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(54) Title: SYSTEM AND METHOD FOR REMOVING AND REINSTALLING WEAPON SIGHT WITHOUT CHANGING
BORESIGHT

FIG. 1

(57) Abstract: A system and method for removing and reinstating a sight of a weapon without changing a boresight is disclosed. A
reference optical device is installed on a rail of the weapon and then the sight is installed on the rail. An attitude determination unit
determines a change in attitude of the sight with respect to the boresight. The aim point of the weapon in the sight is compensated
accordingly based on the change in attitude without changing the boresight by utilizing a compensation module. This allows retain-
ing the boresight even when the weapon sight is removed and reinstalled. Thus weapon sight can be mounted anywhere on a weapon
without the need to boresight the weapon.
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SYSTEM AND METHOD FOR REMOVING AND BEINSTALLING WEAPON
SIGHT WITHOUT CHANGING BORESIGHT

CROSS-REFERENCE TO RELATED APPLICATIONS

[B001] This Application claims rghis under 385 USC 8118{s) from UG
Application Serial No. 61/808.824 filed 27 Nov 2013, the contents of which

ars incarporated hareln by referanns,

TECHNICAL FIELD

[0002] The present disclosure relates generally 0o 8 weapon sights
Embodiments of the disclosure are related {0 systems and msthods for
ramoving and reinstalling weapon sights without changing boresight of a

WRADCH.

BACKGROUND

(00031 In close guarter combat, soldiers are required o rapidly acquire,
dentify, and accurately fire on enemy {argels. Soldiers may use weapon-
mounted sights with vigible and infrared light sowrces 1o assist in the aiming
process during daytime and nighltime missions. Thess sighls may be
mounted on handheld weapons and other small arms and are used o provide

beatter target obsarvation, #Hluminatiom, and marking.

{0804] Boresight is the adjustments made v an optical firearm sight or ron
sights, o align the firearm barrel and sights. A device called a bore sighlsr oy
colfimator is used {o accompligh this. A holographic weapon sight or
holographic diffraction sight s a non-magnifying gun sight that allows the user
fo ook through a glass optica! window and seg a relicle image supsrimposad
at a distance on the fisld of view. The hodogram of the reticle s built into the

window and iz luminated by 3 laser dinde,
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[BO0S] Every time when the weapon sight 8 removediinsialied, the boresight
should be changed accordingly o the alm point. For example, when the sight
is ramoved from the weapon for transport and i should be reinstalied withowt
foss of the aim point to the wsapon. For this reason, the weapon sights
should be clipped on at a particular position, in front of the weapon o use the
aim point of the weapon. This increases the cost and manufachsing
tolerance. This makes the sight not exchangsable between weapons and

naeds boresight adjustiment,

f0008] A need, therelore, exists for an improved way 1o retain boresight even
whaern the weapaon sight is removad and reinstalled. There is alsc aneed to a
way {o mount a sight anywhere on a weapon without the need t© boregight the

WEeApon,

SUMMARY

D007 The following summary is provided o facilitale an understanding of
some of the innovative fealures unique o the disclosed ambodiment and is
not intended o be 2 Ul desceription. A full appreciation of the various sspacts
of the embodimenis disclosed hersin can be gained by isking inio
consideration the entire spedification, claims, drawings, and abstract as &

whle.

D008 itis, thereforg, one aim of the disclosed embodiments is to provids for
a method for removing and reinsialling a sight of 3 weapon without changing a
horesight of a weapon. A reference optlical device is installed on a rall of the
weapon. The sight installed on the rall can be removed and reinsiafied along
fhe rail. The reference optical device is utilized for determining a change in
attifude of the weapon sight with respet o the boresight. Then, the aim point
of the weapon in the sight is compensated basad on the change in altitude
withowt changing the boresight
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[BG08T His, therefors, one aim of the disciosed embodimants (s (o provide for
g mathod for removing and reinstaliing 2 sight of a weapon without changing &
boresight in which the change in aftifude of the sight from a first position on

the rafl 1o 8 second position on the rall is accounted.

(00101 s, therefore, one aim of the disclosed embodiments is o provide for
a method for automatic alignment of 3 sight of & weapon with the barssight
without changing 8 boresight, The mathod comprises installing a reference
optical device on a rall of the weapon, installing the sight on the rail, allowing
a fight to reflect from g reference optical device and from an optical devicg in
the sight, oblaining a resultant light reflected from the reference optical device
and from the oplicgl device in the sighl, provessing the resultant fight,
defermining a changs in alfitude of the sight relalive the boresighl and

adjusting the sight based on the change in altituds,

[G011] His, therefore, one aim of the disclosed embodiments is to provide for
3 method for automatic aligament of 3 sight of a weapon with the boresight
without changing & boresight In which processing the resultant light
comprises, adjusting the brighiness of the resullant Hghl, performing dual
centrodd operation, determining the azimuth and elevation offsels, and
oblaining & change in attitude of the sight relative the borgssight by subltracting

the error oblained based on the offsels.

{00121 His, thorefore, one aim of the disclosed embodimants is o provide for
a mathod for automatic alignment of a sight of a wesapon with the borssight
without changing a boresight in which the brightness of the resuliant light s
adjusted by increasing the brightness of the maximum pixels of resultant light
o @ first predetermined value and deorsasing the brighiness of all the pixels

that are Delow g second predetermined of 3 saturation point,

{0013] Htis, therefore, one aim of the disciosed embodiments is o provide for

(8>3



WO 2015/080774 PCT/US2014/050984

a mathod for automatic alignment of a sight of 3 weapon with the boresight
without changing a borasight in which, the refergnce rall is maintained in the

rafl irrespective of removal and reinstaliation of the sight of the weapon.

[0014] His, therefore, one aim of the disclosed embodiments is {o provide for
a system for removing and reinstaliing a sight of 3 weapon withowt changing 8
boresight comprising 2 reference oplical device insialied on a rail of the
weapon, the sight installed on the rall, an atlitude determination unit for
datermining a change i aftitude of the sight with raspeact to the boresight and
a compeangation maodule for compensating the aim point of the weapon in the

sight basad on the change in altitude without changing the boresight.

[0018] His, therefore, one aim of the disclosed ambaodiments is to provide for
3 systermn for removing and reinstalling a sight of & weapon without changing &
baresight v which the aftitude delermination unit accounts the change in
attitude of the sight from a first position on the rail 1o 3 second position on the

rail.

{0048] # is, thevefore, one aim of the discipsed smbodiments is {o provids for
a systent for ramoving and reinstaliing a sight of a weapon withouwt changing 8
boresight further comprising an automatic alignmeant unit for aligning the sight

of the weapon with the boresight without changing a boresight.

[0047] His, therefore, one aim of the disclosed embodimants is o provide for
a system for remaving arsd reinstalling a sight of a weapon withowt changing 3
horasight in which the automatic alignment uni is configured to allow a light o
resfiect from the reference optical devics and from an oplical device in the sight
obiain a resultard light reflected from the reference optical device and from the
optical device in the sight process the resullant light, determine & change in
attitude of the sight relalive the boresight and adjust the sight based on the

change in sttitude.



WO 2015/080774 PCT/US2014/050984

[OD18] His, therefore, one aim of the disclosed embodiments is (o provide for
3 sysiem for removing and reinsialiing a sight of a3 weapon without changing a8
barasight in which, the resultant light & processed o adjust the brightnass of
the resultant light, perform dual cantroid operation, determing the aximuth and
sievation offsels and oblain a3 change in aftitude of the sight relative the

boresight by sublracting the error oblained based on the offsetls.

{00181 s, therefore, one aim of the disclesed embodiments is {o provide for
a system for ramoving and reinstaliing a sight of 3 weapon without changing a
boresight it which the brightness of the resultant fight s adjusted by
increasing the brightness of the maximum pixels of resuitant ight to a first
predetarmined vaiue and decreasing the brightness of all the pikels that are

helow a second predetermined of a saturation point.

(08201 itis, therefore, ong aim of the disclosed embodiments is to provide for
a systam for removing and reinstaliing a sight of & weapon without changing 8
boresight in which the reference rall s maintained in the rall irrespective of
remaval and reinstaliation of the sight of the weapon.

f0021] U is, therefore, onte aim of the disclosed embodimants s to provide for
a system and method for removing and reinstalling a sight of & weapon
withow! changing a8 boresight in which the sight can bs removed from the

waapon for fransport and reinstall without loss of the aim point to the weapon.

00231 itis, therafore, one aim of the disclosed embodiments is i provide for
a aystem and msthod for removing and reinstaliing a sight of 3 weapon
without changing a boresight in which the sight can be mounted anywhere on
the weapon and no longer only iy front of the Advancad Combat Dptical
Gunsight {(ACOG), This educes cost and manuwlacturing olerance singe i

doas nod nead o be a "dlip-on” shyle waapon sight.
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(00231 g, thevefore, one alm of the disclosed embodiments is to provide for
a system and method for removing and reinstalling a sight of a weapan
without changing a borssight in which the reference oplical Is mounted at a
position on the rall where the weapon sight is sxactly sligned with ths

borasight.

BRIEF DESCRIPTION OF THE DRAWINGS

{00241 The summary above, as well as the following detalled desoription of
Hustrative embodiments, 18 belter understood when read in conjunclion with
the appendead drawings. For the purpose of Hlustrating the prasent disclosure,
exemplary constructions of the disclosure are shown in the drawings.
Howeveyr, the discksurg s not Hmited o specific msthods  and
nstrumeantalitiss disclosed hereln. Moreover, those in the art will understand
that the drawings are not o scale. Whersver possibie, like elements have
bean indicated by identics! numbers.

[O025] FIG, 1 is an Hlustration of 3 schemalic diagram of weapon sight
instalied on 8 rall with a reference mimgr, It accordance with the disclosed

ambodimenis;

00261 FIG, 2 is an dllustration of 2 side view of waapon sight installed on a

waapon, in acscerdance with the disclosad embodimeants;

[G027Y FIG. 3 is an Hlustration of a schemalic disgram of an automatio
alignment systam showing 2 weapon sight aligned via 8 reference mirror, In

accordance with the disclosad embodiments;
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[0028] FIG. 4 is an illustration of a flow charl perdaining 8 boresight

alignment process, in ascordance with the disclosed embodiments;

[0028] FIG. §is an Hustration of a schematic diagram of images obtained
during horesight alignment process as depicted in FIG. 4, in gooordance with

ths disclosad ambodiments; and

I0638] FIG. 8 iz an Hustration of a8 schemalic diagram of images showing
error visualization via differential measurement, In accordance with the

disclosed ambodiments.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[60314] The pariculay configurations discussed in the following descriplion
are non-limiting axamples that can be varied and are cited mevely o dlustrate

at least one embodiment and are not intended o limit the scope theraof,

[0032] The pressnt invention allows the aim point of the weapon in the sight
can be compensated accordingly based on the change in atifude of the sight
without changing the boresight, This allows retaining the boresight even when
the weapon sight is removad and reinstalled. Thus, weapon sight can be

mounted anywhere on a8 weapon without the nesd o boresight the weapon.

(00331 Referring to FIG, 1, a2 schematic diggram of a weapon sight 182 in
accordance with the disclosed embodiments is disclosed. The weapon sight
102 can be installed at any position on 3 rail 104 of 3 weapon with respect o
a reference optical device 108, The refersnce optical device 108 is
parmanently installed on the rall 104 irrespective of the weapon sight 102
instaliation. A change in attitude of the weapon sight 102 with respect o the
borasight of the weapon is determined and accordingly the aim point of the

waapon sight 102 is changed without changing the borasight.

i
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{8034] it should ba noted that the oplical reference may ba al a fxed position
at which the weapon sight is parfectly aligned with the boresight. The wesapon
sight can be positionsd &t any position on the ral and by delenmining the
change in the allitude of the weapon sight with respect to the oplical reference
so that the weapon sight s adjusted withoud changing the boresight, The
attitude data between the optical reference and the weapon is coded nto a

reference module and sent 1 the weapon sight whan installed.

{00351 As shown i FIG, 2 the weapon sight 182 depicted in FIG. 1is in
installad siate on a wesapon 200, The weapon sight 102 can be removed from
the weapon 208 and reinstalied without changing the boresight. The position
of the weapon sight 102 on the rall 134 can be varied at any time and the 3im
point of the weapon sight 182 s compensated accordingly. This avoids need
for changing the boresight sach time when the weapon sight 102 is

radnstalied.

[80038] FiG. 3 s an lllustration of a schematic diagram of an automatic
alignment unit 300 showing 8 wespon sight 102 sligned via g reference
oplical device 108 for correcting the weapon sight 102 of the weapon 200
depicted i FIG, 2, The LED scurce 3086 emits LED Hght 311 towards the
beam slitter cube 308, A coliimating optics 312 positioned batwesn the beam
spitfer cube 308 and the LED sowce 308 focus the LED Hght 311 on to the
beam spliter cube 388 and avoids diverging. The LED light 311 from the
single LED bght source 308 is spitted o two beams 308 and 307 in the
baarn slitfer cube 308, The bearn slitter cube 388 is a part of the weapon sight
102, The Hght 387 from the beam splitter cube 308 passes owards the
reference aplical device 188 where i gels reflecied back ard pass through
the beam splitter cube 308 and reach ancther collimating optics 318, Simitarly
a pan of the light 308 spitied from the beam splitter cube 308 also reaches the
cofiimating oplics 318, The collimating optics 318 focuses the lights 388 and
307 from the beam spliter cube 3088 onlo an imaging device for sxamplg,

pamera 304,
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186371 The resullant image 318 depicls the rasultant ghls 307 and 308 on
the collimating optics 318, The enlargad view of the resultant image 318 i
dapicted as image 314, From the image 314 | is very apparent that therg is &
change in the attitude of weapon sight 102 and the refersnos optical device
8. By processing the imags 314, the change in the aim point of the weapon
sight 102 with respect {0 horasight can be delerminad. The waapon sight 102
can be changed based on the delermined change in aim point of weapon

sight 102 without changing the boresight.

[0038] H should be noted that as shown In FIG, 2, it will be seen that the
weapon sight allows for a simplified one step alignment. Azimuth and
elevation offsets can be measured by caloulating dy and dy distances from
the “reference” spot for a differential measurement. Alignment is insensitive
over hne o shifts dus to shock, vibration and temperature so that differential

measuremeant provides temperature and vibration hardening.

{0038] The camera 314 and s associated processing unit may be
configurad as a determination unit o delarmine a changs in attitude of the
sight with respact to the boresight. A compensation unit & utilized for
compensating the aim point of the weapon in the sight based on the change in
atfitude withow! changing the boresight, The compensation unit is installed iIn
the sight to vary weapon sight without varying the boresight when the weapon
sight iz reinstalied or removed. | should be noted that the determination and

compensation units has one or maore algorithims for performing its tasks.

{00401 FIG. 4 s an Hustration of & flow chart 408 periaining 1o & borasight
alignment process, in accordance with the disciosed embodiments. As shown
at the block 402, the woapon sight is set for faclory calibrations. The factory
calibrations can include but not imited t© placing the oplical componants

niside the weapon sight, adiusting the optical components for pracige rasulls

“w
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and fnally checking #s resulls. The weapon sight delects whether i has been
attached or reinstalled on the rail of the weapon as said at the block 484, The
sensing of weapon sight on the ratl alse includes positioning the weaapon sight
from one position of the rail 1o other position on the rall, removing the weapon

sight, reinsialling the weapon sight, without Bimitation,

[0041] After defecting the presence of the weapon sight on the rall, as ssid
at block 408, the LED souwrce is enabled o oblain the image 314 depiotad in
FIG. 3 The image 314 i brightness adijusted by adjusting the maximum
brightness pixel o a first predetermined higher value say 70%. as #lustrated
at block 488, The brighiness of the image 314 that are of zero pixel are
adiusted to a second predefsrmined lowsr valug say 20%, as Husirated at
block 418, Ther as said at block 412, the visible ares of the image is spiit into
two fields. The azimuth and elevation ofisets are determined by performing
the dual centroid operations as said at blocks 418 and 414, As shown in the
FIG. 4, the blocks 408, 408, 412, 418, 418 and 414 are fogsther represented
as sulomatic alignmeant process 418, The aaimuth and elevation offsels are
subtracted from the origing! image and then transformead 1o the weapon sight
as flustrated at blocks 422 and 420 respectively,

{00421 FIS. § is an flustration of a schematic diagram of imagss ablained
during boresight alignment process as depicted inn FIG. 4, In accordance with
the disclosed embodimants. Iimage 502 represent the process of enabling the
LED source a8 depicted at block 408 of FIG. 4. image 504 represants the
srocess of adjusting the Drighiness of the image as depicted at block 408 of
FIG. 4 Image 508 ropresents the process of adiusting the brighinass of the
image as depicted at block 416 of FIG, 4. Image 508 represents the prooess
of spiitting the visible area inlo two fields as depicted at block 412 of FIG. 4.

10
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{0843] 1t will be undersiond that 3 fealure provided by the auto-alignment
subaystem provides the ahillly © ramove and reallach the weapon sight &t
will,  Auto-alignmernt will avtomatically detsrmine atiifude of the sight relstive
to the rail. Coractions will be made dightally for the Lassr Range Finder {(LRF)
and Aim Poinl. The reference mirror remains on the weapon. The system is a
simall component iesser than 0.05 tbs and has a low profile, lesser than 0.3

in°, There is no visible signature.

[0044] FIG. 8 is an dlustration of a schematic diagram of images showing
arror visualization vis differential measurement, i1 accordancs with the
disclosed ambodiments. mages 882 and 808 represents the azimuth arror of
the weapon sight at first rail position and sscond rall position hanving s 20 pixel
difference at 2 small {defla) movement with respect o the first. Images 804
and 808 represent the elevalion errar of the weapaon sight al first rall position
and second rail position having 8 20 pixel differsnce at a small {(delia)

movement with respect to the first,

[B048] Those skilled in the art will appreciate that this invention allows for the
ramoval of the sight from the weapon for transport and reinstall without foss of
the aim point o the weapon. The sight deesnt need to be "olip -on” to use the
alm point of the Advanced Combat Optical Gunsight {(ACOG). The weapon
sight can be mounted anywhere on the weapoen and no longer only in front of
the ACOG, this reduyces cost and manufacturing tolerance, as i does nol
nead 10 be a “olip-on” shyle weapon sight. The sight could also be
sxchangeable between weapons withowt the need for a boresight.  Atlitude
data betwaen the optical reference and the weapon could be ooded into the
reference modiude and sent {o the waapon sight when installed. This invention
allows o a weapon sight which is highly modular, exchangesble and

boresighted and the reference is programmed.

11
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00481 I will be appraciated that variations of the above disclosed and othey
featires and funclions, or alternatives thersof, may be desirably combined
into many other different systems or applicstions. Also, various presantly
unforesean of unanficipated  altematlives, modifications, varlations  or
nprovements thersin may be subsequently made by those skilled in the art

which are also intended © be encompassed by the {ollowing claims.

[0047] Although embodiments of the current disclosure have besan desaribed
comprahensively in considerable defall W cover the possible aspects, those
skifled in the art would recognize that other versions of the disclosure are also

poasible.

12
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CLAIMS

What iz claimed is:

1. A method for removing and rainstalling a sight of 3 weapon
without changing a boresight comprising:

installing a reference optical device on a rail of the weapon;

installing the sight on the rall;

determining a change in attitude of the sight with respect to the
boresight, and

compensating the aim point of the weapon in the sight basad on

the changse in attitude without changing the boresight.

2. The method of claim 1 further comprising accounting a change

in attitude of the sight from a first position on the rall 1o a8 sscond

position on the rail,

3. The method of claim 1 further comprising configuring the optical
referance devies at a fixed position on the rall gt which the weapan
sight is perfectly aligned with the boresight, whareby the weapon sight
cart be positioned at any position on the rall and by delermining the
changs in the affitude of the weapon sight with respect i the optical
referance, so that the weapon sight is adjusted without changing the

horasight,

4, The method of daim 3 wherein the aftitude dats between the
optical reference and the weapon could be is coded info a reference

madie and sent fo the weapon sight when instatled.
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5. A mathod for aulomatic afignment of a sight of 3 weapon with &
horasight withowt changing the boresight comprising:

installing a reference optical device on a ralt of the weapon;

nstaliing the sight on the raif;

altowing a light to reflect from the reference optical device and
from an optical device in the sight;

obtaining & resuftart light reflacted from the reference aptical
device and from the oplical device in the sight

processing the resultant ight;

deternining a change in attitude of the sight relative the
boresighl; and

automatically adjusting the sight based on the change in
attitude, wheraby alignment is insensitive over tims {o shifts due to
shock, vibration and temperaturs so that differential measurement

provides temperatire and vibration hardening..

& The mathod of claim 5, wherein the processing the resultant
fight comprising:

adjusting the brightness of the resultant light;

parforming dual centroid oparation,

determining the azimuth and slevation offsats;

obtairing a changs in atttude of the sight relative the boresight

by subtracting the error obtained based on the offsats,

7. The method of claim 8, wherein adjusting the brightness of the
raesuitant light comprising:

increasing the brighiness of the maximum pixels of the resullant
fight {0 & first predetemined value,; and

decreasing the brightness of all the pixels that are below a

second predetermined of 8 saturstion point.



WO 2015/080774 PCT/US2014/050984

8. The method claim 5 further comprising cordiguring the reference
optical device at & fixed position on the rail at which the weapon sight s

perfactly aligned with the boresight.

8. Tha method of claim 5, wherein the reference oplical device I8
mairdained in the rall irespective of ramoval and reinsialiation of the

sight of the weapon.

10, A system for removing and reinstalling & sight of a weaapon
without changing 8 borssight compnising:

a reference optical device installed on a rall of the weapon,

the sight instalisd on the rai;

an attifude determination unit for determining a changs in
attitude of the sight with regpect to the boresight; and

a compeansation module for compensating an aim peint of the
waapon in the sight based on the change in altiturde without changing
the borasight.

1. The system of claim 10 whersin the attitude determingtion unit
accounts the changs in alitude of the sight from a first position on the
rail to 3 second position on the rall,

12.  The system of claim 10 further comprising an automatic
alignment unit for aligning the sight of the weapen with the boresight
withowt shanging 8 boresight

13. The system of claim 12 wherein the automatic alignment unit is
configured &y
aliow 3 Hight to reflect from the reference optical device and from

an optical device In the sight;
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phiain a resuliant light reflecisd from the reference ophioal
device and from the optical devics in the sight;

process the resuliant ight;

determine o change in attitude of the sight relative the boresight;

adjust the sight based on the change in stlitude.

14, The system of claim 13 whergin the resultant light is processad
LEN

adiust the brighiness of the resuliant hight;

perform dual centroid operation;

datermine the azimuth and slevalion offssts;

obtain a change in atiifude of the sight relative the boresight by

subtracting the error oblained based on the offsets,

15. The system of claim 14 wherein the brightness of the resultant
fight is adjusted by

increasing the brightness of the maximum pixels of resultant
fight o & first predetermined value; and
decreasing the brightness of all the pixels that are below a

senond pradetermined of 3 saturation point.

16, The systern of claim 14, wherein the referance optical device is
maintained in the rall irespective of removal and reinstaliation of the

sight of the waapon.

17, The system of claim 14, wherein the reference optical device is
fixed at & position on the rafl at which the weapon sight is perfactly

aligned with the boresight.
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