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(57) ABSTRACT

A network of scopes, including one or more lead scopes and
one or more follower scopes, is provided to allow scope
operators of the respective scopes to track the same pre-
sumed target. A lead scope locates a target and communi-
cates target position data of the presumed target to the
follower scope. The follower scope uses the target position
data and its own position data to electronically generate
indicators for use to prompt the operator of the follower
scope to make position movements so as to re-position the
follower scope from its current target position to move
towards the target position defined by the target position data
received from the lead scope.
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FIGURE 4A



Patent Application Publication  Aug. 4,2022 Sheet 6 of 11 US 2022/0244019 A1

o ——

G TS
e i ‘w.vw"“"m

L,

FIGURE 48



Patent Application Publication  Aug. 4,2022 Sheet 7 of 11 US 2022/0244019 A1

FIGURE 4C



Patent Application Publication  Aug. 4,2022 Sheet 8 of 11 US 2022/0244019 A1

Nefeot Object

§ oy
aanian

| deey

FUGURE S



Aug. 4,2022 Sheet 9 of 11 US 2022/0244019 A1

Patent Application Publication

1
X

et

et

B

e
~y
g
s

[
&
P
=

vy

3.

ot

2£]

2~
o

X

Largst po

<&

en targst
i

.
B
¥

fiiy

crtavny L

s

e
N

{4

&
R

&

ill‘

R

i3

X

i

¥
PG



Patent Application Publication  Aug. 4,2022 Sheet 10 of 11  US 2022/0244019 A1l

WTARY
i

wan v deotidy curcen target position data mmzc% g ﬁ 'g\ esned targel tiat s locstad by
FAE I ~ = ;*

be S
£4d3

i rasasuremey dev

B

y
~an operator of the frst scope, using

3¢

- fan& & gm\mm s ad z:ag el ident i.'iseii by 'ih\ \\;*;:mz o%

™ The networl sevver conununivates to the renaining scopes the current targes

Sy
B o -
o position data regar im\ e pmsm‘meﬁ farget identified by the operator o' the flsst
suope
mge T Lach of the remaining soopes vee e Currant Erget position data rogavding the
FLUs X o L . S
-~ prevwned target identified by the operator of the fivst soope o looate the

presumed targst

~

TOR =, Upon locating ‘;;1 ranivally
e SOREDUNTCHES 1o 1 @ urre larget *wmziwzz é IR 5 g:a:ait*s; the
preswnad target, the awmsi *:ssou‘ ;“;asztz\m data betny idintified by the respee

remaints pes asing the plurality of megsurement devices i the respeetinn

remaining seopes
N
T, The sotwork sorver calculates updated curront torget position _d'm.a upon e *;\-iing
- current mvget position data from any one of the remaining %
amalgamating the current target position dats Trom eacly scops 'ai at loga i;;\i the
prevanesd :m‘.ws:i i§‘1 ¢ apdated ouvrend farget position data baving reduced emror
valuss compared o the orvot valuss of the current tavget posttient dula dentilied
by ondy t‘szﬂ fivat seope
i
Fid o~ T 8 et
fie 0 The network server slectronisally communicates

positon dala veparding the preswned target ¥

vet located the prasuned

o

T4 N The reraaiing seops
wpdated corrent lareet po ,?~ é A, tns sikgd oi any prey *mm
$RIIS eI dam. for «} oati




Patent Application Publication  Aug. 4,2022 Sheet 11 of 11  US 2022/0244019 A1l

P

START
BO0™ The plorality oflead x¢ §‘\‘2& idenuify cwrvent farget position daw vegarding a
= yresumed target that s i tod by an opesator of the respective lead suope, using

kS

the plarality of mepsurement devicey vt the respeotive fead soope

Goveer

o

The plorality of lead acopes electronically communicate to the network server {13
= ihe current target position duta roparding the prosummoed targst identitied by the
vator of the respeotive lead wum and {1} information reganding sach ofthe

yold targels

P

GO~ Fhe petworl server communisates i the ong or more futtower \{A?”R s {i}the
o snrrent targed posttion dain repaeding the pressed targets dendified by tye
operators of the lead scopes, and (1) the Information se gmaim" each of the
presumed fargsts

|
ng

qoa ~  buch of the mw or more follew s usks the Information vegar iim: cavh ot
PR 5 . .
> ghe presaned targets to sl S sk gots of the
H

ol the one or mors foHow opes iocate the seleoted presumed target by §)
whentHving s currant targe 'w‘\:i'iiw\ data o -“;N CLrrEnt farget position asing i1

§og ™ pluralily of messurenent i1} caleulating, using #s Qurvent target position
7 data and the cm“rs;:nitarrgm ;a«;ksﬁzo;‘-. data of the S"i euted ;\retumed targel position
moverenis that are requirsd o move the follower scope frovn IS cureent wrgst

position to the tavget position of the selgeted m’es\a\nw& farged, and GHY onyetting

slectronically generated indicsiors &

™

operator of the followe:

s ase by the Rollower soope o promgt the
wope 1o make the positicsy nrovenents

FIGURE 8



US 2022/0244019 Al

DEVICES WITH NETWORK-CONNECTED
SCOPES FOR ALLOWING A TARGET TO BE
SIMULTANEOUSLY TRACKED BY
MULTIPLE DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of copending
U.S. patent application Ser. No. 16/918,768 filed Jul. 1,
2020, which in turn, is a continuation of U.S. patent appli-
cation Ser. No. 16/700,576 filed Dec. 2, 2019, now, U.S. Pat.
No. 10,704,863, which in turn, is a continuation of U.S.
patent application Ser. No. 16/390,330 filed Apr. 22, 2019,
now U.S. Pat. No. 10,495,414, which in turn, is a continu-
ation of U.S. patent application Ser. No. 16/057,247 filed
Aug. 7,2018, now U.S. Pat. No. 10,267,598. The disclosures
of each of the above-identified applications are incorporated
herein by reference in their entirety.

[0002] This application claims the benefit of U.S. Patent
Application No. 62/544,124, filed Aug. 11, 2017, the dis-
closure of which is hereby incorporated herein by reference
in its entirety.

BACKGROUND OF THE INVENTION

[0003] A sight or optical viewer which incorporate lenses
to magnify an image or simply passes through light without
magnification, also referred to as a “scope,” is a sighting
device that is based on an optical refracting telescope or
other optical viewing device. It includes some form of
graphic image pattern (a reticle or cross-hairs) mounted in
an optically appropriate position in its optical system to give
an accurate aiming point. Telescopic sights are used with all
types of systems that require accurate aiming but are most
commonly found on firearms, particularly rifles. A telescopic
sight may include an integrated rangefinder (typically, a
laser rangefinder) that measures distance from the observer’s
sighting device to a target.

[0004] A compass is an instrument used for navigation and
orientation that shows direction relative to the geographic
“cardinal directions,”, or “points.”. A “compass rose” dia-
gram shows the directions north, south, east, and west as
abbreviated initials marked on the compass. When the
compass is used, the rose can be aligned with the corre-
sponding geographic directions, so, for example, the “N”
mark on the rose really points to the north. In addition to the
rose or sometimes instead of it, angle markings in degrees
may be shown on the compass. North corresponds to zero
degrees, and the angles increase clockwise, so east is 90
degrees, south is 180, and west is 270. These numbers allow
the compass to show azimuths or bearings, which are
commonly stated in this notation.

[0005] GPS data typically provides a three-dimensional
location (latitude, longitude, and altitude (elevation)). For
example, a sample GPS of a location in Philadelphia is as
follows:

[0006] Latitude: 39.90130859
[0007] Longitude: -75.15197754
[0008] Altitude (elevation) relative to sea level: 5 m

Miniaturized GPS devices are known that include a GPS
receiver for providing GPS location data and an orientation
sensor for providing attitude data. The orientation sensor
may derive its data from an accelerometer and a geomag-
netic field sensor, or another combination of sensors. One
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such miniaturized GPS device that is suitable for use in the
present invention is a device that is commercially available
from Inertial Sense, LLC located in Salem, Utah. This
device is marketed as “pINS” and “ONS-2.” (“INS” is an
industry abbreviation for “Inertial Navigation System.”) The
WINS” and pINS-2 are GPS-aided Inertial Navigation Sys-
tems (GPS/INS). A GPS/INS uses GPS satellite signals to
correct or calibrate a solution from an inertial navigation
system (INS).

[0009] Another known miniature GPS/INS that is suitable
for use in the present invention is a device that is commer-
cially available from VectorNav Technologies, LL.C located
in Dallas, Tex. This device is marketed as “VN-300" and is
a dual-antenna GPS/INS. The dual-antenna feature in the
VN-300 allows it to provide accurate compass data.
[0010] Network technology is well known in the art. Each
device in a network is often referred to as a node and nodes
can be formed into a network using a variety of network
topologies including hub and spoke and mesh. In a cellular
based communication system, nodes communicate through
one or more base stations which in turn are directly or
indirectly connected to a mobile switching center (MSC).
MSCs are interconnected based on industry standards which
enable nodes in a cellular network to communicate with
other nodes that are connected to different based stations.
There are numerous cellular standards such as GSM, LTE
and CDMA and a common feature in cellular networks is the
capability of allowing nodes to connect to the Internet.
[0011] Broadband satellite communication systems use
one or more communication satellites organized into a
constellation. There are numerous commercially available
satellite systems including systems operated by Globalstar,
Iridium and Inmarsat. Like cellular, broadband satellite
communication systems allow nodes to connect to the
Internet. In cellular terms, each satellite in the constellation
acts as a base station and nodes in the system connect to a
satellite that is in range. One advantage of satellite systems
is that coverage is sometimes better in remote areas.
[0012] Wireless Local Area Network (WLAN) technology
allows nodes to establish a network. Common WLAN
standards including 802.11a, b, g and n. 802.11s is a WIFI
based mesh networking standard. Bluetooth® is another
standard for connecting nodes in a network and mesh
networking capability has recently been added to the Blu-
etooth LE standard by the Bluetooth Special Interest Group.
Accordingly, through various standards, it is possible to
implement point to point, point to multipoint and mesh
WLAN, all of which are suitable for use with the present
invention.

[0013] Mesh network topology has significant advantages
for mobile devices, particularly in remote areas where there
is limited cellular service since each node can be connected
to multiple other nodes and there is no required path from
any node in the network to any other node. A further
advantage of a mesh network is that as long as any one node
in the mesh network has access to the Internet such as by
way of a cellular or satellite connection, all of the nodes in
the mesh network have access.

[0014] A representative wireless mesh networking chipset
that is suitable for use with the present invention is the
RC17xx(HP)™ (Tinymesh™ RF Transceiver Module),
which is commercially available from Radiocrafts AS and
Tinymesh, both located in Norway. The chipset incorporates
the Tinymesh application for the creation of mesh networks.
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The ideal mesh network chipset for the present invention is
small, and has high power and a long range, and should
operate in unlicensed spectrum.

SUMMARY OF THE INVENTION

[0015] A network of scopes, including one or more lead
scopes and one or more follower scopes, is provided to allow
scope operators of the respective scopes to track the same
presumed target. A lead scope locates a target and commu-
nicates target position data of the presumed target to the
follower scope. The follower scope uses the target position
data and its own position data to electronically generate
indicators for use to prompt the operator of the follower
scope to make position movements so as to re-position the
follower scope from its current target position to move
towards the target position defined by the target position data
received from the lead scope.

BRIEF DESCRIPTION OF DRAWINGS

[0016] The foregoing summary as well as the following
detailed description of preferred embodiments of the inven-
tion, will be better understood when read in conjunction with
the appended drawings. For the purpose of illustrating the
invention, the drawings show presently preferred embodi-
ments. However, the invention is not limited to the precise
arrangements and instrumentalities shown. In the drawings:
[0017] FIGS. 1A, 1B, 2 and 3 are schematic diagrams of
system components in accordance with preferred embodi-
ments of the present invention.

[0018] FIGS. 4A-4C are optical sights in accordance with
preferred embodiments of the present invention.

[0019] FIG. 5 shows a sample preset list that may be
displayed on a display of scope in accordance with one
preferred embodiment of the present invention.

[0020] FIGS. 6-8 show flowcharts in accordance with
preferred embodiments of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0021] Certain terminology is used herein for convenience
only and is not to be taken as a limitation on the present
invention.

[0022] Preferred embodiments of the present invention
provide for devices having network-connected scopes which
are designed to hone in on the same target, which may be a
still or moving target. In a first embodiment involving two
scopes, a “lead scope” identifies a target and communicates
location data regarding the target to a “follower scope”
which uses the location data from the lead scope and its own
location and orientation data to hone in the target. In the two
scope configuration, the lead scope and the follower scope
communicate through any available wireless data commu-
nication technology including cellular, satellite or one or
more WLAN technologies.

[0023] In a second embodiment involving a plurality of
scopes, a first scope identifies a target and communicates
location data regarding the target to a plurality of other
scopes which use the location data from the first scope and
their respective location and orientation data to hone in on
the target. In this embodiment, as additional scopes locate
the target, they communicate their location data regarding
the target to a network server which amalgamates location
data that is accumulated from each scope that identified the
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target to define successively more precise location data of
the target (i.e., more data points increase the precision of the
location), which is then communicated to the scopes that
have not yet located the target. The scopes that have previ-
ously reported the location of the target may also receive the
latest location data of the target to assist in tracking the
target. The scopes in this embodiment can be connected
using any available WLAN technology but in the preferred
embodiment, a mesh networking technology is used to
enable the plurality of scopes to communicate with each
other. It is understood that any one of the scopes can perform
the functions of the network server or the functions of the
network server can be distributed among the plurality of
scopes for redundancy in case one of the scopes loses
connectivity to the WLAN. Ideally, at least one of the scopes
is connected to the Internet and the other scopes in the
network are thus able to access the Internet through the
connected scope by way of the mesh network.

[0024] Since the target may be a moving object, the
location data of the target for the scopes that have identified
the target is continuously streamed to the scopes that have
not yet located the target. Alternatively, the location of the
target is only sent when the lead scope activates a switch that
designates the target. In a more advance version of the
system, when the target is moving, the scope and/or the
network server will predict the future location of the target
assuming continued movement in the same direction using
known techniques.

1. Definitions

[0025] The following definitions are provided to promote
understanding of the present invention.

[0026] device—The device is the object that a scope is
integrated into. Examples of such devices include a rifle,
gun, binoculars, smart eyeglasses or goggles, helmet visor
and a drone. Certain types of devices are themselves
“scopes,” such as binoculars, telescopes and spotting scopes.
The device may be handheld or may be mounted on a land,
aerial or water based vehicle.

[0027] target—The target is the object of interest. It may
be a person, animal or object, and may either be stationary
or moving.

[0028] lead scope—The lead scope is the first scope that
identifies a target. In the first embodiment, there is only one
lead scope. In the second embodiment, the lead scope is only
the first scope that located the target. Subsequent scopes that
identify the target are simply referred to herein as “scopes.”
In one preferred embodiment, any scope in the network can
function as a lead scope.

[0029] follower scope—The follower scope is a scope that
attempts to hone in on the same target that the lead scope
identified. In the first embodiment, there may be one or more
follower scopes. In the second embodiment, the follower
scopes include all of the scopes that have not yet honed in
on the target that the previous set of scopes (including the
lead scope) has identified. In one preferred embodiment, any
scope in the network can function as a follower scope.

II. Detailed Description

[0030] The description below presumes that each of the
device’s scopes have similar functionality and can function
as either a lead or follower scope. However, in an alternative
embodiment, certain scopes may be dedicated to a lead or
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follower role, and certain scopes may have more or less
functionality than other scopes.

[0031] A device having a scope includes each of the
following measurement devices (or their equivalents):
[0032] 1. GPS/INS device (provides location data of the
device) (could be implemented as two or more distinct
devices such as a GPS receiver, gyroscope and accelerom-
eter)

[0033] 2. rangefinder (provides the distance from the
device’s scope to the target). In the preferred embodiments,
laser technology is used by the rangefinder to detect range
but other technologies such as optical distance measurement
could also be used. One example of an optical distance
measurement system uses a series of lenses and mirrors to
produce a double image and a dial or other controller with
distance indicia is adjusted to bring the two images into
alignment.

[0034] 3. compass (provides the direction of the target
relative to the position of the scope (north, south, east, and
west)). The compass may be a standalone device, or may be
incorporated into the GPS/INS and determine direction
using GPS compassing. GPS compasses often have two
antennas and if the device is a pair of binoculars, one option
would be to place an antenna on each barrel. Accuracy can
be increased by increasing the separation of the antennas
used by the GPS compass such as through the use of one or
more fold-out arms, booms, lighter than air balloons or other
mechanical means to obtain separation, or by connecting a
second antenna through an RF or optical connection.
[0035] 4. orientation sensor (provides attitude data,
namely, the pointing angle of the device relative to a fixed
level plane (e.g., zero degrees if pointing straight ahead, 30
degrees up if pointing at a bird or plane in the sky or —10
degrees if pointed down into a valley)

[0036] 5. elevation sensor (optional) (provides absolute
elevation above sea level or other reference point). This
would typically be a barometric sensor that would supple-
ment the accuracy of the eclevation determined by the
GPS/INS which, in some cases is not particularly accurate.
Alternatively, an ultrasonic or other proximity sensor may be
used to determine the distance to the ground if the GPS/INS
either incorporates or has access to a topographic map
though a network connected scope. For example, if the GPS
position corresponded to a position on a topographic map
that is 500 feet above sea level and the proximity sensor
determines that the distance from the scope to the ground is
5 feet, an accurate elevation of 505 feet would be known by
the scope.

[0037] Data from these measurement devices are used to
calculate the position of the target, which may be expressed
in GPS coordinates or the like.

[0038] As discussed in detail below, for each above iden-
tified measurement devices, there are varying degrees of
accuracy and an anticipated error range. As the technology
associated with the measurement devices improves, it will
be possible to improve the operation of the scope and
provide a more accurate prediction of the target location by
using more accurate measurement devices.

[0039] A. Example Steps for First Embodiment

[0040] 1. The operator of a device that contains the lead
scope identifies a presumed target.

[0041] 2. The operator of the device either centers a
cross-hair or other target indicia to the center of the target or
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using a pointing device such as a touchpad or eye tracking
sensor, causes a cross-hair to move to the center of the target.
[0042] 3. The operator optionally presses a button to cause
the target to be designated.

[0043] 4. If not operating in a continuous manner based on
the position of the cross-hairs, the rangefinder is activated
and the data from the measurement devices is stored in
memory.

[0044] 5. The lead scope calculates a local AER (azimuth,
elevation, range) position of the target based on the stored
directional and range measurement data. A calculation is
then made using the stored positional measurement data to
convert the local AER position to a global position. In the
preferred embodiment, the global position is designated as
GPS coordinates. In some cases, an accuracy or estimated
error associated with the target position is also determined
by the lead scope. An alternative implementation which
obtains the same result involves the wireless transmission of
the stored measurement data, as opposed to the position data
to the follower scope or other device connected to the
network such as a network server. In this alternative embodi-
ment, the follower scope or network server calculates the
target position and, in some cases, the estimated error or
accuracy, from the measurement data. Either the determined
position data and error or accuracy data (if collected or
determined) or the measurement data is transmitted to the
follower scope. Through the above operations, either one or
more follower scopes will wirelessly receive the position
data or calculate it from the received measurement data
transmitted by the lead scope.

[0045] 6. If the system includes a network server and the
network server receives the raw data from the measurement
devices transmitted by the lead scope, it calculates the target
position and stores the data. If the network server receives
the calculated target position, it stores this data and forwards
it to other scopes. It is understood that the system can be
operated without a network server and that the features
described as being performed by the network server could be
performed by any scope or device in the network or by a
remote network server to which the scopes are connected via
the Internet.

[0046] 7. A follower scope on another device wirelessly
receives either from the lead scope or from the network
server the target position calculated by the lead scope.
[0047] 8. The device containing the follower scope also
includes the same set of measurement devices (or their
equivalents). The follower scope uses its own location data
and the target position to calculate the bearing and attitude
where the follower scope should aim so as to be pointing at
the same target position as the lead scope. As an alternative,
the follower scope could include a reduced set of measure-
ment devices and operate with reduced functionality. For
example, if the rangefinder was not included in the follower
scope, it would have limited functionality as a lead scope.
[0048] 9. Visual (guiding) indicators are displayed on the
device of the follower scope to direct (guide) the operator of
the follower scope as to where the scope should be moved
to so as to lock in on the target position. For example, an
eyepiece of the follower scope may include the visual
indicators. Alternatively, a device or scope-mounted display
may provide the visual indicators. The visual indicators may
be directional arrows, LED lights, text messages (e.g., move
left, move up), or the like. Audio indicators may be used as
well.
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[0049] 10. If the lead scope moves its physical position or
its aiming position and indicates that the target has been
re-located, the calculations are automatically rerun and sent
to the follower scope so that the follower scope can continue
to search for the target. Likewise, if the follower scope
moves from its initial position, the calculations at the
follower scope of the vector to the target must be redone,
even if no changes are made to the physical position or
aiming position of the lead scope so as to update the guiding
indicators display within the follower scope.

[0050] In an alternative embodiment, only the raw mea-
surement data from the lead scope is passed along to the
network server or other scope and each follower scope uses
the raw measurement data from the lead scope to calculate
the target position of the lead scope. That is, if the follower
scope receives the raw measurement data, it must perform
the target position calculation of the lead scope before it can
determine the relative position of its own device to the
target.

[0051] Additional options include the ability of the lead
scope to capture a digital image of the target using a digital
image sensor incorporated into or attached onto the scope
and transmit the digital image to the follower scope so that
the operator of the follower scope would know what it is
looking for. A further option would be for the follower scope
to signal back to the lead scope that it sees the target and to
transmit a digital image of its view of the target. Capturing
a digital image of the target could have unique applications
in military and law enforcement. For example, if at least one
of the scopes is connected to the Internet and the digital
image is a human face, the digital image could be transmit-
ted through the Internet to a database that would attempt to
match the face using facial recognition. If a match is
identified, additional information about the target could be
provided to each of the scopes. As an alternative to conven-
tional face recognition, other biometric measures can be
captured and transmitted such as gait and facial blood vessel
patterns which when used with a thermal imager can form a
digital fingerprint of a human face.

[0052] In the above description, it is assumed that a
conventional optical system is used to capture the image.
However, alternatives such a night vision and forward
looking infrared could also be used.

[0053] B. Example Steps for Second Embodiment
[0054] The steps of the second embodiment are similar to
the first embodiment, except that a network server (which as
noted above could be one or more of the scopes in the
network) performs additional calculations as described
above to amalgamate the estimated location data that is
accumulated from each scope that identified the target to
define successively more precise location data of the target
(i.e., more data points increase the precision of the location),
which is then communicated to the scopes that have not yet
located the target. Additionally, the network server can store
multiple targets (such as from multiple lead scopes) and
communicate those to each follower scope in the network.

[0055] C. Examples of Uses for the Network-Connected
Scopes
[0056] Connected rifle scopes: two hunters are hunting.

One hunter spots a prey and signals to the other hunter to
lock in their scope on the same prey. If the scopes are
equipped with image capture and display devices, the image
of the prey could be sent from the first hunter to the second
hunter and the second hunter could signal the first hunter
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using the connected scope that it has seen the target and
potentially transmit the image that it has seen back to the
first hunter. If the first hunter has lost the target, the second
hunter would then become the lead scope and transmit the
position of the target (or raw measurement data) back to the
first hunter who would attempt to reacquire the target.
[0057] Connected binoculars: two birdwatchers are bird-
ing. One birdwatcher spots a bird and signals to the other
birdwatcher to lock in their binoculars on the bird.

[0058] Connected drones and rifle scopes: A drone oper-
ated by a law enforcement agency identifies the position of
a suspected shooter in a field. Police armed with connected
rifle scopes are directed to the suspected shooter position
data as initially determined by the drone and as further
refined by subsequent position data collected from police
who subsequently identify the shooter in their connected
rifle scopes.

[0059] D. System Architecture

[0060] FIG. 1A shows a system view wherein a plurality
of devices 10 (device,-device,) and non-device/non-scope
nodes 12 (node,-node,) are in communication with a net-
work server 16 via wireless communication and an elec-
tronic network 18. The electronic network 18 is represented
by the solid lines connecting the devices 10 to the network
server 16. The electronic network 18 may be implemented
via any suitable type of wireless electronic network (e.g.,
local area network, wide area network (the Internet)). The
functions of the one or more non-device/non-scope nodes 12
((node,-node,)) are described below. In FIG. 1A, at least the
network server 16 is connected to the Internet 20.

[0061] FIG. 1B shows the topology of a mesh network 22
that is suitable for use in preferred embodiments of the
present invention. Preferably, the plurality of devices 10 and
the network server 16 are nodes 24 in the mesh network 22,
and thus these elements are labeled as nodes 24 in FIG. 1A.
In this manner, each of the nodes 24 are capable of being in
communication with each other via the mesh network 22. In
this configuration, either the network server 16 becomes
another node 24 in the mesh network 22, or there is no
network server 16, or one or more of the device scopes
perform functions herein described as being performed by
the network server 16. In FIG. 1B, at least one of the nodes
24 is connected to the Internet 20. Additionally, there may be
one or more nodes 26 that are outside of the mesh network
22, but which can communicate with nodes 24 in the mesh
network 22 via the Internet 20.

[0062] The scope of the present invention includes other
types of network topologies and is not limited to a hub and
spoke network architecture with a server at the hub. The
devices/nodes may be directly connected to each other
wirelessly (e.g. by way of a point to point connection which
could also be an ad-hoc network). Each device/node may
have a cellular or satellite connection and connect with each
other through the cloud (i.e., the Internet). Each device/node
may connect with each other through a wireless router that
may be land-based or aerial such as in a tethered hot air
balloon or drone programmed to stay in a fixed aerial
location.

[0063] Furthermore, in the second embodiment, devices/
nodes may connect to the network in different fashions. For
example, in a six node network, five of the nodes could be
in range of the mesh network 22. However, the sixth node
could be out of range and connected to the network by a
cellular or network signal via the Internet 20.
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[0064] FIG. 2 shows elements of a sample device 10,
which may include (or may be) either a lead scope or a
follower scope. The device 10 includes a processor 30
connected to at least the following elements:

[0065] 1. GPS/INS 32

[0066] 2. compass 34 (which can be either standalone or
integrated into the GPS/INS)

[0067] 3. rangefinder 36

[0068] 4. orientation sensor 38 (attitude)

[0069] 5. elevation sensor 40 for improved accuracy (op-
tional)

[0070] 6. scope 42 (the structure of the scope will depend

upon the type of device)

[0071] 7. audiovisual display device 44 (which can be
either standalone or integrated into the scope)

[0072] 8. network interface 46 in communication with a
wired or wireless communication transceiver 48

[0073] 9. memory 50

[0074] The audiovisual display device 44 is the element
that provides prompts/messages and indicators to the user. In
follower scopes, information provided by the audiovisual
display device 44 assists the user in honing in on the target.
Depending upon the type of device 10 and the environment
that the device 10 is used in, there may be only video, only
audio, or both audio and video provided by the audiovisual
display device 44.

[0075] FIG. 3 shows elements of the network server 16,
including a processor 52, memory 54, image and analysis
and manipulation software (TAMS) 56 which can imple-
mented using artificial intelligence software, and a network
interface 58 in communication with a wired or wireless
communication transceiver 60.

[0076] The processor functions of the individual devices
10 and the network server 16 depend upon the system
architecture and the distribution of computing functions. As
described herein, some of these functions can be performed
at either processor 30 or 52, whereas other functions may be
performed by the network server’s processor 52.

[0077] FIGS. 4A-4C each show an optical sight (scope)
for a rifle having an integrated audiovisual display device. In
FIG. 4A, the display device is located at the zero degree
position and presently reads “MOVE LEFT.” In FIG. 4B, the
display device has four separate areas, at zero, 90, 180 and
270 degrees. The display device in FIG. 4B is currently
indicating to move left (left arrow at 270 degrees is on
indicated by a solid line, whereas the other three arrows for
up, right and down, are off, as indicated by dashed lines).
FIG. 4C is similar to FIG. 4A, except that it includes an
additional display element that shows the image that the user
should be trying to locate. The direction prompts in these
figures indicates that this rifle is presently functioning as a
following scope.

I11. Additional Considerations

[0078] A. Target Position Weighting

[0079] When calculating a presumed target position from
GPS data and the other measurement devices, there are
known, quantifiable errors introduced by the lead scope and
follower scope(s), which can be represented by discrete
values (e.g., +/-20 cm). Certain types of errors will be
consistent from scope to scope based on inherent limitations
of the measurement devices. Other types of errors may
depend upon signal strength, such as the strength of a GPS
signal or number of satellites used to calculate the position
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of the lead scope. For each calculated target position, the
lead scope, follower scope and/or network server identifies
the error value. When amalgamating and accumulating
target positions from multiple scopes to calculate an updated
target position, the error values may be used to weight the
strength given to each target position.

[0080] Various algorithms may be used to process the
target positions. For example, target positions with the
lowest error values may be more highly weighted. Alterna-
tively, a target position with a very high error values
compared to other target position error values may be
deleted from the calculation. One way to use the additional
data to more accurately predict the position of the target
would be to place points representing each estimated target
position on a 3-dimensional grid and estimate the center
point or average location of the data representing the esti-
mated targets. The center point can be adjusted based on
weighting as discussed above.

[0081] In addition to using error values for target position
weighting, a temporal factor may be used. For example, the
most recently observed target positions may be given greater
weighting. Certain target positions may be eliminated
entirely from the weighting after a predetermined period of
time has passed from the observation time.

[0082] The temporal factor may also be affected by the
nature of the target for embodiments where the type of target
is determined (e.g., car, person, deer) by the IAMS and/or by
the scope. The temporal factor is likely to be more important
for fast-moving targets compared to slow-moving targets.
Thus, for a fast moving target (e.g., a car), the most recently
observed target positions may be given significantly greater
weighting, and older target positions would likely be elimi-
nated more quickly from the weighting compared to slower
moving targets.

[0083] Since a normally fast moving target might not
actually be moving (e.g., a stationary car), and a normally
slow moving target may actually be moving fast (e.g., a
running person or deer), the IAMS may also use various
algorithms to determine if the target is actually moving, and
if so, at what speed. This calculation may then be used for
the temporal factor. For example, if a target appears to be
stationary, then no temporal factor will be applied to the
weightings. The algorithm may look at multiple observed
target positions and if they are relatively similar after
factoring in their respective error values, and were observed
at significantly different time intervals (i.e., not very close in
time), it can be concluded that the target is stationary.
Conversely, if multiple observed target positions are signifi-
cantly different after factoring in their respective error
values, and were observed very close in time, it can be
concluded that the target is moving, and the temporal factor
should be used in the weighting.

[0084] B. Error Indicator

[0085] In one preferred embodiment, the visual indicator
visually communicates the error information in a form that
is useful to the device operator. For example, if the presumed
target position is represented by a dot on a display screen of
the device, an error box may by overlaid around the dot so
that the operator of the device knows that the target may be
in any of the areas within the error box, and is not neces-
sarily exactly where the dot is showing. In the second
embodiment, the error box presumably becomes smaller as
more target positions are identified by a succession of
follower scopes.
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[0086] The exact manner in which the error information is
communicated depends upon how the presumed target posi-
tion is displayed on a follower device.

[0087] Advances in measurement sensors, particularly
GPS technology, will improve accuracy and reduce errors.
At some point, the errors may be sufficiently small that an
error indicator would not enhance the user experience.
[0088] C. Image Display and Simulation

[0089] In one embodiment, the target is represented by a
one-dimensional object on a display screen, such as a dot. In
an alternative embodiment, the target is represented by a
simulated two-dimensional or three-dimensional image on
the display screen. If a digital image is captured and trans-
mitted, the actual image of the target may be displayed on
the screen. Using image analysis and manipulation software
(JAMS) which could be implemented using artificial intel-
ligence (Al) techniques such as a neural network, the
simulation process allows for the target to be rotated so that
it appears properly positioned with respect to the follower
scope. Consider the following example:

[0090] 1. A lead scope identifies a deer (target) that is a
quarter-mile away and is facing the device head-on.
[0091] 2. The target position of the deer and a physical
image of the deer is captured by the scope and communi-
cated to the network server.

[0092] 3. The IAMS in the network server or remotely
accessed via the Internet identifies key visual features within
the image and compares these features with known objects
to categorize the target as a front view of the deer and
retrieves a simulated image of a deer from its database.
[0093] 4. A follower scope receives target position data
regarding the deer and it is determined that the follower
scope is also about a quarter-mile from the deer, but is 90
degrees off compared to the lead scope. The JAMS can then
rotate the simulated deer by 90 degrees and communicate a
side view of the deer for display on the follower scope so
that the follower scope knows what the deer is likely to look
like.

[0094] 5. After physical image data is captured from a
plurality of scopes, the IAMS can build a 3-D image of the
target, thereby enabling a more realistic view of the target to
be displayed on the follower scopes that are still looking for
the target. The IAMS must know the positions of both the
lead scope and the follower scope to perform the rendering
since both positions are necessary to know how to rotate the
3-D image of the target. If actual images are captured, one
option would be for the IAMS to combine the actual image
data rather than simulate the image.

[0095] 6. In law enforcement applications, the IAMS
could attempt to match the target image to a person using
facial recognition or other biometric techniques. If there is
a match, information about the target could be returned to
the scopes.

[0096] 7. A further application of an image display system
incorporated into the scopes would be the ability of the
follower scope to retrieve a high-resolution aerial image or
topographical map and display the aerial image or map on
the display of the follower scope together with some indicia
of the approximate location of the target. If error information
is known, a box can be displayed on the aerial image or
topographical map showing the area in which the target may
be located. By combining the features of directing the scope
to the target, providing an image of the target as seen by the
lead scope and providing an aerial view or topographical

Aug. 4, 2022

map including the approximate position of the target
together with an error box, the process of finding a target is
greatly accelerated.

[0097] In a third embodiment, the target is represented by
a bounding box or highlighted image segment on the display
when present in the scope’s field-of-view. If a digital image
of the target is captured, the IJAMS may be used to identify
key visual features within the image that allows recognition
of the target object in future collected images. When the
field-of-view of the follower scope nears the target, the
digital image buffer of the follower scope field-of-view is
processed by the IAMS to determine if there is a pattern
match between the key visual features of the target identified
previously and features within the current field-of-view.
Upon finding the target image features, the target is visually
indicated. If the follower scope has an optical display, one
embodiment includes a transparent display overlay that is
activated to highlight a target in a particular color or draw a
box around the target. If the follower scope has a visual
display, the matched target is designated as described above.
Consider the following example:

[0098] 1. A lead scope identifies a deer (target) that is a
quarter-mile away and is facing the device head-on.
[0099] 2. The target position of the deer and a physical
image of the deer is captured by the scope and communi-
cated to the network server.

[0100] 3. The IAMS in the network server or remotely
accessed via the Internet uses computer vision techniques to
segment the image, separating the target from the back-
ground image.

[0101] 4. The IAMS generates a set of key identifiable
features within the image segment, such as the points on the
deer’s antlers and a white patch on its side.

[0102] 5. A follower scope receives target position data
regarding the deer and it is determined that the follower
scope is also about a quarter-mile from the deer, but is 45
degrees off compared to the lead scope. The IAMS can then
rotate the visual feature-set corresponding to the target by 45
degrees so that it knows what the features should appear as
in the follower scope’s field-of-view.

[0103] 6. The follower scope aims in the general direction
of'the target, guided by the instructions regarding the target’s
location. Images of the current field-of-view of the follower
scope are sent to the JAMS as the follower scope moves for
processing.

[0104] 7. The IAMS performs pattern matching on the
incoming follower scope images, comparing key features
within the image with the target feature-set generated from
the target scope and adjusted for the follower scope’s
viewing angle. If a pattern match occurs, the location of the
target, within the follower scope field-of-view, is transmitted
to the follower scope.

[0105] 8. The follower scope presents a bounding-box
overlay highlighting the location of the target within the
display.

[0106] 9. After physical image data is captured from a
plurality of scopes, the IAMS can build a larger set of key
identifying features from multiple angles.

[0107] D. Target Position Calculations

[0108] Calculation of a target position from the measure-
ment data may be performed by any one of known tech-
niques which rely upon GPS data. U.S. Pat. No. 5,568,152
(Janky et al.), which is incorporated herein by reference,
discloses a methodology for determining the location of a
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target by an observer who is spaced apart from the target and
who is viewing the target through a viewer/rangefinder. U.S.
Pat. No. 4,949,089 (Ruszkowski, Jr.), which is also incor-
porated herein by reference, discloses a similar methodol-
ogy. Any such methodologies may be used to calculate the
target position.

[0109] To calculate the position of a follower scope rela-
tive to the target, one must effectively perform the reverse of
the calculations of the lead scope. The follower scope knows
its GPS coordinates and it has received the approximate GPS
coordinates of the target from the lead scope or network
server (or calculated the target position based on directly or
indirectly wirelessly receiving the raw measurement data
from the lead scope. With this information, the follower
scope (or the network server or another node in the network)
calculates a route between the two GPS coordinates. Unlike
a vehicle route where you are effectively only determining
a two-dimensional direction from point A to Point B, the
follower scope also determines a precise vector and range
from its position to the position of the target. Since the
follower scope also has a GPS/INS device, it uses the
information concerning the calculated vector to the target to
direct the user to point the follower scope in alignment with
the vector to the target.

[0110] Consider the following example: Assume that the
follower scope determines that the device user is presently
looking due west (270 degrees) in the horizontal plane and
the vector to the target is due north (0 degrees). The follower
scope would display a right arrow or otherwise indicate that
a clockwise rotation is required and would stop the user (via
displayed or verbal cues) at the point when the user is
pointed at 0 degrees. At that point, the follower scope would
determine the vector in the vertical plane. For example, if the
follower scope is level but the vector to the target is 10
degrees lower, the follower scope would direct the user to
lower the angle of the follower scope until it matches the
vector to the target in the vertical plane. The above example
assumes that the user would be directed to the target first in
the horizontal plane and then in the vertical plane. However,
it is possible to simultaneously direct the follower scope in
both the horizontal and vertical plan by simultaneously
displaying both a right arrow and down arrow. And, because
of'the GPS/INS device, the follower scope always knows its
orientation and direction using GPS compassing.

[0111] E. Infrared Sensor/Heat Signature

[0112] In addition to a normal optical mode embodiments
described above, an alternative embodiment of the scopes
incorporate a forward-looking infrared sensor to detect heat
signatures of targets. Using the rangefinder, the system
detects the location of the target corresponding to the
selected heat signature and then in addition to or instead of
transmitting an image of the target of interest, the system
transmits the heat signature.

[0113] F. Non-Visual Displays

[0114] Although the preferred embodiment transmits the
image and/or heat signature to the other devices in the
system, at least a portion of the devices may not have visual
displays. In that case, the follower scope may rely simply on
directional arrows or other indicia to direct the user of the
follower scope to the target.

[0115] G. Audio Prompts

[0116] In lieu of directional arrows or other indicia to
direct the follower scope, a connection between the follower
scope and a pair of headphones, connected wired or wire-
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lessly such as by Bluetooth, may be used which directs the
use to move the device (e.g., up, down, left, right).

[0117] H. Direct Use of Range Information

[0118] In the embodiments described above, range infor-
mation from the rangefinder is not used for identifying the
target at the follower scope. Since optical scopes and bin-
oculars focus for variable distances, the guidance to target
information may also include indicia to allow the user to
know the correct distance to look at or focus on. In the audio
embodiment, commands may be provided to focus nearer or
further, look closer, or the like. Stated another way, the user
is already looking along a vector calculated based on the
known target location and the known location of the fol-
lower scope. The rangefinder can be used to get an idea of
whether you are too far or too close to the target. For
example, the target may be one mile away, but the user is
currently looking 1.5 miles away.

[0119] 1. Target Marking

[0120] The lead scope may incorporate cross-hairs or
other target selection indicia such as a reticle to mark the
target. Once marked, the rangefinder detects the distance to
the target and the system determines the coordinates of the
target and notifies the follower scopes of the target position
as described above or communicates with an available
network server to store the coordinates of the target.
[0121] J. Trigger Switch

[0122] In a rifle or gun application, the lead scope may
incorporate the switch to send the information to follower
scopes into a sensor on or adjacent to the trigger.

[0123] K. Overlay for Display

[0124] A more complex follower scope may include a
higher resolution display and utilize augmented reality tech-
niques to overlay visual information received from the lead
scope and indicia directing the follower scope to the target
onto an optical field-of-view of the follower scope. An
overlay may be implemented by a heads-up display or
equivalent or by switching to a complete digital display.
[0125] L. Target Image Capture

[0126] The image of the target may be captured in a
manner substantially identical to a variety of techniques
used in digital cameras. For example, at the point in time
when the user of the lead scope designates the target, a
mirror may fold down and direct the image to an image
sensor similar to the operation of a digital SLR. The lead
scope may also operate similar to a mirrorless or compact
camera which does not use a mirror.

[0127] M. Adjustments for Hand Movements

[0128] Position movement of the lead scope due to hand
movements of the device (e.g., rifle/gun, binoculars) by the
user may introduce instability to the system. To address this
issue, a touchpad or other pointing device may be mounted
on the device and used to move the cross-hairs or other target
indicia over the target. Once the target is tagged, the range
is determined based on the range to the center of the
cross-hairs using the rangefinder. In some cases, and
depending on the range finding technology used, it may be
necessary to mechanically redirect the rangefinder to point at
the target using linear or other silent motors which would
make minimal noise. Once the range is determined, the
target position calculation is performed and adjusted for the
offset between the orientation of the lead scope and the offset
to the orientation determined based on the amount that the
cross-hairs have been moved off-center.
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[0129] N. Terrain Obstructions

[0130] In some cases, terrain features (e.g. hills, moun-
tains) may be on the path of the vector between the follower
scope and the target. For example, if the lead scope is one
mile due north of the target and the follower scope is two
miles due south, there could be a hill between the follower
scope and the target. Detailed topographic maps and navi-
gational tools are readily available. For example, software
products such as Terrain Navigator Pro, commercially avail-
able from Trimble® subsidiary MyTopo™, Billings, Mont.,
provides detailed topographical maps of the entire U.S. and
Canada and incorporates U.S. Geological survey maps at
various scales. Using conventional GPS routing techniques
known to those skilled in the art, either a computer in the
lead scope or a computer in an intelligent node in the
network of connected scopes can overlay the vector between
the follower scope and the target onto a topographical map
of the area and determine if the vector passes through a
terrain feature that would make it impossible for the fol-
lower scope to see the target. If an obstruction is present, an
indicia that the target is blocked from view may be presented
to the user of the follower scope. In some embodiments,
using the data from the topographical maps and the location
of the target and follower scope, the follower scope may
direct the user to move to another position, preferably the
closest position, where it would have an unobstructed view
of the target.

[0131] The computer in the lead scope or the computer in
an intelligent node in the network of connected scopes
outputs at least one of these information items (i.e., an
indicia for display by the second scope that the presumed
target is blocked from view, and electronically generated
indicators for use by the second scope to prompt the operator
of the second scope to move to another position that allows
for an unobstructed view of the presumed target) when a
determination is made that the vector passes through a
terrain feature that would prevent the second scope from
viewing the presumed target.

[0132] O. Multiple Scopes Acting as Lead Scope

[0133] In the second embodiment, there may be situations
where multiple scopes send targets at the same time. In the
second embodiment, each scope has the capability to be a
lead scope or follower scope at any given time, thus creating
the possibility that multiple scopes may be sending position
information associated with different targets simultaneously.
In embodiments where scopes can receive an image of the
target transmitted by the lead scope, multiple target images
could be displayed in a list and using selector buttons, a
pointing device, or by tracking the eye and determining a
focus point, the target of interest could be selected by the
follower scope and thereafter the follower scope would be
directed to the target as previously described. If the follower
scope did not have the capability to display the target images
received from multiple lead scopes, the user of the follower
scope would be presented with a list of available targets and
associated annotating information, such as distance to target,
time of creation, or originating scope, and have the ability to
select a target of interest through the use of selector buttons,
a pointing device, or eye tracking. If the follower scope did
not have the capability to present the user the list of targets,
the processor would select the target based on predetermined
criteria or an algorithm which would use various factors to
select the best target. These factors could include nearest
target, target with least error rate, target matched by the
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TIAMS to a preferred target type such as a particular animal
or person identified by facial recognition.

[0134] In embodiments where scopes can present digital
overlays, the follower scope could support the simultaneous
tracking of multiple targets of interest. Instead of selecting
a single target of interest from a list of available targets, the
user of a follower scope would have the ability to toggle
each available target as shown or hidden. If an available
target is set to show, indicia would be added to the follower
scope overlay, annotated with a label indicating which target
of interest it is guiding towards.

[0135] In some embodiments, it may be unclear if a scope
is sending confirmation that it has identified and pointed at
a target previously selected by a lead scope or acting as a
lead scope and sending a new target. To eliminate this issue,
a user interface may be included to allow the user of the
scope to indicate whether it is sending position information
associated with a new target or confirmation that it has seen
a target that was previously designated by a different scope.
Alternatively, if images are transmitted with the position
data and the system includes an IAMS, the IAMS could
compare the images of the targets and determine whether to
treat the received position data as associated with a previ-
ously designated target or a new target.

[0136] It is also possible that the user of a scope could
make a mistake and improperly indicate that it has selected
a target previously designated by a lead scope when in fact
the scope is actually designating a different target. This
could occur for a variety of reasons with one example being
the same type of animal being within the error box. Ideally,
when the target is designated by a scope when another target
has previously been designated by a lead scope, the IAMS
would have the capability of comparing the two images and
determining that the target images have a low probability of
being the same target and the that scope is acting as a lead
scope and sending data associated with a new target.

[0137] P. Game Mode

[0138] The network-connected scopes may be used to play
a game with scoring maintained by any one of the scopes or
a network server. The game may operate over a fixed time
interval. In one embodiment, the lead scope sets the target
and each follower scope searches for the target. Points are
awarded based on the order in which the follower scopes
identify the target and/or the amount of time it takes for the
follower scope to find the target. A maximum amount of time
is provided for the follower scopes to find the target at which
point the round ends. Either sequentially or randomly, a new
lead scope is then designated to find a target and the next
round is played. The winner of the game is the scope with
the maximum points at the conclusion of the preset time for
the game. Alternatively, the game ends when a target score
is achieved and the players are ranked based on their points.

[0139]

[0140] The IAMS can be used to support the operator of
a lead scope by identifying potential targets within the
current field-of-view through object classification. Prior art
processes exist to analyze image frames and identify objects
in the image frame. For example, the GOOGLE® Cloud
Vision API provides image analytics capabilities that allows
applications to see and understand the content within the
images. The service enables customers to detect a broad set
of entities within an image from everyday objects (e.g.,
“sailboat”, “lion”, “KEiffel Tower”) to faces and product

Q. Automatic Target Detection
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logos. Software applications of this type may be used for
identifying potential targets within the current field-of-view
through object classification.

[0141] Using an IAMS-enabled lead scope having object
classification functionality, the operator can select the type
of target they are looking for from a preset list (e.g. car,
person, deer), at which point an image is captured from the
lead scope and the IAMS highlights any objects within the
view that match the specified object type, such as with a
bounding box or highlighted image segment. The lead scope
can then be pointed at one of the highlighted potential targets
and activated to designate the target.

[0142] In an alternative embodiment, the image process-
ing can be continuous, such that as the lead scope is moved
around, any objects that are found to match the specified
object type are highlighted.

[0143] Inanother embodiment, the automatic target detec-
tion is extended to one or more follower scopes using
features described in the image simulation and display of
section C above. Consider the following example:

[0144] 1. Automatic target detection is performed using
the lead scope as described above.

[0145] 2. Using the process described in section C above,
the TAMS calculates how the target image should appear
based on the location of a specific follower scope with
respect to the lead scope. The appearance factors in the angle
(e.g., same angle (head on), rotated +/-90 degrees (left or
right side view), rotated 180 degrees (butt view)) and
distance (e.g., same, bigger, or smaller in size, depending
upon distance to the target).

[0146] 3. An image is captured from the field-of-view of
the follower scope and automated pattern identification is
performed to determine if the expected target image from the
lead scope, as it was calculated to appear by the follower
scope, is actually in the field-of-view of the follower scope.
For example, if a deer is supposed to appear rotated +90
degrees, a deer that is facing the follower scope head on, as
determined from the automated pattern recognition, would
not likely be the correct target. However, if the deer is
supposed to appear rotated +90 degrees, and a deer is
determined to be in the field-of-view of the follower scope
and is also determined to be rotated +90 degrees, as deter-
mined from the automated pattern recognition, the deer is
likely to be the correct target.

[0147] 4. If the expected target image is in the field-of-
view of the follower scope, a similar type of bounding box
or highlighted image segment appears in the follower scope,
and appropriate prompts are provided to the operator of the
follower scope to re-position the follower scope from its
current target position towards the target image in the
bounding box or highlighted image segment.

[0148] FIG. 5 shows a sample preset list that may be
displayed on a display of scope. In this example, the listed
objects include a human, a deer and a vehicle. The operator
of the scope has selected “deer.” Assume that the field-of-
view of the scope is analyzed for object detection and the
only object appearing in the field-of-view is a single deer at
approximately the 1:00 o’clock position. This would result
in a field-of-view similar to that shown in FIG. 4C with
corresponding instructions to prompt the operator of the
scope to move the scope from its current target position to
the target position of the deer.
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[0149] R. Focal Length of Scopes

[0150] In the embodiments described above, it is pre-
sumed that the scopes all have similar focal lengths. How-
ever, if the scopes have different focal lengths, the IAMS
must make an appropriate adjustment when determining the
size of the object being analyzed in the field-of-view and the
size of the object displayed as an image in a follower scope.
Preferably, the IAMS receives data regarding the focal
lengths of the respective scopes so that any such adjustments
can be made.

[0151] Preferred embodiments of the present invention
may be implemented as methods, of which examples have
been provided. The acts performed as part of the methods
may be ordered in any suitable way. Accordingly, embodi-
ments may be constructed in which acts are performed in an
order different than illustrated, which may include perform-
ing some acts simultaneously, even though such acts are
shown as being sequentially performed in illustrative
embodiments.

[0152] S. Flowcharts

[0153] FIG. 6 is a flowchart of a process for tracking a
single presumed target by a first scope and a second scope
located remotely from one another and being moved by
separate scope operators, wherein each of the scopes include
a plurality of measurement devices configured to provide
current target position data. In one preferred embodiment the
process is implemented by at least the following steps:
600: Identify current target position data regarding a pre-
sumed target that is located by an operator of the first scope,
using the plurality of measurement devices in the first scope.
602: The first scope electronically communicates to the
second scope the current target position data regarding the
presumed target identified by the operator of the first scope.
604: The second scope identifies its current target position
data of the second scope’s current target position using its
plurality of measurement devices.

606: Calculate in a processor of the second scope, using its
current target position data and the current target position
data received from the first scope, position movements that
are required to move the second scope from its current target
position to the target position of the presumed target iden-
tified by the first scope.

608: The processor of the second scope outputs electroni-
cally generated indicators for use by the second scope to
prompt the operator of the second scope to make the position
movements. The operator of the second scope uses the
indicators to re-position the scope from its current target
position so as to move towards the target position defined by
the current target position data received from the first scope.
[0154] FIG. 7 is a flowchart of a process for tracking a
single presumed target by a plurality of scopes located
remotely from one another and being moved by separate
scope operators, wherein each of the scopes include a
plurality of measurement devices configured to provide
current target position data, and each of the scopes are in
electronic communication with a network server, and the
current target position data have error values. In one pre-
ferred embodiment the process is implemented by at least
the following steps:

700: Identify current target position data regarding a pre-
sumed target that is located by an operator of the first scope,
using the plurality of measurement devices in the first scope.
702: The first scope electronically communicates to the
network server the current target position data regarding the
presumed target identified by the operator of the first scope.
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704. The network server communicates to the remaining
scopes the current target position data regarding the pre-
sumed target identified by the operator of the first scope.
706: Each of the remaining scopes use the current target
position data regarding the presumed target identified by the
operator of the first scope to locate the presumed target.
708: Upon locating the presumed target, each of the remain-
ing scopes electronically communicate to the network server
the current target position data regarding the presumed
target, the current target position data being identified by the
respective remaining scopes using the plurality of measure-
ment devices in the respective remaining scopes.

710: The network server calculates updated current target
position data upon receiving current target position data
from any one of the remaining scopes by amalgamating the
current target position data from each scope that located the
presumed target, the updated current target position data
having reduced error values compared to the error values of
the current target position data identified by only the first
scope.

712: The network server electronically communicates the
updated current target position data regarding the presumed
target to the remaining scopes that have not yet located the
presumed target.

714: The remaining scopes that have not yet located the
presumed target use the updated current target position data,
instead of any previously received current target position
data, for locating the presumed target.

[0155] FIG. 8 is a flowchart of a process for tracking a
plurality of presumed targets by a plurality of lead scopes
and one or more follower scopes located remotely from one
another and being moved by separate scope operators,
wherein each of the scopes include a plurality of measure-
ment devices configured to provide current target position
data, and each of the scopes are in electronic communication
with a network server. In one preferred embodiment the
process is implemented by at least the following steps:
800: The plurality of lead scopes identify current target
position data regarding a presumed target that is located by
an operator of the respective lead scope, using the plurality
of measurement devices in the respective lead scope.

802: The plurality of lead scopes electronically communi-
cate to the network server (i) the current target position data
regarding the presumed target identified by the operator of
the respective lead scope, and (ii) information regarding
each of the presumed targets.

804: The network server communicates to the one or more
follower scopes (i) the current target position data regarding
the presumed targets identified by the operators of the lead
scopes, and (ii) the information regarding each of the
presumed targets.

806: Each of the one or more follower scopes uses the
information regarding each of the presumed targets to elec-
tronically select one of the presumed targets of the lead
scopes.

808: Each of the one or more follower scopes locate the
selected presumed target by (i) identifying its current target
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position data of its current target position using its plurality
of measurement devices, (ii) calculating, using its current
target position data and the current target position data of the
selected presumed target position, movements that are
required to move the follower scope from its current target
position to the target position of the selected presumed
target, and (iii) outputting electronically generated indica-
tors for use by the follower scope to prompt the operator of
the follower scope to make the position movements. The
operator of the follower scope uses the indicators to re-
position the follower scope from its current target position so
as to move towards the target position defined by the current
target position data of the selected presumed target.

[0156] It will be appreciated by those skilled in the art that
changes could be made to the embodiments described above
without departing from the broad inventive concept thereof.
It is understood, therefore, that this invention is not limited
to the particular embodiments disclosed, but it is intended to
cover modifications within the spirit and scope of the present
invention.

What is claimed is:

1. A method for tracking a single presumed target by a first
scope and a second scope located remotely from one another
and being moved by separate scope operators, each of the
scopes including a plurality of measurement devices con-
figured to provide current target position data, the method
comprising:

(a) identifying current target position data regarding a
presumed target that is located by an operator of the
first scope, the current target position data being iden-
tified using the plurality of measurement devices in the
first scope;

(b) the first scope electronically communicating to the
second scope, via an electronic network, the current
target position data regarding the presumed target iden-
tified by the operator of the first scope;

(c) the second scope identifying its current target position
data of the second scope’s current target position using
its plurality of measurement devices;

(d) calculating in a processor of the second scope, using
its current target position data and the current target
position data received from the first scope, position
movements that are required to move the second scope
from its current target position to the target position of
the presumed target identified by the first scope; and

(e) the processor of the second scope outputting electroni-
cally generated indicators for use by the second scope
to prompt the operator of the second scope to make the
position movements,
wherein the operator of the second scope uses the

indicators to re-position the scope from its current
target position so as to move towards the target
position defined by the current target position data
received from the first scope.
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