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For nearly a decade the Maryland Advanced Development Laboratory (MADL)
has been conducting research, development and field/flight testing of infrared and
acoustic technologies designed to detect ordnance blast events resulting from exploded
gunpowder. MADL wrote the code and algorithms needed to discriminate between
gunshot events and more natural phenomena that have plagued other efforts to
automatically detect and locate gunfire. Efforts to integrate multiple coding processes
that include spatial, spectra and thermal filtering combined with unique latency
applications, track filtering and a fully integrated acoustic ranging and shot confirmation
capability is the result of testing and evolving a system that has detected over 20,000
rounds fired in test evaluations to refine this technology. In addition to the fundamental
gunshot detection, MADL has delivered severa adjunct capabilities that dramatically
advance this fundamentally difficult program.

Detecting and locating are the first two efforts that assist in fully exploiting a
gunfire detection capability. After locating the gunfire the sensor must also transition to
presenting information to awar fighter that allows their response or automatesit. MADL
has developed adjunct systems involving imagery, mapping, correlation schemes,
counterfire integration (both physically and remotely attached to the gunfire sensor) and
target designation. These efforts have been teamed coordination with the U.S.
Government and private industry. Successful field testing of both a ground and airborne
gunfire detection system has occurred. MADL was tasked by the Secretary of the Navy
to provide this capability integrated on an Airship in support of the law enforcement
effort to catch the Washington D.C. sniper in 2002. Much of ground and airborne gunfire
detection research conducted MADL was through contracted work with the Office of
Nava Research and the Naval Research Laboratory.



Detection

Gunfire is detected with a mid-wave infrared camera. The image is obtained by
combining an athermalized, anamorphic lens with the digital camera. The image
information is digitally processed with code that further defines the gunshot and excludes
other similar occurring events. Each pixel of the camera is assessed on each frame of
information (at approx. 120fps) allowing for a significant thermal and temporal screening
of incoming information in rea time. A gunfire declaration can be presented before a
round has traveled its first 150 feet from the weapon. MADL has demonstrated that
gunfire from some ranges has provided alerts in time to react to the gunshot. In other
cases we have demonstrated an ability to provide counter fire on a threat before the
threat’s first round has impacted its target. Detection coverage has been demonstrated
over a 140 degree wide field of view with detection accuracies averaging .5 degrees
(even less in elevation). The detection of multiple gunshots from multiple locations is
also possible as each pixel is similarly processed on each frame.

Location

The gunshot is located based upon the pixel coordinate in the detection camera.
Once trandated to an azimuth and elevation any number of responses using imagery,
designation or remote counterfire can be directed. To further refine the threat location
MADL processes the acoustic compliment to provide a method of passive ranging should
the adjunct laser rangefinder’s active methods become less desirable or less dependable.
Pinpoint locations of gunfire have then been correlated and displayed on maps with
associated targeting symbology appearing on imaging windows as well.

Targeting (optional components for detection and location)

Upon locating the azimuth and elevation, gimbal mounted imagers (visible, long
wave infrared and short wave infrared cameras) present targeting information to the war
fighter/operator. This targeting information is presented in a simple directly viewed
image window on a user display with minimal associated symbology. In an effort to
build upon the advantages of different color (i.e., spectral frequency band) imagers we
have presented an electronically blended image consisting of any two cameras (e.g.,
visible and long wave, visible and short wave, or long wave and short wave). The
advantage of this effort assists in mitigating the imager limitations from any singular
band. The maturity level of this capability provides the user with controls to vary the
individual color contributions from either camera on the blended display. Additionaly,
MADL has captured scene context imagery so a user can gain targeting information at
night via symbology overlaid with daytime stored imagery covering 360 degrees.
MADL has just begun efforts to improve targeting by an image processing technique
named super resolution, whereby a series of jittered imagery can be processed to provide
more detailed resolution. These additional efforts are not a firm requirement for system



operations. The detection, aerting and locating processes can be integrated with most
legacy systems if imaging and command and control assets are readily available.
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Designation (optional components for detection and location

To assist dismounted or detached war fighters in finding the same target a
detection system pinpoints, lasers capable of designating in both the visible and IR bands
have been added to the gimbal carrying the imagers. This combination provides for both
an illumination and designation function. MADL has demonstrated this using the 10C’d
PEQ-2A infrared laser and amodified class I11b green laser.

Counterfire (optional components for detection and location

MADL has demonstrated counterfire by linking to a remotely controlled return
fire weapon and by tethered link to a weapon mounted aiming cue. These efforts
demonstrated the rapid ability to provide suppression and point fire on a detected event
very quickly and with little change to current tactics. Detection links to remotely aimed
counterfire weapons included the automated positioning of the weapon over the detected
event allowing the controller to manually fine point aim, if needed, and then engage the
target. A dismounted targeting pointer was presented on the rear of sight of a shoulder



fired weapon alowing for specifically assigned counterfire targeting immediately
assigned and directed independently at the fire team level.

Test Results

Specific capabilities of the detection systems are classified. The detection range
for some weapons extends out to three times the weapon’s maximum effective range.
For an unclassified example the detection system has routinely detected 38 caliber blank
rounds from 895 meters while providing detection coverage over a 140 degree field of
view. Detection was limited by range geography constraints not by detection sensitivity.
Motion algorithms, tracking filters, spectral filtering, latency characterization and
acoustic validation al provide lucrative methods to reduce false aarms. All these
techniques are used in a current system provided for Marine Corps Experimentation in
support of a Swampworks Division program for the Office of Naval Research. Four
HMMWYV'’s were configured with a mast mounted detection location and designation
capability. Though not a requirement, and not specifically designed for gunfire detection
on the move, the vehicles demonstrated the ability to detect gunfire from a HMMWV
traveling at speeds in excess of 35 mph. Shoulder fired weapons were detected, altered,
imaged and mapped when fired from well beyond their maximum effective range. The
system has been tested to detect more than just gunfire. A variety of larger battlefield
ordnance has also been routinely detected.

Summary

Gunfire detection, location, targeting, designation and counter fire have been
tested by MADL in several formats over the last few years. It has been loaded on
vehicles, strapped onto helicopters, flown on an airship and integrated with a UAV. The
technology of the hardware and algorithms yielded a mature capability that aerts war
fighters of enemy gunfire exceeding the capabilities of other “self-protection” systems.
This battlefield sensor is easily networked, simple to integrate with existing adjunct
sensors and remotely fired weapons. The use of MWIR sensing rather than just an
acoustic processing scheme increases the probability of detection, detection range,
location accuracy and multi-shot resolution. There are no issues of insufficient acoustic
contributions, multi-path, sub-sonic bullet misses, ambiguous detections or delays is
detection. Systems can be tailored to suite the desired employment coverage where
narrowing the field of view to less than 140 degrees equates to increasing the detection
range. This alows for a significant standoff capability that does not require the round to
pass close by a number of microphone arrays. The MWIR system can be rel ocated based
upon the base requirements without the need for a significant lay down plan. Because the
detection is so immediate most surveillance systems can detect the shooter well before
any post shot movement. In some cases it can capture the image of the gected shell
casing asisfallsto the ground.
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