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Background of the Invention _
The prior art discloses laser based aids to navigation,

with particular application to landing, which use a series of
low power visible lasers to illuminate corridors of sky which

15 define the proper approach path. In the basic embodiment the
system uses three colors: Amber (or yvellow) to indicate on
course, red to indicate left of course, and green to indicate
right of course. In addition when well left or right of course
the colors are made to blink, first slow and then fast.

20 There are two such systems. One defines the extended
centerline of the landing area and the other defines the proper
glideslope. In practice there are aspects of the basic design
which are not optimal, and specific additions and delineations
which improve the overall performance of the system are

25 desirable. In particular, it is possible for the flashing
corridors to become confused with aircraft beacons or other
flashing lights which are known to be. found in the vicinity of
the approach corridor. also, modifications to the corridor size
produce better approach performance by optimizing the match

30 between corridor size and aircraft flight characteristic.
Further, light scattering from the lens of the exit aperture of
the current art design can cause distractions to the pilot
during the final stages of the approach. Still further,

. modifications to the basic design disclosed in this patent
35 provide for greater ease in maintenance by allowing easy and
* exact replacement of laser which is necessary due to the limited

lifetime of the laser, and changes to the optical design allows
for easier and more cost effective manufacturing.
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continuously filled with second and third colors of light which
10 differ from the first color of light. The fourth and f£ifth fan-
shaped corridors are respectively adjacent the two fan-shaped
surfaces of the second and third corridors and are respectively
intermittently filled with the second and third colors of light
at a first rate.
15 According to a second aspect, the invention is a method for
producing a visual aid for azimuthal guidance of landing
aircraft. The method includes the steps of a) providing a
central fan-shaped corridor continuously filled with a first
color of light and b) providing second and third fan-shaped
20 corridors adjacent the two fan-shaped surfaces of the central
corridor, the second and third corridors being respectively
continuously filled with second and third colors of light which
differ from the first color of light. The method alsc includes
the steps of c) providing fourth and fifth fan-shaped corridors
25 respectively adjacent the two fan-shaped surfaces of the second

and third corridors, the fourth and fifth corridors being
respectively intermittently filled with the second and third
colors of light at a first rate, and d) providing sixth and
seventh fan-shaped corridors respectively adjacent the two fan-

30 shaped surfaces of the fourth and fifth corridors, the sixth and
seventh corridors being respectively intermittently filled with
the second and third colors of light at a second rate that is
different from the first rate.

35 ri Description of t awings
Figure 1 is a schematic diagram of a laser visual landing
aid corridor design for azimuthal guidance for an approach to an
aircraft carrier.
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Detailed Descriptio the Pre imen £ the
Invention '

According to one aspect, the invention is a series of
improvements to laser based visual landing aids which makes the

20 devices optimal and manufacturable. The first aspect is a
construction of corridor angular widths which optimize the
interception of the centerline by the approaching aircraft and
optimize the subsequent centerline tracking. This is
accomplished by using a specific non-linear sequence of corridor

25 width desigﬁed around the specific behavior of the aircraft in a
given environment.

For the purposes of this invention wé~w{11"bonsider three
different environments: the aircraft carrier, land-based landing
field, and helicopter landing zone both land- and sea-based.

30 Figure 1 is a schematic diagram of a laser visual landing aid
corridor design for azimuthal gquidance for an approach to an
aircraft carrier. In the case of the aircraft carrier
environment the optimal configuration for the approach corridors
is the following, the corridors being shown from above emanating

35 from the stern 1 of the aircraft carrier. Beginning with an
amber centerline (first) corridor 10, the azimuthal angular
width should be 0.5 degrees plus or minus 0.1 degrees. Adjacent
to the centerline corridor 10 are red (first} and green (second)
corridors (11 and 12, respectively) which are adjacent to the
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| andi ng aid corridor design for azinuthal guidance for an approach to a
| and- based | andi ng fi el d. Figure 3 is a schematic diagramof a

- laser visual |gpdi aid corridor design for azinmuth guidanc

~approach to a %#&q?zgopter | andi ng pad. Figure 4 is ﬁ@#@ﬁg‘{li"c
di agram show ng t he tenporal pattern of the dot-dash flash rate for both
the slowy flashing and ragldl y flashing corridors. gure 5 is
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corridors (13 and 14, respectively) which are interrupted by a
conventional wmechanical chopper or under control of an
electrical signal which causes the fourth and f£ifth corridors 13

10 and 14 to appear to flash a periodic pattern at a slow rate
(say, 35-40 times per minute). The optimal angular thickness of
the fourth and fifth corridors 13 and 14 is approximately 3.0
degrees with 10% variations. Finally, adjacent to the slowly
flashing fourth and fifth corridors 13 and 14 (and further

15 outboard from the centerline corridor 10) are respective red and
green (i. e., sixth and seventh) corridors 15 and 16 which are
interrupted in such a way as to make them appear to flash a
periodic pattern rapidly relative to the slowly flashing fourth
and fifth corridors 13 and 14 (such as the conventional chopper

20 or electrical signal control described above). The azimuthal
angular widths of these sixth and seventh corridors 15 and 16
are approximately 6.0 degrees, plus or minus 10%. All of the
corridors 11-16 have an angular height (in elevation) of 4 to 5
degrees. In addition, the elevation of the upper edge of the

25 corridors 11-16 is set so that an aircraft on the normal
glldeslope to the aircraft carrier 1 passes ou; of the coverage
of the 1and1ng aid system when the alrcrafthzs at 0.5 mnautical
miles (nm) (plus or minus 0.1 nm) £rom the normal touch-down
point on the landing deck of the aircraft carrier 1.

30 Furthermore, the vertical extent of the corridors is in the
range of 4.0 to 5.0 degrees, and oriented such that an aircraft
on a normal glideslope passes through the upper edge of the
corridor coverage at a predetermined distance such as 0.5 nm
from the touch down zone. The exact distance can be varied as

35 necessary for any particular application, although it is
expected that this distance will typically be in the range of
0.4 to 0.6 nm. The corridor design described above is the
preferred configuration for an aircraft carrier-based laser

d
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degrees Vw&kalanding aid corridor design for azimuthal guidance for an
approach to a land-based landing field. In the case of the land-
based centerline guidance systems for use with a land-based
runway 2 the azimuthal corridor widths are as:follows: the
centerline amber (first) corridor 20 is 0.5 degree wide, plus or
15 minus 0.1 degree, the steady red and green (second and third)
corridors 21 and 22 are 0.8 degree wide plus or minus 0.1
degree, the slowly flashing red and green (fourth and f£ifth)
corridors 23 and 24 are 1.5 degrees wide, plus or minus 0.15
degree, and the rapidly flashing red and green (sixth and
20 seventh) corridors 26 and 27 are 2.25 degrees wide in azimuth,
plus or minus 0.225 degree. In each case the corridors 21-27 are
4 to 5 degrees high (in elevation). Although individual
installation may reguire slight variations, the lowest portions
of the corridors 21-27 are between 0 and 1 degrees above the
25 runway. Land-based applications of laser visual landing aids can
be enhanced by using two or more complete visual aid landing
systems (of the sort just déscribed} disposed along the extended
centerline or glideslope plane which is defined relative to the
runway 2. This produces a distinctive visual appearance which
30 improves pilot recognition of the landing area. This corridor
design, together with the use of one or more systems for a
distinctive display in a land-based application, is a second
embodiment of the invention.
. Helicopter operations in land- and sea-based environments
35 will also find the system a valuable enhancement for safety.

. Figure 3 is a schematic diagram of a laser visual landing aid
corridor design for azimuth gquidance for an approach to a
helicopter landing zone (or pad). Due to the unique character of
helicopters and helicopter landing zones 2, a different corridor
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in azimuth (plus or mnus 0.1 degree). The corridors 10-12 are
continuously illumnated and not interrupted tenporally. Adj acent to
either of the steady red or steady green corridors 5 11 and 12,
respectively, and further outboard of the centerline corridor 10 are
respectively rgdobfmgsth) and green (fifth) corridors (13pgfgsdsisor?
respectively) ich are interrupted by a conventi onal mechani ca
chopper or under control of an electrical si gnal which causes the-

fourth and fifth corrldor 310 and e t | p odi
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such a way asg:b&nnubecbﬂ&rﬁmppﬂﬁrrd)o doradbogs 31 apmlzmlzfenﬂa.ht aenorapi dly
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(such as the C%ﬁ\% ona({x@s‘ﬂi DO%D%PrgFéctgg?c%IFé con ﬁ caigsc:a%ged
above). The &Xefbt KﬁPurthaﬂg‘lll f%)dtq%réfi"f:ﬁe%% %’F@(t zﬁﬁ? ?é@@ﬁ?ﬂ to 0.4
corridors 15 degtteét pluar@raﬁﬂwmtmeld;g&ea demﬁesrq)lms rapidilpusldéfing

Al of t :ﬂgﬁﬁ n ey.at of 41to
5 degpges coﬁiﬁggl t | on f% &/‘gt ?’%ﬁﬂg t he ﬁm d %a%h %Q th)ZS
corridors 11CSPFridorg;3 %oéfﬁ'aﬁ i, the fARee 8F ¢n rq'ﬁﬂ ees. gF‘PHésF‘B’E)@-dPE

t he aircraft demigner sfegifie stw Heldfcopiterc appl icationsfig lee thiamdi ng ai d

syst em when Eﬁgoakﬁgﬁ@féfiéhfg:ﬁhﬁnﬁﬁﬁhica| mles (nm (plus or m nus
aitoralt carrior ABoERey Fake B enigh Toibplion o £ Hhabe 48 Lhr AR | s
in the Sragfetbe ﬂl@slams.tmra@gi% Inngher rerrent Arth theaflaghingcraft
on a nor nal @dﬁeabeeefm@semta1rsama&aerupaeitm dﬁ/dﬂferasn@eﬁriﬂm
coverage at gl gge{rﬁ%&ge&dgo @E%%a%%&hfggsﬁés “&%sifr{erdj@ 0gel-puGl, down
zone. The exac 'S €e can be varie necessar or any partrcul ar
appl i cati on, PiflPRokighdeyiakions well off the desired centerline or
glideslope. In practice this simple flashing scheme can be
20 confused with flashing beacon lights aboard other aircraft or on
the ground. This confusion can reduce the utility of the current
art. In this invention the design of the flashing corridor is
changed and a rhythm compdsed of a short pulse followed by a
long pulse is introduced. Figure 4 is a schematic diagram
25 showing the temporal pattern of the dot-dash flash rate for both
the slowly flashing and rapidly flashing corridors. The pattern
of repeating short and long pulses allows the pilot to
distinguish the laser system from other lights, particularly at
long range. In this design the "dot" portion of the pulse is
30 approximately 12.5% of the total cycle, the space between the
dot and the dash is approximately 25% of the cycle, the dash is
approximately 37.5% of the cycle, and the following space before
the dot is repeated is approximately 25% of the cycle. This
allows the dash period to be approximately three times as long
35 as the dot period. These proportions are the same for the slow
and rapid flash rates both of which use the dot/dash scheme. For
the slowly flashing signal this entire pattern is repeated 35 to
40 times per minute. For the rapidly flashing signal this entire
pattern is repeatéd 60 to 70 times per minute.
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‘nm The corridor design described above is the preferred configuration
for an aircraft carrier-based |aser -4-
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and 22 are 0. 8caegerssad viightpliss not pargsof. the signal and can cause
distractions and confusion on the part of the pilot. This

10 invention includes a system of baffles'integrated into the
weather cover which prevent most of the scattered light from .
radiating out into the approach area effectively solving this.
The baffle system is composed of a series of barriers which are
located between the exit apertures of the various laser beams

15 and are parallel to their direction of propagation. These
prevent scattered light from the cbjective lens 54 from
propagating into the adjacent corridor. In addition, on the
front of a weather shield is a barrier plate 51 which is
perpendicular to the direction of laser beam propagation.

20 Rectangular holes are cut in the barrier plate 51. These holes
are designed to allow the direct beam through while blocking
off-axis scatter. Using this technigque the problem associated
with scattered light is effectively suppressed, with an
additional benefit of enhanced weather protection for the

25 objective lens 54.

Further improvements provide for methods and means to
improve the manufacturability and maintainability of the laser
visual landing aid of the present invention. In particular,
during the fabrication of the landing aid, relatively critical

30 co-alignments of the corridors are necessary. Current art
provides for laser light from either the laser or a fiber optic
(which will be understood by those skilled in the art of lasers
and fiber optics) to be directed through a beam-expanding lens

. {usually a microscope cbjective, such as shown with reference
35 number 53 in Figure 5) and then subsequently shaped by an
v optional cylindrical lens 56, objective lens 54 and corridor

definition mask 57. In principle, the necessary co-alignment
must be made through the precise location of each of these
components. This method requires a fair amount of effort, making
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‘degree, the slowy flashing red and green (fourth and fifth) corridors
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corridor of the beam focus. In this inventidn each one of the optical
beam trains (one for each corridor) has such an optical element
52. By manipulating the direction of propagation of each
corridor relative to the others via these tiltable optical
15 elements 52 it is possible to fully align the system with only
modest positional requirement for the optical elements within
the beam train. This will reduce the cost in effort required to
manufacture such a system.
Bventually the laser light sources within the landing aid
20 will require replacement due to damage or age. In the current
art each laser is mounted as an individual and each replacement
laser must be manually adjusted once the laser is placed in the
laser visual landing aid. This requires a trained technician at
the site of the replacement. To improve the practicality and
25 reduce the expense of in-field replacements a different approach
' is required. In this invention the laser is placed into a
cassette 60 which can be aligned when manufactured. Figure 6 is
a schematic diagram of the laser mounting cassette 60 of the
inventive system, showing the precision expanding latching pins
30 62, and the tangs 63 and clevis 61. Exact placement of the laser
cassette 60 within the device is accomplished using a series of
pins and brackets. In particular to assure proper alignment of
the cassette, at three different positions along the base of the
cassette 60 are located the clevises 61 with approximately .25
35 inch diameter holes which are oriented along the axis of the
laser beam propagation. These holes are designed to fit the
precision pin 62, or an expanding pin of the Carr Lane type CL-
4-EXP-1.00. These expanding pins allow for precision location
when set, with a reduced diameter for easy insertion and removal.
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design is used for such applications. In such cases, the central anber
(first) corridor 30 is slightly wider than for carrier- or | and- based
fixed wwng aircraft facilities. For helicopter | andi ng zone | andi ng
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flashing red and green (fourth and th 0
wi dened to Owhken reél@@ﬁ%@ lH‘eoPaﬁFnEiaﬁe %lso‘gérté ﬁﬁé?’éggéri’égf\ac?%%pl dly
flashing 10 aaer tHoes uprights témgisgh3 whbich calshaleged ver thecpresisien pins
corridors 306%4 ‘I‘? bﬁ f. éw%ﬁf wéth@n%ﬂégém&seyﬂs% eﬁaf.lﬁlﬁn the pms

0

desi gn, speC| | CO pplicati on Ei?
this-i nventi &% are inser t‘?“:hﬁ Ecfe SF annven held, tiz Q% e in the
desi gn 15 sof ha!se BBashnrmmmum &£o pmsure mrarmra&ﬁ Pﬂ-ﬁﬁeﬁ‘ﬁ%lﬂ Fhe

cprrLors 1) QalbokBd 8bapeashy eRer-coascraniold dapiasenortins i, swepoe

devi ati ons wdihessr Fapgg %@i?@%ﬁ?egﬁgnégﬁg §lde ‘#e& 8 S8 cgg Qﬁlé :)hragcet i ce
this sinple fdixchiay bohesok hereape diAmases o t‘ﬁ"q |hé>§ﬁ| hﬁ HRe VS ht s
aboard other @irehakk €ingd 63 ardPlacedndn Ehes:mfessusontnan tieslUindeshe

utility of the cyrrent e i g t

f1 ashi %g Bor o 1P§a up %Jh&{ré) t(# ar?é'@e%tﬁg QE ng%"aaﬂ%? rt:bér};)s K

fol l oned by deam. Thegthirdcang 6. é&&é&& FPg'EFP QPH%S’&esEﬁ@?ra?#ct agram
25 showi ng tf&sts@mer 8b, PR& ed rslfttisde stiapedahblé Iwisichr dpeates thefpin  the

slowy fl ashl glﬁ.gpﬁgk ﬂ&@ :.%‘ﬁr %EQQLFO_J{& RY preYent oWr-

repeati ng shor ses al t to di_st ui sh t

- | aser systemqqf@rﬂ‘arétlﬁéﬁ Ig hﬁ%br%né’ult I eg{.ce in |this faR ég :ﬁ t“ﬁilqg'
design thg "dss pomﬁ.bllanfai- ¢y Mielel replecement of reasiry 6§§S§%©fﬁq he
~total cycle, ée{aﬁciggcghaewe@rhﬂ&qncre@gangnéhah@tgpﬁy o aBBe@XvI@IAl Y 25%

of the cycle,
landing aid

Tt will be appreciated by those skilled in the art that the
systems described in the foregoing could be powered by any
20 appropriate source of electrical energy. Because of the high
electrical efficiency of the systems described previously due to
their efficient corridor design, the corresponding low power
requirements will allow the systems to be powered by solar cell
charged batteries in accordance with conventional practice. This
25 is not possible with ordinary approach lighting systems.

While the foregoing is a detailed description of the
preferred embodiment of the invention, there are many
alternative embodiments of the invention that would occur to
those skilled in the art and which are within the scope of the

30 present invention. Accordingly, the present invention is limited
only by the following claims.



“approxi mately 37.5% of the cycle, and the foll owi ng space before t he dot

is repeated is approximately 25% of the cycle. This all ows the dash
period to be approximately three tinmes as |ong 35 as the dot period. These
proportions are the same for the slow and rapid flash rates both of
whi ch use the bflérass schene. F : flashi ng si opetsdsihSer
entire patternqﬁg repeated 35 tofﬂlunuu" n m nute. For the rapldly
flashing signal this entire pattérnti st repeated 60 to 70 tines per

m nut e. - 6- —————WO-0-+-0+7023
PCT/ US96/ 13017 An additional aspect of this | fdEnSHEI HASBEEN
modi fication to the optical design of €kai®m$sual | aphdi ng REPULASEBt em
Figure 5is a schematic diagramof the optical beantTaim fOr a single

| aser corridor gf %\h§1¥ﬁ§fa+l 5 %:ﬂu@ gx_s&ggaa ge&cr%n%bgg%%l?gﬁﬁ

the current art, rom a source such aser
of f of the 5c0|"-|1}°rr&t’- gefiping landing orridorge includinga qantyadniferai n
can soneti mes shapedecpopyifototontificisly £idledr eithi ghtnrsa: larabE Qighte

signal and ca e gégi

pilot. This 1%%\%2@?&9#%%‘?6%% 9‘?‘}3@&% %l ntegra e{ 8;I n?’g t he
weat her cover ShHFPER EPE§§HFSH%§ttQﬁ IR Tad, CORFAEOF | gHRe rgeqand andjthirdg
out into the amyrddolrsabeingffespectaivelyolcontdntubusly filled with second and

10 third colors of light which differ from the first color of
light, and fourth and f£ifth fan-shaped corridors respectively
adjacent the two fan-shaped surfaces of the second and third
corridors, the fourth and fifth corridors being respectively
intermittently filled with the second and third colors of light

15 at a first rate.

2. The visual aid of claim 1, wherein the width of the
center corridor is in the range of 0.4 to 0.6 degrees, the
widths of the second and third fan-shaped corridors are both in

20 the range of 0.6 to 1.0 degrees, the widths of the fourth and
fifth corridors are both in the range of 3.0 to 4.0 degrees.

3. The visual aid of claim 1, wherein the vertical extent
of the center corridor, the second and thlrd fan-shaped
25 corridors, and the fourth and fifth corrzdors are in the range
of 4.0 to 5.0 degrees, and the lower edges of the corridors are
in the range of 0 to 1.0 degrees above the horizon.

4. A laser visual landing aid system comprising at least
30 two independent systems as described in claim 1, wherein said
systems are colinearly located along a glideslope or centerline
pPlane and aligned in the same direction.

5. A laser visual landing aid system as described in claim
35 1, further comprising an electrical power supply system

including solar cell charged batteries.

6. A visual aid for azimuthal guidance of landing aircraft,
the aid defining landing corridors, including a central fan-

NN
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The baffl e osed of a series of barriers which are | ocat ed

bet vvee ,“l“! l@!mﬂﬂ m es of the various |aser beans 15 and are parall el

to thei opagat i on. ttered light from

t he obj ectlve | ens 54 from pr opangﬁ'& ‘?E?ET;EER@QEE cent corridor. In
e

addition, on thgore7hd ONt of a weath shi & i er plpéeRuSeknsdizch
S perpendicular to the direction of |aser beam propagation. 20
Rect angul ar holes are cut in the barrier plate 51. These hol es are

desi dt | t he di t b t
aat or . Usi MRS SPEENITE RO TSRO AL SO FETLR ELA FOLER, PE; biERc
light is effasicond wgupmgtm—ahmdamornqmra@memem twof fenhanced

weat her pr ot gazipea Eaf:faa@s%“f Qﬂiee@en\t&aheaaréﬂaor, the second! BAA third
|rrprovemants‘{)r0\u de fﬁ%r_rret ods

mnutact or abiTEELARe eI AeRs ULy, SPnk taueusty Hilind Yich, poepnd pu
of the prd&sertbhird, enloon. of lLight whilch dlfferdt#mg:he]ém coderonfof the

| andi ng aid, lerigh%t | ¥eh¥eEadd opi £130 ﬂ@@r—&hagaaeeﬁﬁrﬁoﬂéﬁ&e@@eﬁt@?; yare
necessary I r r ser
or a fiber drjgceng % tvﬁ‘p Pﬁ# d%‘esdpt?%eﬁ? {c:)%é t%hoes%@sﬁ( gﬂd E f‘#@ art
of |asers cmddprgerth%tﬁwt @%fe-lfitéc%@f-‘r wfeingaesrespivelyig

| ens (us ditleyma tHeRE DY csmamj-mﬁu the suctndsarmd@lird doloekebeNLEghts

nunber 534 n u @gg1 @ﬂ? t I
cylindri g‘al Iag:n% ?grgob ective 1ens 4‘&;1%0' %g?ﬁ‘ég ﬂ%g’eig co?'g%hggrgsk 57.
In principle rﬁécﬁ&f@%&aﬁ“}ﬂ%‘iﬁ% ithendwe fan ecbe,s"d-?@&e(shl"guﬁﬁet feurth
preci se | ocatandn fdfthacbreiddimsehe sictipandnseventt coratildodsr bglihges a
fair amount Qfegpblilel Polihmittently £illed with the second and thizrd
colors of light at a second rate that is different from the
15 first rate.

7. The visual aid of claim 6, wherein the second rate is
faster than the first rate. '

20 8. A laser visual landing aid system as described in claim
6, further comprising an electrical power supply system
including solar cell charged batteries.

9. The visual aid of claim 6, wherein the vertical extent
25 of the center corridor, the second and third fan-shaped
corridors, and the fourth and fifth corridors are in the range
of 4.0 to 5.0 degrees, and the lower edges of the corridors are
in the range of 0 to 1.0 degrees above the horizon.

30 10. The visual aid of claim 6, wherein the width of the
center fan-shaped corridor between its two surfaces is less than
the widths of the other corridors.

11. The visual aid of claim 10, wherein the widths of the
35 second and third fan-shaped corridors are substantially equal,
. the widths of the fourth and f£ifth fan-shaped corridors are
substantially equal, and the widths of the sixth and seventh
fan-shaped corridors are substantially equal.
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'V\o 97/ PCT/ US96/ 13017
f abrl | mﬂzlﬁlalmllve process. In this invention an addi ti onal

optlc 'S added to the beamtrain to aIIowfor ease of

corri dor alignment. Typically this an optical flat but
in sonme cases wbom@nde a | ens. Thd THISGHEET HAS BEEN t 52 i s ptrOSdnsgnr
the focus of the beam expander el escBBBLAGHEEE] udi jg the microscope

obj ective 53 and the obj ective |ems—5#y—or I'n any |ocation where the
beami s relatiy t 30 |
%E@ecnf.l i %flki B cigfmoi)é Cvﬁi%:‘glmﬁh 5gd{:ﬁ% éﬁ]

possible to steer %§opa8 3 e corrig
st eer age occ@r"é‘r&E}ea’E“B Bifekh, Fam- FRTrEIdPTR 3R iHaspRctivet Yt%%n
focus. In thlthannuhetwiadth’sacdf the skecohd apditixird cdmxidorsaand theoridrhs

each corri doro)f Bas sikth %@@e%%l:he!fﬁﬁe%a d%rﬁ)ﬁdﬁ“'a%' 2bspect a1y
di rection of 0 rg_at | on each 9%orE_Ll dgr at| %htJhe others vi a
these til tabl BEF FPYEEFPTH t he
systemwi th only m)dest posi ti onal r equi rement for the optical elenents

Wi thin the beagytratie vi¥uRIVaila deEESuth GRtfdrdih hkOWiatROME @b t 0
manuf act ur e such a s

I ht,
within the | STOHRY & ¥ﬁr’égfgﬁm’ﬁ ﬁP@&ﬁ’F‘F&‘aEESYa %eg%ﬁa?}e[ ('):Lﬁg our Cégém I'n
- the current secondtardcthind fan-shapedt eerasdars iaRre \hqa‘-@alapnnquttsly 0.8

repl aceneypt aegrbasertﬁ@&hd&srrwruehbyfadraﬁtada fiRtH ltorkrd@etsi &rdlmstad in

t he Iaser | 3nk r n at

the site of t ﬂn%%@#g %1% ?e%re-g& ove tﬁgép‘?:g%?} czﬁq'dl {E‘?ﬂ Egﬁgg &lrl&elduce t he
expense of i rﬁﬂf"PEF PRPF kAQK e FES 9"(‘}?’# pEPERTImRMER A& O degF§eFeqU| red. In
this invention the laser is placed into a cassette 60 which can be

aligned when manujgct uped. 4= Q4" @i@ bE claim 6, wherein the width of the
15 center corridor is approximately 0.5 degrees, the widths of the
second and third fan-shaped corridors are both approximately 0.8
degrees, the widths of the fourth and fifth corridors are both
approximately 1.5 degrees and the widths of the sixth and
- seventh corridors are both approximately 2.25 degrees.
20

—+

15. The visual aid of claim 6, wherein the upper edge of
the vertical extent of each of the corridors is oriented such
that an aircraft on a normal glideslope will pass from the area
of coverage of the visual aid at a predetermined distance from a

25 touchdown zone of a landing area.

16. The visual aid of claim 6, wherein the first rate is
substantially 35 to 40 times per minute and the second rate is
substantially 60 to 70 times per minute.

30

17. The visual aid of claim 16, wherein the light at the
first rate and the light at the second rate follows a pattern
comprising a short pulse of light followed by a longer pulse of
light, these patterns being respectively repeated at the first

35 and second rates.

18. A laser visual landing aid system comprising at least
two independent .systems as described in claim 6, wherein said

-12- This Sheet Has Been Replaced .
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a sche | | m of the | aser nounting cassette 60 of the I nventive
systemnﬂmlﬂ"@ilﬁEEQUW-i si on expandi ng |latching pins 30 62, and the tangs
63 and Lo pl acenent of the |aser cassette 60 within the
device is acconplished using a series gf pros—amehtripckets. In
particul ar to wesHpR2Pr oper alignment T HIS SHEEJET"ASSM e, at pd iSRN3017
different positions along the base of the RERLAEEBtte 6p are located the
clevises 61 with approximately .25 35 inch dianeter holes which are

i ented al ' | b ' T hol ;
Gestgned to Phetss®8kd Golaenty 1dtagsa’Si0hE" NI Roe 1S  Selfe il ©
Lane type CLPlane andxpligngd imhdde Sapendingchior- al | ow for precision

| ocati on when set, wfh a reduced dianeter for easy insertion and
renmoval A . . .
PCT/ US96/ 13017 —° %A(\hqé%gérgl Caneg 1anaing Id fon quidapes: ofnd 1Y ai d
device ° alSTCRAEL. uFPTRRISING AR FPLARRLNSYPLH hAvEng: apn exhE cebPieeHive ns
62. These tanlgms6®ithtavsehies tdi: bafifliescexserndbitovthe ekttpobjectivéd? are

inserted the jleagetoCpsa6the Gl ?&Agﬁ!g%t&bs%g ?%g&&%acts%stéeraggfi In

particular to assure an accuraté placenent o assette out

over-constraining and distorting it, two of t hese tangs 63 | ocated on

t he sane side of RRhe Ba;ssﬁremhauﬂ.landﬁnguaéﬂ foxt epidiancieec of aarlahdiret er

of the hoge iairkhare! c¥bmprisfily alNepRikaNISySrer o PragtdeCd by Q2

so that the holes .10 are qud qﬂlalong th dlrectloq %ﬁ ropagat |1 on .of the.

| aser corridors o ight, e optical system inclu 1n8 nternal
tiltable optic for precise co-alignment of the corridors of

light.

15 21. A laser visual landing aid for guidance of a landing
aircraft, comprising a Plurality of optical components the
optical components including mechanical means to allow
reproducible and easy field replacement of the optical
components. o

20

22. A method for producing a visual aid for azimuthal
guidance of landing aircraft, comprising the steps of:

a) providing a central fan-shaped corridor continuously
filled with a first color of light;

25 b) providing second and third fan-shaped corridors adjacent
the two fan-shaped surfaces of the central corridor, the second
and third corridors being respectively continuously filled with
second and third colors of light which differ from the first
color of light;

30 ¢) providing fourth and fifth fan-shaped corridors
respectively adjacent the two fan-shaped surfaces of the second
and third corridors, the fourth and fifth corridors being
respectively intermittently filled with the second and third

' colors of light at a first rate; and

35 d) providing sixth and seventh fan-shaped corridors
respectively adjacent the two fan-shaped surfaces of the fourth
‘and fifth corridors, the sixth and seventh corridors being
respectively intermittently filled with the second and third

This Sheet Has Been Replaced .
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beam Th | ocated on the opposite side of the cassette
60, h'as’LEIInm EME ﬁ g“ hol e which | ocates the pin vertically but

al | ows de to prevent over- constraints. By fabricating
the device in this fashion it will 15 be possible for easy field

repl acenent okyd @5@p2scassette 60 reduci ng the cost and i ncpemesdsgsdine

utility of laser visual | andi ng ai d. It will be appreciated by
those skilled in the art that the systens described in the foregoing
coul d be pomer db pLO f .el ecause
of the hig leoreﬁ )éf ?¥?§? gg |C|Qélr:1§égo’fs gtei"’sa%stl %@%@é@%‘ pr)é‘:wéc?usl y
due to tf}-’e‘F&t aatieci ent corridor design, the correspondi ng | ow power
requirenents will allow the systens to be powered by sol ar cell char ged
batteries in acc a V. (S | 5 yEssi bl e
with ordi na (ﬁgac EF%htBI ggg 5{’%&%9@% % a|IB, Eﬁg ?%regm n

is a
Gt i ol HosAt B AIgerphe. the A8 ASHPINEm ARG SPEFLACTRy AR sing

there are neriye stepsl bé€rnative errbodl ments of the invention that woul d

occur to t ho Nat afih o BREN rﬁf&%ﬁ f the
30 present i vent%lqo Ac?gn mg?x %l pf y{gnétaédﬁ\‘/%ntlon |§6£€1 te ¥
only by the FHHiesh stcdior of ight

b) prcv;ding second and third fan-shaped corridors adjacent
10 the two fan-shaped surfaces of the central corridor, the second
and third corridors being respectively continuously filled with
second and third colors of light which differ from the first
color of light; and '
c) providing fourth and fifth fan-shaped corridors
15 respectively adjacent the two fan-shaped surfaces of the second
and third corridors, the fourth and fifth corridors being '
respectively intermittently filled with the second and third
colors of light at a first rate. '

SHEET HAS BEEN
e REPLACED
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1. In alanding aid systemfor azinuthal guidance of aircraft toward a

| anding at a |land- based facility in a predeterm ned path and which
includes a visual aid enploying a first plurality of |aser-based |ight
sources defining a corresponding first plurality of landing corridors
conpri si ng: woom702d) a first, central, fan-shaped corridor

continuously filled with a first col or of light; tﬁ%ﬂkmﬁ?un
second (21) and third (22) fan-shaped corridors disposed respectively-

adj acent and on opposite sides of the first corridor (20), the second (21)

and third (22) corridors being r ectively continuously filled
with second and third col ors of Ilidght; C fourth (23) and
fifth (24) fan-shaped corridors di sposed respectively adj acent and

out board the second (21) and third (22) corridors, the fourth (23)

”
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and fifth (24) corridors being respectively intermttently filled at a
first rate with the second and third colors of |ight; and

D) sixth (25) and seventh (26) fan-shaped corridors di sposed respectively
adj acent and outboard the fourth (23) and fifth (24) corridors, the sixth

(25) and wo eggsent h (26) corridors being respectively iprvusssdsoent |y
filled at a second rate with the second and third colors of |ight;
the i nmprovenent in which: 1) the first corridor (20) has an
angular width falling with a range of 0.4 degrees to 0.6 degrees;
2) the second (21) and third (22) corridorg/4each have angul ar wi dths
falling within the range of 0.7 degrees to 0.9 degrees;

3) the fourth (23)~and fifth (24) corridors are respectively intermttently
filled with the second and third colors of light enploying a

repetitive asymmetri cal

-
ccht"\l- )
= PN
&N o)
¢ X //// Y

FIG. 2




pattern at a first rate which falls within the range of 35 to 40 times per
m nut e and in which the fourth (23) and fifth (24) corridors each
have angul ar wi dt hs - falling within the range of 1.35 degrees to
1. 65 degrees; and 4) the sixth (25) and seventh (26) corridors are
respectively iwbergrersently filled with the second amdTiUSDE/L017
colors of light enploying a repetitive asymetri cal pattern at a
second rate which is higher than the first rate and in which the sixth
(25) and seventh (26) corridors each have angular widths falling within the
range of 2.025 degrees to 2.475 degrees. 3/. In a landing aid systemas
set forth in Caim1l, the further inprovenent in which each |aser-based
| i ght source includes an adjustable optical elenent (52). adapted to
position the corridor defined thereby with respect to the other corridors.
3. Ima landing aid systemfor azinuthal_gyidance of aircraft toward a
“landing on an aircraft carrier inga preget®rmneddirection along a
predgterm ned centerline plane
~enploying a plurality of |aser-based |i
corresponding plurality of |and

ch ingluges a cepnterline visual aid
ht {sofirces / defining a

g.

FIG. 3
1



'A) a first, central, fan-shaped corridor (10) continuously filled with a

first, col or of light; B) second (11) and third 12)
fan-shaped corridors di sposed respectively adj acent and on opposite
sides of the first corridor (10), the second (11) and third (12)
corridors bei ngwoempesti vely continuously filled with second EREEUSHIIALI7
colors of I|ight; C fourth (13) and fifth (14) fan-shaped corridors
di sposed respectively adj acent and out board the second (11) and
third (12) corridors, the fourth (13) and fifth (14) corridors being
respectively intermittently filled at a fiMsf4rate with the second
and third colorfggs [ t;1qu D sixth (15) and seventh (16)

f an- shaped corr s diSposeéd| respectively adj acent and out board } he
fourth (13) and fifth (14) cofridors, the sixth (15) and sevent h

(16) Torridors being respectivgyw4 nternittently.fj}Méd at a second rate
104=%= st
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N

with the*sécond and third colors of light; the inprovenment in which:

1) the first corridor (10) has am angular width falling vmth a range of 0.4

degrees to 0.6 gul ar hed ght of Subsiitute sheet &£

2) the second (ﬂmﬁﬂﬁmﬂﬂﬂﬂ ) corridors each have angul ar i dt hs
falli hin time sange of 0.7 degrees to 0.9 degrees and angul ar
hei ghts falling within the range of 4.0 degrees to 5.0 degrees;

3) the fourth (13) and fifth (14) corridors are respectively intermttently
filled with the second and third colors Ofrclfalaght eapl oyi g
repetitiveladmlandingaid system for gzimuthal saidanceiof af aandingat gilang-,
the range of 35 to 40 tines per mnute and in which the fourth (13)
and fifth paded faeility dnapredstérntined pathoaridwhivhdinbiides a visual aid employiriga Ifirstg
within the range of 2.7 degrees to 3.3 degrees and angul ar heights
falling w bRiALEGNEF [23896asel 1bh? sOGESBEfAMgS CorfeoRéing ARE plurality of landing
corridors comprising:
A) a first, central, fan-shaped corridor (20) continuously filled with a first color
of light;
B) second (21) and third (22) fan-shaped corridors disposed respectively
“adjacent and on opposite sides of the first corridor (20), the second (21) and |
third (22) corridors being respectively continuously filled with second and third
colors of light;
C) fourth (23) and fifth (24) fan-shaped corridors disposed respectively
adjacent and outboard the second (21) and third (22) corridors, the fourth (23)
and fifth (24) corridors being respectively intermittently filled at a first rate
with the second a_nd third colors of light; and
D) sixth (25) and seventh (26) fan-shaped corridors disposed respectively |
adjacent and outboard the fourth (23) and fifth (24) corridors, the sixth (25) and
seventh (26) corridors being respectively intermittently filled at a second rate
with the second and third colors of light;
the improvement in which:

1) the first corridor (20) has an angular width falling with a range of 0.4

degrees to 0.6 degrees;
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4)7the‘ si xth (15) and seventh (16) corridors are respectively

|ntermttentlyfmmjﬂ ’ ththe second and third colors of |ight
enpl oyi ng a repe Hﬂg( m 11 pat C i ch
is higher than the farst ma r in which the Ghelitdte ek < 7] k
seventh (16) corridors each have angul ar w dt hs faI ling W|th| n the

range of 5.4 de s to eqress @éa ul,ar helgtsfa n L e -t he
range 99 968 g ] e 5 oBts SRR Lol iokh Boli'S,
as set forth in Caim 3, the further inprovenent in which each | aser - based

li ght source i nWithiesherangejof 87 degreestoi® A degreesient (52) adapted to
position the corridor defined thereby with respect to the other corridors.

5. In a | andi ng3ithe fowrtte (@3)andaARM(RURLogidode aaerespediively: imermistentiyeftiteda

landing in a predetermned direction along a predeterm ned centerline

0 aser- based. T ohelssspAl ahl (i ol e &%58“*#‘9'?? e PR
(30)' conti nuousPREFR mﬁwwy%ﬁéﬁéémﬁ?ﬂ‘é dige of g (P Ghfimes per mifize
and in which the fourth (23) and fifth (24) corridors each have angular widths

falling within the range.of 1.35 degrees to 1.65 degrees; and

4) the sixth (25) and seventh (2.6) corridors are respectively intermittently filled
with the seéond and third colprs of light employing a repetitive asymmetrical
pattern at a second rate which is higher than the first rate and in which the sixth
(25) and seventh (26) corﬁdors each have angular widths falling within the

range of 2.025 degrees to 2.475 degrees..

2. In a landing aid system as set forth in Claim 1, the further improvement in which
each laser-based light source includes an adjustable optical element (52). adapted to -

position the corridor defined thereby with respect to the other corridors.

3. In a landing aid system for azimuthal guidance of aircraft toward a landing on an
aircraft carrier in a predetermined direction along a predetermined . centerline plane
which includes a centerline visual aid employing a plurality of laser:based light sources

| defining a correspondm plurality of landing corridors comprising:
A) a first, central, fan-shaped corridor (10) continuously filled with a first color

- of light;
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B) second {(31) and third (32) fan shaped corridors disposed respectively

adj acent and. of the first corridor (30), the second (31)
and - ﬂ[ﬂl’ﬂﬁﬂﬂﬂﬂ”ﬂlﬂﬂrs bei ng 1espect ig(Mskthe 3hbato
with second and" tHird C) fourth (33) and T1 ﬂﬁ%%%g '
f-an-shaped corridors disposed respectively ' adjacent and out board
the second (31) and third (32) corridors, the fourth (33) and -
fifth (34) cor BYseconti(ld) ranbhdbirdy iRy fantsbaped tesuridorst idispoged t respegtively
rate with the second and third colors of |ight; t he i nprovenent

in which: ade)acenihnﬁhﬂl Bpﬁ@s‘itecﬂﬂés @fthé Hit bareider (20 Lthersewntl bl I)ainhd ng

with a range of degrees to 0 7 degrees;
wthin the rangerdi18) bodidpREhtngSEaeStay BrEndg Hued S B

‘colors of light; |
C) fourth (13) and fifth (14.). fan-shaped corridors dispose_d reépectively
adjacent and outboard the second (1 1) and third (12) corridors, the fourth (13)
and fifth (14) corridérs being respectively intermittently ﬁlled at a first rate |
with- the second and third colors of light; and |
D) sixth (15) and seventh (16) fm-shaped corridors disposed respectively
adjacent and outboard the fourtﬁ (13) and fifth (14) corridors, the sixth (15) and

- seventh (16) corridors. being respectively inte:mittently filled at a second rate

. w1th the second and third colors of light; |
the improvement in whlch

1) the first corndor (10) has an angular width falling with a range of 0.4
degrees to 0.6 degrees and an angular height of 4.0 to 5.0 degrees;
2) the second (11) and thifd (12) corrid&s each have angular widths falling
within the range of 0.7 degrées to 0.9 degrees and angular heights falling
within the range of 4.0 degrees to 5.0 degrees; | |
3) the fourth (13) and fifth (14) corridors are respectively intemﬁttehtly filled
with the second and third colors of light employing a repetitive asymmetrical
pattern at a ﬁmt rate which falls within the range of 35 to 40 timas per minute

and in which the fourth (13) and fifth (14) corridors each have angular widths
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3) the foufrth (33) and fifth (34) corridors are respectively intermttently

filled nd and third colors of |ight enploying a
repetitive asummu“w lmﬂﬂm patterrgat a fsuﬁgt.tut@t@]é@@wm\%ﬁ%
within the ranfe bf 35" 0%40*ti nes per mnute and 1

fourth (33) and fifth (34) corridors each have angul ar w dths

falling wwthin the range of 0.36 degrees to 0.44 degrees. 6. In a

| andi ng ai d systfallingswithin ther ringenof2:7 rdeGreeshte 813 tegrees rmpdoangulan heights
whi ch each | aser-based |ight source includes an adjustable optical el enent

(52) adapted tofamglmﬁtﬁ@ﬁngerdfu@aegfeéseaﬁsiotdegfeebyadath respect to the
ot her corridors. . I'n a nethod for effecting azi nuthal gui dance of

ot h by el oyl 43 dﬁé‘?@ﬂgﬁﬁéﬁﬁ st G apRShe bl vty BB B Ot

| i ght sources defjining a cqrre [Blondl ng first pluraljty of | anding corrjdors
with the second and third colors of lxght employing a repetitive asymmetrical

pattern at a second rate which is higher than the first rate and in which the sixth
(15) and seventh (16) corridors each have angular widths falling within the
range of 5.4 degrees to 6.6 degrees and angular heights falling within the range

of 4.0 degrees to 5.0 degrees.

4. In a landing aid system as set forth in Claim 3, the further improvement in which
each laser-based light source includes an adjustable optical element (52) adapted to

position the corridor defined thereby with respect to the other corridors.

5. In a landing aid system for azimuthal guidance of helicopters toward a landing in a
predetermined directiqn along a predetermined centerline plane which includes a
centerline visual aid employing a first plurality of laser-based light sources deﬁnmg a
corresponding plurality of landing corridors compnsmcr
A) a first, central, fan-shaped corridor (30) continuously filled with a first color
of light;
B) second (31) and third (32) fan-shaped corridors disposed respectively
adjaceht and on opposite sides of the first corﬁdor (30), the second (31) and

third (32) corridors being respectively continuously filled with second and third

colors of light; and : .
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and mutual Iy aligning and CONTTol 1 | ng the first plurality of |aser-based

| i ght sources, n ri sing the steps of: A) providing a
first, cent ral ”I “‘“’W ,EEWI dor (20} gvhi ch i Hefiftitd SHALS! ¥ A 1908
filled with a firrst color o I )‘p‘mv%‘rn‘g—mr&g(u‘?&j—aﬂd

third (22) fan-shaped corridors dlsposed respectively adjacent and

on opposite sides of the first corridor (20), which second (21)

dthird (22) fgR- d I
T 1ok TEHY B 5 B e B s
23 d fi f h (2 d di tively
e 1 vl SRS et i i i o

which fourth (23) and fifth (24) corridors are respectively intermttently

filled andhfifth 34} corritiors deirig respe ehvelﬁ intermigbhtlptfilled hr at firstirte
and D) providing sixth (25) and seventh (26) fan-shaped corridors
di sposed e teeebbyE ut board the fourth (23) and
fifth (24) corri (‘jagrs ﬁdgﬁ*‘fﬁ% x‘?ﬂﬂl and (26) seventh corridors
are respect e|1[n¥ i nter tte tly filled with the second and third
col ors of hb"‘n %FP&“‘S e which is higher than the first
rate;

1) the first corridor (30) has an angular width falling with a range of 0.5
degrees to 0.7 degrees;

~ 2) the second (31) and third (32) corridors each have angular VVidﬂ'lS 'falling
within the range of 0.7 degrees to 0.9 degrees; and
3) the fourth (33) and fifth (34) corridors are respectively intermittently ﬁlled. |
with the second and third colors of light employing a repetitive asymmetrical
pattern at a first rate which falls within the range of 35 to 40 times per minute
and in which the fourth (33) and fifth (34) corri&ors each have angular widths

falling within the range of 0.36 degrees to.0.44 degrees.

6. In a landing aid system as set forth in Claim 5, the further improvement in which
each laser-based light source includes an adjustablé optical element (52) ‘adapted to

position the corridor defined thereby with respect to the other corridors.

7. In a method for effecting azimuthal guidance of aircraft toward a landing at a land-
based facility in a predetermined path by employing a visual aid having a first plurality

of laser-based light sources defining a corresponding first plurality of landing corridors

— 1
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t he |nprovenent I n whi ch: 1) the first corridor (20) has an

dogres; " !HIIIU{PH ﬂﬂfluuzum?zﬁs andsi hi rd 6Bk Chder S aaghhie:

angul ar widths ¥ * within the range of 07
degr ees; *3) the fourth (23) and fifth (24) corrldors are
respectively |ntermttently filled with the second and third

col ors of andgnutuahiyabigning @drmdlmg/@eafgyhnmlw of laser-based lightsoprges, she
first rate falling within the range of 35 to 40 tinmes per mnute and :
‘in which trhethbdeotriprisi) thestepsioft h (24) corridors each have angul ar wi dt hs. '
falling within the range of 1.35 degrees to 1 65 degrees; and

the sixth (25) wPﬁﬁ){ﬁﬁU’h £2&) cemtrdl ‘fﬁ{ Ft(bgﬁ%xéﬂ‘tl@?:ﬂhﬁﬁ@dﬂshy '

filled e“second and thir oIor enpl oying a

repetitive asy rn at the second rate and in which the
sixth (25) andm;ﬁiféfrﬁﬁh%?“&%?f)?% - |

B) providing second (21) and third (22) fan§shaped corridors disposed

respectively adjacent and on opposite sides of the first corridor (20), which
second (21) and third (22) fan-shaped corridors are respectively continuously
filled with second and third colors of light;
C) providing fourth (23) and fifth (24) fan-shaped corridors disposed
respectively adjacent and outboard the second 21 énd third (22) corridors,
which fourth (23) and fifth (24) corridors are respectively intermittently filled
with the second and third colors of light at a first rate; and
D) providing sixth (25) and s&énm (26)' fan-shaped co;ridors disposed - |
respectively adjacent and outboard the fourth (23) and fifth (24) cbtridors,
which sixth (25) and _(26) seventh corridors are respectively. intermittently filled
with the second and third colors of light at a second rate which is higher than
the first rate;

the improw_}ement in which:
1) the first corridor (20) has an angular width falling within a range of 0.4
degrees to 0.6 degrees; |
2) the second (21) and third (22) corridors each havé angular widths falling

within the rahge of 0.7 degrees to 0.9 degrees;
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each have angtjl —é?‘\cileTT‘TT“l—rrg'—Wthl n the range of 2.025 degrees to 2.475

degr ees. ff'ecti ng azi mnut hal gui dance of aircraft
tovvard a Iandl "ﬂﬂﬂwel& carri er16| n a pﬁﬁ%f'@ﬁﬂﬂé@t I %g bpm@
- a predeterm ned ten:t enl i ne npl oyi ng @ centeriine Vi
having a plurality of | aser-based Ilght sources defining a correspondi ng
plurality of | andi ng corridors and nutually aligning and controlling the
plurality of | adethebfoneth (23)and<ifth (24) codridore nhewcespectively imgrmittentlyefiled
of : A) providing a first, central, fan-shaped corridor (10) which

of: A pr first,
orovidi g second g s6eind r??‘rqd"“%’?zﬁé‘??n R iR Eipl g 81 ?té%‘(l)eseoymﬁkmc

. respectively adjacent and on oppasite. sides of th flrs orridor
whi ch a gqfjrshpie f4lling w@p Rnge P 33110 4%@3@&2%? d and
continuously filled with second and third colors of |ight;

in which the fourth (23) and fifth (24) corridors each have angular widths
falling within the range of 1.35 degrees to 1.65 degrees; and

| 4) the sixth (25) and seventh (26) corridors are respectively intermittently filled
with the second and third colors of hght employing a repetitive asymmetric
pattern at the second rate and in which the sixth (25) and seventh (26) corridors
each have angular widths falling within the range of 2.025 degrees to 2.475

degress.

‘8. In a method for effecting azimuthal guidance of aircraﬁ toward a landing on an
. aircraft carrier in a predetermined direction along a predetermined centerline plane by
employing a centerline visual aid having a 'plurality of laser-based light sources
defining a corresponding plurality of landing corridors and mutually aligning and
controlling the plurality of laser-based light sources, the method comprising the steps
of: |
-A) proViding a first, central, fan-shaped corridor (10) which is continuously
filled with a first color of light;
B) providing second _(11) and third (12) fan-shaped corridors disposed
respectively adjacent and on opposite sides of the first corridor (10), which

second (11) and third (12) corridors are respectively continuously filled with

d and third col f light; -
secon and third colors of light; REPLACEMENT SHEET
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2 Fth (14) fan-shaped corridors disposed
and outboard;the second (11) and third (12)

i ch1rAlG 0998 18) { angd7f i fth GLAMIGRS Ehelar.S
tently filled] Wi th ond and third colors

—C)—providi'ng fourt IL

respectively adjacen

ﬂwﬁ,tmm T

of Ilgh at & flrslt‘ rate; D) p_rovi ding sixth (15) and seventh (16) =
fan- shaped corri dons_dispaosed respectively adjacent and outboard o
t he fourth_(13) nd fifih ( i dor s, Al xth (15 '
seventh (16) co &5?‘5% é’@éﬁez ﬁ)k/éﬂf‘ iRtk (14 etym‘rsﬁaﬂ ‘% X é,"""p%‘fih :

t he second and th| rd col ors of ght at a second rate; the i nprovenent in

whi ch: 1¥esphetively sadjacent |andr01(tboardhthe sccoadgﬂllarand third {32) cogidors,
within a range of 0.4 degrees -to 0.6 degrees and an angul ar hei ght

of 4.0 10 5.0 dg@r@pfourth (13) an%hmmﬁ%md%&'d& rédfféctiVtl dinteaiineay i

each have angular w I'n therange”of 7 dedrees to
Lo 5. 0 degr ces: Wit the Secqsd il Big colfrs affens s ot Higins) EQ?r dors are
respectl vely filled with the second
D) providing sixth (15) and seventh (16) fan-shaped corridors disposed
respectively adjacent and outboard the fourth (13) and fifth (14) corridors,
which sixth (15) and seventh (16) corridors are .respectively intermittently filled
with the second and third colorS of light at a second rate; |
the impfovement in which:
1) the first corridor (IC) has aﬁ.angular width falling within a range of 0.4
degrees to 0.6 degrees and an angular height of 4.0 to 5.0 degrees;
2) the second (11) and third (12) corridors each have angular widths fallixié
within the range of 0.7 degrees to 0.9 degrees and angular heights of falling .
within the range 0f 4.0 t0 5.0 degreés; |
3) the fourth (13) and fifth (14) corridors are respectively filled with the second
and third cplors of light employing a repetitive asymmetric pattern at a first rate
falling within the range of 35 to 40 times a minute and in which the fourth (13)
and fifth (14) corridors éach have angular widths falling within the range of 2.7
| degrees and 3.3 degrees and anaular heights of falhng w1thm the range of 4.0 to
5. O degrees and
4) the sixth (15) and seventh (16) corridors are respectively filled with the
second and third colors of light employing a repetitive asymmetric pattern at a

second rate which is higher than the first cate ahd in which the sixth (15) and



and third tol or§" of |IghTWﬁg a repetitive asynmetric pattern at a

first rate the range of 35 to 40 times a mnute and
in which the fo’u ”}!ﬂl’ﬁ‘lﬂ[ ﬁand fifigh (14) gggﬁhﬂgrﬁ gg_cg aggé‘%!ggggl ar
WIdttha||IngWIt* 7 . d

angul ar hei ghts of falllng within the range of 4.0 to 5.0 degrees;
and 4) the sixth (15) and seventh (16) corridors are respectively

filled with the geyenth (1 fE&?ﬂo?sn&chvaqa% Secon‘g {aﬁmﬁ]@ﬁ% % e of 5.4

repetitive asymTetrlc pattern a ér fhan

the first rate and in t he si seve

(16) corridors emy{é 6C$:85$§Fs W%Hé’]l?%\“?’\gﬂﬁ %@Hmmmm{@ﬂ& °%440 to
degrees to 6.6 degrees and angul ar heights of falling within the range of
4.0 to §q g@ﬁ%es 9. In a nethod for: effecting azi nmuthal

gui dance of -helicopters tomard a landing in a

9. In a method for effecting azimuthal. guidance of helicopters toward a landing in a
predetermined direction along a predetemﬁned centerline plan¢ employing a centerline
visual aid having a plﬁmlity of laser-based light sources defining a cﬁnespondina first
plurality of landmg corndors and mutually aligning and controlhno the plurality of
laser-based light sources, the method comprising the steps of:
A) providing a first, central, fan-shaped corridor (30) which is continuously
filled with a first color of light;
B) providing second (31) and third (32) fan-shaped corridors which are
disposed respectively adjacent and on opposite sides of the first corridor (30),
which second (31) and third (32) c;)rridors are fespectively continuous.ly filled
 with second and third colors of light; and | |
C) providing fourth (33) and fifth t34) fan-shaped corridors which are disposed
respectively adjacent and outboard the second (31) and third (32) corridors,
which fourth (33) and fifth (34) corridors are respectively intermittently filled
with the second and third colors of light at a first rate;
the improvément in which:
1) the first coxﬁdor (30) has an angular width falling within a range of 0.5

degrees to 0.7 degrees;

REPLACEMENT SHEET i

11 AUG 1998




predeterm hed direction along a predeterm ned centerline plane enploying a
centerline plurality of |aser-based |Iight sources

o oina's oo TARANTINTIOERND 5135 | o T
aligning and-cohtrol 4 ng t urality of | aser= based ~ < :
met hod conprising the steps of A) providing a first, centra
fan-shaped corridor (30) which is continuously filled wwth a flrst
-.col or of light; B) providing second (31) and third (32) fan-shaped
corridors which are osed respectively adjacent and on opposite
si des of the £)rthe seeend (3}) m)tﬁ d (32) corridars tachdhnyedanguar andthtShﬁaFmg 32)
corridors are respectively continuously filled w th second and

‘third colors Wltﬂ:h@ﬁérang%d)fo7degrees€60£9&6grd¢§&nﬂourth (33) and fifth (34)
f an-shaped corridors which are di sposed respectively adjacent and

(3 "ana 117 1SRG o Tl M A Sorhb 98 Breseebe b it

with the second and third col ors of ght at a first rate; t he
i nprovement i Witththensecond and third) CQlﬁES Of light employiog 4 sepetitive asymmefnicat
width falling within a range of 0.5 degrees to 0.7 degrees;

pattern at a first rate which falls within the range of 35 to 40 times per minute

and in which the fourth (33) and fifth (34) corridors each have angular widths

falling within the range of 0.36 degrees to 0.44 degrees.
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2) the second (31) and third (32) corridors each have angul ar wi dtH§0210L-¥
falling within the range of 0.7 degrees to 0.9 degrees; and 3) the f rth
(33) and fifth (34) corridors are respectively intermttently filled t$
the second and third colors of |ight enploying a repetitive asym*retrical Py
pattern at a first.rate which falls within the range of 35 to 40g#ees per
mnute and in which the fourth (33) and fifth (34) corridors ea PR

Rnal v e
T |" y
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