
Validation for Emergency Responders (SAVER) Program to assist emergency responders
making procurement decisions. Located within the Science and Technology Directorate (S&T)
of DHS, the SAVER Program conducts objective assessments and validations on commercially
available equipment and systems and develops knowledge products that provide relevant
equipment information to the emergency responder community. The SAVER Program mission
includes:

e Conducting impartial, practitioner-relevant, operationally oriented assessments and
validations of emergency response equipment

¢ Providing information, in the form of knowledge products, that enables
decision-makers and responders to better select, procure, use, and maintain emergency
response equipment.

SAVER Program knowledge products provide information on equipment that falls under the
categories listed in the DHS Authorized Equipment List (AEL), focusing primarily on two main
questions for the responder community: “What equipment is available?”” and “How does it
perform?” These knowledge products are shared nationally with the responder community,
providing a life- and cost-saving asset to DHS, as well as to Federal, state, and local responders.

The SAVER Program is supported by a network of Technical Agents who perform assessment
and validation activities. As a SAVER Program Technical Agent, Lawrence Livermore National
Laboratory (LLNL) has been tasked to provide expertise and analysis on handheld thermal
imagers. In support of this tasking, LLNL conducted research on handheld thermal imagers and
their use by emergency responders. Handheld thermal imagers fall under AEL reference number
030E-02-TILA titled Optics, Thermal Imaging and/or Light Amplification.

For more information on the SAVER Program or to view additional reports on handheld thermal
imagers or other technologies, visit www.firstresponder.gov/SAVER.
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1.  INTRODUCTION

Handheld thermal imagers display heat signatures
(Figure 1-1) and residual heat signatures, making
them valuable investigative tools for law
enforcement and fire service personnel. All
objects radiate energy in the form of
electromagnetic waves, which can be generalized
into two categories: visible waves and invisible
waves. Light is a visible electromagnetic wave
(i.e., blue light, yellow light, etc.). Thermal
imagers can detect invisible electromagnetic
waves in a particular frequency range called the
infrared (IR) spectrum using an IR detector and Figure 1-1. Heat Signatures as Seen
convert them to visible light. Although the Through a Handheld Thermal Imager
amount of IR emitted from an object is dependent
on multiple characteristics (i.e., temperature,
material, surface treatment, and shape), hotter objects generally emit more IR than cooler
objects.

Image courtesy of FLIR® Systems Inc.

2. TECHNOLOGY OVERVIEW

Thermal imagers are available in many different variations. The different characteristics and
capabilities of each model address the unique needs of law enforcement or fire services. This
section explains these characteristics and capabilities.

2.1 Display Type

Common display types for handheld thermal imagers include liquid crystal display (LCD) and
organic light-emitting diode (OLED). Handheld thermal imagers may be monocular, binocular,
bi-ocular, or feature an external display (Figure 2-1). Most thermal imagers can be rifle-, head-,
or helmet-mounted for hands-free operation. Additionally, many handheld thermal imagers are
equipped with a hand strap or over-the-shoulder strap for portability and ease of use.

> o $

Monocular Binocular Bi-ocular External Display

Figure 2-1. Handheld Thermal Imager Display Types
Images courtesy of FLIR Systems Inc.
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Monocular, binocular, and bi-ocular handheld thermal imagers display the thermal image(s)
through an eyepiece to one or both eyes, as illustrated in Figure 2-2. Monocular and bi-ocular
thermal imagers each feature one IR detector, whereas binocular thermal imagers have two IR
detectors.
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Figure 2-2. Optical configurations for thermal imagers

Image courtesy of Lawrence Livermore National Laboratory

Monocular thermal imagers may be useful when it is important to maintain some peripheral
vision since only one eye is used to view the image through the eyepiece. Monocular thermal
imagers are typically smaller and lighter than other handheld thermal imagers and most permit
one-handed operation. Since binocular thermal imagers provide a separate image to each eye,
they provide good depth perception. However, they are typically more expensive and heavier
than other handheld thermal imagers because they have twice the components. Bi-ocular thermal
imagers may reduce eye strain, especially when using the thermal imager for long periods of
time. Handheld thermal imagers with an external display do not feature an eyepiece and can
usually be held and operated with one hand. Since the user’s focus is brought to the screen, it
may be difficult to use other devices (i.e., other duty gear) at the same time. In addition, the
brightness of the screen may affect covert operations.

Some thermal imagers are also equipped with a video output option that enables the image to be
displayed on a separate external display. Common video output options include National
Television System Committee (NTSC), phase alternating line (PAL), and RS-170. Video may
also be available in a digital format via a Universal Serial Bus (USB) connection. NTSC and
RS-170 are standard video formats used widely in both North and South America, excluding
Brazil. Most of Europe, Brazil, Australia, and Asia use the PAL standard.
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2.2 Image Resolution, Refresh Rate, and Video Polarity

The image resolution, refresh rate, and video polarity of handheld thermal imagers affect the
image quality.

¢ Image Resolution: The image resolution of a handheld thermal imager is an indicator
of its ability to resolve detail in an image. Although it is not the sole determining
factor, a higher resolution greatly contributes to capturing a clear, high quality image,
as illustrated in Figure 2-3. This is due to the fact that a higher resolution imager uses
more pixels, allowing more detail of the scene to be captured and displayed.

160x120 320x240 640x480

Figure 2-3. Differences in Image Resolution

Image courtesy of Sofradir EC Inc.

The image resolution of a handheld thermal imager is determined by the IR detector
resolution and the display resolution. The resolution of each of these may be different,
and it is important to note that the display cannot produce more pixels than what is
provided by the IR detector. For example, if thermal imager has a display with a
640x480 resolution (307,200 pixels) and an IR detector with a 420x240 resolution
(100,800 pixels), the resulting image will have 100,800 pixels (i.e., a resolution
equivalent to the IR detector), not 307,200. It would be unusual to find an imager with
an IR detector resolution higher than the display resolution; therefore, the IR detector
resolution is typically a better reference of image quality than display resolution.

e Refresh Rates: The refresh rate, provided in Hertz (Hz), is the number of times each
second that the image is updated. Higher refresh rates reduce motion blur and choppy
motions in the display and may also aid in reducing eye strain. The three most
common refresh rates are 9 Hz, 30 Hz, and 60 Hz. In general, thermal imagers with
higher refresh rates cost more than similar models with lower refresh rates. When
interviewed, a dense city fire department reported that a thermal imager with a 9 Hz
refresh rate is acceptable when measuring specific temperatures of structures such as
buildings and fuel tanks. However, the department suggested a minimum refresh rate
of 30 Hz for most other scenarios. Additionally, interviewed emergency responders
noted minimal differences between thermal imagers with 30 Hz and 60 Hz refresh
rates, and therefore generally had no preference for one over the other. It was also
noted by the interviewed emergency responders that 60 Hz may be more useful in high
mobility situations (e.g., high-speed chase scenario).
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¢ Video Polarity: Video polarity refers to the color gradients or shades displayed to
indicate IR differences. Video polarity aids in understanding the various heat levels
emitted from people and objects in the surrounding area. As illustrated in Figure 2-4,
the three most common video polarity display modes are white hot, black hot, and
color, and most thermal imagers feature user-selectable display modes. In white-hot
display mode, hotter temperatures appear lighter while cooler temperatures appear
darker. The opposite is true in black-hot display mode. Typically, a white-hot display
mode provides more details of a specific person or object within a scene and a black-
hot display mode provides better details of the overall scene. Color display modes are
available in different gradients (e.g., sepia) that vary across manufacturers. Color
display modes may allow for a more comprehensive understanding of IR differences.
Display mode preferences generally vary by user and application. When interviewed,
emergency responders recommended swapping between display modes regularly to
take advantage of the benefits of each.

'
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Figure 2-4. Video Polarity Display Modes
Image courtesy of CVRL Industries Inc.

2.3 Detection Range

Although manufacturers specify the maximum detection range on their models, it is unclear
which relevant testing standards were used to determine these numbers. Moreover,
manufacturers often mention that actual performance under real-world circumstances may differ
from their specified values. The optical magnification, electronic zoom, and field of view of a
thermal imager may influence the detection range.

e Optical Magnification: Some handheld thermal imagers feature lenses with different
magnifications that provide an enlarged view of people and objects viewed with the
thermal imager. Optical magnification lenses do not affect the image quality
(i.e., resolution), making them an attractive option for viewing details of objects at far
distances. However, the additional weight and size these lenses add may make them
less attractive for emergency responders who need to keep their gear lightweight.
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e FElectronic Zoom: Many handheld thermal imagers feature an electronic zoom
capability that also magnifies the image. When used, electronic zoom magnifies the
image by cropping the image and enlarging the pixels. Since pixels are larger and
fewer in the resulting image, electronic zoom reduces the overall resolution of the
image (Figure 2-5). Selecting a model with a higher-resolution can help compensate
for the reduction in resolution caused by electronic zoom. The closer a person or
object of interest is, the more pixels used; therefore, the degraded resolution from
electronic zoom becomes less apparent at closer ranges.

Figure 2-5. 4X Optical Magnification (left) versus 4X Electronic Zoom (right)
Image courtesy of Owl Optics Co.

e Field of View: Field of view is the angle of observation visible through a thermal
imager and varies depending on the model and/or the lens selected. As shown in
Figure 2-6, a thermal imager with a wide field of view will produce an image that
captures more of the surrounding environment than a thermal imager with a narrow
field of view. Typically, thermal imagers with a larger field of view are better for
scanning the immediate area while thermal imagers with a smaller field of view are
better for long range operations. Increased optical magnification and/or electronic
zoom will lessen the field of view, and as the field of view decreases, the detectable
range of people and objects increases. When interviewed, emergency responders from
a rural area police department recommended that prospective buyers test several
handheld thermal imagers to help them decide on the appropriate balance between
field of view and detection range.

-

Figure 2-6. Narrow (left) versus Wide (right) Field of View Comparison

Image courtesy of Nikon Vision Co.
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2.4 Video/lmage Capture Capabilities

Some handheld thermal imagers can capture video and/or images, which may be helpful when
collecting evidence during investigations. Typically, video and images are stored to a removable
media card.

2.5 Power Requirements

Handheld thermal imagers feature either user-replaceable or sealed batteries. User-replaceable
batteries may be standard-sized (e.g., AA, CR123A) or proprietary rechargeable battery packs.
User-replaceable batteries are typically field swappable, permitting continued use as long as
replacement batteries are available. While sealed batteries may grant the device better water or
dust resistance, a depleted battery cannot be replaced and will require charging before the
thermal imager can be used again.

2.6  Durability

The durability of handheld thermal imagers is an important consideration given the extreme
environments in which emergency responders deploy these devices. Drop tests and Ingress
Protection (IP) ratings can provide some insight regarding the durability of handheld thermal
imagers. IP ratings, established by the International Electrotechnical Commission (IEC), are a
standard for rating a product’s protection against solids and liquids. Refer to Appendix A for an
explanation of IP ratings.

2.7 Startup Time

Startup time is the time it takes for a thermal imager to fully power on from standby. The startup
time of a handheld thermal imager may be an important consideration if the imager will be
frequently used when responding to time-sensitive emergency situations. Startup time for
thermal imagers typically range from 1.5 to 5 seconds.

2.8 Thermal Sensitivity and Temperature Range

Thermal sensitivity describes the thermal imager’s ability to detect and display subtle IR
differences, even when the differences are minimal. The unit for rating thermal sensitivity is
millikelvin (mK) and it generally ranges from 50 mK to 250 mK. The lower the mK rating, the
greater the sensitivity to small temperature differences, resulting in a cleaner image, as illustrated
in Figure 2-7.

100mK Sensitivity 70mK Sensitivity

Figure 2-7. Thermal Sensitivity Difference

Image courtesy of Sofradir EC Inc.
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Each thermal imager has a specific temperature range in which it can detect and differentiate
people and objects with different intensities of IR waves. Objects outside a thermal imager’s
temperature range appear with the same intensity. Thermal imagers designed for law
enforcement use generally differentiate temperatures up to 140 °F, whereas thermal imagers
designed for firefighter applications accurately differentiate temperatures up to and around 1,000
°F.

29 Standards/Regulations

Standards for using thermal imagers in fire service applications can be found in National Fire
Protection Association (NFPA) 1801: Standard on Thermal Imagers for Fire Service, 2013
Edition. In addition, standards for using thermal imagers in search and rescue can be found in
NFPA 1670: Standard on Operations and Training for Technical Search and Rescue Incidents,
2014 Edition. Additional information on these standards can be found at www.nfpa.org.

3. APPLICATIONS

Law enforcement and fire service personnel encounter various scenarios that could benefit from
the use of handheld thermal imagers.

3.1  Low-Visibility Conditions

Various low-visibility scenarios may call for the use of handheld thermal imagers as a main
source of vision. Whether at night time, in a foggy or smoky environment, or a combination of
such, thermal imagers can aid in discerning between objects, animals, and people. One such
example is shown in Figure 3-1. These conditions are frequently encountered when conducting
search and rescue operations, or when searching for hostages or suspects.

Figure 3-1. Person through Cloud of Smoke

Image courtesy of FLIR Systems Inc.

3.1.1 Search and Rescue Operations

Thermal imagers can be very helpful in search and rescue missions. Agencies with experience
using thermal imagers in search and rescue missions periodically bring up their thermal imager
for a few seconds for a quick scan. They scan an area, proceed, and scan their next area.



http://www.nfpa.org/
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3.1.2 Suspect and Hostage Detection

Thermal imagers can be useful when locating people (e.g., suspects or hostages) hidden in
foliage and other similar situations (Figure 3-2). Thermal imagers can also be used to follow
recently laid foot tracks and tire skid marks up to minutes after they were laid. Some agencies
reported using thermal imagers when approaching a night time scene to scope out any potential
threats in the area. In these high mobility situations, thermal imagers need to be lighter and
smaller, have a high refresh rate, and allow for simultaneous use of other duty gear. The
exception is when there is an officer who is designated to using the thermal imager while other
officers remain armed and ready.

Figure 3-2. Person Hidden in Foliage
Image courtesy of FLIR Systems Inc.

3.2 Scene Investigations

Thermal imagers can aid in crime, accident, and
firefighting scenes. With a thermal imager, it is
possible to see what objects have been interacted with
in the near past such as weapons, tools, or shell
casings. Blood, traces of blood, footprints, handprints
(Figure 3-3), and tire skid marks are all detectible by
thermal imagers. Because the aforementioned
subjects have a quickly dissipating heat signature,
thermal imagers with quick start up times and
image/video capture options are very useful. The heat
dissipated from the engines of recently running
vehicles can also be detected by thermal imagers.
Law enforcement agencies have reported the use of
thermal imagers to find discarded weapons along the
side of a road or in a dumpster. Moreover, firefighters Figure 3-3. Residual Heat
prefer to survey the temperature of a room or building
before entering it. Although thermal imagers
normally cannot see through walls, the temperature of
the wall itself can help determine the severity of the
fire behind it. This helps determine if any routes through the building will cave in or collapse.

Impression

Image courtesy of FLIR Systems Inc.
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3.3 Hidden Compartments

Contrary to popular belief, thermal imagers do not see through most solids. However, imagers
can be used to spot irregularities such as hollow body panels or patched drywall. This is because
these irregularities may have different surface qualities that have more emissive properties for
their IR waves to propagate. Abnormalities in heat distribution can provide clues for what to
investigate at a scene. For example, a hollow panel will have a different IR reading when it is
more or less insulated compared to its surrounding environment.

Since an extreme amount of heat is typically produced in the creation of illicit drugs, handheld
thermal imagers can be useful tools confirming the existence of suspected clandestine
laboratories. Additionally, handheld thermal imagers can be used to analyze barrels and
containers that are suspected to have hazardous materials in them, since many hazardous
materials have a distinct heat signature, and may be able to confirm the amount of materials in
opaque containers.

Firefighters have also found thermal imagers useful when determining the approximate levels of
gasoline in storage tanks. Because the gasoline is in gaseous form, it has a different heat
signature than gasoline in liquid form. An imager with good thermal sensitivity can reveal the
amount of liquid and gas in a tank. This can be helpful because, if the level of gasoline is
decreasing, the gasoline is probably venting from the tank which is a huge concern in any fire
situation. The same scenario applies to any tanks with flammable content.

4. CONCLUSION

Handheld thermal imagers are useful tools for the law enforcement and fire service communities.
They are highly portable and typically differ by their video polarity, resolution, field of view,
zoom capabilities, and display type. Resolution, field of view, and zoom are closely tied to the
range, clarity, and breadth of what can be seen through a thermal imager. Displays viewed
through an eyepiece are best suited for tactical and covert operations, while external displays are
most helpful for investigations as well as firefighting.

Emergency responder agencies that consider purchasing handheld thermal imagers should
carefully research each product’s overall capabilities and limitations in relation to their agency’s
operational needs. Additionally, agencies may want to consider trying a variety of handheld
thermal imagers before making a purchasing decision, since actually using these devices can
provide a lot of insight into their usefulness.
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APPENDIX A. INGRESS PROTECTION (IP) RATING

The International Electrotechnical Commission (IEC) Ingress Protection (IP) Rating specifies the level
of protection an enclosure provides against solid foreign objects and liquids. The first number refers to
protection against solid foreign objects, and the second number refers to protection against liquids. The

highest possible rating is [P68.

First Number Meaning ‘ Second Number

(Protection against solid foreign objects)

(Protection against liquids)

0 No protection.

No protection.

Protected against solid
objects over 50 mm

Protected against water

(e.g., accidental touch by
finger).

! (e.g., accidental touch by falling vertically.
hand).
Prgtected BT SO Protected against direct
objects over 12 mm

2 sprays up to 15 degrees

from vertical.

Protected against solid
3 objects over 2.5 mm
(e.g., tools, wires).

Protected against direct
sprays up to 60 degrees
from vertical.

Protected against solid
4 objects over 1| mm
(e.g., small wires).

Protected against sprays
from all directions.
Limited ingress permitted.

Protected against
5 dust-limited ingress
(no harmful deposit).

Protected against low
pressure jets of water from
all directions. Limited
ingress permitted.

Totally protected against
all dust.

Protected against strong
jets of water. Limited
ingress permitted

(e.g., acceptable for use on
ship decks).

Protected against
temporary effects of
immersion between 15 cm
and 1 m for 30 minutes.

Protected against long
periods of immersion under
pressure.

A-1
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