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tecting and displaying a number of rounds in a firearm magazine comprising a max-
imum number of N rounds. The magazine may comprise a follower, magnets on the
follower, and <N magnetic-field-sensing sensors arranged along a path of the mag-
nets when the follower moves along a length of the magazine, the sensors generat-
ing round count data based on a position of the one or more magnets relative to the
<N magnetic-field-sensing sensors, and a first substantially flat antenna arranged
on an inside of the magazine and configured to wirelessly transmit a round count
indication to a second substantially flat antenna on the firearm, the round count in-
dication based on the round count data, the second substantially flat antenna affixed
to an inside of a magazine well of the firearm and mostly overlapping with the first
substantially flat antenna.
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TITLE: DETERMINATION OF ROUND COUNT BY HALL SWITCH ENCODING

CLAIM OF PRIORITY UNDER 35 U.S.C. §119

[0001] The present Application for Patent claims priority to Provisional Application No.
62/748,602 entitled “DETERMINATION OF ROUND COUNT BY HALL SWITCH
ENCODING” filed October 22, 2018, and assigned to the assignee hereof and hereby

expressly incorporated by reference herein.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates generally to firearms round/ammunition counting. In
particular, but not by way of limitation, the present disclosure relates to systems, methods

and apparatuses for wirelessly counting a number of rounds remaining in a magazine.

DESCRIPTION OF RELATED ART

[0003] United States Patent No. 9612068 discloses a magnet (180) that can be coupled to the
spring supporting a magazine follower along with a signaling element (145) coupled to
the magazine or another portion of the firearm and configured to detect a proximity of the
magnet (180). For instance, the signaling element (145) can include a reed switch or Hall
effect sensor. The proximity of the magnet (180) is converted by the signaling element
(145) to a signal indicative of the ammunition status of the firearm (105). The signaling
element (145) can then send a wired or wireless signal to a reporting element (130, 135)
to display a remaining round count to the firearm user. There are no sensors within the

magazine.

[0004] United States Patent No. 9784511 discloses a magnet (33) on the follower (38) or

compression spring (34) that causes physical displacement of tactile indicators (44) on an
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outside of the magazine to thereby provide a tactile indication of the follower position

within the magazine.

[0005] United States Patent No. 8215044 discloses a gray encoded ferromagnetic strip arranged
along the magazine to indicate a location of the follower and thus round count of a

magazine.

[0006] Great Britain application No. WO2018172738 discloses a round-counting device for
monitoring the number of ammunition rounds contained in a firearm magazine. The
system includes a magnet mounted to the follower and a plurality of reed switches
arranged in a spaced apart arrangement along a length of the magazine. When the
follower is in a given position, adjacent reed switches are activated, and provide a signal

indicative of the number of rounds in the magazine.

[0007] United States Patent No. 5303495 discloses a handgun with a grip that fully-encloses a
magazine. The firearm also includes a permanent magnet (92) mounted on a top rung of
a magazine spring 93 and a series of Hall effect switches (94) that are surface mounted on
a mylar substrate (95) in the hollow handle of the firearm. The number of Hall effect
switches (94) is equal to the number of cartridges to be counted and the switches (94) are
positioned one cartridge diameter apart at positions where the magnet (92) will be located
directly adjacent to a switch 94 as each round is fired. Only one Hall effect switch (94) at

a time is activated. There are no sensors in the magazine.

[0008] United States Publication No. 20110252682 discloses receptor means (41) (e.g., Hall
effect sensors) in a pistol grip or magazine well of a long firearm that sense a magnetic

field strength of a magnet (24) positioned on a cartridge lifter (22). In the case of the
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long firearm, this disclosure suggests that there is only a need to monitor the last
cartridges in the magazine (21), and therefore receptor means (41) are only placed in an
area adjacent to the upper part of the magazine (21) (i.e., only in the magazine well).

There are no sensors in the magazine.

SUMMARY OF THE DISCLOSURE

[0009] The following presents a simplified summary relating to one or more aspects and/or
embodiments disclosed herein. As such, the following summary should not be
considered an extensive overview relating to all contemplated aspects and/or
embodiments, nor should the following summary be regarded to identify key or critical
elements relating to all contemplated aspects and/or embodiments or to delineate the
scope associated with any particular aspect and/or embodiment. Accordingly, the
following summary has the sole purpose to present certain concepts relating to one or
more aspects and/or embodiments relating to the mechanisms disclosed herein in a

simplified form to precede the detailed description presented below.

[0010] Some embodiments of the disclosure may be characterized as a round counting system
for a firearm with a detachable magazine, the system comprising: a magazine comprising
at least a follower, the follower comprising one or more magnets, and the magazine
comprising: <N magnetic-field-sensing sensors arranged substantially along a path of the
one or more magnets when the follower moves along a length of the magazine, where N
is a maximum number of cartridges that can be loaded in the magazine, the sensors
generating round count data based on a position of the one or more magnets relative to
the <N magnetic-field-sensing sensors; and a first substantially flat antenna on an inside

of the magazine arranged at in a region of the magazine that is configured to fit at least
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partially within a magazine well of the firearm, the wireless antenna configured to
wirelessly transmit a round count indication from the magazine to a substantially flat
second wireless antenna on the firearm; and the substantially flat second antenna
configured to be affixed to an inside of a magazine well of the firearm and having an area

that mostly overlaps with an area of the first substantially flat antenna.

[0011] Other embodiments of the disclosure may also be characterized as a round counting
system for a firearm with a detachable magazine, the system comprising: a magazine
comprising a follower, the follower comprising one or more magnets, and the magazine
comprising: Hall effect switches arranged substantially along a path of the one or more
magnets, where N is a maximum number of cartridges that can be loaded in the
magazine, the Hall effect switches each generating a high or low signal based on a
position of the one or more magnets relative to each of the Hall effect switches; and a
magazine processor coupled to each of the Hall effect switches and configured to convert
the high or low signal from each of the Hall effect switches into a single round count
indication for the magazine; a magazine antenna on an inside of the magazine arranged
in a region of the magazine that is configured to fit at least partially within a magazine
well of the firearm, the magazine antenna configured to wirelessly transmit the round
count indication from the magazine to a magazine well antenna on the firearm; and the
magazine well antenna configured to be affixed to an inside of a magazine well of the
firearm and having an area, a majority of which, overlaps with an area of the magazine

antenna.

[0012] Other embodiments of the disclosure can be characterized as a method of manufacturing

a magazine with a round counting system, the magazine comprising a follower, wherein
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the follower comprises one or more magnets, the method comprising arranging <N
magnetic-field-sensing sensors substantially along a path of the one or more magnets
when the follower moves along a length of the magazine, where N is a maximum number
of cartridges that can be loaded in the magazine, the sensors generating round count data
based on a position of the one or more magnets relative to the <N magnetic-field-sensing
sensors; and arranging a first substantially flat antenna on an inside of the magazine in a
region of the magazine that is configured to fit at least partially within a magazine well of
the firearm, the first substantially flat antenna configured to wirelessly transmit a round
count indication from the magazine to a substantially flat second wireless antenna on the
firearm, the round count indication based on the round count data, wherein the first
substantially flat antenna is arranged such that an area of the first substantially flat
antenna, defined by a height and width, primarily aligns with an area of a second

substantially flat antenna coupled to an inside of a magazine well of the firearm.

[0013] Other embodiments of the disclosure can be characterized as a method of installing a
round counting system on a firearm, the method comprising installing a detachable
magazine comprising a follower, the follower comprising one or more magnets, and the
magazine comprising: <N magnetic-field-sensing sensors arranged substantially along a
path of the one or more magnets when the follower moves along a length of the
magazine, where N is a maximum number of cartridges that can be loaded in the
magazine, the sensors generating round count data based on a position of the one or more
magnets relative to the <N magnetic-field-sensing sensors; and a first substantially flat
antenna on an inside of the magazine arranged in a region of the magazine that is

configured to fit at least partially within a magazine well of the firearm; and installing a
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second substantially flat antenna on an inside of a magazine well of the firearm such that
an area of the first substantially flat antenna and an area of the second substantially flat
antenna are mostly aligned, the first and second substantially flat antennas configured to
exchange a round count indication based on the round count data as well as power via a

near-field-communication connection.

[0014] Other embodiments of the disclosure can be characterized as a non-transitory, tangible
computer readable storage medium, encoded with processor readable instructions to
perform a method for detecting and displaying a number of cartridges remaining in a
firearm magazine, the firearm magazine comprising a follower, and the follower
comprising one or more magnets, the method comprising: arranging <N magnetic-field-
sensing sensors substantially along a path of the one or more magnets when the follower
moves along a length of the firearm magazine, where N is a maximum number of
cartridges that can be loaded in the firearm magazine, the sensors generating round count
data based on a position of the one or more magnets relative to the <N magnetic-field-
sensing sensors; arranging a first substantially flat antenna on an inside of the firearm
magazine in a region of the magazine that is configured to fit at least partially within a
magazine well of the firearm, the first substantially flat antenna configured to exchange a
round count indication based on the round count data as well as power via a near-field
communication connection with a second substantially flat antenna coupled to an inside
of a magazine well of the firearm, wherein the first substantially flat antenna is arranged
such that an area of the first substantially flat antenna, defined by a height and width,

primarily aligns with an area of the second substantially flat antenna coupled to the inside
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of the magazine well of the firearm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Various objects and advantages and a more complete understanding of the present
disclosure are apparent and more readily appreciated by referring to the following
detailed description and to the appended claims when taken in conjunction with the

accompanying drawings:

[0016] FIG. 1 is a side view of a firearm receiver and a detachable magazine, illustrating an
embodiment of a magnetic sensor-based round counting system.

[0017] FIGs. 2A and 2B are high-level circuit diagrams of the magnetic sensor-based round
counting system illustrating hall effect sensors, analog-digital-converters (ADC),
comparators, and magnetic processing circuitry.

[0018] FIGs. 3A and 3B are high-level circuit diagrams of the magnetic sensor-based round
counting system illustrating hall effect switches, comparators, and magnetic processing
circuitry.

[0019] FIG. 4A illustrates a processor receiving signals from Hall effect switches, where there is
one Hall effect switch for every cartridge position; FIG. 4B illustrates a processor
receiving signals from Hall effect switches, where there is one Hall effect switch for

every two cartridge positions.
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[0020] FIG. 5 is an isometric view of the detachable magazine in FIG. 1, illustrating an array of
magnetic sensors, circuitry for processing signals from the sensors, cartridges, a follower,
a magnet on the follower, and an NFC antenna.

[0021] FIG. 6 is a circuit diagram for the magnetic sensor-based round counting system.

[0022] FIG. 7 is a block diagram of a media access controller (MAC) that controls the processor
in FIG. 6, according to an embodiment of the disclosure.

[0023] FIG. 8 is sequence diagram of the MAC in FIG. 7.

[0024] FIG. 9 is a side view of a firearm receiver and a detachable magazine where the
compression spring is utilized as part of the counting system, according to an alternative
embodiment of the disclosure.

[0025] FIG. 10 is a side view of a firearm receiver and a detachable magazine where an NFC
interface may be used to transmit round count information from the magazine to the
weapon. FIG. 10 also illustrates placement of the battery in the pistol grip of the firearm,
according to an alternate embodiment of the disclosure.

[0026] FIG. 11 is a block diagram illustrating a computer system according to various
embodiments of the disclosure.

[0027] FIG. 12 is a side view of the firearm and the detachable magazine (in FIG. 5), illustrating
areas for installing the magazine antenna and magnetic field-sensing sensors.

[0028] FIG. 13 is a detailed view of the detachable magazine in FIG. 12.

[0029] FIG. 14 illustrates an isometric view of the trigger assembly and magazine well,
according to an embodiment of the disclosure.

[0030] FIG. 15 illustrates a RF connector and cable for use with the NFC antenna and/or weapon

system display.
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[0031] FIG. 16 illustrates different views of the NFC circuit board flexing around the bottom of
the magazine well.

[0032] FIG. 17 is a detailed view of the NFC antenna and circuit board.

[0033] FIGs. 18, 19, and 20 illustrate magnetic position sensing using Hall effect sensors for one,
two, and three magnets on the follower, respectively.

[0034] FIG. 21 illustrates a display housing for mounting on the weapon, according to an
embodiment of the disclosure.

[0035] FIG. 22 illustrates an example of a user interface in the display housing of FIG. 21, for
displaying the round count.

[0036] FIG. 23 illustrates a round counting system utilizing a wireless mesh network
communication system for transmitting information from the magazine sensing circuity
to a display on the weapon or to/from other magazines.

[0037] FIG. 24 is a side view of a firearm receiver and a detachable magazine, illustrating a
round counting system utilizing an ultra-high frequency or millimeter-wave (mmW)
transceiver, according to an alternate embodiment of the disclosure.

[0038] FIG. 25 is a detailed view of the magazine well in FIG. 24, illustrating the slot opening.

[0039] FIG. 26A is a front view of the magazine board in FIG. 5, illustrating the PCB layout.

[0040] FIG. 26B is a detailed view of the magazine board in FIG. 26A.

[0041] FIG. 27A is a rear view of the magazine board in FIG. 26A, illustrating the PCB layout.

[0042] FIG. 27B is a detailed rear view of the processing circuit of the magazine board in FIG.
27A.

[0043] FIG. 28 is a high-level system block diagram, according to an embodiment of the

disclosure.
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[0044] FIG. 29 is a low-level system block diagram of the display in FIG. 28.

[0045] FIG. 30 is a low-level system block diagram of the magazine in FIG. 28.

[0046] FIG. 31 is a flowchart of a method of manufacturing a magazine with a round counting
system.

[0047] FIG. 32 is a flowchart of a method of installing a round counting system on a firearm.

[0048] FIG. 33 is a flowchart of a method of obtaining the number of rounds in a magazine

utilizing a round counting system with a Hall effect switch array.

DETAILED DESCRIPTION

[0049] Despite the industry working to solve the round counting problem for decades (this
application references early round counting systems dating to as early as 1992), no
solution thus far has overcome all the challenges that the inventors identified. For
instance, RADETEC (Rade Tecnologias) has developed two primary lines of round
counters: one that is part of a pistol grip and uses a magnet on the follower and magnetic
field sensors in the pistol grip to estimate distance of the magnet from those sensors and
thereby estimate a position of the follower and hence a number of rounds in the
magazine; the second is directed to long gun platforms, such as the AR-15, and this
system again uses a magnet on the follower, but a magnetic field sensor in the magazine
well or receiver to detect a distance between the magnet and the sensors. Both systems
rely on analog magnetic field sensors that are prone to low signal to noise ratios and thus
erroneous readings. They also both require “long distance” magnetic field sensing.
Magnetic field strength drops off exponentially with distance (e.g., r*) and thus even

small increases in distance have a profound influence on field strength. By locating the

10
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magnet inside the magazine, and the sensors outside the magazine, either in the pistol
grip or in the receiver, the magnetic field is greatly diminished by the time it reaches the
sensors. Additionally, in the case of the long gun version, since sensors are only arranged
on the magazine well or receiver, the magnet is even further away for fully-loaded and
near-fully-loaded magazines. What is more, layers of material (e.g., metal) between the
magnet and the sensors can further interfere with and degrade the magnetic field detected
at the sensors, and often the thickness of this material is not consistent along a length of
the magazine. For instance, in the long gun version, the magazine well does not extend
down the entire length of the magazine, meaning that different materials and thicknesses
of material are interposed between the magnet and the sensor(s) for different follower
positions. All of these factors lead to a system that suffers from high and varying signal
to noise ratios and ultimately to inaccurate round counts. From an ease-of-use
standpoint, the Radetec technology also requires the user to calibrate the system before

use, and such calibration is undesirable.

[0050] The inventors overcame the problems that have faced the industry unresolved for over
thirty years via a combination of some or all of the following: (1) use of Hall effect
switches rather than Hall effect sensors; (2) arranging Hall effect switches along a full
length of the follower path so that there is consistent signal strength and consistently high
signal-to-noise for each cartridge position; (3) arranging magnetic sensors within the
magazine where they are close to the magnet on the follower thereby maximizing
magnetic field strength at the sensors; (4) arranging a flat NFC antenna within the

magazine well; (5) arranging a processor within the magazine to process sensor signals

11
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before transmission across the wireless connection; and (6) energy harvesting from a

power source on the firearm through the NFC connection.

[0051] (1) Hall effect Switches

[0052] Most systems rely on Hall effect sensors rather than Hall effect switches to detect a
magnet in a follower since these more advanced sensors can better determine a position
of a magnet when used singularly (e.g., a Hall effect sensor provides an analogue signal
proportional to magnetic field strength and hence to distance, whereas a single Hall effect
switch provides either a high or low signal as a function of a threshold magnetic field).
For the purposes of this disclosure, a “Hall switch” is one providing a digital or at least
pulsed or square wave output, as compared to a fluctuating or sinusoidal analogue output.
However, Hall effect sensors are susceptible to many of the variables noted above
relative to the Radetec platform, and because of these systems using Hall effect sensors
often require user calibration. Hall effect sensors may also require an analogue to digital
converter (ADC). The inventors unexpectedly found that the simpler Hall effect switch,
when used in an array having <N switches (or N/2) (N = maximum number of cartridges
in the magazine), avoids the need for an ADC and calibration and can provide more
accurate follower position than an array of Hall effect sensors equal to the number of

cartridge positions in the magazine.

[0053] To implement a Hall effect switch array where the number of switches is <N, a processor
may be used to assess the signals from the array and looks for two scenarios: (1) where
only a single Hall effect switch is active, the follower is likely closely aligned with that

Hall effect switch; and (2) where two Hall effect switches are active, the follower is

12
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likely roughly between the two switches. Using these two scenarios, the processor can
distinguish between each and every cartridge position, even though <N or N/2 or N/3 or
N/4 Hall effect switches are used. Reducing the number of switches also decreases cost

and complexity.

[0054] Another advantage of using Hall effect switches is that the processor can analyze the
switch outputs and determine a number of cartridges without storing any state or other
data in memory. Thus, a processor with less or no cache/memory can be implemented.
Alternatively, this implementation may allow a processor with cache/memory to use less

of the cache/memory for round count processing.

[0055] (2) Sensors Arranged Along a Full-Length of the Magazine

[0056] While Hall effect sensors can estimate distance to a moving magnet using a single sensor,
such systems can also introduce errors since each cartridge position must be associated
with a unique magnetic field strength. By positioning magnetic-field-sensing sensors
along a full length of the magazine, the sensors can be arranged such that each cartridge
position can be associated with a consistent magnetic field strength, thereby greatly

reducing errors. This also helps to avoid the calibration challenges seen in the prior art.

[0057] (3) Sensors Within the Magazine

[0058] Most existing systems use sensors outside of the magazine as this simplifies
manufacturing and design. This also avoids the challenge of having to wirelessly convey
data from the magazine to the firearm. However, the inventors found that these systems

are not accurate enough for practical implementation. Therefore, the inventors chose the

13
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more complex route of locating sensors within the magazine. This introduced challenges
associated with getting round count data from the magazine to the firearm that have not
been addressed in detail in the art. For instance, US Patent No. 9612068 vaguely notes
that round count information can be wireless transmitted to a display, but provides no
enabling details surrounding this so-called wireless embodiment. W0O2018172738 also
vaguely suggests that a wireless chip can be implemented, but makes no further
discussion regarding details needed to implement this wireless embodiment. By taking
on this challenge, the inventors achieve more consistent magnetic field strength
measurements since there is little to no material between the follower’s magnet and the
magnetic-field-strength sensors. Also, by locating the sensors closer to the follower than
the prior art, the inventors could pick up on the strongest magnetic field possible, thereby

further reducing errors.

[0059] (4) Antenna Within the Magazine Well

[0060] In practice, wireless communication between the magazine and the firearm is fraught
with a number of challenges neither recognized nor addressed by known systems. For
one, most wireless technologies are power hungry. Power requires batteries, which are
heavy, and thus power-hungry wireless systems lead toward heavy firearms—something
that is not conducive to in-field usage. While there are known low-power wireless
protocols, such as near field communication (NFC), these protocols only operate over
very short distances and often have difficulty with signals that pass through anything but
air (for instance passing through components of a firearm could lead to errors in data
transmission). Also, since a firearm is a high tolerance device and designed to fit into the

smallest space available, there is not extraneous space to insert or arrange antennas.

14
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However, the inventors discovered that there are two unused areas of a firearm that are in
close proximity, such that they don’t require any metal components between them, which
turned out to be an ideal location for two interoperable flat NFC antennas. Namely, in
the forward part of a magazine where the magazine tapers, there is room in a polymer
magazine that can be carved out to fit a flat NFC antenna without compromising the
magazine’s structural integrity. There is also a depression in the left side of an AR-15
magazine well that does not contact the magazine and is just deep enough (e.g., Depth:
0.0175 +/- 0.0075 inches (0.44+/- 0.19 mm), Width: 1.77 inches (45 mm), Height: 2
inches (50.8 mm)) to fit a thin (e.g., thickness: 0.010 inches (0.25 mm), Height: 1.6
inches (40.64 mm), W: 1.050 inches (26.67 mm)) flat NFC antenna without interfering
with magazine insertion and removal. In some cases, the NFC antenna may be a
microstrip patch antenna fabricated on a dielectric substrate (e.g., ROGERS
RT/DUROID or RO3000 or DiClad series composite/laminate, Gallium Arsenide
(GaAs), GaN, epoxy, or any other composite or substrate for use in high frequency

applications).

[0061] Even after the inventors discovered a solution to getting a low power wireless system into
the magazine well that avoided metal interference between the antennas, this solution
generated a new problem—how to provide wiring access between the antenna inside the
magazine well to a display that is on the outside of the receiver. Again, the high
tolerances of a firearm do not leave much if any room to run wiring between these two
components. Unexpectedly, the substrate of the flat NFC antenna is flexible, and the
inventors recognized that a portion of the NFC circuit board could be flexed around a

bottom of the magazine well and then stuck to an outside of the magazine well (e.g., see

15
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FIGs. 14, 16, and 17) where a connection to an RF cable could be made, in this way
avoiding having to drill/machine any openings in the receiver to provide a wiring path for

a traditional cable.

[0062] (5) Processor Within Magazine

[0063] Another challenge of placing the sensors within the magazine is minimizing the
bandwidth requirements of the wireless connection. The prior art always uses a processor
within or on the firearm (e.g., receiver) to process raw data signals from the one or more
sensors. If this same technique were applied to the inventor’s Hall effect switch
approach, then upwards of thirty separate data streams would need to be wirelessly
passed through the NFC connection. To avoid this burden on the NFC connection, the
inventors found that placing a processor on the magazine to process the Hall effect switch
signals allowed a single indication of round count to be passed across the NFC

connection, thereby greatly reducing the throughput needs of the NFC connection.

[0064] (6) Wireless Power Transmission to Magazine

[0065] Reducing cost and weight means minimizing the number of batteries needed for the
round counting system. Prior art systems may utilize only a single battery, but also
benefit from off-magazine systems and thus do not need to provide power to the
magazine. Where a magazine does require power, the prior art uses a second on-
magazine battery. The inventors have realized a system with a single battery, but also
capable of providing power to the magazine. Specifically, the NFC connection can
unexpectedly pass both data and power allowing the magazine to upload round count data

to the firearm while passing power in the opposite direction, back to the magazine.
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[0066] As seen, an effective round counting system for firearms with a magazine that is
insertable into a magazine well, such as an AR-15 and most semi-automatic long guns, is
a complex challenge that requires more than mere design choices. A holistic approach
that overcomes a vast set of challenges, was needed. Each inventive discovery often led
to a new challenge to be solved, and an inventive balancing of various interests had to be
discovered to arrive at a system-level solution. The industry has searched for an
effective, reliable, and accurate solution to round counting for over 30 years, with little
progress over that time (e.g., United States Patent No. 5303495 used a sensor for each
cartridge in 1992). Despite this decades-old challenge, no one has yet conceived of a
solution as elegant, low power, light weight, accurate, and reliable as the one herein

disclosed.

[0067] Alternatives

[0068] In some cases, reed switches may be a viable alternative to Hall-effect switches. Like
Hall-effect switches, reed switches may be examples of electrical switches operated using
an applied magnetic field. Reed switches may primarily come in two variants: always on
and always off switches. An always on reed switch may disconnect or turn off under the
influence of a magnetic field, whereas always off (or closed) reed switches, such as those
seen in flip phones or laptops may start flowing current in a magnetic field. In some
cases, an always off reed switch may be implemented in a round counting system. For
instance, an always off reed switch is activated when a magnet on a follower is adjacent
to the reed switch. In such cases, a magnetic processing circuit connected to a plurality of
reed switches (e.g., N/2 +1) lining the inside of the magazine may identify which of the

reed switches has been activated, and from this determine the position of the follower
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(and the round count). Such an embodiment would enable a lower-power application

since reed switches don’t need external power.

[0069] In some circumstances, capacitive strip encoders may be utilized in a round counting
system. Capacitive strip encoders may measure a change in capacitance as a measure of
displacement (i.e., linear or rotational) using a high-frequency reference signal. By
analyzing the change in capacitance as the follower moves through the magazine, a round

count may be determined.

In one example, capacitive sensors, such as those seen in digital calipers, may line the
inside of the magazine. In some cases, the follower may comprise a circuit board, and a
plurality of rectangular notches (or grates) may be engraved onto a metallic strip inside
the magazine. In some cases, the circuit board and the grates on the metallic strip may
form a grid of capacitors. Further, as the follower moves along the inside of the
magazine, the rectangular notches may align and misalign with the circuit board, causing
the capacitance to change. In some cases, a processor within the magazine, or the firearm
may determine a position of the follower within the magazine (and a round count) based

on analyzing this varying capacitance.

[0070] In some circumstances, RFID tags may be utilized in a round counting system. For
instance, a RFID tag may be placed on the follower in order to accurately determine its
location within the magazine. In some examples, a RFID reader may be placed on the
weapon (e.g., on the magazine well, trigger guard, or elsewhere on the receiver), and the
follower’s location may be determined based on a time delay of signals received from the

RFID tag. In some other cases, unique RFID tags may be embedded within each round of
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the magazine (e.g., attached to or within each cartridge), and the magazine round
counting system may determine the number of rounds expended (or remaining) based on
the RFID reader scanning the rounds remaining in the magazine. Thus, the RFID reader
may also be used to identify an empty state of the magazine, if no RFID tags are

identified.

[0071] The word “exemplary” is used herein to mean “serving as an example, instance, or
illustration.” Any embodiment described herein as “exemplary” is not necessarily to be

construed as preferred or advantageous over other embodiments.

[0072] Preliminary note: the flowcharts and block diagrams in the following Figures illustrate
the architecture, functionality, and operation of possible implementations of systems,
methods and computer program products according to various embodiments of the
present invention. In this regard, some blocks in these flowcharts or block diagrams may
represent a module, segment, or portion of code, which comprises one or more executable
instructions for implementing the specified logical function(s). It should also be noted
that, in some alternative implementations, the functions noted in the block may occur out
of the order noted in the figures. For example, two blocks shown in succession may, in
fact, be executed substantially concurrently, or the blocks may sometimes be executed in
the reverse order, depending upon the functionality involved. It will also be noted that
each block of the block diagrams and/or flowchart illustrations, and combinations of
blocks in the block diagrams and/or flowchart illustrations, can be implemented by
special purpose hardware-based systems that perform the specified functions or acts, or

combinations of special purpose hardware and computer instructions.
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[0073] The following illustrations and detailed descriptions of the various embodiments will help

the reader to understand and appreciate the inventive concepts noted above.

[0074] FIG. 1 is a side view of a firearm receiver and a detachable magazine, illustrating an
embodiment of a magnetic sensor-based round counting system. The firearm 102 can
include a magazine 104 having a follower 106, and one or more magnets 108 attached to
the follower 106 or a compression spring 110. The magazine 104 can also include an
array of magnetic sensors 112 (e.g., Hall effect switches). The array 112 can span an
entire height of the magazine 104 or some subset thereof. For instance, if the magnet(s)
108 is arranged at a platform 114 of the follower 106, the follower may have tines 115
that prevent the follower platform 114 from reaching a bottom of the magazine 104 when
the magazine 104 is fully loaded. The bottom of the array 112 can be roughly aligned
with a position of the magnet(s) 108, or roughly the follower platform 114 height above a
bottom of the magazine 104. The array 112 can extend to a top of the magazine 104 or

some position below a top of the magazine 104.

[0075] When the one or more magnets 108 are within a threshold detection range of one or more
of the magnetic sensors 112, those sensors 112 can generate a detection signal and
provide this to a magnetic sensor processing circuitry 116. The processing circuitry can
compare signals from the sensors 112 to ascertain a position of the follower 106 and
convert this position to a number of rounds remaining (or number of rounds expended).
The round count can then be passed to transmitter 118, which wirelessly transmits the
round count to a wireless receiver 120 and passes the round count to a display device
122. As illustrated, the display device 122 is a digital display affixed to an exterior of a

red dot scope, but this is in no way limiting. For instance the display device 122 can be
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arranged on the firearm (e.g., a digital display integrated within or affixed to an outside of
a scope; a digital display coupled to an outside of the firearm receiver, a digital display
arranged on a visible portion of the magazine 104, etc.), but may also be arranged on a
user (e.g., in a display of glasses/goggles). The display device 122 can be part of a scope
or iron sight, but can also be a display separate from a sights/targeting means. Although
the transmitter 118 and the receiver 120 are illustrated as being separated by a few inches,
in other embodiments, these can be NFC interfaces and each can be arranged within a
few millimeters, for instance with the transmitter just under the magazine well, and the

receiver 120 on a portion of the trigger guard closest to a bottom of the magazine well.

[0076] A typical magnetic sensor 112 begins to detect the one or more magnets 108 at a distance,
and the strength of this detection increases as the one or more magnets 108 get closer to
the sensor 112. So, for instance, where each sensor 112 generates a voltage proportional
to the magnetic field generated by the one or more magnets 108, this voltage will increase
as the one or more magnets 108 approach the sensor 112. When the voltage exceeds a
threshold, the processing circuitry 116 can determine that the follower 106 is proximal to

the sensor 112 whose voltage exceeds the threshold.

[0077] Each sensor 112 can include an analogue to digital converter 202 followed by a digital
comparator 204 that compares the digital signal from the digital converter 202 to a
reference signal 206 or threshold. Where the digital comparator 204 finds that the signal
from the digital converter 202 exceeds the reference signal 206, the detection signal can

be generated and passed to the magnetic sensor processing circuitry 116.

21



WO 2020/086598 PCT/US2019/057460

[0078] FIG. 2A shows a variation where each sensor 112 includes an analogue to digital
converter 202, a reference signal 206, and a comparator 204, where the outputs of the
comparators 204 are provided to the processing circuitry 116. FIG. 2B illustrates an
embodiment where the outputs of each sensor 112 are converted to digital and then
passed to the processing circuitry 116, and where comparators 204 of the processing

circuitry 116 determine whether each signal exceeds the reference signal 206.

[0079] FIG. 3A shows a variation where each sensor 112 can include an analogue comparator
304 that compares the analogue output of the sensor 112 to a reference signal 306.
Where the analogue comparator 304 finds that the signal from the sensor 112 exceeds the
reference signal 306, the detection signal can be generated and passed to the magnetic
sensor processing circuitry 116. FIG. 3B illustrates an embodiment where the outputs of
each sensor 112 are passed to the processing circuitry 116, and where comparators 304 of

the processing circuitry 116 determine whether each signal exceeds the reference signal

306.

[0080] In another embodiment, each sensor 112 can provide its signal in analogue or digital form
(where an analogue to digital converter (ADC) is interspersed between the sensor and the
magnetic sensor processing circuitry 116) to the magnetic sensor processing circuitry
116. The magnetic sensor processing circuitry 116 can then process these signals and
ascertain a position of the follower 106. For instance, the magnetic sensor processing
circuitry 116 may be programmed or wired to determine that a sensor 112 having the
strongest signal is closest to the follower 106. The magnetic sensor processing circuitry
116 can be hardwired with data, or include data in memory, providing a position of each

sensor 112.
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[0081] In some examples, reference signal 206 may be a threshold with which the output value
of the sensor 112 is compared to, prior to being passed to the magnetic sensor processing
circuitry. In one embodiment, the threshold value may be slightly lower than an output
value of the sensor(s) 112 when the magnet is roughly equidistant from two sensors. For
instance, when a magnet is positioned between two adjacent sensors, and the output
voltages from the sensors are 2 V and 2.1 V, respectively, the reference signal 206 may
be set as <2 V (e.g., 1.95 V). In such cases, output readings from sensors that are further
away may not be passed on to the processing circuitry (i.e., if < 1.95 volts). In some
embodiments, an operational amplifier (or op-amp) may be used as a voltage comparator.
The polarity of an op-amp’s output circuit depends on the polarity of the difference
between the two input voltages (i.e., input voltage and reference voltage), and thus an op-

amp may be used as a voltage comparator. In some examples,

[0082] For instance, comparator 204 (or 304) may comprise an op-amp, where a first reference
voltage (e.g., reference signal 206) is applied to an inverting input of the op-amp, and the
voltage to be compared (i.e., output from sensor’s 112) with the reference voltage is
applied to the non-inverting input. In some examples, a resistive voltage divider (i.e., for
constant reference), or a battery source, diode, or potentiometer (i.e., for variable
reference) may be used to set the input reference voltage (i.e., reference signal 206 or
306) for the comparator. The output voltage of the op-amp may depend on the value of
the input voltage relative to the reference voltage. For instance, if the input voltage is less
than the reference voltage, the output voltage is negative; if equal to reference voltage,
output voltage is zero; if greater than reference voltage, output voltage is positive. Thus,

only signals exceeding the reference signal 206 (or 306) may be filtered and passed on to
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circuitry 116 for further processing, based on the polarity and/or magnitude of the output

voltage from the comparator or op-amp.

[0083] The array 112 can include one sensor for each cartridge, where each sensor 112 is
roughly arranged at a position where a cartridge will stop. However, in other
embodiments, there may be one sensor 112 for every two cartridges: when a sensor 112
generates a strong signal and the two adjacent sensors 112 generate much weaker signals,
then the magnetic sensor processing circuitry 116 may determine that the magnet(s) 108
is closest to the sensor 112 providing the strong signal; and when two adjacent sensors
112 provide roughly the same signal, then the magnetic sensor processing circuitry 116
may determine that the magnet(s) 108 is between those two sensors 112. This
arrangement could decrease the number of sensors 112 and thus the complexity and cost

of the array 112.

[0084] In an embodiment, rather than a distinct magnet(s) 108 being affixed to the follower 106,
the follower 106 may be manufactured from a material that incorporates or is made from
magnetic material. For instance, a polymer follower 106 having magnetic threads or
particles incorporated into the polymer before molding and/or curing. In some other
cases, sensors 112 may be positioned on the follower, and magnet(s) 108 may line the

inside of the magazine.

[0085] FIG. 4A illustrates a processor 116 receiving signals from Hall effect switches 404,

where there is one Hall effect switch 404 for every cartridge position.

[0086] FIG. 4B illustrates a processor 116 receiving signals from Hall effect switches 404,

where there is one Hall-effect switch 404 for every two cartridge positions and one extra
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Hall effect switch 404 (not shown), though the extra Hall effect switch 404 is not
required. Typically, there is one more state to measure than a number of cartridges—
namely the empty magazine state. For instance, for a seven-round magazine, there are
seven cartridge positions, plus the empty magazine follower position. Thus, it may be
desirable to have ‘N+1° Hall effect switches 404, where ‘N’ is a number of rounds in the
magazine. However, in some cases, merely using ‘N’ Hall effect switches 404 can also
achieve the same result. For instance, where no Hall effect switch 404 is activated, the
processor 116 may be encoded/programmed to determine that the follower is in the

empty position. Thus, ‘N’ or ‘N+1° Hall effect switches 404 can be implemented.

[0087] In both FIG. 4A and 4B the dashed lines represent possible cartridge positions, although
these are exemplary only, and in no way limiting. They are roughly aligned with a
bottom half of each switch 404. However, in other embodiments, the cartridge positions

could be aligned with a middle, top half, bottom, top, or even offset from the switches

404.

[0088] Although the magnet(s) 108 is illustrated as not quite aligned with the sensors 112 and
Hall effect switches 404, in other embodiments, the magnets(s) 108 could be aligned with

the sensors 112 and the Hall effect switches 404.

[0089] FIG. 5 shows an isometric view of a magazine 502 implementing an array of magnetic
sensors 504, circuitry (not visible in FIG. 5, but see e.g., 2702 in FIG. 27, such as a
processor) for processing signals from the sensors 504, cartridges 508, a follower, and a
magnet on the follower. The array 504 can be arranged on an inside or outside of the

magazine 502 casing, or even integrated as a layer within the casing material. The
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circuitry can be arranged on a circuit board 510 (e.g., PCB) that can include electrical
traces from the sensor array 504. In the illustrated embodiment, the sensor array 504 is
arranged on the same circuit board as the circuitry, although in other embodiments the
array 504 can be on one board and the circuitry can be on a second board. Alternatively,
the circuitry can be on a circuit board and the array 504 may not be arranged on a board
(e.g., the sensors and electrical traces can be integrated into or printed on the magazine
502 casing itself). In some other cases, the circuitry and the array 504 may be located
exterior to the magazine, such as in a pistol grip of the firearm, or any other portion of the
firearm. Although the circuitry is on a backside of the board in FIG. 5 (i.e., the side
facing into the page), in other embodiments, the circuitry could be on the front side of the
board (i.e., the side facing out of the page). The circuitry may provide a round count
signal to a wireless transmitter (e.g., an NFC chip) that can wirelessly transmit the round
count signal from the magazine 502 to a wireless receiver or transceiver, such as an
antenna in a magazine well of the firearm, on the trigger guard, at a base of the magazine
well, on an outside of the magazine well, or an another portion of the fircarm. The
circuitry 506 can be arranged next to the array 504, on a side of the magazine 502, or may
be arranged proximal to or as part of a floorplate 512 of the magazine 502. In an
embodiment, the wireless transmitter can be arranged in a top half or a top third or a top
quarter of the magazine. In an embodiment, the wireless transmitter can be arranged in
an upper region of the magazine that is configured to be arranged within a magazine well

(e.g., see FIG. 12 and 16A).

[0090] The array 504 may include one sensor for each cartridge (e.g., 30 in a 30-round

magazine). The array 504 may include one sensor for each cartridge and then one
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additional sensor (e.g., 31 in a 30-round magazine). The array 504 may include one

sensor for every two cartridges (e.g., 15 in a 30-round magazine) or one sensor for every
two cartridges plus one (g +1) (e.g., 16 in a 30-round magazine). Whatever the

configuration, an additional sensor (N+1) can be used to detect the empty state, or

processing algorithms can be used to identify the empty state based on an N number of

N
Sensors, or — + 1 number of sensors.

[0091] FIG. 6 illustrates an embodiment of a circuit diagram for a magnetic sensor-based round
counting system. The system 600 includes a magazine 602 and a weapon system 604.
The magazine can include a follower having one or more magnets, where the magnets
travel along a straight or curved path as the number of rounds/cartridges in the magazine
changes. An array of magnetic sensors 606 (e.g., Hall effect switches) can be arranged
along the path of the one or more magnet’s travel, such that the one or more switches 606
closest to the one or more magnets produce a strongest signal. Each switch 606 is in
communication with a processor 608 (e.g., microprocessor or microcontroller) that
receives the signals from the sensors 606 and determines a location of the follower based
on these signals. In some cases, amicrocontrolieris a compact integrated circuit
designed 1o govern a specific operation in an  embedded system. A
typical mmcrocontroller includes a processor, memory and input/output {I/0) peripherals

on a single chip.

[0092] The processor 608 then ascertains a number of rounds remaining in the magazine 602
based on the position of the follower and passes this data to a near field communications

(NFC) chip 610. In some embodiments, the magnetic sensors 606 can have a binary
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output. The NFC chip 610 then communicates with an NFC chip 616 on the weapon 604
via NFC antennas 612 and 614. The NFC chip 616 then processes the wireless signal and
passes the resulting output to a second processor 618 on the weapon 604. The processor
618 can then display the round count on a display 620 and/or optionally pass the round
count to an optional RF radio 622 that passes the round count to other devices (e.g., a

display on glasses of the user) via an optional RF antenna 624.

[0093] In an embodiment, the NFC chips 610, 616 can also pass power from the weapon 604 to
the magazine 602. In other words, they can pass data and power simultaneously and in
opposite directions. Various known protocols can be utilized to pass power and data via
this wireless channel. For instance, a battery can store power in the handle of the weapon
604, and the NFC interface can pass power (e.g., wirelessly) from the battery to the
magazine 602 to power the processor 608 and optionally the magnetic sensor array 606.
It should be noted that, Hall effect switches typically use an external power source, while

Reed switches do not need external power.

[0094] FIG. 7 illustrates an embodiment of a block diagram for a media access controller
(MAC) that controls microcontroller hardware responsible for interacting with the wired,
optical, and/or wireless transmission mediums. A board 706 (e.g., a printed circuit board,
embedded systems board, etc.) may comprise hardware for a microcontroller unit (MCU)
706-c, one or more drivers 706-b, and firmware (i.e., software/code providing low level
control of device hardware). In some cases, the MCU hardware 706-c may be in serial
communication 704 with user interface 702 of a firearm. The user interface 702 may be
used to display a round count for a firearm magazine, the number of rounds expended,

level of battery remaining, etc. In some cases, the user interface may be an example of
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the user interface and display housing, further described with reference to FIGs. 21 and

22.

[0095] The MCU hardware 706-c may also receive digital input/output (I/O) streams 708 from
one or more sensors 710 located in the magazine of the firearm. In some cases, the
sensors 710 may be Hall effect switches, Hall effect sensors, Reed switches, etc. As
previously described, a Hall effect switch may provide a digital or at least pulsed or
square wave output, whereas Hall effect sensors may provide an analogue output and
therefore may require an analogue to digital converter (ADC) (not shown), as described

in FIG. 2.

[0096] FIG. 8 is a sequence diagram illustrating an embodiment of communications between the
MCU, magazine ammunition sensors (e.g., magnetic field-sensing sensors), and the user
interface (e.g., screen/display for displaying round count) in FIG. 7. MCU 706 may be in
serial communication with the user interface 702 and may receive digital I/O streams
from one or more magazine sensors 710. In some cases, the one or more magazine
sensors 710 may be substantially evenly spaced out from one another and line an inside

of the magazine. The MCU 706 may be exemplified by the processor 608 in FIG. 6.

[0097] At 801, the MCU 706 may initialize. In some cases, the initialization may be in response
to the round counting system being turned on, an accelerometer within the magazine (or
firearm) being triggered due to motion of the firearm, or any other user action. If the
MCU 706 or sensors 710 are not in sleep mode (i.e., while system is still initialized) at
802, the MCU 706 may start reading and processing the output (i.e., round count data)

from the magazine sensors 710 at 803. At 804, the MCU 706 may convert the round
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count data to a round count indication. For instance, the round count data may include an
indication of the number of active magnetic-field sensing sensors (e.g., Hall effect
switches or sensors, reed switches, etc.), based on which the MCU 706 may be able to
determine a position of the follower comprising a magnet within the magazine and the

round count indication.

[0098] At 805, the MCU 706 may transmit the round count 805 to the user interface 702. In
some cases, the MCU 706 may be coupled to a first flat antenna (e.g., microstrip patch
antenna, or any other antenna fabricated on a PCB) and the first flat antenna may transmit
the round count indication to a second flat antenna on the firearm (e.g., located inside a
magazine well of the firearm). The user interface 702 may be in communication with the

second flat antenna via one or more RF cables and connectors (e.g., see FIG. 15).

[0099] In some other cases, the MCU 706 may be located on the firearm side, as opposed to the
magazine side. In such cases, the round count data may be transferred wirelessly between
the two antennas prior to being processed. In some circumstances, the two antennas may
also transfer power via an NFC connection, for instance, if the battery or power source
for the round counting system is on the firearm. In one example, the battery may be

located within the grip of the firearm.

[00100] After receiving the round count indication 805, the user interface 702 may display the
round count for the user. At 806, if the MCU 706 is not receiving any further I/O from
the magazine sensors 710 (e.g., firearm is not in use, or after a certain level of inactivity),

the MCU 706 and/or sensors may switch to low power/sleep mode. Unlike Reed
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switches, Hall effect switches or sensors require external power to operate, thus, a sleep

mode may serve to conserve power.

[00101] FIG. 9 illustrates an alternative embodiment of a round counting system. Here, the
compression spring 905 is used as part of the counting system. In particular, as the
follower moves and compresses or relaxes the spring 905, the spring inductance changes.
A coil inductance detector 906 in the base of the magazine or located elsewhere on the
magazine, can detect this inductance and correlate this to a known follower position and
hence a number of remaining rounds. The follower may also include a first and second
reference contact 901, 902 and the magazine can include a third and fourth reference
contact 903, 904. These contacts can be used to calibrate the sensing. For instance, when
the first and third contacts 901, 903 come into contact, the system can know that the
follower 1s at a full-height position, that is, no rounds being in the magazine. When the
second and fourth contacts 902, 904 come into contact, the system can know that the
follower is at a minimum-height position, that is, fully-loaded. In another embodiment,
the first and second reference contacts 901, 902 can be a single contact or a portion or all

of the follower can be conductive and thereby operate as a contact.

[00102] In one embodiment, the limits of inductance can be tracked to self-calibrate the unit
when empty, the spring 905 will be longest and have the largest inductance. When fully
loaded the spring 905 will be shortest and have the least inductance. In this way the
detection circuitry may be able to "adapt” and learn the full/empty limits and deduce

intermediate values between the full and empty extremes.
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[00103] In an embodiment, a helical wire can be inserted inside the main magazine spring 905 or
fabricated into the spring 905 or attached thereto. This helical wire can be coupled to a
top of the main magazine spring 905 and thereby create a return loop to enhance
inductance measurements. In an embodiment, the detection circuitry 906 can inject
current into the spring 905 or the return wire to enhance the inductance that can be
measured. The helical wire can be wound in the same direction as the main spring 905 so
that it will also contribute inductance to the measurement, thereby making the

measurement more sensitive.

[00104] In another embodiment, a multi-layered spring can be used (e.g., conductor-insulator-
conductor), which integrates the return wire function within the main spring itself. The
two conductor layers would be electrically connected at the top end near the follower, but

electrically isolated during the journey from the top to the bottom of the magazine.

[00105] In some other cases, the spring 905 may be coated with an insulator (e.g., an oxide
layer) to prevent the conductive portions of the spring from contacting each other when
compressed. In some examples, such a system may need to be calibrated for different

round sizes and weights, since the compression and inductance of the spring may vary.

[00106] FIG. 10 illustrates a round counting system where an NFC interface is used to pass
information from the magazine sensing circuity to the weapon, for instance, a display on
the weapon or to a more powerful wireless transmitter on the weapon that can pass the
round count to a receiver/display on a user or other remote entity. In some cases, the
NFC interface may comprise two NFC inductive coupling antennas 1001-a and 1001-b.

As shown, the NFC interface can be arranged near a bottom of the magazine well and the
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trigger guard. One half of the interface can be affixed to the weapon and the other half
can be integrated into each magazine to be used with the weapon. In this way, each
magazine can convey round count information to the weapon. The NFC interface can
also be coupled to a power source on the weapon (e.g., a battery or weapon system
circuitry 1003), and this interface can wirelessly transmit power from the weapon to the

magazine and its sensing circuitry 1002.

[00107] In an embodiment, an NFC chip can have a unique ID (e.g., a 64-bit ID or 128-bit ID).
This ID gives each magazine a unique identification or serial number that can be used for
tracking and inventory, among other purposes. Alternatively, a serial number can be
coded or hardwired into the processor or microcontroller. Alternatively, a serial number

can be distributed between the processor and the NFC chip.

[00108] In some embodiments, eddy currents may be induced within a conductor (e.g., the NFC
antenna 1001-a) due to the motion of the magnet on the follower relative to the NFC
antenna 1001-a. In this way, the eddy current may also be used to power the NFC
connection and processing of these signals can occur on the weapon. Alternatively, the
eddy current signals can be processed on the magazine and passed to the weapon via the

NFC connection.

[00109] The methods described in connection with the embodiments disclosed herein may be
embodied directly in hardware, in processor-executable code encoded in a non-transitory
tangible processor readable storage medium, or in a combination of the two. Referring to
FIG. 11 for example, shown is a block diagram depicting physical components that may

be utilized to realize a round counter (and the processor 116 or Hall switch encoding
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circuitry 116 generally) according to an exemplary embodiment. As shown, in this
embodiment a display portion 1112 and nonvolatile memory 1120 are coupled to a bus
1122 that is also coupled to random access memory ("RAM") 1124, a processing portion
(which includes N processing components) 1126, an optional field programmable gate
array (FPGA) 1127, and a transceiver component 1128 that includes N transceivers.
Although the components depicted in FIG. 11 represent physical components, FIG. 11 is
not intended to be a detailed hardware diagram; thus many of the components depicted in
FIG. 11 may be realized by common constructs or distributed among additional physical
components. Moreover, it is contemplated that other existing and yet-to-be developed
physical components and architectures may be utilized to implement the functional

components described with reference to FIG. 11.

[00110] This display portion 1112 generally operates to provide a user interface for a user, and in
several implementations, the display is realized by a firearm’s scope, an LCD/LED
display mounted to a firearm, a set of goggles or spectacles worn by a user of the firearm,
electronic paper (e.g., e-ink) affixed to a weapon or user, and a touchscreen display. In
general, the nonvolatile memory 1120 is non-transitory memory that functions to store
(e.g., persistently store) data and processor-executable code (including executable code
that is associated with effectuating the methods described herein). In some embodiments
for example, the nonvolatile memory 1120 includes bootloader code, operating system
code, file system code, and non-transitory processor-executable code to facilitate the

execution of processing of the signals from the magnetic sensors described further herein.

[00111] In many implementations, the nonvolatile memory 1120 is realized by flash memory

(e.g., NAND or ONENAND memory), but it is contemplated that other memory types
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may be utilized as well. Although it may be possible to execute the code from the
nonvolatile memory 1120, the executable code in the nonvolatile memory is typically
loaded into RAM 1124 and executed by one or more of the N processing components in

the processing portion 1126.

[00112] The N processing components in connection with RAM 1124 generally operate to
execute the instructions stored in nonvolatile memory 1120 to enable processing of
signals from the magnetic sensors. For example, non-transitory, processor-executable
code to effectuate distinguishing between follower positions between Hall effect switches
or aligned with one of the Hall effect switches, where on switch is used for every two
positions (see FIG. 4B) may be persistently stored in nonvolatile memory 1120 and
executed by the N processing components in connection with RAM 1124. As one of
ordinarily skill in the art will appreciate, the processing portion 1126 may include a video
processor, digital signal processor (DSP), micro-controller, graphics processing unit
(GPU), or other hardware processing components or combinations of hardware and
software processing components (e.g., an FPGA or an FPGA including digital logic

processing portions).

[00113] In addition, or in the alternative, the processing portion 1126 may be configured to
effectuate one or more aspects of the methodologies described herein (e.g., determining
round count based on a position of one or more magnets on the follower as sensed by one
or more of the magnetic sensors/switches 112, 404, 504, etc.). For example, non-
transitory processor-readable instructions may be stored in the nonvolatile memory 1120
or in RAM 1124 and when executed on the processing portion 1126, cause the processing

portion 1126 to identify a position of the follower within the magazine. Alternatively,
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non-transitory FPGA-configuration-instructions may be persistently stored in nonvolatile
memory 1120 and accessed by the processing portion 1126 (e.g., during boot up) to
configure the hardware-configurable portions of the processing portion 1126 to effectuate

the functions of the Hall switch encoding circuitry 116 (or processor).

[00114] The input component 1130 operates to receive signals (e.g., the outputs from the
magnetic sensors/switches 112, 404, 504, etc.) that are indicative of one or more aspects
of the position of the follower and thus round count. The input component 1130 could
also be receiving signals from the NFC interface sent from the circuitry/processor 116 of
the magazine. The signals received at the input component may include, for example,
analogue or digital signals from the magnetic sensors/switches 112, 405, 504, etc.. The
output component generally operates to provide one or more analog or digital signals to
effectuate an operational aspect of the magazine passing round count information to the
weapon. For example, the output portion 1132 may provide the round count described
with reference to the figures above. The depicted transceiver component 1128 includes N
transceiver chains, which may be used for communicating with external devices via
wireless or wireline networks. Each of the N transceiver chains may represent a
transceiver associated with a particular communication scheme (e.g., WiFi, Ethernet,
Profibus, NFC, etc.). The transceiver component 1128 can be an NFC component and
can be configured to both send and receive data as well as power simultaneously. The
transceiver component 1128 may also be a more powerful second transceiver arranged on
the weapon, such that NFC transfers data from the magazine to the second transceiver
which then uses a more powerful radio to pass the round count to a receiver/display that

is remote from the weapon (e.g., on a user or a user’s goggles/spectacles).
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[00115] FIG. 12 illustrates a side view of a firearm with a sensor array 1201 and magazine
antenna 1202 within or coupled to the magazine. The second antenna (not shown), on the
firearm, could have an area that substantially aligns with and/or overlaps an area of the
antenna 1202 (e.g., see FIG. 16). FIG. 12 also shows an alternative shape of the antenna
1202 as compared to that shown in FIG. 5. FIG. 13 illustrates a detailed view of the
sensor array 1201 and magazine antenna 1202 in FIG. 12. Although the magazine
antenna 1202 is shown having an L-shape, in other embodiments, other shapes for the
magazine antenna 1202 could also be implemented. The magazine antenna 1202 also
encompasses an area that may be said to have a height and a width. The antenna may be
substantially flat, thereby enabling it to fit within the magazine without requiring

modification to the functional dimensions of the inside or outside of the magazine.

[00116] FIG. 14 is an isometric cross sectional view of a trigger assembly 1401 and magazine
well 1402, illustrating an embodiment of the disclosure. As shown, an NFC antenna 1403
(e.g., a flat NFC antenna) can be arranged in depression 1404 in the magazine well 1402.
As described above with reference to FIG. 10, one half of the NFC interface (i.e., NFC
antenna 1403) can be affixed to the weapon and the other half (i.e., a second NFC
antenna, not shown) can be integrated into each magazine to be used with the weapon. In
this way, each magazine can wirelessly convey round count information to the weapon.
The NFC interface can also be coupled to a power source on the weapon (e.g., a battery
or weapon system circuitry), and this interface can wirelessly transmit power from the

weapon to the magazine and the magazine sensing circuitry.

[00117] Wiring access may be provided between the antenna 1403 inside the magazine well

1402 to a display that is on the outside of the receiver. In such cases, the NFC antenna
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1403 and its circuit board may be fabricated on a flexible substrate, or a substrate having
a flexible portion. In one example, a portion of the NFC circuit board may be flexed
around a bottom of the magazine well 1402 and then affixed (e.g., stuck) to an outside of
the magazine well, as further described with reference to FIG. 16, where a connection to
an RF cable (see FIG. 15) could be made. Such a design may circumvent the need to
make any modifications (e.g., drilling/machine openings) to the receiver in order to
provide a wiring path for a traditional cable. In an alternative embodiment, a wiring
connection could be made through the magazine release switch, for instance through a
magazine release switch having a wiring aperture. It should be noted that FIG. 14 only
shows one embodiment of the antenna 1403, and other shapes and locations of the
antenna 1403 may also be implemented without departing from the scope or spirit of this

disclosure.

[00118] FIG. 15 illustrates an example of a RF cable for connecting the antenna 1403 to a
display mounted on the weapon. In some cases, the RF cable may be detachable, which
may serve to provide strain relief on the antenna attachment. Additionally or
alternatively, the detachable cable may also comprise a connector with strain relief for
attaching to the display. In some examples, connectors may be attached to both the

antenna and display and connected via a RF cable.

[00119] FIGs. 16A, 16B, and 16C illustrate different views of the NFC circuit board flexing
around the bottom of the magazine well (e.g., flexible lower portion 1601), and then
affixed (e.g., stuck) to an outside of the magazine well where a connection to an RF cable
could be made. FIG. 17 illustrates a detailed view of the NFC antenna including the

flexible lower portion 1601 of the circuit board that can be wrapped around the bottom of
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the magazine well. As described with reference to FIG. 14, the left side of an AR-15
magazine well may comprise a depression 1404 that does not contact the magazine and is
just deep enough (e.g., Depth: 0.0175 +/- 0.0075 inches (0.44+/- 0.19 mm), Width: 1.77
inches (45 mm), Height: 2 inches (50.8 mm)) to fit a thin substantially flat NFC antenna
1403 (e.g., Thickness: 0.010 inches (0.25 mm), Height: 1.6 inches (40.64 mm), W: 1.050
inches (26.67 mm)) without interfering with magazine insertion and removal. In some
examples, the NFC antenna 1403 may be a microstrip patch antenna (e.g., copper, or
another high conductivity material) fabricated on a dielectric substrate (e.g., ROGERS
RT/DUROID or RO3000 or DiClad series composite/laminate, Gallium Arsenide
(GaAs), GaN, epoxy, or any other composite or substrate for use in electromagnetic and
high frequency applications). As shown, the antenna 1403 may encompass a smaller area
than the main region of the circuit board. For instance, while the main portion of the
circuit board in FIG. 17 has a height and a width, the antenna 1403 has a smaller width
and a much smaller height (e.g., a height roughly half that of the main portion of the

circuit board).

[00120] In some other cases, the flat NFC antenna may comprise a high conductivity trace (e.g.,
copper) fabricated on a substrate or a dielectric circuit board in the shape of a coil, a
circle, an ellipse, or any other continuous shape. In some embodiments, a continuous
metal layer (i.e., ground plane) may be bonded to the second side of the substrate (i.e., the
one not comprising the antenna trace). At the minimum, the substrate thickness should be
selected to ensure that the flat NFC antenna fits within the magazine well of the receiver.
Furthermore, substrate material and thickness may also be selected based on one or more

antenna performance parameters, such as resonant frequency, directivity, gain, return
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loss, bandwidth, etc. For instance, a high frequency (smaller wavelength) application may
need a thinner substrate than a lower frequency application. In addition to the substrate
material/thickness, the 2-D geometry of the NFC antenna may also influence its radiation

pattern, beam width, etc., and different shapes may be selected for different scenarios.

[00121] FIG. 18 illustrates magnet position sensing with Hall effect switches, according to an
embodiment of the disclosure, where a single magnet is positioned on the follower and a
number of hall effect switches is N/2 or N/2 + 1. In some cases, the magazine may be
lined with magnets instead of hall effect switches. In such cases, one or more hall effect
switches and associated electronics may be placed on the follower. As shown, at the O-
position (e.g., empty magazine), the magnet may be sensed by one sensor. Next, at 1-
position, an odd position, the magnet may be sensed by two adjacent switches. It should
be noted that P is the pitch distance the follower moves for each round, and the switches
are spaced two (2) pitch distances apart. Thus, at the 1-position the magnet on the
follower would be approximately equidistant from the first two switches. Similarly, at 2-
position, an even position, the magnet may be in line with the second sensor, since it has
moved two (2) pitch distances from the O-position. Hence, it follows that for a single
magnet on the follower, the magnet is sensed by a single sensor at even positions and
sensed by two adjacent switches at odd positions. FIGs. 19 and 20 show different
embodiments using two and three magnets on the follower, respectively. FIG. 19 could
also be implemented using Hall effect sensors where outputs of each sensor was provided
to a comparator such that only sensors seeing a certain signal strength would register as

an active sensor.
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[00122] As noted above, unlike Reed switches, hall effect switches may need a power supply in
order to operate. For efficient power management of hall switches, only the switches that
are actively sensing a magnet may need to be powered. When a magnet leaves the
currently active sensor, the sensor generates a digital signal (e.g., an interrupt). In such
cases, since the active switches for the next states may be known, only those switches
may be activated until the location of the magnet on the follower has been determined.
Thus, the amount of current drawn by the switches may be minimized, improving battery
life. In some circumstances, an accelerometer may be installed to wake up the round
counting system. For instance, the accelerometer may be configured to detect movement
of the follower, allowing the hall effect switches to be shut off when the weapon is
inactive or during storage. Additionally or alternatively, the hall switches may be shut off
after some period of inactivity (e.g., 30, 60, 90 seconds, etc.), and the last active hall
sensor may be polled periodically (e.g., every 10, 20, 30 seconds, etc.) to check for a

change of state prior to resuming operation.

[00123] FIG. 19 illustrates magnet position sensing with Hall effect sensors, according to an
embodiment of the disclosure where two magnets are positioned roughly three (3) pitch
distances apart on the follower. As shown, in O-position, the magnet may be sensed by
the first three (3) sensors, where an output from the first sensor may have the highest
magnitude and the outputs from the second and third sensors of equal but smaller
magnitudes. Further, at 1-position, the first and third sensors may have an equal
magnitude and the second sensor would have a larger magnitude. In this way, the
processor or MCU hardware may be able to distinguish between O-position and 1-

position, even though the same number of sensors are active, for instance, by using a
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comparator. Similar to FIG. 18, N/2 or N/2+1 hall effect sensors may be needed in such a

setup.

[00124] FIG. 20 illustrates magnet position sensing with Hall effect switches, according to an
embodiment of the disclosure. In this example, three magnets are positioned four (4)
pitch distances apart on the follower (or between three (3) and four (4) pitches apart).
Further, N/3 hall effect switches may be needed in such a setup. Similar to FIG. 20, a
processor may be able to determine the follower position and subsequent round count
based on analyzing and comparing the outputs from the active switches. In the O-
position, switches 1, 2, and 4 are active. In the 1-position, switches 1, 3, and 4 are active.
In the 2-position, switches 2, 3, and 4 are active. Hall effect sensors could also be
implemented in this embodiment. Although more complicated than FIG. 19 from a
magnet and processing standpoint, FIG. 20 could provide a less expensive solution since

fewer Hall effect switches/sensors are needed (e.g., N/3 v. N/2).

[00125] FIG. 21 illustrates an example of a display housing 2101 mounted on the weapon,
according to an embodiment of the disclosure. As shown, the housing 2101 may
comprise a screen or a display (see FIG. 22) with a user interface including display
graphics and control buttons. In some examples, the display 2101 may be used to indicate
the round count 2201, round fired since last reset 2202, a fuel gauge round count
indicator 2203 for quick reference along the side and/or top of the display, etc. The user
interface/display may also implement features such as a flashing indicator when the
round count falls below a threshold (e.g., 9 rounds or less), or the ability to change the
brightness (i.e., set by the user, or auto set based on ambient light). In some cases, a user

may make changes to the display type using one or more buttons. The user interface may
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also be capable of communicating wirelessly (e.g., Bluetooth) with other devices, for
instance a device on another soldier’s weapon/body or a commanding unit. The display
housing 2101 may be powered via an internal battery and this same battery may provide
power through the NFC connection to the magazine. The display housing 2101 may
alternatively receive power from a battery stored in the stock or in the pistol grip of the

firearm. In some embodiments, power can be provided via an electrified accessory rail.

[00126] FIG. 23 illustrates a wireless mesh network communication system for communication
from a magazine 2301 to a weapon system 2303 (e.g., to the weapon system circuitry and
display), or for communicating between the magazine 2301 and other devices or even
other magazines (not shown). Magazine sensing circuitry 2302 may establish a wireless
mesh network 2304 for magazine to weapon communication, such as, for transmitting
and displaying a magazine round count on the weapon system 2303. Additionally or
alternatively, magazine sensing circuitry 2302 may establish wireless mesh network 2305
for communication with other magazines. In some cases, magazine sensing circuitry 2302
may be an example of the round counting systems or magazine processing circuits

described with reference to the FIGs. above.

[00127] Wireless mesh networks 2304 and/or 2305 may operate using the Thread protocol, BLE
protocol, or Zigbee protocol, to name a few non-limiting examples. In some
circumstances, the magazine may normally be in a sleep state (i.e., to conserve power).
Further, if the number of rounds in the magazines changes (increases or decreases), the
magazine may wake up, send out a new round count to the weapon system 2303, as well
as a unique magazine ID, and then return to a sleep state. In some cases, the waking up

procedure may be based in part on an accelerometer in the weapon or magazine being
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triggered. In some cases, the magazine 2301 may also report a round count and ID to any
other nearby magazines on mesh network 2305. The magazine sensing circuitry 2302
may be embedded on a side of the magazine along with the battery source, or the battery
source may be in the grip of the firearm or in the display 2303. It should be noted that the

battery may be rechargeable or chargeable (i.e., primary or secondary type).

[00128] FIG. 24 illustrates a round counting system utilizing an ultra-high frequency (UHF)
radar or mmW transceiver (e.g., operating around 60 GHz), according to an embodiment
of the disclosure. In some circumstances, a mmW (ransceiver may transmit
electromagnetic waves and analyze their reflection from objects, which may be referred
to as active scanning. In some other cases, a mmW transceiver may create images or
detect objects using only ambient radiation and/or radiation emitted from human body or

objects, which may be referred to as passive scanning.

[00129] As shown in FIG. 24, a firearm may comprise a magazine 2401, an object 2402 with a
high radar profile installed on the follower of the magazine 2401, as well as a slot
opening 2403 in the front of the magazine well. A mmW transceiver may be used to
detect the position of the follower within the magazine by emitting UHF waves (the slot
opening 2403 can allow the UHF waves to pass through the magazine well) and
subsequently detecting the reflected waves. In some cases, the follower position (and
round count) may be determined based on the time required for the reflections (i.e., time
delay), phase of reflected waves, any frequency changes, etc. In other words, by
analyzing subtle changes in the reflected signal over time, the mmW transceiver and its
processing circuitry may be used to accurately locate the position of the follower within

the magazine, and hence the round count.
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[00130] In some cases, a mmW based round counting system may need limited modifications to
the magazine 2401, besides the addition of the high radar profile object 2402 on the
follower. Further, since the mmW transceiver is placed on the weapon and all the
processing is done on the reflected waves received at the transceiver, no battery may be
needed in the magazine. However, such a system may require minor modifications to the
magazine well (i.e., slot opening 2403, also seen in FIG. 25), and overall power
requirements may be comparable to or greater than using hall effect switches in the

magazine, albeit less than RFID tags.

[00131] FIG. 26A is a front view of the magazine board in FIG. 5, illustrating the PCB layout.

FIG. 26B is a detailed view of the NFC antenna of the magazine board in FIG. 26A.

[00132] FIG. 27A is a rear view of the magazine board in FIG. 26A, illustrating a magnetic
processing circuit 2702 of the magazine board. FIG. 27B is a detailed view of the
magnetic processing circuit 2702 in FIG. 27A. An example of the magnetic processing
circuit 2702 is the processor 6108 in FIG. 6. The magazine board in FIG. 26 and 27 may
be the circuit board 510 seen in FIG. 5 or the circuit board seen in FIGs. 12 and 13 or as

seen in FIG. 16.

[00133] Some jurisdictions impose regulations limiting the number of rounds a magazine can
have (e.g., 10 rounds or less, 30 rounds or less, etc.). In such cases, separate round
counting systems may need to be produced for the 10-round and 30-round magazines
(i.e., with different number of hall effect switches or sensors, or reed switches). While the
number of switches or sensors may need to vary for different magazine sizes, a single

PCB may be able to accommodate the two sizes. In some cases, the magnetic processing
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circuit 2702 may comprise an extra loop 2703 which may be severed (e.g., for a smaller
magazine), and retained for a larger magazine. In some other cases, the extra loop 2703
may be formed when connecting two pins on the magnetic processing circuit 2702. In
such cases, the extra loop 2703 may be initially left as ‘open’ for a smaller magazine (i.e.,
the two pins are left unconnected or open) and ‘shorted’ prior to installation in a larger
magazine (or vice versa). In some embodiments, the two pins may be shorted via
soldering (i.e., soldering two ends of a wire to the first and second pins), or the two pins
may be connected to each other using the same bus on the PCB. In this way, only a single
PCB may need to be designed and produced, and the extra loop may serve to optimize

production of different versions of the magazine and round counting system.

[00134] FIG. 28 illustrates a block diagram 2800 of an embodiment of the round counting
system including a magazine 2801 with a magazine circuit board, an NFC antenna 2802

on the firearm, and a display assembly 2803.

[00135] The magazine 2801 may comprise one or more magnets 2804. Further, the magazine
circuit or circuit board can include <N Hall effect switches 2805 (e.g., N/2, N/3, N/4,
(N/2+1, (N/3+1, or (N/4+1), a processor comprising MCU 2806 and an EEPROM 2807,
and an NFC antenna coil 2809-a. The NFC antenna coil may be fabricated on a printed
circuit board. In some examples, the EEPROM 2807 may be an integrated circuit (I1C).
Optionally, the circuit may also include a filter 2808 and an NFC controller (e.g., NFC

tag 2807).

[00136] The NFC antenna system 2802 on the firearm can include an NFC antenna coil 2809-b,

whose area may substantially overlap with an area of the NFC antenna coil 2809-a. The
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NFC antenna system 2802 may also include a connector 2810, a coax (or RF) cable 2811,
and a plug RF connector 2812-a. The one or more subcomponents of the NFC antenna
system 2802 may be interconnected to each other via one or more buses. In some cases,

both power and data may be exchanged using the one or more buses.

[00137] The display assembly 2803 can include a RF connector for reception from the NFC
antenna, as described with reference to FIGs. 14 and 15. The display assembly 2803 may
also include an NFC reader 2813, a MCU reader 2816, a regulator 2815, a battery 2816,
an accelerometer 2817 (optional), an ambient light sensor 2818 (optional), an EEPROM
2819, a Bluetooth module 2820, a backlight 2821, a display (e.g., Memory In Pixel
(MIP)) 2822, and one or more menu buttons 2823. As illustrated, the one or more
subcomponents of the display assembly 2803 may be connected via one or more buses to

the MCU reader 2816.

[00138] FIG. 29 illustrates a lower level block diagram of an embodiment of the display
assembly 2803. As illustrated, the one or more subcomponents of the display assembly

2803 may be connected via one or more buses to the MCU reader 2816.

[00139] The display assembly 2803 can include a RF connector 2812-b for reception from the
NFEC antenna system 2802 (not shown), further described with reference to FIGs. 14 and
15. The display assembly 2803 may also include a MCU reader 2816 in connection with
NFC reader 2813, a regulator 2815, one or more menu buttons 2823, LED controller
2824, an accelerometer 2817 (optional), an ambient light sensor 2818 (optional), battery
monitor 2827, an EEPROM 2819, a Bluetooth module 2820, and a display (e.g., Memory

In Pixel (MIP)) 2822.
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[00140] Further, the regulator 2815 (e.g., 3V regulator) may be connected to the battery 2816,
which may be in connection with the battery monitor 2827. In some examples, the LED
controller 2824 may be connected to the backlight 2821, where the backlight brightness
may be adjusted based on an output from the ambient light sensor 2818. In some
examples, the MCU reader 2816 may also communicate with a Serial Wire Debug
(SWD) interface to enable a tester to gain access to system memory, peripheral, and/or
debug registers. In some circumstances, the NFC reader 2813 may connect to an external
crystal oscillator or clock 2826 (e.g., operating at 27.12 MHz), which may be used in lieu
of a built-in internal oscillator of the MCU Reader 2816 or the NFC reader 2813. In some
cases, built-in oscillators may be susceptible to errors when serial communication is
being used, or when a fast clock or exact timing is needed, and the external clock 2826

may be used to improve accuracy.

[00141] FIG. 30 illustrates a lower level block diagram of an embodiment of the magazine 2801.

[00142] Turning now to FIG. 31, a method 3100 of manufacturing a magazine with a round
counting system is now described. In some cases, the magazine may comprise at least an

overtravel stop and a follower, where the follower comprises one or more magnets.

[00143] The method may include arranging 3102 <N magnetic-field-sensing sensors
substantially along a path of the one or more magnets when the follower moves along a
length of the magazine, where N is a maximum number of cartridges that can be loaded
in the magazine, the sensors generating round count data based on a position of the one or

more magnets relative to the <N magnetic-field-sensing sensors.
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[00144] The method may also include arranging 3104 a first substantially flat antenna on an
inside of the magazine at or above the overtravel stop (or in a region of the magazine that
is configured to fit at least partially within a magazine well of the firearm), the first
substantially flat antenna configured to wirelessly transmit a round count indication from
the magazine to a second substantially flat antenna on the firearm, the round count
indication based on the round count data. In some examples, the second substantially flat
antenna may transmit power in the reverse direction to the data flow to the first
substantially flat antenna, for instance, from a power source located on the firearm (e.g.,
firearm grip). In this way, the magnetic processing circuitry and sensors in the magazine

may receive power without needing a power source in the magazine.

[00145] Further, the method may include arranging 3106 the first substantially flat antenna such
that an area of the first substantially flat antenna, defined by a height and width, primarily
aligns with an area of a second substantially flat antenna coupled to an inside of a

magazine well of the firearm.

[00146] FIG. 32 illustrates a method 3200 of installing a round counting system on a firearm.
The method may comprise installing 3202 a detachable magazine comprising at least an

overtravel stop and a follower, the follower comprising one or more magnets.

[00147] The method may further comprise arranging 3204 <N magnetic-field-sensing sensors
substantially along a path of the one or more magnets when the follower moves along a
length of the magazine, where N is a maximum number of cartridges that can be loaded
in the magazine, the sensors generating round count data based on a position of the one or

more magnets relative to the <N magnetic-field-sensing sensors.
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[00148] In some cases, the method may comprise arranging 3206, at or above the overtravel stop
(or in a region of the magazine that is configured to fit at least partially within a magazine
well of the firearm), a first substantially flat antenna on an inside of the magazine. The
method may also comprise installing 3208 a second substantially flat antenna on an
inside of a magazine well of the firearm such that an area of the first substantially flat
antenna and an area of the second substantially flat antenna are mostly aligned, where the
first and second substantially flat antennas are configured to exchange a round count
indication based on the round count data as well as power via a near-field-communication

(NFC) connection.

[00149] FIG. 33 illustrates a method 3300 for obtaining the number of rounds in a magazine
utilizing a round counting system with a Hall effect switch array, where the number of
switches 1s <N. It should be noted that N represents the round capacity of the magazine.
In some cases, the method may comprise identifying 3302 a number of active Hall effect
switches. In some circumstances, a processor may be used to assess the signals from the

array of Hall effect switches.

[00150] The method may further comprise determining 3304 the position of a follower
comprising a magnet within the magazine based on identifying the number of active Hall
effect switches. If a single Hall effect switch is active, the follower may be aligned with
that Hall effect switch. In some other cases, if two Hall effect switches are active, the

follower may be roughly between the two switches, as illustrated in FIG. 18.

[00151] In some cases, the method may also comprise obtaining 3306 the number of rounds in

the magazine based on determining the position of the follower within the magazine. For
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instance, using the two scenarios described in 3304, a processor may be able to
distinguish between each and every cartridge position, even though <N Hall effect

switches are used.

[00152] Some portions are presented in terms of algorithms or symbolic representations of
operations on data bits or binary digital signals stored within a computing system
memory, such as a computer memory. These algorithmic descriptions or representations
are examples of techniques used by those of ordinary skill in the data processing arts to
convey the substance of their work to others skilled in the art. An algorithm is a self-
consistent sequence of operations or similar processing leading to a desired result. In this
context, operations or processing involves physical manipulation of physical quantities.
Typically, although not necessarily, such quantities may take the form of electrical or
magnetic signals capable of being stored, transferred, combined, compared or otherwise
manipulated. It has proven convenient at times, principally for reasons of common usage,
to refer to such signals as bits, data, values, elements, symbols, characters, terms,
numbers, numerals or the like. It should be understood, however, that all of these and
similar terms are to be associated with appropriate physical quantities and are merely
convenient labels. Unless specifically stated otherwise, it is appreciated that throughout
this specification discussions utilizing terms such as “processing,” ‘“computing,”
“calculating,” “determining,” and “identifying” or the like refer to actions or processes of
a computing device, such as one or more computers or a similar electronic computing
device or devices, that manipulate or transform data represented as physical electronic or
magnetic quantities within memories, registers, or other information storage devices,

transmission devices, or display devices of the computing platform.

51



WO 2020/086598 PCT/US2019/057460

[00153] As will be appreciated by one skilled in the art, aspects of the present invention may be
embodied as a system, method or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident software, micro-code, etc.) or an
embodiment combining software and hardware aspects that may all generally be referred

n n

to herein as a "circuit,” "module" or "system." Furthermore, aspects of the present
invention may take the form of a computer program product embodied in one or more

computer readable medium(s) having computer readable program code embodied

thereon.

[00154] As used herein, the recitation of "at least one of A, B and C" is intended to mean "either
A, B, C or any combination of A, B and C." The previous description of the disclosed
embodiments is provided to enable any person skilled in the art to make or use the
present disclosure. Various modifications to these embodiments will be readily apparent
to those skilled in the art, and the generic principles defined herein may be applied to
other embodiments without departing from the spirit or scope of the disclosure. Thus, the
present disclosure is not intended to be limited to the embodiments shown herein but is to
be accorded the widest scope consistent with the principles and novel features disclosed

herein.
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WHAT IS CLAIMED IS:

1. A round counting system for a firearm with a detachable magazine, the
system comprising:
a magazine a follower, the follower comprising one or more magnets, and
the magazine comprising:
<N magnetic-field-sensing sensors arranged substantially along a
path of the one or more magnets when the follower moves along a length of the
magazine, where N is a maximum number of cartridges that can be loaded in the
magazine, the sensors generating round count data based on a position of the one
or more magnets relative to the <N magnetic-field-sensing sensors; and
a first substantially flat antenna on an inside of the magazine
arranged in a region of the magazine that is configured to fit at least partially
within a magazine well of the firearm, the wireless antenna configured to
wirelessly transmit a round count indication from the magazine to a substantially
flat second wireless antenna on the firearm, the round count indication based on
the round count data; and
the substantially flat second antenna configured to be affixed to an
inside of a magazine well of the firearm and having an area that mostly overlaps
with an area of the first substantially flat antenna.
2. The system of Claim 1, further comprising a magazine processor
configured to convert the round count data to the round count indication for wireless
transmission to the firearm via the first substantially flat antenna, wherein the round

count indication represents a number of cartridges remaining in the magazine.

53



WO 2020/086598 PCT/US2019/057460

3. The system of Claim 1, further comprising a reader processor configured
for coupling to the firearm and in electrical communication with the second wireless
antenna, the reader processor is configured to receive the round count indication from the
second substantially flat antenna, the round count indication comprising round count data
from a plurality of the <N magnetic-field-sensing sensors, wherein the reader processor is
configured to determine a number of cartridges remaining in the magazine from the
round count indication.

4. The system of Claim 2, wherein the processor correlates positive signals
from two adjacent magnetic-field-sensing sensors as a follower position between those
two sensors and correlates a positive signal from a single magnetic-field-sensing sensor
as a follower position aligned with that single sensor.

5. The system of Claim 1, wherein the first substantially flat antenna
wirelessly receives power from the firearm.

6. The system of Claim 5, wherein the power from the firearm is used to
power a magazine processor of the magazine and the <N magnetic-field-sensing sensors.

7. The system of Claim 1, wherein the magnetic-field-sensing sensors are
Hall effect switches.

8. The system of Claim 7, wherein the magazine comprises N/2, N/3, or N/4
magnetic-field-sensing sensors.

9. The system of Claim 7, wherein the magazine comprises (N+1)/2,
(N+1)/3, or (N+1)/4 magnetic-field-sensing sensors.

10. The system of Claim 7, wherein the Hall effect switches are substantially

evenly spaced along the path of the one or more magnets.
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11. The system of Claim 10, wherein at least part of the path is curved.

12. The system of Claim 1, further comprising a reader processor configured
for coupling to the firearm and in electrical communication with the second wireless
antenna, the reader processor including a tangible computer readable medium encoded
with computer readable instructions for:

reading a radio frequency signal from the second wireless antenna; and
controlling a user interface to indicate a number of cartridges remaining in
the magazine to a user.

13. The system of Claim 12, wherein the user interface is selected from the
group consisting of: a frequency of a blinking light; a color of one or more lights; a
number displayed on a multi-pixel display; a number of LED lights lit up on an LED
display; an audible signal; a fuel gauge indicator, or a bar graph indicator.

14. The system of Claim 1, wherein the first antenna is a first near-field-
communications coiled antenna substantially aligned with the second antenna, which is a
second near-field-communications coiled antenna arranged on an inside of a magazine
well of the firearm.

15. The system of Claim 1, wherein the first and second substantially flat

antennas are near field communication (NFC) antennas.

55



WO 2020/086598 PCT/US2019/057460

16. A round counting system for a firearm with a detachable magazine, the
system comprising:
a magazine comprising a follower, the follower comprising one or more
magnets, and the magazine comprising:

Hall effect switches arranged substantially along a path of the one
or more magnets, where N 1s a maximum number of cartridges that can be loaded
in the magazine, the Hall effect switches each generating a high or low signal
based on a position of the one or more magnets relative to each of the Hall effect
switches; and

a magazine processor coupled to each of the Hall effect switches
and configured to convert the high or low signal from each of the Hall effect
switches into a single round count indication for the magazine;

a magazine antenna on an inside of the magazine arranged in a
region of the magazine that is configured to fit at least partially within a magazine
well of the firearm, the magazine antenna configured to wirelessly transmit the
round count indication from the magazine to a magazine well antenna on the
firearm; and

the magazine well antenna configured to be affixed to an inside of
a magazine well of the firearm and having an area, a majority of which, overlaps
with an area of the magazine antenna.

17. The system of Claim 16, further comprising a magazine processor

configured to convert the round count data to the round count indication for wireless
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transmission to the firearm via the first substantially flat antenna, wherein the round
count indication represents a number of cartridges remaining in the magazine.

18. The system of Claim 16, further comprising a reader processor configured
for coupling to the firearm and in electrical communication with the second wireless
antenna, the reader processor is configured to receive the round count indication from the
second substantially flat antenna, the round count indication comprising round count data
from a plurality of the Hall effect switches, wherein the reader processor is configured to
determine a number of cartridges remaining in the magazine from the round count
indication.

19. The system of Claim 17, wherein the processor correlates positive signals
from two adjacent Hall effect switches as a follower position between those two switches
and correlates a positive signal from a single Hall effect switch as a follower position
aligned with that single Hall effect switch.

20. The system of Claim 16, wherein the first substantially flat antenna
wirelessly receives power from the firearm.

21. The system of Claim 20, wherein the power from the firearm is used to
power a magazine processor of the magazine and the Hall effect switches.

22. The system of Claim 16, wherein the magazine comprises N, N/2, N/3,
N/4, N/2+1, N/3+1, or N/4+1 Hall effect switches.

23. The system of Claim 16, wherein the Hall effect switches are substantially
evenly spaced along the path of the one or more magnets.

24. The system of Claim 23, wherein at least part of the path is curved.
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25. The system of Claim 16, further comprising a reader processor configured
for coupling to the firearm and in electrical communication with the second wireless
antenna, the reader processor including a tangible computer readable medium encoded
with computer readable instructions for:

reading a radio frequency signal from the second wireless antenna; and
controlling a user interface to indicate a number of cartridges remaining in
the magazine to a user.

26. The system of Claim 25, wherein the user interface is selected from the
group consisting of: a frequency of a blinking light; a color of one or more lights; a
number displayed on a multi-pixel display; a number of LED lights lit up on an LED
display; an audible signal; a fuel gauge indicator, or a bar graph indicator.

27. The system of Claim 16, wherein the first antenna is a first near-field-
communications coiled antenna substantially aligned with the second antenna, which is a
second near-field-communications coiled antenna arranged on an inside of a magazine
well of the firearm.

28. The system of Claim 16, wherein the first and second substantially flat

antennas are near field communication (NFC) antennas.
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29. A method of manufacturing a magazine with a round counting system, the
magazine comprising a follower, wherein the follower comprises one or more magnets,
the method comprising:

arranging <N magnetic-field-sensing sensors substantially along a
path of the one or more magnets when the follower moves along a length of the
magazine, where N is a maximum number of cartridges that can be loaded in the
magazine, the sensors generating round count data based on a position of the one
or more magnets relative to the <N magnetic-field-sensing sensors;

arranging a first substantially flat antenna on an inside of the
magazine in a region of the magazine that is configured to fit at least partially
within a magazine well of the firearm, the first substantially flat antenna

configured to wirelessly transmit a round count indication from the magazine to a

substantially flat second wireless antenna on the firearm, the round count

indication based on the round count data, wherein

the first substantially flat antenna is arranged such that an area of
the first substantially flat antenna, defined by a height and width, primarily aligns

with an area of a second substantially flat antenna coupled to an inside of a

magazine well of the firearm.

30. The method of Claim 29, further comprising:
installing a magazine processor in the magazine, the magazine processor configured to
convert the round count data to the round count indication for wireless transmission to the
firearm via the first substantially flat antenna, wherein the round count indication

represents a number of cartridges remaining in the magazine.
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31. The method of claim 29, further comprising:
coupling a reader processor in electrical communication with the second substantially flat
antenna to the firearm, wherein the reader processor is configured to receive the round
count indication from the second substantially flat antenna, the round count indication
comprising round count data from a plurality of the <N magnetic-field-sensing sensors,
and wherein the reader processor is configured to determine a number of cartridges
remaining in the magazine from the round count indication.

32. The method of claim 30, wherein the reader processor is configured to
correlate positive signals from two adjacent magnetic-field-sensing sensors as a follower
position between those two sensors and correlate a positive signal from a single
magnetic-field-sensing sensor as a follower position aligned with that single sensor.

33. The method of claim 29, wherein the first substantially flat antenna
wirelessly receives power from the firearm.

34. The method of claim 33, wherein the power from the firearm is used to
power a magazine processor of the magazine and the <N magnetic-field-sensing sensors.

35. The method of claim 29, wherein the magnetic-field-sensing sensors are
Hall effect switches.

36. The method of claim 35, wherein the magazine comprises N/2, N/3, or
N/4 magnetic-field-sensing sensors.

37. The method of claim 35, wherein the magazine comprises N/2+1, N/3+1,
or N/4+1 magnetic-field-sensing sensors.

38. The method of claim 35, wherein the Hall effect switches are substantially

evenly spaced along the path of the one or more magnets.
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39. The method of claim 38, wherein at least part of the path is curved.

40. The method of claim 29, further comprising:
installing a user interface on the firearm; and
coupling a reader processor in electrical communication with the second substantially flat
antenna to the firearm, wherein the reader processor is configured to read a radio
frequency signal from the second substantially flat antenna and control the user interface
installed on the firearm to indicate a number of cartridges remaining in the magazine to a
user.

41. The method of claim 40, wherein the user interface is selected from the
group consisting of: a frequency of a blinking light; a color of one or more lights; a
number displayed on a multi-pixel display; a number of LED lights lit up on an LED
display; an audible signal; a fuel gauge indicator, or a bar graph indicator.

42. The method of claim 29, further comprising:
aligning the first substantially flat antenna with the second substantially flat antenna,
wherein the first substantially flat antenna is a first near-field-communications coiled
antenna, and the second substantially flat antenna is a second near-field-communications
coiled antenna arranged on an inside of a magazine well of the firearm.

43. The method of claim 29, wherein the first and second substantially flat

antennas are near field communication (NFC) antennas.
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44. A method of installing a round counting system on a firearm, the method
comprising:
installing a detachable magazine comprising a follower, the follower
comprising one or more magnets, and the magazine comprising:

<N magnetic-field-sensing sensors arranged substantially along a
path of the one or more magnets when the follower moves along a length of the
magazine, where N is a maximum number of cartridges that can be loaded in the
magazine, the sensors generating round count data based on a position of the one
or more magnets relative to the <N magnetic-field-sensing sensors;

a first substantially flat antenna on an inside of the magazine
arranged in a region of the magazine that is configured to fit at least partially
within a magazine well of the firearm; and

a second substantially flat antenna installed on an inside of a
magazine well of the firearm such that an area of the first substantially flat
antenna and an area of the second substantially flat antenna are mostly aligned,
the first and second substantially flat antennas configured to exchange a round
count indication based on the round count data as well as power via a near-field-

communication connection.
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45. A non-transitory, tangible computer readable storage medium, encoded
with processor readable instructions to perform a method for detecting and displaying a
number of cartridges remaining in a firearm magazine, the firearm magazine comprising
a follower, and the follower comprising one or more magnets, the method comprising:
arranging <N magnetic-field-sensing sensors substantially along a
path of the one or more magnets when the follower moves along a length of the
firearm magazine, where N is a maximum number of cartridges that can be loaded
in the firearm magazine, the sensors generating round count data based on a
position of the one or more magnets relative to the <N magnetic-field-sensing
Sensors;
arranging a first substantially flat antenna on an inside of the
firearm magazine in a region of the magazine that is configured to fit at least
partially within a magazine well of the firearm, the first substantially flat antenna
configured to exchange a round count indication based on the round count data as
well as power via a near-field communication connection with a second
substantially flat antenna coupled to an inside of a magazine well of the firearm,
wherein
the first substantially flat antenna is arranged such that an area of
the first substantially flat antenna, defined by a height and width, primarily aligns
with an area of the second substantially flat antenna coupled to the inside of the

magazine well of the firearm.
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3100

Arrange <N magnetic-tield sensing sensors substantially along a path
of the one or more magnets when the follower moves along a length of
the magazine, where N 15 a maximum number of cariridges that can be

/// loaded in the magazine, the sensors generating round count data based
on a position of the one or more magnets relative to the <N magnetic-
3102 field-sensing sensors

Arrange a first substantially flat antenna configured to wirelessly
transmit a round count indication from the magazine to a substantially
tlat second wireless antenna on the firearm in a region on an inside of

the magazine configured to fit in a magazine well of the firearm, the
/’/ round count indication based on the round count data

3104
Arrange the first substantially flat antenna such that an area of the first
substantially flat antenna, defined by a height and width, primarily
aligns with an area of a second substantially flat antenna coupled to an
/// inside of a magazine well of the firearm
3106

FIG. 31
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3200
A A
Install a detachable magazine comprising at least an overtravel stop
and a follower, the follower comprising one or more magnets
3202

Arrange <N magnetic-field-sensing sensors substantially along a path
of the one or more magnets when the follower moves along a length of
the magazine, where N 15 a maximum number of cariridges that can be
loaded in the magarine, the sensors generating round count data based
on a position of the one or more magnets relative to the <N magnetic-
// ﬁeldusenfing Sensors
3204

Arrange a first substantially flat antenna on an inside of the magazine
in a region of the magazine that is configured to fit at least partially

within a magazine well of the firearm

3206

install a second substantially flat antenna on an inside of a magazine
well of the firearm such that an area of the first substantially tlat
antenna and an area of the second substantially flat antenna are mostly
/// aligned, the first and second substantially flat antennas configured to
3206 exchange a round count indication based on the round count data as

well as power via a near-field-communication connection

FIG. 32
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3300

Identify a number of active hall-effect switches

3302

Determine, based on identifying the number of active hall-effect
switches, the position of a follower comprising a magnet within a
magazine

3304

Obtain the number of rounds in the magazine based on determining
the position of the follower within the magazine

3306

FIG. 33



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 18/57460

A.  CLASSIFICATION OF SUBJECT MATTER
IPC-  F41A 9/62, F41A 19/01 (2020.01)
CPC - F41A 9/62, F41A 19/01, F41A 9/65, F41A 9/70

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by ¢
See Search History document

lassification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2017/0051993 A1 (Imbriano et al.), 23 February 2017 (23.02.2017), entire document, 1-45
especially Fig. 6; para [0029).

A US 2016/0195351 A1 (Grypshon Industries LLC), 7 July 2016 (07.07.2016), entire document, 1-45
especially Fig. 1-7; para [0034]-[0041].

A US 2016/0069629 A1 (Seckman), 10 March 2016 (10.03.2016), entire document. 1-45

A US 2015/0369559 A1 (Del Rosario), 24 December 2015 (24.12.2015), entire document. 1-45

A US 2015/0267981 A1 (Faughn), 24 September 2015 (24.09.2015), entire document. 1-45

A US 2013/0180143 A1 (Delgado Acarreta), 18 July 2013 (18.07.2013), entire document. 1-45

A US 2011/0308125 A1 (Gabay et al.), 22 December 2011 (22.12.2011), entire document. 1-45

A US 2010/0258101 A1 (Campo et al.), 14 October 2010 (14.10.2010), entire document. 1-45

D Further documents are listed in the continuation of Box C.

l:] See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which maK throw doubts on priority claim(s) or which
is cited to establish t qf{)ubllcatlon date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other means

“P"  document published prior to the international filing date but later than

the priority date claimed

“T" fater document published after the international filing date or priority
date and not in conflict with the apﬁlication but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y> document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&"” document member of the same patent family

Date of the actual completion of the international search

5 January 2020

Date of mailing of the international search report

17 JAN 2000

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Lee Young

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - claims
	Page 64 - claims
	Page 65 - claims
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - wo-search-report

