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(57) Abréegée/Abstract:

A firearm aiming system comprising an imaging system comprising an imaging sensor and an image processor; and a user display,
wherein the Imaging system Is adapted to detect a potential target on the user display based on target features. In some
embodiments the system includes a firing processor with an epsilon logic module for calculating a target aim-point/area used by the
firing processor to make a firing decision.
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(587) Abstract: A fircarm aiming system comprising an imaging system comprising an imaging sensor and an image processor; and a

user display, wherein the imaging system 1s adapted to detect a potential target on the user display based on target features. In some
o embodiments the system includes a firing processor with an epsilon logic module for calculating a target aim-point/area used by the
firing processor to make a firing decision.
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FIREARM, AIMING SYSTEM THEREFOR, METHOD OF OPERATING THE
FIREARM AND METHOD OF REDUCING THE PROBABILITY OF MISSING

A TARGET
FIELD OF THE INVENTION
[001] The present invention relates to firearms, 1n particular an aiming system
therefor.

BACKGROUND OF THE INVENTION

[002] Fircarms have a low effectiveness for a number of reasons, even 1n the case
where a high quality fircarm 1s used. Some of the problems include movement (shaking)
by the user (the main 1ssue); movement of the target (e.g. a live target such as a combatant
or criminal); relative aiming — such as the range to the target and inclination angle
(ballistics), dynamic 1ssues of the fircarm (e.g. heating up of the barrel during use);
atmospheric/ambient conditions (e.g. wind, fog, elevation, etc); and visualization of the
target (1.c. the target may be temporarily hidden and not in a line of sight position for
aiming). On the police force, 1t 1s common that most firing results in a miss; and in combat,
the vast majority of firing results 1n a miss. Furthermore, there are also frequent 1ssues with

friendly soldiers being killed or wounded by so called “friendly fire™.

[003] At least some of the aforementioned 1ssues are addressed 1 US
2006/005,447 “Processor aided firing of small arms” (Lenner et al); EP 0,605,290
“Optronic shooting aid device for hand weapon and its application to progress in a hostile

environment” (Fertala); and US 5,822,713 “Guided fire control system™ (Profeta).

1004] US 2006/005,447 discloses a weapon comprising: a fircarm having a barrel
and a user interface; a barrel oscillator for oscillating the barrel 1n a predetermined pattern;
an 1mage capture device mounted on the fircarm for capturing a plurality of image (video)
frames of a target and generating image data in response thereto; at least one barrel motion
sensor mounted on the firearm for sensing a motion of the barrel and generating motion
data 1n response thereto; and a processor coupled to: the user interface, the 1mage capture
device and the at least one barrel motion sensor. The processor enables a user to select a

target by freezing one of the video frames, selecting the target, thereby causing the image
]
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capture device to capture the plurality of images and generate the i1mage data which 1s used
along with the motion data to determine a predicted target location and coverage point
where the barrel covers the target upon which the processor may energize the fircarm to
fire a projectile. The fircarm requires at least one barrel motion sensor 1in the case of non-

static targets.

[005] EP 0,605,290 relates to the field of aids for shooting a hand weapon, and 1s
based on a wide field/narrow field coupling for target recognition and marking, combined
with automatic target tracking and conditional triggering of shooting. The helmet of an
infantryman 1s equipped with a wide-field sensor, the output signal from which 1s applied
to a monitor integrated mto the helmet. The weapon of the infantryman 1s equipped with an
optical system with a narrow-field sensor coupled to a tracker and multiple control means.
The multiple control means controls a video change-over switch that applies the imagery
signal originating either from the wide-field sensor or from the narrow-field sensor to the
monitor), the tracker for acquiring a target and a comparator for triggering firing means
when the coordinates of the target, calculated by an angular deviation measurement device

arc equal to those of a predetermined reference.

[006] US 5,822,713 discloses a fire control system comprising a manually aimed
ogun having a sighting device and a device for acquiring a target. The target acquiring
device (e.g. infrared 1maging device or FLIR device) 1s disposed at a location remote from
the gun. The fire control system also comprises a device for determining the trajectory of
the target with respect to the gun and providing information relating to the target to the
sighting device of the gun such that an operator of the gun can aim the gun with respect to
the sighting device to hit the target when the gun 1s fired. The determining device 1S 1n
communication with the target acquiring device and the sighting device. Profeta also
discloses a fire control method for a minor caliber gun comprising the steps of acquiring a
target from a location which 1s remote from the gun; determining the trajectory of the
target with respect to the gun; providing information relating to the target to a sighting
device of the gun; and manually aiming the gun i1n accordance with the information
appearing on the sighting device such that the gun 1s aimed to accurately hit the target
when fired. However, the remote targeting device makes verification of possible line of

sight firing questionable.

[007] Other related publications include: US 2006/201,047 “Rifle scope with

1mage stabilization” (Lowrey); US 7,421,816 “Weapon sight” (Conescu); US 7,089,845
2
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“Amming a weapon barrel” (Firedli); WO 98/051,987 “Video sighting unit for rifles”
(Becker); US 2008/039962 “Fircarm system for data acquisition and control” (McRag);
US 3,659,494 “Fire control system for use in conjunction with electronic 1mage motion
stabilization systems” (Philbrick et al); and US 5,392,688 “Trigger for a firing weapon”
(Boutet ct al).

SUMMARY OF THE INVENTION

|004] The present invention relates to a fircarm comprising an aiming system for
improved firing efficiency or effectiveness and method of operating same. The firearm 1s

typically hand-held or at least man-aimed.

[009] In accordance with embodiments of one aspect of the present invention
there 1s provided a firearm aiming system as defined m claim 1 claims depending

therefrom.

[010] In the specification and claims, the term “fircarm” will be understood to
mean a personal, man-aimed or hand-held fircarm designed for aiming and firing by a
single user, including pistols; rifles; machine guns; grenade launchers; hand-held rocket,
and the like, including combinations thercof, for example an M-16 and M-203

combination.

[011] The aiming system can be implemented as a retro-fit to an existing firecarm,

or “built-in” to a new firearm.

[012] In accordance with embodiments of another aspect of the present invention

there 1s provided a personal fircarm comprising the above-defined aiming system.

[013] In accordance with embodiments of yet another aspect of the present
invention there 1s provided a method of operating a fircarm as defined in claim 27 and

claims depending therefrom.

[014] In accordance with embodiments of yet another aspect of the present
invention there 1s provided a method of reducing the probability of missing a target as

defined 1n claim 33 and claims depending therefrom.

[015] In some embodiments, the fircarm can be disposed on top of a platform,
implemented as a remote-controlled-non-stabilized firearm, robot or UAV which locks on

a target from remote location via a video and a robot fires 1f target will be hat.
3
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[016] In some embodiments, the imaging and processing system can be
implemented 1n a hand-held Laser Range Finder (LRF) for accurate measurement of the
range of a target, which can be implemented in binoculars with LRF also for target
acquisition — and not necessarily 1n a weapon. For example, the LRF will measure distance
(target range) when cross hairs of the binoculars are on the locked target, thus allowing an
accurate range to be measured. In some embodiments, this target measurement
implementation further comprises a GPS, a digital compass and an inclinometer for
dynamic target location extraction, which 1n addition to having the capability of measuring
the range of a static target, can track a moving target and continually update the

coordinates.

[017] In some embodiments, the firing processor 1s adapted so that the epsilon
tolerance or logic module uses predetermined settings, whereas m other embodiments the
epsilon tolerance or logic module uses factors, 1.e. the precision tolerance 1s dynamic,

affected by factors 1n the field (discussed below) which affect the epsilon algorithms.

[01&] In regard to background movement, it 1S a particular feature of the present
invention that the imaging system 1s adapted to determine the movement of a potential
target based on movement relative to one or more static background features (e.g. objects
or structures, such as a building, rock, tree or the like) in an 1maged field. In such case, the
firearm need not include a barrel motion sensor, and the one or more static features
(“anchor” features) can be used to determine movement and angular velocity of the target,
which, provides “lead” data for use by the processor’s firing algorithm. Further, the static
background features can be used for determining the barrel movement. A non-limiting list
of exemplary barrel motion sensors include: gyroscope and compass based sensors,
inclinometers and accelerometers. In some embodiments, the imaging system 1s adapted to
determine the movement of a potential target based on movement relative to one or more

dynamic background features.

[019] According to related features, the mmaging system 1s also adapted to
determine the movement of a potential target while the user 1s moving. In such case, the
static background object(s) seem to move, and typically at different velocities and/or
directions 1n the field of view and background tracking 1s challenging. The 1imaging system
can be adapted to include a feature termed “optic flow” analysis, which 1s capable of

calculating the velocity of a dynamic target that 1s not part of the optic flow pattern, and
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relates to the situation where targets/objects at different ranges seems to move 1n different

velocities and/or directions.

[020] Another feature for calculating the movement/velocity of target(s) and/or
self-movement that can be incorporated into the imaging system i1s a feature termed

“multiple triangulations™, which 1s often used in naval navigation.

[021] Some embodiments include an image-based processing target range
estimation function, which may be in default settings 1n the 1maging and processor system.
Along with other factors such as target movement and barrel movement, range estimation
1s on¢ of the more important inputs to the epsilon logic module, as well as an important
input to the firing computer and target lead calculations. One range estimation scenario
involves using familiar or expected target size as a function of range. In other words, the
larger the target (1.e. the greater the number of pixels present in the display), the shorter the
range, and vice versa. This scenario can be advantageously combined with target
recognition. For example, 1f the target 1s 1dentified, 1t can be compared to the expected size
of such a target. Thus, say the target 1s determined to be a human or tank, based on ATR
(automatic target recognition), the target image size (1.e. number of pixels present in the
display) can be compared to the known size of a typical human or tank in order to estimate
the range. A further range estimation method usable in the instant aiming method 1s

perspective analysis and/or focus.

[022] Face detection / face recognition: In some embodiments, the target
recognition 18 constituted by face detection — a method of detecting human targets. It may
also be used to locate the human target’s body, as the body 1s commonly located below the

detected face. Face recognition can be used 1n specific situations, as follows:

[023] (a) Automatically re-acquiring a target (c.g. a target that went out of the
FOV and re-entered; a target that crossed another target; or a target that was behind a cover

such as re-appearing in a window;

[024] (b) Absolute 1dentification — friend and foe i1dentification such as in a
hostages/kidnapper scenario (e.g. using pre-loaded facial images to mark as “friend” or
“foe” 1n the specific scenario, and/or specifying a person in the scenario, such as “the

leader”; and
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[025] (¢) Enabling sending an 1mage of the detected person to others, including
other users 1n the field and/or a commander/headquarters - typically including receiving

information back about the person and/or a command.

[026] Another range estimation scenario uses the target speed, as the more
quickly the target moves across the display, the more likely the target 1s to be close, and
vice versa. Again, this scenario can be advantageously combined with target recognition.
For example, if the target 1s 1dentified, the actual movement/velocity of the target can be

compared to the known typical range of velocity of such target.

[027] Another range estimation scenario uses relative location of the target —1.¢.
the 1maging sensor determines the target location with respect to a background feature
(whose distance the processor can determine by any LRF process or estimation of known
object size), in other words 1f the target 1s in front (or in front of an 1maginary horizontal
line 1n the ficld), behind, above, or below a background feature (which need not be static)

having a known or estimated range.

[028] In some embodiments, a range measurement 18 performed using an LRF,
automatically mitiated at the moment of locking onto the target. However, sometimes a
shooter does not want to use an LRF to avoid the possibility of revealing his position. For
such purpose, in some embodiments, the fircarm uses one of: (1) a predetermined range
(set by the user or by a system default); (2) an 1mage processing based range estimate
(passive, as described herein); (3) an auto-LRF measurement, only after a shot is fired (at
which point, the shooter’s position 1s revealed in any event); or (4) a manual laser
command, 1.¢. a laser beam will be emitted only after the aiming system determines the

correct time to activate the laser beam.

[029] It 1s a particular feature of some embodiments of the invention that the
fircarm 1s adapted to highlight and track multiple targets simultaneously, thereby
facilitating firing at a plurality of targets without requiring locking on to each target
between firing rounds. In some embodiments, the user can lock on an object/potential

target even if the imaging system has not provided a highlighting.

[030] Advantages of the present invention include that it: enables accurate firing
under various conditions (e.g. even at long range; or after physical effort by the user such
as heavy breathing; or while the user 1s moving, such as on the run or from a land vehicle

or helicopter; while the target 1S moving); minimizes civilian and friendly forces casualties;

6
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reduces collateral damage; improves the safety and effectiveness of combat and training;
can help firing at specific body parts (e.g. lethal or non-lethal firing); can help firing at
specific parts (e.g. the wheel of a vehicle); can document a shooting episode to determine
if the firing was proper; helps training or operation debriefing; and saves ammunition.
Furthermore, the present invention can accomplish the aforementioned advantages without

the need for barrel motion sensors.

BRIEF DESCRIPTION OF THE DRAWINGS

[031] The present mvention will be understood and appreciated more fully from

the following detailed description taken in conjunction with the appended drawings in

which:

032] Fig. 1 1s a schematic depicting an aiming system 1n accordance with some

embodiments of the present invention;

[033] Fig. 2 1s a diagrammatical depiction illustrating embodiments of an

1maging processor of the present aiming system;

[034] Fig. 3 1s a schematic exemplary Field of View (FOV) of the present

Imaging system;
[033] Fig. 4 1s a view of an exemplary aiming aid for the present aiming system:;

[036] Fig. 5 1s a schematic of an exemplary target illustrating firing tolerance in

accordance with embodiments of the present aiming system;

[037] Fig. 6 1s a schematic illustrating exemplary target aim-poimt detection

modes of the present aiming system;

[038] Fig. 7 1s a schematic depicting an embodiment of the present aiming

system for use in an alternate implementation; and

[039] Fig. 8 1s a schematic illustrating an embodiment of the present aiming

system adapted for affecting a deliberate calculated bullet spread.

[040] The following detailed description of embodiments of the invention refers
to the accompanying drawings referred to above. Dimensions of components and features

shown 1n the figures are chosen for convenience or clarity of presentation and are not
7
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necessarily shown to scale. Wherever possible, the same reference numbers will be used

throughout the drawings and the following description to refer to the same and like parts.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[041] Illustrative embodiments of the invention are described below. In the

interest of clarity, not all features/components of an actual implementation are necessarily

described.

[042] Fig. 1 shows an embodiment of a fircarm 10 in schematic depiction
comprising a firearm aiming system 11, the system adapted to allow the user to lock onto a
target, or a plurality of targets and only allow firing 1f the aiming system determines the
target will be hit. For such purpose the aiming system 11 comprises an imaging system 12;
a user display 14; user controls 16, for locking/unlocking onto the target or targets; a firing
processor 18 (described 1in more detail with respect to Fig. 2); and a firing actuator 20 to
effect firing. Firing actuator 20 can be mechanical, electrical or electro-mechanical and
enables or disables firing when the fircarm’s trigger 1s pressed or electronic firing means
arc used. However, typically aiming system 11 will include an override capability to allow
“unhindered” (regular) firing. In this regard, according to some embodiments, the firecarm’s
aiming system can be adapted to work as a “regular” firecarm, able to shoot mechanically,

for example 1f the aiming system’s batteries are too weak or there 1s a malfunction.

[043] By-pass mode: In an embodiment related to the aforementioned override
capability, aiming system 11 can include a bypass type override. In other words, wherein
conditional firing 1s a mode selectable by the user. This mode or feature can be by actuated
by applying more trigger force, by trigger press speed (rapid trigger press rather than a
half-press and then full press) or by range (firing will be enabled 1n any event toward short-

range targets, whether locked on or not.

[044] Imaging system 12 includes an image sensor or camera 22 and an image
processor 24. Camera 22 can be a day/night video camera, for example a charge-coupled
device (CCD) or CMOS; forward looking infra-red sensor (FLIR); multispectral or hyper-
spectral camera, or any other sensor that enables tracking of a target location in their field
of view (FOV) including combinations thereof. In this regard, imaging system 12 may
“fuse” data from more than one sensor 1nto one or more representations or use the different

inputs 1n parallel.
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[045] User display 14 typically includes an image display for displaying video of
a field view, cross hairs, virtual images (e.g. night display, IR 1image) and other features of
aiming system 11 that will be discussed 1n more detail herein, such as aiming guides (Fig.
4), a tolerance indicator, and markers/highlighting. However in some embodiments, user
display 14 can have an audio input/output and/or touch screen type capability, and the like.

In some embodiments, user display 14 only displays markers on top of see-through optics.

[046] User controls 16 typically include a lock/unlock mechanism to lock on, or
unlock aiming system 11 from a target. The lock/unlock mechanism can be activated, for
example, by a partial depress of the trigger, which optionally may require a trigger-depress
dwell time — e.g., a fast press allows regular shooting and a half press followed by a full
press will actuate aiming system 11. User controls 16 also typically include a lock update
mechanism to update (adjust) the lock on position (location 1n the target area that aiming
system 11 1s locked onto). These mechanisms can be by way of any appropriate means, for
example, a 4-way button, 5-way button, etc, or miniature joystick, as 18 known. User
controls 16 can optionally have capability for inputting information such as target range,
wind speed/direction, and other such data. However, inputs such as wind speed and target
range, etc, can be estimated or measured by aiming system 11. As will be further detailed
herein, the use of specific techniques for estimating target range 1s a particular feature of

the firecarm 10 and aiming system 11.

[1047] Although 1t 1s a particular feature of some embodiments of the fircarm’s
aiming system 11 that it need not include barrel motion sensors, rather the system can use
background features to calculate/predict both the movement of the target and of the barrel
of the firearm 10 (as will be described 1n more detail below), the aiming system can none-
the-less include barrel motion sensors 32 to help calculate and predict the position of the
barrel and movement of the user, ¢.g. shaking while aiming. In particular, it 1s the use of
background features in the FOV that facilitate barrel movement calculations and
predictions 1n embodiments that do not include barrel motion sensors 32. To emphasize
this, the barrel motion sensor(s) block 1s shown in dashed lines, as 1s the block for

additional sensors 34.

[048] Further, in some embodiments aiming system 11 can include additional
sensors 34, such as the following components: microphone; inclinometer;
accelerometer/inertial sensor; compass; GPS, Laser Range Finder (LRF), temperature

measurement device (e.g. thermometer, thermocouple); barometer; wind-meter; and other
9



10

15

20

25

30

CA 02829473 2013-09-09
WO 2012/131548 PCT/1IB2012/051389

like. Such components can be added to aiming system 11 to improve the accuracy and
compensate for environmental factors that affect firing accuracy; to provide intelligence,
c.g. a geospatial information system (GIS) and GIS data base, which may include
capability for determining user location and user location with respect to friendly and

unfriendly forces; and for event recording purposes.

[1049] Firing processor 18 of aiming system 11 comprises a firing computer 26; in
preferred embodiments, an epsilon logic module 28; and a firing decision module 30. A
firtng computer 1s a typical component on sophisticated aiming systems and performs
activities such as calculating the adjusted aim-point to the required range, wind, inclining
angle etc; and typically uses ballistics tables and/or equations of the specific firearm and
rounds. Firing decision module 30 1s responsible for taking input from other
systems/modules/processors and predicting whether the target can be hit. In preferred
embodiments, this prediction, or more precisely the actual hit, 1s aided by use of a target
arca, called an “epsilon tolerance area” (or derivations of this term), as 1s discussed 1 more

detail herein.

[050] Fig. 2 provides the structure of an exemplary image processor 24 including
an 1mage cenhancement module 36; background tracking module 38; barrel movement
calculation module 39 (it should be noted that i1t is a particular feature of the present
invention that barrel movement can be determined via background features without the
need for a barrel movement or barrel motion sensors); target detection/identification
module 40; target tracker (tracking processor) 42; and range estimator 44. Regardless, 1n
some embodiments, 1image processor 24 does not include one or more of: background
tracking module 38; barrel movement calculation module 39; and range estimator 44, as
these components are not absolutely required in most scenarios. Image enhancement
module 36 1S responsible for enhancing the raw 1image by any known means such as by

gain control and/or super-resolution techniques.

[051] According to some embodiments, 1mage processor 24 may automatically
detect features in the FOV (which may be one or more potential targets) based on
predetermined/automatic settings (e.g. 1f a potential target 1s moving; looks like a human or
a tank, etc), in which case the image processor highlights the target (e.g. by contour/outline
or color) based on edge differential between the potential target and 1its
surrounding/background or other means. The user can then choose the detected potential

target by selecting the target (by pointing at and locking on the potential target or its “arca”
10
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(such as a target lockable area 56, as will be explained 1n more detail with reference to Fig.
5). This area 1s usually bigger than the actual target boundaries — making the target
“bigger” and casier to select. Or the user can continue to scan the field provided by image
sensor 22. In some embodiments, the target or its target area can be selected 1f the barrel 1s
at least pointed near to the target/target arca; and typically after that the lock-on will be
“snapped” to the center of the target or other such pre-determined location. Selecting the
target arca can be considered “locking” onto a point on (location within or nearby) the
target on which firecarm 10 1s directed at that moment. In some preferred embodiments,
there 1s a target lock-on option whereby the locked-on point 1s moved to a central location
in the highlighted target image; or the locked-on point can be moved to another location by
the user (1.e. the locked-on point can be updated). In some embodiments, the system
includes ATR whereby the target is recognized and the locked-on point 1s moved to a
chosen or predetermined location of the target (e.g. the wheel of a vehicle; legs of a
combatant; and so on). In some embodiments, the system 1s adapted to allow parts of the
target to be selected by the user. In some options of this embodiment, an ATR feature of

1maging system 12 can suggest target parts to the user.

[052] With reference to Fig. 3 as well, background tracking module 38 can
1dentify a single, or more preferably a group of, static background features 46 1n the FOV,
for example a house, building and tree as illustrated. These static features 46 1dentified by
background tracking module 38 enable a series of particularly important calculations for
aiming system 11. First of all, using static features 46, background tracking module 38 can
determine the relative movement of a target or a locked-on target 48, whereby the velocity
of target 48 can be calculated — importantly, without the need for barrel motion sensor(s)
32. In addition, also using static features 46, barrel movement 1s calculated via barrel
movement calculation module 39 - both angular and translational movement. In some
embodiments, as a part of the aforementioned calculations, background tracking module
38 can perform FOV background stabilization. It is another important feature of the
present 1nvention that the target lead can be calculated without the need for any barrel
motion sensor(s), rather using static background features 46 determined by background
tracking module 38. Background tracking module 38 provides the position of static
background features 46 to barrel movement calculation module 39 so that the movement
(and aiming; 1.e. direction), of the barrel can be calculated, and extrapolated, with respect

to the position of locked-on target 48, by comparison to those static features. The position
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of locked-on target 48 1s also extrapolated, 1.¢. the lead 1s calculated, as discussed herein.
Again, 1f the aiming system 11 includes barrel motion sensor(s) 32, background tracking
module 38 can use information from the barrel motion sensor(s) to calculate barrel

position/aiming.

053] It 1s also an important feature of the invention that in embodiments that
include barrel motion sensor(s) 32, the background tracking module 38 enables zeroing of
“walk™ (barrel motion sensors tend to drift over time), whether the target 48 1s static or
dynamic. The aiming system 11 can “zero” or calibrate itself with respect to the one or
more static features 46, not merely with respect to target 48 — there 1s no need to even have
a locked on target. Thus, target lead can be calculated by the calculated target movement
using static features 46 (and/or using barrel motion sensor(s) 32, 1f mncluded); 1n concert

with range estimation, ballistics, etc, by firing computer 26.

[054] Calibration Mode: In some embodiments, the system 1s adapted to allow
automatic calibration, e.g., shooting toward a calibration target whereby the system
1dentifies the hit location and calibrates itself automatically so that the expected hit location
coincides with the actual hit location; or per another option the user indentifics the hit
location and marks the hit location so the calibration can be performed. Imaging system 12

can zoom 1n 1f 1t 18 difficult for the imaging system to see the hit location.

[055] In other embodiments, the system 1S adapted for battle calibration —
shooting toward any target (at a measured/known range), freezing the image of the
shooting, and marking (automatically or manually) the hit location. The system auto-

calibrates 1tself accordingly.

[056] Reverting to Fig. 2, 1t 1s a particular feature of target detection /
1dentification module 40 that the module can i1dentify a potential target based on
movement, as any movement of a feature in the FOV 1s a good indication of a potential
target wherein the identification of movement of the potential target 1s performed using
comparison of the tracked static background features 46. Other target detection techniques
can also be used, for example, FLIR, ATR, muzzle flash, acoustic techniques, detection by

remote systems, “change detection™, and so on.

[057] By the term “change detection” 1t 1s meant the comparison to a recorded
database. For example the present imaging system 12 can be used to record a video of an

arca (scan a potential battle ficld) for instance; or another video recorder 1s used and data
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from that video recorder 1s downloaded to 1maging system 12. Upon return to the same
arca, the difference or change between the two scenes can provide information for
detecting potential hazards, which are highlighted in user display 14. Such change
detection mode typically requires components such as a GPS, compass and inclinometer;

and an 1mage comparator.

[058] Target detection/identification module 40 also highlights potential targets
for user selection (locking on). This typically occurs while the user 1s scanning the FOV
and results 1n a highlighting of the potential target (¢.g. by a contour/outline, color, etc)
using background-target segregation techniques such as edge detection, movement
detection and so on. It 1s an important feature of the invention that the selection of targets
can be made from a live video by aiming fircarm 10 toward the target area; there 1S no

need to freeze frames and then select the target. Thus, a rapid target selection can be made.

[0359] In some embodiments, the highlighting can occur even 1if fircarm 10 1s not
pointing directly at a potential target, rather merely due to movement of that potential
target, which commonly indicates that the potential target 1s a good choice. Imaging
system 12 will detect the target movement and will highlight that target, and, in some
embodiments, cause an automatic lock on, in accordance with pre-programming of the
system or user choice. In some embodiments, aiming system 11 1s adapted to indicate a
hierarchy of desired targets - for example a close-by moving target 1s “ranked” higher
(essentially meaning a more desired and/or dangerous target) than a far away moving
target, which 1s ranked higher than a static target; a particular human/enemy higher than
others; and the aiming system 1s thus typically adapted to provide an indication (symbol,
color, flashing, etc). Accordingly, aiming system 11 has an algorithm capable of indicating
a preference for selecting (highlighting and 1n some cases automatically locking on to)

particular potential targets.

1060] With regard to identification of targets using movement, In some
embodiments, aiming system 11 uses movement information of potential targets in the
FOV for target 1dentification. For example, the speed of a potential target can help 1dentify
1t, ¢.g. a target moving faster than humans are able can indicate the entity 1s a motorized
vehicle. Reiterating, 1t 1s a particular feature of the present invention that target movement,
including velocity, can be determined using static features, therefore not requiring barrel
motion sensor(s) 32, thus, according to some embodiments, static features can be used to

help 1dentify a moving target and facilitate highlighting and automatic lock on.
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[061] In some embodiments, the target tracker 42 of the image processor 24 1s
adapted so that after the user selects a target by locking on it, using user controls 16, the
user can then update the lock location (e.g. using a 4-way button, joystick or trackball).
This embodiment can be considered a manual modification or alternative to (or used 1n
combination with) embodiments where after the lock-on step, the fircarm (1.e. 1maging
system 12) will automatically move the locked location to the center of the target, or
another predetermined location. The 4-way button may enable selecting different targets
(c.g. near-by target, one terrorist over another) or a different part/portion of the same target

such as the target’s legs instead of torso or head.

[062] The term “another predetermined location”, can refer to, for example, 1f the
target 1s human, the “center of the target” may be chosen as the center of the chest, rather
than the geometric center. It should be noted that the term “center” can be understood to
mean a (typically small) area or actively, selection of an area. Typically, to determine 1f the
target 1S human, the 1maging processor 24 will require ATR or face detection. In this
regard, aiming system 11 can be adapted to include a data base of shapes, objects, models,
people and so on 1n order to make a reasonable determination of several common potential

targets.

[063] User controls 16 can also be adapted to allow selection of an alternate
target, selecting a specific part of the target or affecting the size of the epsilon

(target/tolerance) area.

1064] Tracker 42 1s typically an electro-optic tracker. Tracker 42 receives the
1mage of one or more locked-on targets from 1mage sensor 22 after detection by target
detection/identification module 40, and tracks the target(s). This tracking can continue
even outside the FOV of the user display 14 which 1s still in the FOV of the image sensor;
however, 1n some embodiments, the tracking can extrapolate the expected movement of
the target and pick up the target again when 1t re-enters the FOV of the image sensor (for
example: a combatant who moves outside the FOV of the image sensor, or temporarily
moves behind a blocking object). In some embodiments, imaging system 12 1s adapted to
include the capability of “receiving” an otherwise unseen target identified by another
fircarm, for example, from the aiming system of another soldier who does see the target. In
some embodiments, 1maging system 12 1s adapted to include the capability of tracking a
“ohost” 1mage (target), for example an enemy hiding behind a wall, who 1s “visible” using

another sensor
14
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[065] Whole Scene Tracking: in accordance with some embodiments, aiming
system 11 1s adapted to 1dentify any object’s movement in the FOV and track some or all
objects. The user may, but may not need to know about this tracking, but this tracking may

be used to:

[066] (a) Manage high level target tracking (i.e. store in memory all object

locations and movements) for expecting and 1dentifying target crossing, etc;
[067] (b) Enable better detection of a (formerly) moving target that has stopped;

[068] (c) Change the safety level (by reducing the epsilon area for example) — to

avold hitting other moving objects or friendly forces nearby;

1069] (d) Enable selection of moving targets by matching the barrel movement to
the target movement (for example, selecting the nearest target that moves in the same

direction of the barrel) and to avoid selecting a target crossing that nearest target;

1070] (¢) Enable range estimation relative to other static or dynamic objects with

known range (measured/calculated or estimated);

[071] In some embodiments, aiming system 11 includes a range finder such as a
laser range finder (LRF) 50 which can be used to add information to the target
detection/identification module 40, 1n particular the identification aspect thereof providing

expectation of object sizes.

1072] Target tracker 42 of i1mage processor 24 receives information from
background tracking module 38 and target detection/identification module 40 (or barrel
motion sensor(s) 32, if present) and tracks after the locked-on target 48 with respect to

static features 46 (or barrel motion sensor(s) 32, if present).

1073] Range estimator 44 “passively” estimates target range, 1.e. without using
LRF 50. Methods to estimate the target range include using familiar or expected target size
as a function of range; target speed; relative location, focus (using lenses' optical focus to
estimate the range etc, as noted above. Again, where aiming system 11 includes LRF 50,

the LRF-measured range can be used.

[074] The above information, whether estimated, measured or calculated by
1mage processor 24 or via inputs thereto (which can be user inputs or inputs from the
system’s components, or other information inputs from additional sensors 34 and/or

external information received through communication from another system or external
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command system), 1s passed on to firing processor 18, in particular: (a) detected and
locked-on target information such as: target location, target type (e.g. using ATR), target
size, target shape, target velocity, target range; (b) barrel movement; and (c¢) nearby

friendly forces, civilians, and the like.

[075] With reference to Fig. 4, in some embodiments, user display 14 comprises
an aiming guide, 1llustrated by target location indicator or aiming arrow 52 pointing toward
a preferred aim-point 53 of a locked-on target, (even 1f the target 1s outside the FOV of
display 14). Preferred aim-point 53 can 1n essence be an epsilon area 54; detailed below.
This aiming guide 1s an advantageous feature as the shooter knows how to adjust aim, 1.¢.
so that the center of cross-hairs 55 can be moved along the aiming arrow 52 toward aim-
point 53. Aim-point 53 may be a point within the target and/or a target arca determined by

epsilon logic module 28, which will now be detailed.

[076] As mentioned above, mn preferred embodiments, firing processor 18
includes epsilon logic module 28. Epsilon logic module 28 1s responsible for calculating
the target aim-point/area or epsilon arca 54 (see Figs. 5 and 6) of the target 48. It 1s this
epsilon area 54 that 1s used by firing decision module 30 to make a firing decision. Prior art
aiming systems have a predefined aiming accuracy requirement (e.g. a particular Minutes
of Arc/Angle; MOA), which 1s not automatically calculated and has a predetermined shape
(a point, circle, etc). In contrast, in some embodiments, the instant aiming system 1s
adapted to calculate a dynamic epsilon areca, and the size of the epsilon area 1s defined
automatically such as by target’s range, size, fircarm and environmental conditions,
fircarm shaking, etc; and the shape of the epsilon areca 1s defined automatically by the

shape of the target.

[077] The epsilon logic module 28 of the present invention 1s responsible for
calculating the tolerance or inaccuracy that the system will allow, 1n this case, the firing or
aiming tolerance. For explanation by way of example, fircarm 10, or aiming system 11
thercof, may be locked on a location of target 48 (pixel of the 1image) and 1maging system
12 and firing processor 18 will determine within what areca around that location/pixel the
firing will be allowed or actuated. In typical cases, after locking onto a point/pixel of target
48, 1maging system 12 will adjust the lock-on point/location to a desirable (preferred)
location, such as the center of target 48. In this regard, as a result of allowing either
automatic or manual adjustment of the lock-on point, the aiming system 11 can allow

locking onto a target even 1f the aim-point 1s merely near target 48 and does not require the
16



10

15

20

25

30

CA 02829473 2013-09-09
WO 2012/131548 PCT/1IB2012/051389

aim-point to be on the target’s physical/detected shape. An example of this “lock nearby”
feature 1s 1llustrated by a dashed line defining a target lockable area 56 (Fig. 5) which 1s
larger than the area of the actual target. As such, the term lock-on and its derivatives will

be understood to denote on or nearby, in the specification and claims.

|078] Fig. 5 graphically illustrates an example of epsilon tolerance (area) via an
upper body portion of target 48. Upon locking on target 48, the aiming system 11,
primarily imaging system 12, uses information such as target range, etc, as noted above, to
determine epsilon arca 54 which may be a relatively large epsilon area 54a 1f conditions so
warrant (e.g. there 1s little or no wind, the user 1s stable and the target range 1s short). On
the other hand, with less favorable conditions, a relatively small epsilon arca 54b may be
calculated by epsilon logic module 28. In some embodiments, epsilon area 54 1s

predetermined or choosable by the user, rather than calculated.

[079] The epsilon tolerance (area) can be calculated based on factors such as the
range of the target; 1.e. because the range of the target affects the probability of the fircarm
10 being aimed to hit, the tolerance required (allowable area) for firing can be accordingly
adjusted. Another exemplary factor 1s the target size, for example 1if the target 1s large a
higher tolerance (arca) may be required/allowed as the chance of the firecarm being “on
target” 18 greater. Another exemplary factor 1s the target type, which may be determined by
the user or preferably entail imaging system 12 comprising a target recognition algorithm
such as an automatic target recognition (ATR) algorithm, for identifying the target type. In
an exemplary implementation, 1f the target 1s a person or animal, the algorithm may not
consider arms and/or legs of the target, which are prone to quick movement and thus may

prove more difficult to hat.

[080] Another exemplary factor can be the movement of the target; 1.e. 1if imaging
system 12 determines the target 1S moving, especially if moving rapidly, the processing
algorithm can adjust the required tolerance for firing and allow rapid firing to help increase
the probability of a hit or decrease the probability of a miss. Another exemplary factor can
be the stability of the user; 1.e. 1f the user moves a lot (e.g. shakes) or moves quickly,
typically based on barrel movement calculation, the epsilon tolerance (area) algorithm can
adjust the required tolerance (allowed area) for firing and further, may allow multiple and
rapid firing to help increase the probability of a hit or decrease the probability of a miss.
On the other hand, 1f the user 1s stable, the processing algorithm can adjust the required

tolerance (allowed area) for firing accordingly.
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[081] Another exemplary factor can be background movement; 1.e. if there 1s
more than one moving item. This can be a result of civilians or friendly forces and the
epsilon tolerance can be adjusted accordingly to reduce the risk of hitting such non-targets.
On the other hand, if there 1s no background movement, or 1t can be determined that the

target 18 far from friendly forces, the processing system may allow a less strict tolerance.

[082] In accordance with the aforementioned tolerance examples, 1t 1s a particular
feature of the present invention that the percentage of the area (defined by an
outline/contour of the target produced by imaging system 12 and displayed on user display
14) can be used to define the tolerance. The percentage of contour area 1s explainable by
example, 1.e. 100% means epsilon area 54 1s the same size as the area of the target (contour
arca); 50% means that the epsilon logic determines that the epsilon area 1s half the size of
the target for allowing firing at the target, 150% means that the epsilon logic allows firing
at an arca 50% larger than the target’s actual area; this concept can be reworded by using a

pixel count instead of area.

[083] In some embodiments, the aforementioned factors can be overridden and

the user can select the tolerance/accuracy to be implemented by the firearm.

[084] Fig. 6 graphically illustrates exemplary potential target detection modes of
aiming system 11. One mode of detecting a potential target 1s by detecting contours
(outhines, edges), resulting 1n a contour based area 58; another 1s the use of movement
detection, resulting 1n a movement detection based area 60; and another 1s the use of an IR
radiation threshold, resulting in a an IR radiation threshold based arca 62 (e.g. above a
certain temperature an object will be considered a potential target). These target detection
methods can be used separately or in combination (depending on the given design of the
aiming system 11, 1.e. components included) for detecting a potential target. The
aforementioned detection can be used as mput to epsilon (tolerance) logic module 28 and
an exemplary graphical depiction of an effective target arca 1s shown based on epsilon
logic, 1.e. an epsilon tolerance contour 64. The aforementioned detection 1s also an 1nput to
target tracker 42, which highlights potential targets for user selection (locking on).
Additional exemplary target detect modes that can also be used alone or in combination
include: common movement; ATR; connected components; enemy firing detection (e.g.
muzzle flash, acoustic); friend or foe detection, etc. Imaging system 12 may display
friendly forces (e.g. using IR flicker; via communication and a GPS, etc) or a restricted

arca (¢.g. using a GIS) and block the firing on them.
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[085] In summary, aiming system 11 1s generally designed to detect, highlight
and track a target (e.g. via an electro-optical tracker), to determine if firearm 10 1s aimed so
that the target 1s expected/calculated to be hit, and to enable the firing if firing decision
module 30 has determined that the target will be hit (or prevent/disable firing if the firing

decision module determines the target will not be hit).

[086] Firing decision module 30 uses input from 1maging system 12 (e.g. target
and barrel movement, range estimation or measurement, ctc); firing computer 26; and
epsilon logic module 28 to determine 1f the target 1s expected to be hit and thus whether to
fire (or not). As a result of an affirmative firing decision, firing 1s actuated or enabled via
firing actuator 20 (e.g. either by sending a signal in the case of an electronic firearm; or

allowing the trigger to fire in a trigger-actuated firearm).

|087] Reverting to Fig. 1, according to some embodiments, the aiming system 11
can be designed to include a mode adapted for firing at detected targets without the need to
lock onto those targets - a “non-lock on mode”. Here aiming system 11 does not require
user display 14; target tracker 42; or epsilon logic module 28 as targets are selected
automatically rather than, or in addition to, selection by the user; however, the use of the
epsilon logic 1s typically preferable. This can be advantageous when the user wants to fire
while moving, e¢.g. a soldier 1s charging, and 1t 1s difficult and/or nefficient to lock onto
target(s). In this case, firing decision module 30 will allow firing only at “serious” or
“suspicious” potential targets, for example based on movement of the target or temperature
indicated by an IR sensor, ATR, muzzle flash or the like; however, not based on static edge
detection. In addition to when a user 1s moving, this mode can also be advantageous 1n
cases where an enemy fires from a window or behind a barrier and then hides. In this “non-
lock on mode”, the epsilon tolerance algorithm may be affected to increase the allowed
target area as 1t 1s commonly useful to fire even if merely near the target. This mode does
not prevent firing at locked on targets (locked on prior to or during this “non-lock on

mode”), whether the locked on target was chosen by the user or remotely chosen.

|08&] Some embodiments of the invention include an enemy-suppressing fire
mode (“suppress-fire” or “covering fire” mode) - firing to prevent/limit the enemy from
firing/or moving, or to make them move and reveal themselves. This 1s a modified “non-
lock mode” that allows firing every predetermined time period (typically hundreds of
milli-seconds) if the trigger 1s pressed, even if no target or movement was identified. The

time counting restarts 1f a shot was fired toward a real target, whether at a target locked on
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prior to invoking this mode or not. This embodiment enables use of detected targets

without forfeiting the capability of producing suppressing fire.

1089] Fig. 7 shows an alternate implementation of the present aiming system, as
modified aiming system 11a, for use in a monocular or binoculars 10a having a range
finding capability, such as via LRF 50. In contrast to aiming system 11, system 11a passes
information from 1maging system 12 to a lasering processor 18a comprising epsilon logic
module 28 and a lasering decision module 30a. Lasering processor 18a determines 1if the
laser beam emitted by binoculars’ LRF would impinge a desired target and so return an
accurate range measurement, 1 which case a lasering signal 20a 1s allowed. This
implementation 1s particularly convenient for a scout who wants to pass on target location
information to a remote location, for example to communicate firing coordinates. For this
purpose, additional components such as a communication system 70; GPS 72; compass 74;
and inclinometer 76 can be included, which help measure the target location and

communicate that information to another site.

[090] In some embodiments, aiming system 11 1s adapted to recognizing the
actual hit location and hit time, for example by ricochet, dust or movement at a specific
expected time and location. With recognition of hit location, an automatic calibration can

be preformed based on comparison of expected versus actual hit location.

[091] In some embodiments, aiming system 11 1s adapted to recognize shooting
of fircarm 10, for example by light burst, specific noise and noise level, specific movement
patterns of the firearm (fire shock), etc. In some embodiments, aiming system 11 1S
adapted to count shots/rounds. In some embodiments, 1image sensor 22 includes “blink
sensors’ at the time of shooting, 1.e. wherein tracker 42 1gnores video frames of 1mage
sensor 22, which could interrupt proper viewing of the field due to muzzle flash and abrupt
movement of firearm. Thus, the activity of tracker 42 can be stopped for few milli-seconds

and resumed after the firing.

[092] In some embodiments, aiming system 11 1s adapted to recognize detect a
laser marker (red dot), which may be an encoded laser, visible or not, from the firearm or a
remote laser marker. The laser marker 1s displayed on user display 14 (for communication
purposes between users or between the user and a remote person); and can automatically

lock on the detected laser marker.
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093] In some embodiments, aiming system 11 1s adapted to record a video,

collect data and statistics; and allow play back of the video recording.

[094] In some embodiments, aiming system 11 1s adapted to receive remotely
detected locked-on targets (using the video of the image sensor 22), wherein a remote
operator/user can select/lock on a target, then the shooter/user can shoot toward the
remotely locked-on targets. This requires a communication means between the remote

operator and aiming system 11].

[095] In some embodiments, aiming system 11 1s adapted to receive
external/remote commands (again requiring a communication means), for example to stop
firing. Such commands can preferably be overridden to allow shooting anyway 1f the need

arises. This adaptation can be useful in an ambush, when firing 1s preferably synchronized.

[096] In some embodiments, aiming system 11 1s adapted to synchronize
shooting on targets with other users. Such firing synchronization can be advantageous
between users, such as snipers 1n a hostage scenario. For example, only when all of the
snipers are aiming toward the locked on targets 1n a way that firing decision module 30 of
firlng processor 18 determines that all the snipers will hit their targets, will a fire

authorization command be given, to all the snipers.

[097] In some embodiments, firearm 10 with aiming system 11 can be adapted
for training purposes, shooting blanks, or nothing at all, while aiming system 11 calculates
the hits/misses. Imaging system 12 may record the whole session or the “hit” moment
image only. In another training example, aiming system 11 includes augmented reality
targets (built-in trainer) and generates graphics (such as a running soldier) on user display
14. The computer generated target may be dynamic and 1t may determine the user’s
relative location, user actions — such as firing at the target; and 1t may simulate firing back
at the trainee or getting hit. Aiming system 11 may calculate the hit/miss during training in
the same way as 1t calculates for firing real rounds. This "training" mode can also be used
to simulate real time firing before a firing command 1s actually given, letting the system
calculate and snipers (users) be informed how many of the targets can actually be fired
upon (hit) simultancously, The training mode can also provide statistics of time to hit the
target, success ratio estimation and so on, and all of which can be calculated and displayed

to the users and potentially others such as commanders.
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098] In some embodiments, aiming system 11 1s adapted to use range
measurement or estimation to: (a) Allow manual firing without any restrictions or allow
firing toward short-range targets even 1f another target 1s locked-on (as a close target 1s
usually more threatening than a remote target); (b) Block fire / alert regarding firing
toward a target beyond effective range of the fircarm; (¢) Alert that charging toward the
targets will be nefficient (as the target 1s long range, which 1s often wrongly estimated by

soldiers, especially at night).

[099] In some embodiments, aiming system 11 comprises multi- or hyper-
spectral sensors. These sensors enable detection and/or 1dentification and/or classification
of specific targets (or friendly forces) for example: specific uniforms (e.g. by fabric). This
feature can be used 1n logic for “reacquiring” the same target (having the same mult1 /
hyper-spectral signature) after the target had been marked but had then left the system’s
FOV or went behind a cover and afterward reentered the FOV or came out from behind the

cover etc.

[0100] Target selection by movement pattern: In some embodiments, aiming
system 11 1s adapted to allow target selection (lock-on) in accordance with movement
pattern. It can be difficult to lock on to a moving target, especially if the user himself 1s
moving. This embodiment enables a situation where by having a similar barrel movement
pattern to the target movement (though the movement can be somewhat displaced, the
target will be selectable (locked on). For example, a target moving to the right “tracked” by
a general barrel movement 1n a similar rightward direction will enable selection of the
target rather than a static target or target moving in a different direction. A similar
mechanism may serve for deciding to shoot or not at the target with a similar movement
pattern, even without locking on the target (such as in a “charge mode”, where the
user(s)/soldier(s) are charging toward target(s). For example, avoiding shooting at objects
(such as humans) that are going in the other direction as the target, again, even 1if the target

was not locked on, rather “selected” by the common pattern movement.

[0101] Second Bullet Mode: In some embodiments, aiming system 11 1s adapted
to start operating only after a first bullet 1s (or a number of bullets are) fired manually. The
manual shooting provides the user’s intention to the system and 1t may automatically (or
with pressing a button) lock on the nearest plausible target (to the first shooting aim-point)

that will enable a better chance to hit it.
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[0102] Deliberate-calculated-bullet-spread: Fig. 8 helps illustrate an embodiment
wherein aiming system 11 1s adapted to cause deliberate firing 1n a calculated spread (by
moving the reticle 1n different directions about the target 48). By way of example, a first
shot 1s fired toward target 48 and then there 1s a bullet spread, namely, a first bullet of the
bullet spread fired below the target; followed by a 4 bullet of the bullet spread fired to the
right of the target; followed by a > bullet of the bullet spread fired to the left of the target:
followed by a ™™ bullet of the bullet spread fired above the target. The bullet spread is
performed to improve the chance of hitting the target (although it increases the chance of
missing the target as well). This embodiment/method can be very effective 1in cases of
ballistic 1ssues caused by wind calculation errors, range errors, calibration errors etc., and
1s particularly appropriate when hitting the target 1s more important than missing the target.
The calculated spread can be better than a “random™ spread by manual shooting. The order
of the bullet spread can be “opportunistic”, in other words if the user 1s aiming that way

anyhow.

[0103] Virtual Laser Marker and Target Transference: In some embodiments,
aiming system 11 18 adapted to incorporate and.or use a communication device (optionally
a C41I system) to transfer FOV of each soldier and/or targets and create a “virtual laser
marker” (which 1s passive). The passive virtual laser marker 1s similar to the regular laser
marker, however 1t can be used for display only or for adding target locks (i.e.
automatically lock on that virtual marker). This option enables easy target distribution and
excellent common language aid (mutual virtual-pointing devices). The passive virtual laser
marker can also be used for accepting multiple target locks from an external system
without the need to reveal the locations of the users/soldiers (as markings with active laser

markers do).

[0104] Training safety mode/feature: In some embodiments, aiming system 11 1s
adapted to include a training safety mode or feature to improve (practice range) training
safety. Here, the system enables firing only toward a target arca, for example as defined by
an angle from the north (e.g. using a digital compass) or by recognizing range borders such
as flags/visual marks in - and not allowing firing at humans. This is like having one large

epsilon area, over the entire training arca. A GPS can actuate this mode automatically.

[0105] Elaborate epsilon logic: According to some embodiments, in one mode of

aiming system 11 there are one or more “sets of epsilons”. By way of example, there can

be a particular "set of epsilons” for charging (e.g. soldiers charging at an enemy position);
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another set of epsilons for sharp shooting (sniper fire); another set of epsilons for cover
fire; another set of epsilons for a return fire mode (e.g. the epsilon may change once being
the system detects i1t has been "fired upon", for example to allow the user to return fire as
soon as possible. A further example of such Elaborate epsilon logic 1s where the logic
requires the first few bullets to be with high accuracy (small epsilon arca 54) and later

allows less accurate firing (larger epsilon area).

[0106] It should be understood that the present invention can be implemented with

both standard and guided rounds.

[0107] It should be understood that the above description 1s merely exemplary and
that there are various embodiments of the present invention that may be devised, mutatis
mutandis, and that the features described in the above-described embodiments, and those
not described herein, may be used separately or in any suitable combination; and the
invention can be devised in accordance with embodiments not necessarily described

above.
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AMENDED CLAIMS
received by the International Bureau on 13 September 2012 (13.09.2012).

1. A firearm aiming system comprising:

an 1maging system comprising an imaging sensor and an image processor; and

a user display,

wherein the 1maging system is adapted to detect at least one potential target
based on target features and to display, on the user display, an indicator of a direction
in which the firearm 1s pointed; the system further comprising:

user controls for locking on a detected potential target towards which the

firearm 15 pointed according to the indicator.

2. The system according to claim 1, wherein the imaging system adapted to use
at ]Jeast one background feature for determining target movement and/or proper aim

poInt.

3. The system according to claim 2, wherein the at least one background feature

includes. a static background feature.,

4. The system according to claim 1, wherein the user controls are adapted to

allow locking on the potential target automatically.

5. The system according to claim 1, wherein the user controls are adapted to

allow locking on the potential target manually.

6. The system according to claim 1, wherein the user controls include a target
lock-on mechanism consisting of one of the elements selected from the group

comprising: a trigger, a button, a touch screen.

7. The system according to claim 1, adapted to allow locking onto a plurality of
targets.
8. The system according to claim 1, wherein the imaging system detects the

target on the basis of edge detection.
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9. The system according to claim 1, wherein the detection is highlighted in the

form of a contour at the edges of the target or a potion of the target or in the form of

coloration.

10.  The system according to claim 1, wherein imaging system is adapted so that
the target features may include any of the features, including a combination thereof,
chosen from the group consisting of: target movement, target shape, associated enemy
muzzle flash, range/distance, IR signature, and “change detection”.

11.  The system according to claim 1, further comprising a firing processor for
predicting/determining if a target will be hit.

12.  The system according to claim 11, wherein the firing processor is adapted to
calculate a lead required for proper aim point.

13.  The system according to claim 11, further comprising an epsilon Jogic module
for calculating a target aim-point/area used by the firing processor to make a firing

decision.

14, The system according to clajm 13, wherein the epsilon logic module 1 adapted
for calculating dynamic epsilon area.

15.  The system according to claim 14, wherein the epsilon logic module includes

an algorithm to take into account target, firearm and environmental factors.

16.  The system according to claim 11, furthexr comprising a firing actuator adapted

to enable firing only when the firing processor determines the target will be hit.

17.  The system according to claim 11, wherein the firing actuator is an actuation

mechanism for actuating a trigger or a hamumer of the fireaxm.

18.  The system according to claim 17, wherein the actuation mechanism 1s
adapted to release the trigger or the hammer of the firearm.

19 The system according to claim 17, wherein the actnation mechanism 1s

adapted to actively move the trigger or the hammer of the firearm.
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20.  The system according to claim 1, further comprising a target tracker processor
for tracking potential targets.

21. The system according to claim 1, wherein the image processor includes a
target recognition algorithm for identifying the target type.

22. The system according to claim 1, further having a non-lock on mode.

23.  The system according to claim 1, further having a “suppressing fire”’mode.

24.  The system according to claim 1, adapted to be activated by a partial depress
of the trigger.

25.  The system according to claiml, wherein the aiming system is adapted to
allow operation as a “regular” firearm, able to shoot mechanically.

26. A method of operating a firearm having a display, the firearm comprising:
pointing the firearm at a target;

selecting a target area towards which the firearm is pointing by locking on a location
of the target area resulting in the fireanm locking onto a desired hit point and tracking
the selected target; and '

aiming the firearm in a direction of the target until the firearm has determined the
target Will be hit.

27.  The method according to claim 26, wherein aiming the firearm includes
aiming within an epsilon tolerance of the selected range.

28.  The method according to claim 26, wherein aiming the firearm includes using

an aiming guide line/arrow.

29.  The method according to claim 26, wherein locking onto the target comprises

partially depressing a trigger of the firearm.

30.  The method according to claim 26, wherein locking onto the desired hit point
includes locking on a particular part of the selected target or the center of the selected
target.
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31.  The method according to claim 26, wherein locking onto the desired hitpoint

includes locking on a particular location of the target.

32.  The method according to claim 26, wherein the selecting of the target area
includes using object background segregation by the imaging system of the firearm,
the method further comprising:

selecting the target automatically or based on a user command in order to track the
target;

predicting movement of the target, if any; and thus the position, of the target with
- respect to background features of the field of view;

predicting the aiming of the firearm using background features of the field of view;
and

enabling firing at the target when the predicted aim of the firearm coincides with the
predicted position of the target.

33, The method according to claim 32, wherein using object background

segregation includes using movement detection.

34.  The method according to claim 32, further using target range estimation based
on background features in the field of view.

35. The method according to claims 32, further using target range estimation

based on comparison to objects of familiar size.

36.  The method according to claim 32, further using target range estimation based
on target size changing.

37. The method according to claim 36, wherein target range estimation includes

using perspective analysis.

38.  The method according to claim 36, wherein target range estimation mcludes

using focus for estimating the range.
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