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TEC FIELD
5 The present invention relates to military training equipment, and more
particularly, to a system for automatically aligning a laser transmitter on a rifle for

subsequent use by a soldier in war games.’

BACKGROUND ART
For many years the armed services of the United States have trained
10  soldiers with a muitiple integrated laser engagement system (MILES). A laser
small arms transmitter (SAT) is affixed to the stock of a rifle such as an M16.
Each soldier carries detectors on his helmet and on a body harness adapted to
detect a laser "bullet” hit. The soldier pulls the trigger of his or her rifle to fire
a blank to simulate the firing of an actual round and an audio sensor triggers the
15 SAT.

It is necessary to align the SAT so that the soldier can accurately hit the
target once he or she has it located in the conventional rifle sights. In the past an
early version of the SAT was bolted to the rifle stock and the mechanical sights
of the weapon were adjﬁsted to align with the laser beam. The disadvantage of

20 this approach is that the mechanical weapon sights must be readjusted in order to
use the rifle with live rounds. To overcome this disadvantage the conventional
SAT now in use incorporates mechanical linkages for changing the orientation of
the laser.

The prior art small arms alignment fixture (SAAF) used by the U.S. Army

25  for alignment of the conventional MILES SAT consists of a complex array of one
hundred forty-four detectors which are used in conjunction with thirty-five printed
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platform. In many cases, the soldier fires his or her weapon in a manner which
5 results in the aim point not being at the desired location. : The fact that the array .
is located twenty-five meters away from the soldier introduces visibility limitations
due to snow, fog, wind and poor lighting conditions at sunrise or dusk. The prior.
art SAAF calculates the number of error “"clicks" in both azimuth and elevation. (
The number of clicks is then displayed on the prior art SAAF using four sets of
10 electro-mechanical display indicators. The soldier must then turn his conventional
SAT’s adjustors the corresponding number of clicks in the correct direction. He
or she must then aim and fire the weapon again and make additional corresponding
adjustments. This iterative process continues until the soldier obtains a zero
indication on the prior art SAAF. This is a very time consuming and tedious
15  process due to normal aiming errors incurred each time the soldier has to reacquire
the target reticle. It is not uncommon for a soldier to take fifteen minutes to align
his or her weapon to the best of his or her ability and still not have it accurately
aligned. '
- Not only is the alignment process utilizing the prior art SAAF time
20 . consuming, it also expensxve because a large amount of blank ammunition must
be used. The laser of a conventional SAT will not fire without a blank cartridge
being 1gmtedorbyus1ngaspec1aldryﬁtemg_gercable. The prior art SAAF does
not support optical sights, different small arms weapon types, nor night vision
devices. Nor does the prior art SAAF accurately verify the laser beam energy and
25  encoding of the received laser beam. |
It would therefore be desirable to provide an improved alignment system
~ for a small aroms SAT which would eliminate the need to utilize a large target
array. Such a system would also preferably automatically adjtist the SAT for more
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DISCLOS F N
Accordingly, it is the primary object of the present invention to provide an
improved small arms alignment system for use in a multiple integrated laser
10  engagement system.
The present invention provides a system for automatic boresight alignment
of a laser transmitter mounted to a small arms weapon. The laser transmitter has
a laser energizable to emit a laser beam and adjustable to steer the laser beam in
azimuth and elevation. The alignment system comprises a base unit having a first
15 optical assembly mounted to the base unit for generating an image of a target
reticle visible to a user. A weapon support mounted to the base unit enables the
user to adjust an azimuth and an elevation of the weapon to aim the weapon at the
image of the target reticle and for holding the weapon in an aimed position. An
alignment head is connectable to the laser transmitter for adjusting the transmitter
20 to steer the laser beam in azimuth and elevation. A second optical assembly is
mounted to the base unit for receiving the laser beam and for generating an error
signal representative of a displacement between a received location of the laser
beam and the image of the target reticle. A control circuit is connected to the
alignment head and the second optical assembly for energizing the laser and
25  adjusting the laser transmitter utilizing the error signal to steer the laser beam in
azimuth and elevation until the laser beam is substantially aligned with a boresight
of the weapon.
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i nvention may 18t %ﬁbiehﬂéin use by a soldier in war games. A rectangular hollow case is

horizontally onented and a hinged end cover is swung upwardly to reveal an LCD '
5  display and keypad of a control unit. A sliding rack is extended horizontally from .

a base unit inside the case. The barrel of the rifle is supported on a weapon rest
mounted to the base unit and the trigger guard or clip receptacle is mounted ina
vise on the rack. The vise has knobs for adjustmg the azimuth and elevatlon of ‘
the weapon, thereby permitting the soldier.to aim at an image of a target reticle.

10 An optics unit is mounted on a forward portion of the base unit and includes a lens
and a beam splitter which is transparent to infrared light from the laser transmitter
but reflective to visible light. The illuminated target reticle is mounted inside the
optics unit below the axis of the laser beam. The beam splitter is positioned
forward of the lens and is angled at forty-five degrees to project the image of the

15  target reticle through the lens at infinity. A position sensor detector in the optics
unit receives the laser beam and generates an error signal representative of a
displacement between a received location of the laser beam and the image of the
target reticle. A circuit in the control unit is connected to an alignment head which
is mechanically coupled with a rear end of the laser transmitter bolted to the rifle.

20 The circuit causes the alignment head to repetitively trigger the laser in the laser

transmitter. Utilizing the error signal, the circuit causes the alignment head to
independently rotate wedge prisms in the laser transmitter to steer the laser beam
in azimuth and elevation until the laser beam is substantially aligned with a
boresight of the weapon.
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preferred embodiment of our automatic player identification small arms laser
alignment system.
Fig. 1B is a side elevation view of the system of Fig. 1A with portions
broken away to reveal further details.
10 Fig. 2 is an enlarged front elevation view of the display panel and switches
of the control unit of the system of Fig. 1A and 1B.
Fig. 3 is an enlarged exploded perspective view of the small arms
transmitter (SAT) which is mounted on the rifle shown in Fig. 1A and 1B.
Fig. 4 is a diagrammatic illustration of laser beamsteering using optical
15  wedges.
Fig. 5A and 5B are side and front elevation views of the alignment head
of the system of Figs. 1A and 1B.
Fig. 6 is a diagrammatic illustration of the lens, beam splitter, target reticle
and position sensor detector of the optics unit of the system of Fig. 1A and 1B.
20 Fig. 7 is an overall block diagram of the system of Fig. 1A and 1B.
Fig. 8 is a block dxagram of the optical output power and code accuracy
verification circuit of the control unit of the system of Fig. 1A and 1B.

BEST MODES FOR CARRYING OUT THE INVENTION
Referring to Fig. 1A and 1B, the preferred embodiment of our invention

25 provides an electro-mechanical system generally designated 10 that automatically
aligns a laser transmitter (SAT) 12 bolted to the stock of a small arms weapon 14
such as an M16 rifle for subsequent use by a solder in war games. The system 10
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weapon 14 inside the case 16. The soldier 21 wears a helmet 21a and a harness

21b equipped with laser detectors which detect laser "bullet" hits in subsequent war .

games. The control unit includes a box-like housing 22 (Fig. 2) having an LCD

display 24. The housing 22 also has a keypéd in the form of a membrane switch

panel. This switch panel surrounds the display 24 and includes pressure-type
switches 26, 28, 30, 32, 34, 36 and 38.

A retractable sliding rack 40 may be extended horizontally from the rear
end of a base unit 42 (Fig. 1B) mounted to the bottom wall of the case 16. A
barrel 44 of the rifle 14 is firmly supported on the apex of a rigid triangular
weapon rest 46 whose base is securely mounted via bolts to an intermediate

portion of the base unit 42. A trigger guard (not visible) of the rifle 14 is mounted

in a vise 48 on the rack 40. The vise 48 has knobs 50 and 52 for manually

adjusting the azimuth and elevation, respectively, of the barrel 44 of the rile 14.
After mounting the rifle 14 on the weapon rest 46 and vise 48, the soldier 21 (Fig.
.lA) aims at an image of a target reticle 54 (Fig. 6) projected in the line of sight
of the weapon as hereafter described in detail.

A box-shaped optics unit 56 (Figs. 1A and 1B) is rigidly mounted on the
forward portion of the base unit 42 (Fig. 1B). The optics unit 56 includes a convex
lens 58 (Fig. 6) and a beam splitter 60. The beam splitter 60 is transparent to
infrared light from the laser transmitter (SAT) 12 (Fig. 1) but reflective to visible
light. The target reticle 54 (Fig. 6) is mounted inside the optics unit 56 below the
axis of the laser beam. The beam splitter 60 is positioned forward of the lens 58
and is angled at forty-five degrees to project the image V of the target reticle
through the lens 58 at infinity. A position sensor detector 62 in the optics unit 56
receives the laser beam L2 and generates an error signal representative of a

]
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transmitter (SAT) 12 bolted to the rifle 14, The control circuit causes the
alignment head 64 to repetitively trigger the laser in the laser transmitter 12.
Utilizing the error signal, the control circuit causes the alignment head to
independently rotate a pair of wedge prisms 66 and 68 (Fig. 3) in the laser
10  transmitter 12 to steer the laser beam in azimuth and elevation until the laser beam
is substantially aligned with a boresight of the barrel 44 of the weapon.
The system 10 may be used for the automatic boresight alignment of all
U.S. military specified small arm weapons and machine guns with unlimited
adaptability to new weapons. The automatic operation of the system assures rapid
15  (less than one minute), accurate and consistent boresighting of the SAT 12 after
a single initial sighting of the weapon 14 by the soldier 21. Use of the sighting
vise 48 assures that optical sights and night vision devices on the weapon 14 will
not interfere with the boresighting process. The entire system 10 is continued
within the rugged transit case 16 which also serves as a sun and foul weather
20 shield. The system 10 does not use blank ammunition during the alignment
process and therefore it may be used at any location such as indoors on a table top.
The initial set up of the system 10 involves three simple steps which
include installation of battery into the control unit housing 22 (Fig. 1), activating
the BIT switch 30 (Fig. 2) and selecting the weapon type to be aligned by
25  depressing the switch 34. The display 24 will give appropriate text messages and
directions to the operator as to how to proceed to the next step. Once the system
10 is ready for alignment the soldier 21 follows the directions on the display 24
to align his or her weapon. The typical sequence is as follows:
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b) The soldier places his or her weapon in the s1ght vise 48 and
front weapon rest 46;

c) The soldier aims his or her weapon at the image of the
illuminated target reticle 54 visible in the optics unit using the
sighting vise azimuth and elevation adjustment knobs 50 and 52:

d) The soldier depresses the proceed switch 28 (Fig. 2) and follows .

the instructions on the display 24. The weapon type is selected by
depressing the switch 34 at the appropriate time in response to a

query on the display;
e¢) The soldier backs away and depresses the align switch 26 on the
control unit housing 22;

f) The soldier waits for an "ALIGNMENT COMPLETE" message

on the display 24 which will occur less than one minute later; and
g) The soldier removes the weapon from the system followmg an
alignment completion instruction.

In the event any problems are encountered by the system 10 during the
alignment process such as low power, incorrect laser coding or triggering
20 problems, the system will inform the soldier that the weapon’s SAT is defective
and needs to be replaced. -
The overall operation of the system 10 is illustrated in the block diagram
of Fig. 7. The weapon 14 is mounted in the sight vise 48 with the alignment head
64 attached to the SAT 12. The optics unit 56 includes the illuminated target
25  reticle 54 at which the weapon’s sights are aimed. When the align switch 26 (Fig.
2) is activated the control unit 20 causes the SAT 12 to be repetitively triggered
while monitoring the SAT’s fire LED 70 (Fig. 3) indicator for proper operation.
The optics unit 20 senses the location of the laser and sends that data to the
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case 16 nmay be controlgunit\24r il yurhocauses the alignment head 64 to make the necessary
adjustments to the SAT 12. The process continues in real time until the SAT 12

is precisely aligned. The control unit 20, in conjunction with the optics unit 56,

5  also checks for laser power levels, laser codes and that the SAT’S alignment optics

are performing as desired. The five major sub-assemblies of the system 10 are
discussed in further detail hereafter.

The optics unit 56 (Figs. 1B) is the assembly which projects the illuminated

target reticle 54 to the soldier 21 during boresighting and senses the location of the

10  weapon’s laser beam with respect to the reticle. The illuminated reticle 54 assists

the soldier 21 in boresighting during reduced lighting conditions such as dusk or

dawn. Fig. 6 illustrates the operation of the principal components of the optics

unit 56. The single large convex lens 58 serves the function of collimating and

focusing the laser beam to a spot at the longitudinal position sensor detector 62

15  which is located at the focal point of the lens 58. When the angle of incidence to

the lens 58 of the laser beam is not perpendicular (mis-aligned) the position of the

spot on the detector 62 is offset. The detector 62 passively quantifies the amount

of offset and sends the error to the control unit 20. The detector is preferably a

solid state device such as a quad-detector or it may be a linear detector with an

20 analog output. Within the path of the laser beam is the beam splitter 60 which is

reflective to visible light while allowing the infrared light from the laser to pass

through the same. The beam splitter 60 is supported at a forty-five degree angle

to project an image of the target reticle 54 through the same lens as the incoming

laser. The sighting target reticle 54 is illuminated by a visible light source such

25 as an LED 72 and is positioned such that the projected image is on the same

optical axis as the zero point of the position sensor detector 62. No field

adjustments of the optics unit 56 are required and the system 10 need not contain
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The barrier has a hole therethrough covered by a metal screen 76 for allowing the
laser beam, which may be eight millimeters wide to pass through the same to the «
optics unit 56. Glass or some other solid transparent covering for the hole may
10 not be desirable because it could become dirty, attenuate the laser beam, or deflect
the laser beam and thereby introduce inaccuracies. |
The alignment head 64 (Figs. SA and 5B) is an electromechanical device
which is attached to the SAT 12 via a cable 65 (Fig. 1A) and automatically adjusts
the SAT’s laser position as directed by the control unit 20. The alignment head
15 64 contains an inductive coil 78 (Fig. 5A) which is used to trigger the SAT’s laser
and if requested via switch 30 (Fig. 2) transfers a testing player identification
(PID) to the SAT. The head 64 also has a detector 80 which monitors the SAT’s
fire LED 70 to determine its operational status. Two miniature reduction geared
motors 82 and 84 (Fig. 5B) and an associated offset gear trains 86 and 87 within
20  the alignment head 64 are used to rotate non-slip couplings. (not visible) on a pair
of geared shafts 118 and 120. The couplings fit over the ends of the SAT’s
adjustment shafts 106 and 108. The alignment head motors 82 and 84 are driven
and controlled by the control unit 20 during the boresighting process while the
optics unit 56 senses the SAT’s laser and provides real time feedback to the
25  control umt 20.
The laser transmitter (SAT) 12 (Fig. 3) includes a housing assembly 88

with a removable cover assembly 90 which forms a rear end thereof. A laser

diode assembly 92 is mounted within the housing assembly 88 and is energized by



S

forward portion of the base unit 42 (Fig. 1B). The optics unit 56 includes
a convex | ameo95810¥i g. 6) and a beam splitter 60. The beam sploriuseso681 i S
transparent to infrared light fromthe laser transmtter (SAT) 12 (Fig. 1)
but reflect‘lve‘TO—VT?“bl—e—‘r‘r"ght T £ (Fig. 6) is nounted
i nsi de thempgﬁegt%ygée;m | ow t HeTHIS EFNelll aser beam The beam:
splitter 60 Hm forward jbof th8§ éﬁ ot I's angl ed at

forty- flve ect the Tmage V of the target .reticle through the
| ens 58 at i ition sensor ddflector 62 in the optics unit 56
receives the Iaser bean1L2 and generates an error signal. representative of
a WO 95/ 30123 di spl acenent between a received | ocation of the | aser beam
and the image of the target reticle. The SAT 12 is then adjusted until its

| aser beam L2 Si pdwiéirchie ofi 8 2bfitrolRt bbid ﬂedla%eﬁmﬁ@mﬁume%ﬁémgwse&by

inside the control unit 20 (Fig. 1) is connected to an nment head
64 which i s ned8anThapowyerceiiquitas agfuated 40 epengizerthe dgser d@de y 92 dyiant er

(SAT) 12 bolteq aoctitvge r{cix 96 x%gunt;rg'?o (fl?engxxrs?de gfl{h(e:urlegr go%léxs'%ssse}nrl])‘fy 90. The
inductive switch is actuated by energization of the induction coil 78 (Fig. 5A)
5  which overlaps the top on the housing assembly 88 (Fig. 3) in alignment with the

inductive switch 96.

The forward end of the SAT housing assembly 88 (Fig. 3) is formed with
holes 98 and 100. An audio or optical sensor for detecting the firing of a blank
cartridge is located in the hole 100 and connected to the circuit on the controller

10 board 94. A transparent window 102 for permitting passage of the beam from the
laser diode assembly 92 is mounted in the other window 98. An optical sleeve
104 is positioned behind the window 102. The optical wedges 66 and 68 are
rotably supported behind the window 102 for independent rotation via drive shafts
106 and 108, respectively. The forward ends of these shafts have gears 106a and

15 108a for engaging toothed peripheral portions of the optical wedges 66 and 68,
respectively. The drive shafts 106 and 108 are journaled in bearings such as 110
and 112. The rear ends of the drive shafts 106 and 108 extend through holes (not
visible) in the reéar cover assembly 90 which are sealed by O-rings 114 and 116.
These shaft ends are protected by a rigid flange 90a that extends perpendicularly

20 from the rear cover assembly 90. When the alignment head 64 (Figs. SA and 5B)
is coupled to the rear cover assembly 90 of the laser transmitter (SAT) 12, the
non-slip couplings (not visible) on the geared shafts 118 and 120 (Fig. 5B) of the
alignment head 64 connect with the ends of the shafts 106 and 108 to provide
driving connections to the motors 82 and 84.

25 Fig. 4 illustrates diagrammatically the steering of the laser beam B by
independent rotation of the optical wedges 66 and 68 via motors 82 and 84 of the
alignment head 64. Optical wedges may be used as beamsteering elements in

optical systems. The minimum deviation or deflection experienced by a ray or



alignment head .64 to repetitively trigger the laser in the |aser

transm twerosBai2sUt il i zing the error signal, the control crprcqms‘pslcggﬁes t he
al i gnnent head to independently rotate a pair of wedge prisns 66 and 68
(Fig. 3) inthe laser 10 transmtter. 12 to steer the |aser beamin azinuth’
,and el evation until the |aser beam'i'$ substantially aligned with a

boresi ght of the barrel 44 of the weapon. The system 10~ may be used for t he

automati c boremw'l U. S. mlltét'rh arm
weapons and nmaclli ngsEHETWAdIgEaL i [ t d@ adapt abi | I ons The

automatic operatli on oﬁspbﬁc§ustem hssur es rapid 1 one m nute),
accurate and corsFstert—boresi—ghtihg of the SAT 12 after a single initial
si ghting of the Weapon 14 by t he sol di er 21. Use of the si ghtl ng vise 48

assures thaty, E‘ﬂnﬂ'v% Ve GS WQ’ 4 wll
not |nterfere Wtht e bore I ghti ng ocess he ™ gnt?ﬁg syst |yl
conti nued wi 8h+i(nt-hD @ guhiete nrianke reflegtive irslenh'i['hﬂ"pdm"s(Ab wfsa prisnpisun and

foul weather_ 20 hi el d T syst em S. us n ajmuni tion
during the aﬂeﬁﬁ'ﬁ‘@i é'PB&é%F r#&?nﬁi u°3rﬂ?Jll°Ebat i on
such as i ndogy$distanée épéﬁeemt-,ﬁpﬁoﬂtmelpﬁsﬁi A dJmmén(@e

i nvol ves three sinple steps which include installation of battery I'nto the

control unit tweowedges af 2qual ppwer)(equal deviation)gintriesr enmfact)vndcindggenddiitly 2) and
sel ecting the tavbe}xgp tggmta‘ég it aﬁloax?setoagﬁlgrb%galﬂ/to the normals of their adjacent faces,
a laser beam B passing through the combination can be steered in any direction,
within a narrow cone, about the path of the undeviated beam. The anguhilar (
radius of this cone is approximately 6,. Apex angle is controlled to within very
10 tight tolerances in the manufacturing process of the wedges. As a result of the
melt-to-melt index tolerance, deviation angles (functions of wave-length) are
nominally specified.
The deviation angles are specified with the assumption that the input beam
is normal to the perpendicular face. At other input angles the deviation will, of
15  course, be different. To determine the deviation angle for the same input direction
but other wavelengths, the equation is: 6, = arcsin(n sin 8,) - 6,, where 0, is the
deviation angle, 8, is the wedge angle and 6,, the normal index at the appropriate
wavelength. Optical wedges are available in various materials, such as synthetic
fused silica, and in different shapes and sizes.
20 The control unit 20 (Fig. 1A) provides the user-friendly LCD display 24
| (Fig. 2) and controls which continuously inform the user of his ‘weapon status
while progresswely instructing him throughout the ahgnment process. The control
unit 20 is mounted inside the transit case cover 18. The LCD display 24 can be
easily read when the cover 18 is in raised open position. As _de_scnb_ed above the
25  control unit 20 provides all controls and monitors all activities of the optics and
alignment head units 56 and 64. The front membrane switch panel with its
integral 4X20- LCD display 24 provides the user mterface The switch functions

are described as follows




25 depressing the switch 34. The display 24 will give appropriate text
nessages andvapPsI23Ions to the operator as to how to proceed PECTVUSS5/M05281
steep. Once the system 10 is ready for alignnent the soldier 21 follows the

directions on the displray 24;:{0 aliglf i | The typical
sequence i S asTHishbddWes Been RplabA5/ 30143%lg Sgiﬁ%ﬁg@ﬁg . h
| head 64 to the

PCT/ US95/ 05251 : er attaches
| aser transm’ttﬂl The sol di er places his or her weapon in the
sight vise 48 a rest 46; 513 c) The soldier ains his
or her weapon at the image of the illumnated target .reticle 54 visible in
the optics unit using the sighting vise azinmuth and el evati on adj ust nent
knobs 50 and 52; d) The sol dier depresses the proceed switch 28 (Fig. 2)
and fol | ows the instrdjcALIGN (26) 1 This @witth aactivated by the sdlaier hftérche 6r sel ect ed
by

she has aimed the weapon’s sights at the optics units target reticle.
b) PROCEED (28) - This switch is activated any time the soldier
desires to move to the next alignment step or to acknowledge a

5 displayed message.
c) BIT (30) - This switch is activated during initial setup of the
system to verify its ready status.

d) PID LEARN (32) - This switch is used to transfer the system’s
test PID to the SAT 12 in order to verify that the transfer function
10 operators. Use of this switch is optional and is only used if there
is some question as to the SAT of the cradled weapon being able
to accept other PIDs.
¢) WEAPON SELECT (34) - This switch is used in conjunction
with the two arrow switches 36 and 38 to select the type of weapon
15 to be aligned (M16A2, M2, M240 etc.). This selection determines
which power levels and codes are to be verified by the system.
f) ARROWS (36 and 38) - These switches are used to select the
different weapon types.
The sighting vise 48 (Fig. 1B) is a stable mechanism used to hold and aim
20  the weapon 14 under alignment. It allows the soldier to boresight using any
aiming bias introduced by his method of aiming and eliminates any weapon
wandering away from the aim point. The vise 48 is attached to the sliding rack
40 which retracts into the transit case base unit 42 to accommodate the different
lengths of weapons. The sight vise 48 has both elevation and azimuth adjustment
25 knobs 50 and 52 allowing the soldier to accurately aim his weapon’s sights at the
image of the target reticle 54. The front portion of the weapon barrel 44 rests on
the weapon rest 46 located within the transit case 16 on the tramsit case base
unit 42.



10 depressing the switch 34 at the appropriate time in response to a

query owg dxmofdsspl ay; e) The sol dier backs away and deprm,g?ﬁsiil i gn
switch 26 on the control unit housing 22; f) The soldier walts

"ALI GNVENT COVPLETE" nessage 15- on the display 24 which will occur *
. less than one nminute later; and‘g)  The sol di er"Temoves the weapon fromthe
systemfollow ng an ali gnment conpletion i nstruﬁ,ggnqtupﬂBéeﬂR; eaht any

probl ens are encountered by the system 10 during: |k MI‘E 8 pr ocess such

as | ow power , TTICOf | eCt—To5Ed ding qg tri gger| ) , the
system wi | | n?"éirrﬂ"ﬁ@ HAS BEEENthat t he weapon's ‘& ectlve and needs
to be repl aCELd TIRERMAGED | _ngperatlon of the system 10 is illustrated in
\anE:IhuEigg ?L'egrrfméﬁ%d%m%@%% gﬁ‘aﬁ ﬁ‘}‘ﬁ"#%@@t@‘%&%ﬁf% ghts
are ai ned. \Wehichtpbevidés gsecast dndhrugged ériviconiient dmwtrmpad ah @pemtibn.ol unit
ég\TCgufS??etE SAT 21%:[3?0 g5eov§ et [ tl(ﬁnsf%}l{ F&g ﬁBﬂah I[a(ﬁem)nl tori ng tt he
process to be accomplished in any expected environment. The base unit 42 is
5 mounted on the bottom wall of the case. The opticsuﬁit 56, weapon rest 46 and
sliding sight vise rack 40 are attached to the base unit battery (not visible) for
powering the system is housed inside the base umt 42 The control unit 20 is
attached to the inside of the front cover 18A. - ' ‘ ‘
Fig. 8 is a block diagram of the optical 'output power and code accuracy
10 verification circuit of the control unit 20. An encoding circuit 122 is connected
via a serial data bus 124 to a microcomputer (not illustrated). An optical bit
amplifier 126 in the path of the laser beam outputs signals to the encoding
electronics.
While we have described a preferred embodiment of our automatic player
15 identification small arms laser alignment system, it will be apparent to those
skilled in the art that our invention can be modified in both arrangement and
detail. Therefore, the protection afforded our invention shouid only be limited in
" accordance with the following claims.




The optics unit 20 senses the location of the | aser and sends that data to
t he WO OWRBYS(30123 PCT/US95/05251
PGI/ US95/ 05251 9 control unit 20 which in tu F-es t he anount of
correcti on needed. The control unit 320 |lg5é gTy@ﬁSJBEENt he al i gnment head 64
to nmake the neeess&w—adj—us%ﬁ%ﬁfs to tﬂ‘e\ pﬂ;RcEﬁhe pr
real tinme unti tS e, chiBce reci selly_.akid gredTHe .troI un|t 20 |n :
conj unction w ﬂ asmmnIt 56, 5 aI ss checks for |aser

t

| aser codes and lis al i gnnent dptics are per:‘J I (rﬂ' HFI
of the system 10 -are di sc

The five major L
detail hereafter. The optlcs unit 56 (Figs. 1B) is the assenbly

projects the illumnated target reticle 54 to the soldier 21 durlng
boresi ghting and senses the |ocation of CLAIMS weapon's |aser beamwth
respect to the reticle. The illum nated reticle 54 assists the soldier 21

in boresighting during reduced Iighting conditions such as dusk or dawn.

Fig. 6 illustrates the opeAw ff aw;,lwégp@t aﬁgﬂﬁgﬂ%ﬁ§1&& tRenARtd CS
mounted to a small arms weapon, the laser transmitter having a laser energizable
to emit a laser beam and being adjustable to steer the laser beam in azimuth and

5 elevation, the system comprising:
a base unit;
first optical means mounted to the base unit for generating an image of a
target reticle visible to a user;
means mounted to the base unit for supporting the weapon and enabling the:
10 user to adjust an azimuth and an elevation of the weapon to aim the weapon at the
image of the target reticle and for holding the weapon in an aimed position;
alignment head means connectable to the laser transmitter for adjusting the
transmitter to steer the laser beam in azimuth and elevation;
second optical means mounted to the base unit for receiving the laser beam
15 and for generating an error signal representative of a displacement between a
received location of the laser beam and the image of the target reticle; and
control circuit means connected to the alignment head means and the
second optical means for energizing the laser and adjusting the laser transmitter
utilizing the error signal to steer the laser beam in azimuth and elevation until the
20 laser beam is substantially aligned with a boresight of the weapon.

2. A system for automatic boresight alignment of a laser transmitter
mounted to a small arms weapon according to Claim 1 and further comprising a
case for enclosing the base unit, the first and second optical means, the weapon
supporting means and the control circuit means.



unit 56. The single large convex | ens 58 serves the function of collimating
and f ocWei9580tBe | aser beamto a spot at the |ongitudi nalpcrarses/os2s1 sensor
detector 62 1 5 mm ' at the focal point of the |ens 58. Wien ,
the angle of incid u ""‘T'"E@H 58 of the | aser beamis not )
. perpendi cul ar (m s-4aligned) » pesi ti on of the Spot on the detector 62 is
of fset. The detector 62 passively quantifies tmsgmmgB@,iR aEﬁet and sends
the error to the control unit 20. - det ect or mgun%@u E solid state
devi ce such as a qu tifddy be a Ii with an 20
anal og out put. Wﬁ,ihi 'St E%ﬁ;ﬁ’ég%?eh | aser bea plitter 60
which is reflective_ta while allowng the infrared light from
the laser to pass through the sane. The beam splitter 60 is supported at a

forty-five degree,angl£ syfesirfor agonitic beREihP hligfifert Wi lasdrOtirinitter
through the same |ens as the incomng laser. The sighting target reticle 54

i's illum natreunted to &isgial]| asms| weapon Geearding torClagm 2 urbexam mma i's

posi ti oned t sane, cal _axis as the
zero point éblqe&g(&)rsﬁﬁhﬁé @%ﬁ%ﬁ%&%b@g& kﬁ‘?ﬂ"e@ f@{‘ S of the
optics unit 15§mamedrdﬂcm inside aﬂdxetMeﬁﬁoﬁwmﬁQwWiwheﬁm@é@er isin

5  its raised position.

4, A system for automatic boresight alignment of a laser transmitter
mounted to a small arms weapon according to Claim 1 wherein the weapon {
supporting means includes a rest mounted to the base unit for engaging and |
supporting a barrel of the weapon.

10 - 5. A system for automatic boresight alignment of a laser transmitter
mounted to a small arms weapon according to. Claim 1 wherein the weapon
supporting means includes a vise having azimuth and elevation adjustment knobs.

6. A system for automatic boresight alignment of a laser transmitter
mounted to a small arms weapon according to Claim 1 wherein the weapon
15  supporting means includes a rack slidably mounted to the base unit.

7. A system for automatic boresight alignment of a laser transmitter

- mountedtoasmallarmsﬁeﬁponto Claiim6whereintheweapon supporting means

further includes a vise mounted to the rack and including azimuth and elevation
adjustment knobs. - '

20 8. A system for automatic boresight alignment of a laser transmitter
mounted to a small arms weapon according to Claim 1 wherein the first optical
means includes a target reticle, means for illuminating the target reticle with
visible light, and means for projecting an image of the target reticle in front of an
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10 any el ecWP8NB®23 ot her than the detector 62 and the LED |i QET/639510525172
fer illumnating the target reticle 54. An L-shaped protective barrier 74
(Fig. 1) is rigidly secured via bol ks=ta-the_base-unit, 42 between the tip
d it TeHOBHEES HASIHESE || 5 It prevents the

of ~t he barréﬂhlsweetiﬁas én and
soldierfrom MEL strlklngthe IrEPLABS:DOf thel optical unit with
0

the barrel 44 Ihe rif: rest 46 and vi se 48.

The barrier has a e t her et hrough cover dd by a netal scr

allowing the | aser beam which may be eight mllineters w 33'"”?'“3]“""'[””"'
t hrough the sane to the optics unit 56. d ass or sone offrer solt d

transparent covering for the hole may 10 not be desirable because it could

become dirty, atendrofal bartelof tis@taponaiid ififa ledétemiinéd) aligrandit widththeascond
t hereby introduce jnaccuracies. The alignnment head 64 (Figs. 5A and 5B) is

an el ect r onecharfiptigl meaNsce which is attached to the SAT 12 via a cable 65
(Fig. 1A) and automatically adjusts the SAT's |aser position as directed by
the control unit 20. The alignnent head 15 64 contains an inductive coil

78 (Fig. 5A) which i 9, usedAtsystemifggautoniaacséféngtahgnmemobﬂé laseonashttervi a

switch 30 (Fig. xr21c))ur;[tecfltrt])szlc senrmsll gmgsev%éalpgg agooerg o% O { iw?xgseiir:)&e second optical |
5  means includes a position sensor detector for generating the error signal and a lens
for focusing the laser beam to a spot at a longitudinal position of the posmon

sensor detector. '

10. A system for automatic boresight alignment of a laser transmitter

mounted to a small arms weapon according to Claim 1 wherein the first optical
10 means includes.a target reticle and means for illuminating the target reticle with
visible light, and the second optical means includes a position sensor detector for
generating the error signal, and the first and second optical means share a lens and
a beam splitter positioned between an end of a barrel of the weapon and the
position sensor detector, the lens being shaped and positioned to focus the laser
15 beam into a spot at a longitudinal position of the position sensor detector, the
beam splitter being reflective to visible light and transparent to the laser beam and
positioned at an angle relative to an axis of the laser beam for projecting the image
of the illuminated target reticle in front of the end of the barrel in alignment with

the position sensor detector.
20 11. A system for automatic boresight alignment of a laser transmitter

mounted to a small arms weapon, the laser transmitter having a laser energizable
by actuation of a trigger sensor to emit a laser beam which is independently
steerable in azimuth and elevation by separate actuation of corresponding azimuth
and elevation adjustors on the transmitter, the system comprising:

25 an elongate horizontal base unit;



(PID) to the SAT. The head 64 also has a detector 80 which nonitors the

SAT' s fiweokBd1230 t 0 determne—+t+s—operati onal status. Twpcmgmysle
~reduction geared notors 82 and 5B) and anassoci ated of fset gear

trains 86 and 87wit hi- n mma”@.ﬂﬁ!t head 64 are used to rotate -
.non-slip couplings (no »pai r of geared shafts 118 and 120.
"The couplings fit over the ends of. .the SAT' s adj mﬁimamasleﬁR lat@c and 108.
The ali gnrrent head m)tors 82 and- 84 are:driven acv‘j T& t he

[ unit 56

control -unit 2 ht| niB pr ocess ! |“mmﬁl| [ _
senses the SAT'|sTHIGSHEEZHH %EN real tine feedback control
unit 20. The | aser tREPIARE T) 12 (Fig. 3) .i-ncludes a housing

assenbly 88 wi t¥—&Ttenovabl e cover assenbly 90 which fornms a rear end

thereof. A laser dad@ﬁaas%&gy;@gmg ﬂvy%ﬁvarw;;dmh oPGhd Pdsd BgicFBF D! Y

88 and is energize
PCT/ US95/ 052 génezatingway image ofiat target seticlenvisible tora hser; d 94 also nounted within

t he housi ng assenbly 88. Th r ClLcC L S uat ed ..t o energi ze the
| aser di ode asserrfﬂ%“@'? tg}qptﬁm%aseumt orfxonzon%ilt porting the weapon an

- enabling the user to manually adjust an azimuth and an elevauon of the weapon

5  to aim the weapon at the image of the target reticle and for holding the weapon
in an aimed position; . '
alignment head means releasably connectable to the laser transmitter for
actuating the trigger sensor of the laser transmitter and for separately actuatmg ‘the ¢
azimuth and elevation adjustors of the laser transmitter;

10 second optical means mounted to the forward portion base unit for
receiving the laser beam and for generating an error signal representative of a
displacement between a received location of the laser beam and the target reticle;
and : '_ '

control circuit means connected to the alignrhent..head means and the

15  second optical means for repetitively actuating the trigger sensor and for actuating
the azimuth and elevation adjustors of the laser transmitter utilizing the error signal
until the laser beam is substantially aligned with a boresight of the weapon.

12. A system for automatic boresight alignment of a laser transmitter

mounted to a small arms weapon according to Claim 11 and further comprising

20 a case for enclosing the base unit, the first and second optical means, the weapon
supporting means and the control circuit means, the case having a hinged cover
which is openable to a raised position and the control circuit means being mounted

on an inside of the cover for viewing by the user when the cover is in its raised

position.

25 13. A system for automatic boresight alignment of a laser transmitter
mounted to a small arms weapon according to Claim ‘12 wherein the weapon



I nductive switch 96 nounted to the inside of the rear cover assenbly 90.
The inductiwe9sssmsh i s actuated by energi zation of the i ndu®oTorsesos2s1 78
(Fig. 5A) 5 which overlaps the top on the housing assenbly 88 (Fig. 3) in
al i gnment W|th the |nduct|ve SW t ch S&——The-ferwarg-eng of the SAT housing
senbly 8 'th'hmHlﬁsEB&‘laHASBEGN : audi o or optical -
sensor for det ec of & bl anBEOaACEDdge I§ | ocated i'n the hole
100 and connecte Imlun t on FRE—€contT oM T board 94. A
transparent wi ndow or permtting paskhge of t he beamJlIﬂuﬁllﬂH'mmrum,
di ode assenbly 92 is rmunt ed in the other w ndow 98. .An 0
I s positioned behind the wi ndow 102. The optical- wedges 66 and 68 ale
rotably supported behind the wi ndow 102 for independent rotation via drive
shafts 106 and &gﬁorﬁx%sﬁﬁ Kftlodes Bhfest Qnotiicd &g Bisetﬁkﬁ’e‘?oxshﬁéég%l &
gears 106a and 1 a fg’?sj engagi ng t oot hed perl pheral portions ofé]f“ﬁe
optical wedges a@panmmbarxésﬁauwma slidably monntedsto1the baseunivanda e

L hafts 106 and. 198 SO i pikief dubbb il L eRRER fpstdy Kopls
assenbly 90 which are sealed by Orings 114 and 116. These shaft ends are

protected by a rigid flange 90a that extends perpendicularly 20 fromthe
rear cover assenbly 3% V\ﬂeﬂsmeIIﬂﬂgmﬁm boresightcalighment of 8 /dasgn trapspitter .

5 mounted to a small arms weapon according to Claim 11 wherein the first optical
means includes a target reticle, means for illuminating the target reticle with
visible light, and means for projecting an image of the target reticle in front of an

end of a barrel of the weapon and in a predetermined alignment with the second
optical means.

10 15. A system for automatic boresight alignment of a laser transmitter
mounted to a small arms weapon according to Claim 11 wherein the second optical
means includes a position sensor detector for generating the error signal and a lens
for focusing the laser beam to a spot at a longitudinal position of the position

sensor detector.

15 16. A system for automatic boresight alignment of a laser transmitter
mounted to a small arms weapon according to Claim 11 wherein the first optical
means includes a target reticle and means for illuminating the target reticle with
visible light, and the second optical means includes a position sensor detector for
generating the error signal, and the first and second optical means share a lens and

20 a beam splitter positioned between an end of a barrel of the weapon and the
position sensor detector, the lens being shaped and positioned to focus the laser
beam into a spot at a longitudinal position of the position sensor detector, the
beam splitter being reflective to visible light and transparent to the laser beam and
positioned at an angle relative to an axis of the laser beam for projecting the image



Is coupled to the rear cover assenbly 90 of the laser tranitter (SAT) 12,

t he non-wop§3mezpl im t he geared shaft spawesewos25i20 (Fi g.
5B) of the ali gnrrent lmm W|th the ends of the shafts 106 and .
108 to provide drivi % the notaors 82 and 84. 25 Fig. -
L4 illustrates diagrammatfcallyt eer| ng of the | aser beam B by -

i ndependent rotation of the optical. wedges 66 Wf%&tmmkﬁa&dsz and 84

of the alignnent_head 64. Optical -wedges may be mmmm ﬁerl ng

el ements in & Temnl m devi at

experienced '@B‘T'Fé\gg Eﬁi’éoﬁw 5‘5

PCT/ US95/ 052%1._12 ng through a thin wedge of apex angle [err]
i s approxi rrately given by [err] = (n - 1) [err] where n.is the reflective

i ndex. The mliﬂmﬁlhﬂbd]térgétfreﬁclalimﬁﬁm of tive @8d oF thel baryel i alighntunt Vith, a
prism diopter being defined as a deflection of 1lcmat a distance of one

met er from tthe pesitien sensar,detector. 100 tan([err]). By conmbining 5 two wedges
of equal power (equal deviation) in near contact, and independently

17. A system for automatic boresight alignment of a laser transmitter

mounted to a small arms weapon according to Claim 11 wherein the alignment

5  head means includes first and second motor drive meahs:for engaging and rotating
a pair of optical wedges in the laser transmitter.

18. A system for automatic boresight alignment of a laser transmitter
mounted to a small arms weapon according to Claim 11 wherein the alignment
head means includes a fire detector for detecting the illumination of a firing

10 indicator on the laser transmitter.

19. A system for automatic boresight alignment of a laser transmitter

mounted to a small armis weapon according to Claim 11 wherein the control circuit

- means includes a display and a plurality of manually actuable | switches for
providing an interface to the user.

15 20. A system for automatic boresight alignment of a laser transmitter
mounted to asmallarmsweapon,thelaseru'ansmltterhavmgalaserenergxmble
by actuation of a trigger sensor to emit a laser beam which is independently
steerable in azimuth and elevation by separate actuation of corresponding azimuth
and elevation adjustors on the transmitter, the system comprising:

20 an elongate horizontal base unit;

first optical means mounted to a forward portion of the base umit for
generating an image of a target reticle visible to a user, including a target reticle
and means for illuminating the target reticle with visible light;



rotating them about an axis roughly parallel to the normals of their

adj acent f WO9sBe2Baser beam B passing through the conbi nat i ®CTOEEYSHE2S1
steered in any direction, within a narrow cone, about the path of the
undevi at ed béam The angul ul ar radi us—of _this.cone is approximately [err].

Apex angle is nﬁsrmmﬁhsamzt igeadhi n v rmégHEHg; ééﬁ'ﬁ ances in the
manuf act uri ng p dges a ﬁg&q{d g melt- to rrelt i ndex
tol erance, devi

nct I O "“"* By-dare noni
speci fied. The a I on ang’ ‘es are specili ed v with’ ’t’he assugﬁﬂll mﬂuml"l ﬁl"l
| nput beamis normal to the perpendicul ar face. At ot her ‘i n
deviation wll, of 15 course, be different. To determ ne the devi at’i on

angl e for the sane input direction but other wavel engths, the equation is:

[err] = arcsin(n si ﬁnéﬂs&ﬁ&mted[tsmébﬁbﬁﬁﬁfdﬁo&&oﬁﬁni%ﬁéﬂmﬁx&% A

[err] is the wedge angle and [err] the normal index at "the Tappropriate
wavel engt h. Optenablingtheguser mmawaélmaoims&anmﬁxmd aneelevation of thewhapon

synthetic fused silica, and in differgnt sh The
oot ol uni ¢ oo @l gbE weontgu iisass bf e ;ERR BReE Hac Fof Blcingdpe apanon o g
2) and contr ol s;n/diined positibh, e Weaport m@bmﬂgmeaﬁ%clamnglémmﬁe&ﬂe& trites

while progressively instructing himthroughout the alignnent process. The

control uni 6 2(base unisfor cugaging and supporting, 8i barreh of the weaparg a rapkestidably

display 24 can nqgunted to the base unit and a vise mounted to the rack and having azimuth and

elevation adjustment knobs;
alignment head means releasably corinectable to the laser transmitter for
actuating the trigger sensor of the laser transmitter and for separately actuating the

10  azimuth and elevation adjustors of the laser transmitter, the alignment head means
including first and second motor drive means for engaging and rotating a pair of
optical wedges in the laser transmitter and a fire detector for detecting the
illumination of a firing indicator on the laser transmitter;

second optical means mounted to the forward portion base unit for

15  receiving the laser beam and for generating an error signal representative of a
displacement between a received location of the laser beam and the target reticle,
including a position sensor detector for generating the error signal;

the first and second optical means sharing a lens and a beam splitter
positioned between an end of the barrel and the position sensor detector, the lens

20  being shaped and positioned to focus the laser beam into a spot at a longitudinal
position of the position sensor detector, the beam splitter being reflective to visible
light and transparent to the laser beam and positioned at an angle relative to an
axis of the laser beam for projecting the image of the illuminated target reticle in
front of the end of the barrel in alignment with the position sensor detector;

25 control circuit means connected to the alignment head means and the
second optical means for repetitively actuating the trigger sensor and for actuating
the azimuth and elevation adjustors of the laser transmitter utilizing the error signal
until the laser beam is substantially aligned with a boresight of the weapon, the



easily read when the cover 18 is in raised open position. As described
above t heodlszorzgontrol unit 20 provides all controls and mwetinisoL6s28] |

mertr ane swi tch panel | NNIRMOVAN R, "55z0 Cco ai <pray 24 provi des the

~user interface. The swrtch fluncti éns*are described—as fottows: WO

95/ 30123 ; This Sheet Has Beda Rbplada® >/ 05251 13
a) ALICGN (26) - ' |vated by the s e or she has
ai red the weapd --ﬁe opti cPunits tar F El ) PROCEED
(28) - This sw MFated any tine the sold nove to the
next al i gnment 0 acknow edge a 5 di-spl ayed nessage. c) BIT

(30) - This switch is activated during initial _setup'_ of the systemto
ey or |+ e’ Bohtrol el mdbhs ThOREE T s and E phrihy ' 6 mahudty Abelable
switches for providing an interface to the user; and
a case for enclosing the base unit, the first and second optical means, the
weapon supporting means and the control circuit means, the case having a hinged
5 cover whichis openabletoaraised position to permit sliding extension of the rack .
and mounting of the weapon on the supporting means, and the control -circuit
means being mounted on an inside of the cover for viewing by the user when the

~ cover is in its raised position.



test PIDto the SAT 12 in order to verify that the transfer function 10

oper at or s. wdss/30123t hi s switch is optional and is only used iRCHP¥5E5354 sone
question as to the SAT of the cradl ed weapon being able to accept other

Pl Ds. e) WEAPON SELECT (34). - This switch is used in conjunction with the
two arrow switches 36 and 38 to select the type of weapon 15 to be
aligned (ML6A2, M2, M240 etc.). This sehzgtion det er m nes whi ch power

| evel s and codes are to be verified by the system f) ARROAS (36 and 38) -
These switches are used to select the different weapon types. The sighting
vise 48 (Fig. 1B) is a stable nmechanismused to hold and aim 20 the weapon
14 under alignnent. It allows the soldier to boresight using any ai m ng

bi as i ntroduced by his nethod of aimng and elim nates any weapon wanderi ng
away fromthe aimpoint. The vise 48 is attached to the sliding rack 40
which retracts intg the transit case base unit 42 to accommpdate the
different |engths & weapons. The sight vise 48 has both el evation and

azi mut h adj ust nent {25 knobs 50 and 52 allowing the soldier to accurately .
ai m his weapon's e\ | mage of the target reticle 54. The front
portion of the \ ests on

FIG. 1A

21b

21



e e

-==The weapon rest 46 |ocated within the transit case 16 mCW‘Pﬁ?yf’?zg}\sit case
base unit 42. WO 95/ 30123
PCT/ U395é523'§¥§1 14 The maj or conponents of the system 10 are integral .to the
trans™M@ease 16 whi ch provides a secure and rugged environment during

. transport and operation. The case 16 al so provides a sun and foul weather
shield to allow the alignnment process to be acconplished in any expected

, environnent The base unit 42 is 5 2fpunted on the bottomwall of the case.

The optics unit 56, weapon rest 46 and sliding sight vise rack 40 are
attached to the base unit battery (not visible powering the systemis
housed i nside the base unit 42. Jee EEcol=—ie 1 is attached to the
i nside of the front cover 18A. agr am of the optical
out put power and code accuracy uit of the control unit
20. An encoding circuit 122 is ¢o 3] data bus 124 to a
m croconputer (not illustratgy

—

<
~
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énplifier 126 in the path of the |aser beam outputs signals to the encoding
el ectroni cwo d480k3 we have described a preferred enbodi ment RGT/BINS/05251
automatic player 15 identification small arns |aser alignnment system it
will be apparent to those skilled in the art that our invention can be

modi fied in both arrangenment and detail. Therefore, the protection afforded
our invention should only be limted in accordance with the follow ng
cl ai ns. 1 A system for autonmatic Y& esi ght alignment of a |aser

transmtter (12) nounted to a small arms weapon (14), the laser transmtter
having a | aser energizable to emt a laser beam (j2) and being adjustable to
steer the | aser beam 5 in azinmuth and el eyaetykon, the gys{em
conprising: a base unit (42); first optical *'.' , 72) nounted
tothe base unit for generating an image of a Y visihble to a
user; nmeans (48, 46) nounted to the base uni t/fo 8 re-aeapon and

o



10 enabling the user to adjust an azinuth and an el evation of the
weapon to awo ¢3sp12seapon at the inmage of the target reticle apdrfgysdsd;di ng
t ke weapon in an ainmed position; alignnent head neans (64) connectable to
the laser transmtter for adjusting the transmtter to steer the | aser beam
inazimth and el evation; 15 second optical neans (62) nounted t-o
the base unit for receiving the | aser be and for generating an error
signal representative of a displacement between a received |ocation of the
| aser beam and the inmage of the target reticle; and control circuit neans
(20) connected to the alignment head nmeans and the second optical neans for
energi zi ng the | aser and aq@ustl ng ghe lllase@trans ter 20

utilizing the error signahstQjst =\ a4rmd3Bh and el evati on

until the | aser beamis su sternt a ' j tih | o ) ght of the

weapon. 2. A system for autlonfht f bgresi gt pl =gmten a | aser

transmtter nounted to a snalll 4 jon _acc rq\rn gi m 1 and
It

further conprising a case (16)\of|lpr—enclosing the first and

second optical neans, the 25 eappn Lpp$ ting mes g4t he control
circuit nmeans. 3. Azgy%m f df—trot ofrat T tgtll 3l i gnment of a | aser
transmtter nounted to a snull} gf wig wegpom@ccapdi o] %@ 22\/\/nerei n the
case has a S “ . .
@ J o ol ®
[ ; E\
[ il = M8 -

: W . ‘\l" “W F1c. 5A




Hi nged cover (18) which is openable to a raised position and the control
circuit woshABAasS IS nounted on an inside of the cover forpotiresssosesby t he
user when the cover is in its raised position. 4. A system for autonmatic
boresi ght alignment of a laser transmtter nounted to a snmall arns weapon
according to Caim1l1 wherein the weapon 5 supporting nmeans includes a
rest (46) mounted to the base unit for engaging and supporting a barrel
(44) of the weapon. 5. A system for aubomatic boresight alignnent of a

| aser transmitter nounted to a snmall arms weapon according to Caiml
wherein the weapon supporting nmeans includes a vise (48 ) having azinuth

and el evation adjustnent 10 knobs (50, 52). 6. A system for
automati c boresight alignnent of a |aser tpansmitter nounted to a snall
arnms weapon accor ¢iing~—ro Caim I Mherein th apon supporting means
i ncludes a rack (k8 Y theN\yqse unit.
V —- \\\\\ 62
FIG. 6 60
. ——54
N2
14 56
1 11, L2 1

_______ WEAPON VVVV OPTICS

Tl SAT Le AAANA - UNIT

' v
48 106,120~ |__ 68 118

ALIGNMENT
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7. TR system for automatic boresight &lignment of a |aser transm tte
mount ed t o a M sEakHBMNe AROERcisas Eai m § wherein the
nmeans further includes a vise (48) nounted to the rack.

target reticle (54) means (72) for illu
visible light, and neans (60, 58) for
reticle in front of an end gfy ’

automatic

bor esi ght allgnnent of a Sdadl MS i ASER A h a small arns
weapon according to Caiml mhereln the second optlcal 17 nmeans i ncl udes
a position sensor detector (62) for gengrating the error signal and a

| ens (58) for iggggﬂggg&ﬂ§5L9§er beamtqg a spot at a | ongitudinal position

of the

5 The present invention related to military training equipment, and-more

particularly, 10 a system for automatic
subsequent use by a soldier in war g

BACKGROUND ART

ally aligning a laser transmitter on a rifle for
Arncs.

For many years the armed

;ices of the United States have trained

10 soldiers with a multiple integrated laser engagement system (MILES). A laser
small arms transmitter (SAT) is affixed to the stuck of a rifle such as an M16.
Each soldier carries detectors on his helmet and on a body hamess adapted to
detect a laser "oullet” hit. The soldjer pulls the tigger of his or her rifle to fire
a blank to simulate the firing of an L:tual round and an audio sensor triggers the
15 SAT_.__%Ih.Ls technology is discussed| for example, in 2 manufacturing technology
note having Repart No. ECOM-4308, from the U.S. Army Marcrial Development
and Readiness Command, entitled "Laser Simulator for Rifle Fire", dated
Seprember 1979.
It is nccessary to alige the SAT so that the soldicr can accurately hit the
20  target once he or she hag; it located in the conventional rific sights. In the past an
carly version of the SAT was bolted 10 the rifle stock and the mechanical sights
of the weapon were adjusted to align with the laser beam. The disadvantage of
this approach is that the mechanical weapon sights must be readjusted in order to
use the rifle with live rounds. Toovercome this disadvantage the conventional
25 SAT now in use incorporates mechpnical linkages for changing the orientation of

the lascr,

The prior art small arms alignment fixture (SAAL) used by the U.S. Amy
for alignment of the conventional MILES SAT consists of a complex array of one
hundred forty-four detectors whichjare used in conjunction with thirty-five printed
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position sensor detector. 10.

of @ | aser- t [ apsHkdQraurarariRBlsesl 10
Claim1 wherein thé first optical neans
means.(72) for illumnating the target
second optical means includes a position

generating the error signal,
0Si i :
Joradd Bione proferably,

| ens (58) and a beam splltter (60)
e e e, O KR bl Sapee B M

of the weapon : amdmd@cpusﬁetahanmsah
of the posit |

visible Iight @E&niﬂmsw&rmzﬁeedﬂ&&

Je‘?\‘ttsﬂz‘ltl QQ'SH %ﬁ on
ec Ive

| weges) f f rfch:hathfmw &ﬁmc_semﬂaﬁhsaﬂvanm e
relative to an.gxis of the |aser m for projectin e t he

i Il uminated td# E’E"“Pﬁl‘? E‘PE <. Fi el _ B;‘L@Jw*pm&%&gﬁfsﬁ% Frdéﬁﬂi‘ﬁ‘ |
al i gnment gboukﬁ ?d‘%ﬁiblé%@ work! portioh8f % MBS sygiedl 1§ 1 OF
aut omati ¢ bor t | gn t of a lasef transnmitter nounted to a snal

arns weapon tdm:rirmseue hotwesmhits madh by idiffergat srsell asmer gi zabl e by actuation
V\,hlchlsmde Ié%agﬁe abl e

of a trigger sensor to enit g@iﬁ%«@a ﬁ“b“rp"fﬁm‘

in azimith and el eviREERe {4
azi muth and el:ﬁx&bu@amga@amw Belpfuli DSt PABHTNG! & 060N & 'Cameron et al,
issued 29 Ocrober 1991. Camero;

cnabling the boresight alignment of

h et al. disclose a boresight correlator for
10 the bore and optical sight of a firearm.
S URE OF INVENTION

Accordingly, it is the primary object of the present invention to provide an

improved small arms alignment system for use in a multiple integrated laser
cagagement system.

The present invention providps a system for automatic boresight alignment
of a laser transmitter mounted to a

a laser energizable 10 emil a laser beam and adjustable to sieer the laser beam in

1l arms weapon. The laser transmitter has

azimuth and elevation. The alignmeht system compriscs a base unit having a first

optical assembly mounted to the base umit for generating an image of a target

20

reticle visible to a user. A weapon
user to adjust an azimuth and ap ele
image of the target reticlc and for
alignment head is conneciable to th

1o steer the laser beam in azimuth

support mounted to the base unit enables the
vation of the weapon 1o aim the weapon at the
holding the weapon in an aimed position. An
¢ laser transmitter for adjusting the transmitter

and elcvation. A second optical assembly is

25 mounted to the base unit for receiving the laser bcam and for generating an error

signal representative of a dt:place#ncm between a received location of the laser

beam and the image of the Target
alignment head and the second o
adjusting the laser wansmitter utili

reticle. A controf circuit is connected to the
ptical assembly for energizing the laser and
Fing the error signal 10 steer the laser beam in

30  azimuth and elevation until the lzse#: beam is substantially aligned with a boresight

of the weapon.
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L) ar b e -
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t he' base unit
I s, mount ed -t crrarsRGERRATIHVMD O RN BRMEP Sitshe
a target reticle visible to a user;
for horizontal Ty Supporting the 25

manual |y adj ust ﬂm@ew’g“ﬁgﬂm

at the i mge of

posi ti on;

| aser transnltter for actuating the tri
and for separately actuating the azi nut
| aser transmtter, the second opti cal
portion base unit fdr 5
error signal reps
the | aser beam'ar

I's an el ongated hori zontal
t he
n el evat

| e and f
nreent head ne

A systesn é%p\ﬁgm
r}gﬁ%&% ar gew 4 Qﬂ;’ﬁ’ga% BEINRE halshfifed nhGhe| QTP O

COHIT ECh- s

base unit; the first optlcal
ase unit for. gerl LDt 4y
means nounted t¢
\leapun and enabl
i on of the weap
or hol ding the
| & rel easablly conné€
égkégnsor of. thhe-laser transmtffer
and el evation adjustors of the—
ans i s_nounted to the forward

@ bpeesight glignmentpff & fasge rapsnittar

rreans

\

an

encrgizable to emit a laser beam (B) and being adjustuble to steer the laser beam

a base unit (42);

first optical meacs (58, 54, 6

an image of a target reticle visible

means (48, 46) mounted to

10 '
weapon at the image of the target r

position;

alignment head meaans (64} c4

in azimuth and elevation, the systen

enabling the user to adjust an admy

) comprising:

D, 72) mounted to the base unit for generanng
o a user;

the base unit for supporting the weapon and
th and an elevarion of the weapon to aim the

ticle and for holding the weapon in an aimed

pnnectable to the laser transmitter for adjusting

the transmitter to steer the laser beJnm in azimuth and elevation;

_ second optical means {62) m

ounted to the base unit for receiving the laser

beam and for generating an error signal representative of a displacement between

a received locadon of the laser bey

control circuit means (20) ¢

m and the image of the target reticle; and
pnnected to the alignment head means and the

second optical means for epergizi
20 utilizing the error signal to steer th

laser beam is substantiaily aligned

the laser and adjusting the laser wansmitter

laser becam in azimuth and elevation until the

with a boresight of the weapon.

2.
mounted to a small arms weapon

case (16) for enclosing the base

(%]

weapon supporting means and the

3.

mounted to a small arms weapon)

A gystem for autom

hinged cover (18) which is open%b

A system for autom@ti
decording to Claim 1 and further comprising a

¢ boresight alignment of a laser transmitter

umit, the first and second optical means, the

control circuil means.

azic boresight aligriment of a laser transmitter

according to Claim 2 wherein the case has a

le to a raised position and the control circuit

—r T s B v,
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el

the cortrol circuit means is connected tjo the alig m:]d the -
se ézond Opt | CRWPHMESERFR TRV AR, r-SHBTTEy adtuating thel tigger sensor la d for

actuating 10 t he azi mut h and el evati gn adj ustors Uhe JUNSI996
transnitter "utili Hmﬂlmmﬂm wgnal yniti6k t he | beam i s
substantially ali I ght ¢f the weap

T 17, A SyStemif or
transmttey _nounted to a |1
bV’ it W’inﬁ' ROt 653 Switekbihef OF
econd optical néans, the 15
circuit neans, the case having a
rai sed posit i on and the control

automati c boresight aI i gnnent of a | ase
arns weapon

encl osing t he%é%u%ﬁ&&d%ﬁfhﬂ%%dg%@t
weapon suppor kover isgmims raised pbsitionnt r ol
hi nged cover (18) which is openable to
circuit neans being nmounted on an inside¢ of the over for view ng by the
user when the covery is i8 gybEm' for SRtbriftic boresightl Bignmedt ¥ 2l [aker  RinsaifraraL | C
boresi ght alignment of a laser transmttier 20 nounted to a small arns
weapon accor dimapntes @& ai smalp Mrwiﬁp@h opestip® o sGisjar t iwhgreinaths Wﬂtﬁ@des a

rest (46). nounted t.o the bas n n uppo a barr

t he weapon, a P%‘?ﬁf} 9 eagf “Hz‘b#és {4 u?"% Mgeb %x?ﬁg#ﬂ'ggag%e 48)
mounted to theuﬁp&uﬁg\dmnen(\g@)aimﬁut%ap el evation adjustnment knobs. 25
14. A system for autonmatic boresight glignnent of a |laser transmtter

5. A systern for automafic boresight alignment of a laser transmitter
mounted 10 a small arms weapon pecording to Claim 1 wherein the weapon
supporting means includes a vise (48) having azimuth and elevation adjustment

10 knobs (50, 32).

6. A systemn for automatic boresight alignment of a laser transmitter
mounted to a small arms weapon |according to Claim 1 wherein the weapon

supporting means includes a rack (40) slidably mounted to the base unit.

7. A system for automatic boresight alignment of a laser transmitter
mounted 10 a small arms weapon to Claim 6 wherein the weapon supporting means
further includes a vise (48) mounted to the rack and including azimuth and
elevation adjustment knobs (50, 52}.

8. A system. for automatic boresight alignment of a laser transmitter

mounted to a smail arms weapon gccording to Claim 1 wherein the first optical

20 means includes a target reticle (54) means (72) for illuminating the target reticle
with visible light, and means (60, 38) for projecting an image of the target reticle |

in front of an end of a barrel of the weapon and in a predetermined alignment with

the second optical means,

9, . A system for autormatic boresight alignment 6f a laser transmitter

25 mounted to a small arms weapon apcording to Claim 1 wherein the second optical

AMENDCD Sht
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mounted to a small arns weapon accordi ncj to A ai mREPIAAeEMENT

st
optical neanswhshekitdes sl b getowsetd cl e |(54) nean 72y for——-g°nht i ng
the target reticle@ Wth visible Tight, and means 6)(518 l'&ro ect an
i mage of the tar -19- firent of aph p # of the
weapon and in a ﬂmmmmmﬂmnuulgnnent with the peeerd—optical ﬁe ns. 15.
A system for automatfc borkesisght a |gnm=nt of a lfaser transmtter unt ed

to a snmall arnms weapon accor.dJ ng

means i ncl udedneaNHFEMGes 3 @éﬁ’é’&
signal and a |83 {{32

| ongi tudi nal posit

includes a target

t9r Sy

Yof flcubifg s Pled I

of the position s
aut omat i ¢ bor ewesight setsogdetentorof a | ase
arnms weapon according to Caim 11 where
reticle (54) and neanp

ere| n_Lheseeend

H cal
5 (B2 BF e T S PO PR
d &858 %paeﬂm lbﬁgxm@mtpoamoa of the
pnsor ‘detector. 16. A system for
transmtter mounted to a small
n the first optical 10 means
(72) for illumnnating the target

reticle with visiblig | i gltsysigidiok Retonasie sbrenstitCalonRANSS A N&deH GRBsitter

pOSI tion sensor
5

means includes a target reticle (54)
reticle with visible light, and the sec
detector {62) for generating the error

share a lens (58) and a beam splitte

positioned to focus the laser beam
position sensor detector, the beam
transparent to the laser beam and

laser beam for projecting the image ¢
end of the barrel in alignment with

11,

transmitter mounted to a4 small armd

The system of claim

mounted to a2 small arms weapon ac

cording to Claim 1 wherein the first optical
and means {72) for illuminating the target

bnd optical means includes a position sensor

signal, and the first and second optical means
(60) positioped between an end of a barrel

of the weapon and the position sensor detector, the lens being shaped and

nto a spot at a longitudinal position of the

litter being reflective w visible light and
sitioned at an angle relative to an axis of the
f the illuminated target reticle in front of the

[he position sensor detacior.

| for autornatic boresight alignment of a laser

weapon, the laser transmitter having a laser

energizable by actuation of a tri!ger sensor 10 emit a laser beam which is

independently steerable in azim

the base unit is an elongateq
the first optical means is mo,
~ generating an image of a target rey
the means mounted to the

weapon and enabling the user fo

the weapon in an aimed position;

u
corresponding azimuth and elevatiotl

and elevation by separate actuation of
adjustors on the transmitter, wherein:

horizontal base unit;

unted to a forward portion of the base unit for
cle visible 10 a user;

base unit is for horizontally supporting the

ally adjust an azimuth and an elevation <_>f

U
the weapon 1o aim the weapen at Ixe image of the targert reticle and for holding

- pee
cl u"..C
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detector (62) for generati the error

opti cal man&%ﬂ%ﬁ%‘%’ﬁ%“?‘ﬁ’mﬁ’ﬁdaa b
an’end of a barrel of the weapdn and th
bei ng shaped oned to f
| ongi t udi nal ﬁmmﬂwrlm "Imlel“l)om tion s
being reflectiVe To'vi 8ibfe Tight and transparent
positioned at an angl glikehélhinésd hitaddlisatledsally édisret@BR0 AR

the image of the |Ir}'ﬁurﬁnh?1ated t ar get rlestic |l e |yn front of the end of the

barrel in ali g‘nnmuamgttheMcpegispr gﬁths mon'mr and fopGeparately actuatingy .

A system for ggton:atlc b@gg_r Ecly @ % : T%Ls\ﬁg er transmtter nounted
a e_r

to a snall mt& fre al | gnrment head
means i ncl udes firshe (s&’bhded}ﬁicsleﬁém 16 Sfgumed oy thdr fo oi GaseCinga §ong
wedges ( 6, 68)

and rotating a pair of optical in the |aser transmtter.
18. A syst emqmnaaher’mer Seprnr g 15 Qingean coer sisnalsiepresentative of & 25

noad means | ndl e R bYS 8‘9&@%%?*“*%8 ol Rt et SRR [ iea oy

head neans in Ion of
ter.
nnected to the alignment head means and the

I gnal
amsplitt
position
cus-t he |

a firing indi catdor on the |laser transm
the conrol circuit means is cq

second optical means for repetitivelylactuating the trigger sensor and for actuating

10 the azfmu:h arid elevation adjustors of

until the laser beam is substantially

the laser transmitter utilizing the error signal

Lligned with a boresight of the weapon.
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12,
mounted to a small arms weapon ac

A system for automa

a case (16) for enclosing ths base

ic boresight alignment of a laser transmitter
cording to Claim 11 and further comprising
hnit, the first and second optical means, the

weapon supporting means and the ¢
cover (18) which is opcnable to a
being mounted on an inside of the ¢

nirol circuit means, the case having a hinged

raised position and the control circuit meaps

over for viewing by the user when the cover

is in its raised position.

tic boresight alignment of a laser transmitter
according to Claim 12 wherein the weapon

13. A system for auton
mounted to a small arms weapon
. ) mounted to the base unit for engaging and
a rack (40} stidably mounted to the base unit |

supporting means includes a rest
supporting a barrel of the weapon,
and a vise (48) mounted to the rack and having azimuth and eievaton adjustment

knobs.

14.

mounted to a small arms weapon

A system for automptic boresight alignment of a laser ransmitter
aicording to Claim 11 wherein the first optical
means includes a target reticle (54}, means (72) for illuminating the target reticle

with visible light, and means (60) ffor projecting an image of the target reticle in
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19.- A system for automatlc bore5| ht alii gnnment BEPLACM'E SHEET t t er
mounted to a FMETHSRIY "g‘dl ng{to dairh 31 wherein tne cont rol
circuit means includes a disp Ia (20) and a plurgliltyggf g - actuabl e
switches for pr otﬂﬂ“ﬁl‘tﬂl%ﬁ“ﬁﬁce to thel%®ser. {5{ . _ The
systemof claim oresi ght ali gnmgnt—of—=at+aser—tf apsmitter
nmounted to a snal " arnms vveapon “the lasef transmittr havi ng a | asef

ener gi zabl e by fat Bfkd €Ad Of adaire] S0GE 8'znH Gn QPreddernibed whiigh i s
i ndependently steerable in azimuth and gl evation by separate actuation of
correspondi ng &he yeeond gpiecabmeans-i on adj ustors on the transmtter, wherein:
10 the base unit is an elongated horizontal base unit; the first
optical neans is mounted to a forward portion of the base unit for
generating an inagel6f aA aygeh fophitomavibordsight taligamesteof a ilaset trehagidar
target reticle and neans fqgr illumnati e [ reticle with visible
light; the meafOuRgieaFmal 3RS W4aROT 3 ¢‘aa+rgﬁﬁm}nt§e§=&9%m t he
15 weagon aﬁzﬂzaﬁ an
el evati on of t mgg%gdr?gtggtdgﬁ%g?%gngv?ggg n a?éia)ynfol #gﬂérﬂéég e targ reticle

and for hol di ng lerse(58p fgrofocising: thediaser

means i ncl udin r est
%oguon sensor detector.

16.

mounted to a small arms weapoun ac

10 means includes a target reticle (54)
reticle with visible lipht, and the scg
detector (62) for generating the error;

share a lens (58) and a beam splitte

msiotd spot at Iaelonea;dmal Positiontdfrihe

A system for autommlic boresight alignment of a laser transmitter

cording to Claim 11 wherein the first optical
and means (72) for illuminating the target
ond optical means includes a position sepsor
signal, and the first and second optical means
r (60) positioned between an end of a barrel

- of the weapon and the position gensor detecior, the lens being shaped and

positioned to focus the laser beam

position sensor detector, the beam

into a spot al & longitudinal position of the
splitter being reflective to visible light and

twansparent to the laser beam and pgsitioned at an angle relative to an axis of the

laser beam for projecting the image
end of the barrel in alignment with)

20 17,

of the illuminated targes reticle in front of the

the position sensor dctector.

A system for automgtic boresight alignment of a Iaser trapsmirmer

mounted to a small arms weapon

cording to Claim 1} wherein the alignment

head means includes first (82) andjsecond (84) motor drive means for engaging
and rotating a pair of optical wedges (66, 68) in the laser transmitter.

18. A system for auto

mourted to a small arms weapon

8
(v}

head means includes a fire detecto}

indicator on the laser transmitter.

tic boresight alignment of a laser wransmitter
according 1o Claim 11 wherein the alignment

(80) for detecting the illumination of a firing
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mounted to.the N . ~E0gaging and support | ng
weapon, a ra&??sl‘ﬁtgs%ﬁ \Lmiﬁﬁ sedgto_It;]he base unit

ratk and havi azi nut h and el evat|i qn. adj usgt ny
head neans is reI *ﬂmﬂ, l ﬂ "ﬂ‘Le to [t el aser] t
the trigger senso nsm tfter and

the azinmuth and el evatlon adj ustors of tlhe | aser trans

head neans incl udi ngp.firAtsyswedh ﬁn(mminan nsigiit ahgmmmufﬁ tas.eugmymttgr and

1 as trans

rotating a 25 pair of o tical %6 i,n t
orime B TIRRR ! prars
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nd a fire

EREHF aser

transnitter; tﬁ&:ﬁ%ﬁaﬁeesoafdi@ﬁy (memﬁd Ia-plmmy A thahnalp abRIabR ShiR@ek e

base unit for receiving_ the I'aser beam gnd for generating an error signal
represent at i veprovidingiam prtedacgdaithp&sileen a received | ocation of the |aser
beam and the target reticle. 30 I ncl yding a position sensor detector for
generating the error signal;: U 4 JUN|1996 the first and second opti cal
ans sharifig a | ens 200d aThesystanbf tlafmh 1} for automatc boresight alignment of a laser

transmijtter mounted to a small arms|weapon, the laser transmitter having a laser

energizable by actuaton of a trigger sensor to emit a laser beam which is

independently steerable in azimuth and elevation by separalc actuation of

corrasponding azimuth and clevation] adjustors on the trunsmitter, wherein:

10 the base unit is an elongated{horizontal base unit;

the first oplical means is 'no&nted 10 a forward portion of the basc unit for

generating an image of a target retigle visible 16 a user, including a target reticle

and means for illuminating the targ¢t reticic with visible tight;.

the means mounted to the pase umit is for horizontally supporting the

15

weapon and enabling the user to vally adjust an azimuth and an elevation of
the weapon to aim the weapon at an image of the target reticle and for holding the
weapon in an gimcd position, the] weapon supporting means including a rest
mounted to the base unit for engaging and supporting a barrzl of the weapon, a
rack slidably mounted to the base unit and a visc mounted to the rack and having
azimuth and elevation adjustment Knobs;

the alignment head means is{releasably connectable to the laser wansmitter
for actuating the trigger sensor of the laser tansmitter and for scparately actuating
the azimuth and elcvation adjustors of the laser ransmitter, the alignment head
means including first and sccond motor drive means for engaging and rotating a
pair of optical wedges in the laser {ransmitter and a fire detector for detecting the
iltumination of a firing indicator op the laser transmitter;

the second optical means 1 mounted to the forward portion base unit for
receiving the laser beam and for gencrating an error signal representative of a

displacement between a received 1bcation of the laser beam and the target reticle,

- including a position sensor detectdr for generating the error signal;
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untl the laser beam is substantially jaligned with a boresight of the weapon, the

control circuit means including a display and a plurality of manually actuable

switches for providing an interface {o the user; and

wherein the syswem further cqmprises a case for enclosing the base unit, the
first and second optical means, the weapon supporting means and the control
circuit means, the case having a hinged cover which is openable to a raised
position to permit sliding extension ¢f the rack and mounting of the weapon on the
supporting means, and the control cipcuit means being mounted on an inside of the

cover for viewing by the user when the cover is in its raised position.
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(54) Title: LASER ALIGNMENT SYSTEM FOR SMALL ARMS \/
(57) Abstract _
An electro-mechanical fixture au-

tomatically aligns a laser transmitter
bolted to the stock of a rifle for sub-
sequent use by a solder in war games,

A rectangular hollow case is horizon-
tally oriented and a hinged end cover

is swung upwardly to reveal an LCD
display and keypad of a control unit.

A sliding rack is extended horizontally
from a base umit inside the case. The
barrel of the rifle is supported on a
weapon rest mounted to be base unit
and the trigger guard or clip recepta-
cle is mounted in a vise on the rack, . -
The vise has knobs for adjusting the
azimuth and elevation of the weapon,
thereby permitting the soldier to aim at

an image of a target reticle. An optics
unit is mounted on a forward portion of
the base unit and includes a lens and

a beam splitter which is transparent to
infrared light from the laser transmitter
but refiective to visible light. The illu-
minated target reticle is mounted inside

the optics unit below the axis of the laser beam. The beam splitter is positioned forward of the lens and is angled at forty-five degrees
to project the image of the target reticle through the lens at infinity. A position sensor detector in the optics unit receives the laser beam
and generates an error signal representative of a displacement between a received location of the laser beam and the image of the target
reticle. A circuit in the control unit is connected to an alignment head which is mechanically coupled with a rear end of the laser transmitter
bolted to the rifle. The circuit causes the alignment head to repetitively trigger the laser in the laser transmitter. Utilizing the error signal,
the circuit causes the alignment head to independently rotate wedge prisms in the laser transmitter to steer the laser beam in azimuth and
elevation until the laser beam is substantially aligned with a boresight of the weapon.
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