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1571 ABSTRACT 
A pattern of light is projected from multiple sources 
located on an aircraft to form two clusters. The pattern 
of each cluster changes as the aircraft flies above and 
below a predetermined nominal altitude. The initial 
patterns are two horizontal, spaced apart lines. Each is 
capable of changing to a delta formation as either the 
altitude or the terrain vdes .  The direction of the delta 
cues the pilot as to the direction of corrective action. 

8 Claims, 4 Drawing Sheets . 
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CUEING LIGHT CONFIGURATION FOR 
AIRCRAIT NAVIGATION 

OFUGIN OF THE INVENTION 
The invention described herein was made by employ- 

ees of the United States Govemment and may be manu- 
factured and used by or for the Government for govern- 
mental purposes without the payment of any royalties 
thereon or therefor. 

BACKGROUND OF THE INVENTION 
The present invention relates generally to the field of 

aircraft navigational aides and, more specifically, to a 
cueing light configuration capable of assisting pilots 
flying low, at night or in low light and over generally 
featureless terrain. 

TECHNICAL FIELD OF THE INVENTION 
Cueing lights have been used in the past to aid pilots 

in navigation under certain conditions. One example is 
the “visual approach slope indicator” (VASI) used to 
keep an incoming pilot on the right glidepath as he or 
she nears the runway. Basically, two sets of lights are 
fitted with reflectors and slats so that they send out red 
light over a very narrow angle and white light over an 
equally narrow, but higher, angle. The lights are lo- 
cated on both sides of the runwav. As the aircraft aD- 

2 
which a pattern of projected light beams changes with 
changes in contour of the land. 
U.S. Pat. No. 2,532,104 to King describes an aircraft 

lighting system for projecting patterns on the ground. A 
5 pair of light projectors are mounted on the Wings of the 

aircraft and an additional projector is mounted at or 
near the tail. This patent uses existing landing lights and 
augments them with black lights to provide simulated 
horizons. Also, beams intersecting at a known distance 

10 are used to indicate distance to the ground when the 
intersection point meets the ground. 
U.S. Pat. No. 2,017,692 to Gaty describes a landing 

light system in which a plurality of lights are mounted 
at a fued angle. A different pattern of lights appear 

Is based on the altitude of the aircraft as it makes its ap- 
proach to landing. The different patterns appear due to 
the arrangement of lights such that at least some of the 
beams intersect. 

The above-noted U.S. patents all involve features of 
2o landing lights, which rely on object illumination gener- 

ally. These systems would not be suitable for military 
operations where it is necessary to fly visually unde- 
tected. Thus, a need exists to augment night vision de- 
vices in order to conduct safe and efficient flight in 

25 informationally impoverished environments, as where 
the pilot is unfamiliar with the terrain, but required to 
fly at low levels under poor lighting. 

SUMMARY OF THE INVENTION 
proaches, the pilot keeps the lights carefully aligned. i f  30 

red and one white light on each side of the runway. If 

An object of the present invention is to provide a 
the pilot is at the proper approach he will See One cueing light system capable of augmenting low-light 

navigation aides for low flying aircraft. 
the pilot is approaching too high* he see Sets Of Another object of the present invention is to provide 
white lights, while if the approach is too low, the Pilot 35 a cueing light system for aiding navigation of an aircraft 
will see two sets of red lights. flying in featureless terrain, such as deserts and over 

While the aforementioned system has certain advan- large bodies of water. 
tages, it is limited in use to air traffic control in and Another object ofthe present invention is to provide 
around airports, given that the lights are ground-based, a cueing light system which is capable of providing the 
and is only suitable for a particular flight Operation, i.e., 4o pilot with sufficient reaction time to permit corrective 
the landing approach. or evasive maneuvers when objects and terrain enter 

In certain civilian and military flight operations, the the flight path. 
pilot is required to fly low in reduced visibility condi- Still another object of the present invention is to 
tions, over somewhat featureless terrain. The develop- provide a cueing light system which projects a pattern 
ment and continuing refinement of night vision devices, 45 of cueing lights which suggest by their pattern what 
such as infrared night vision goggles, has made it POSSi- corrective actions should be undertaken by the pilot. 
ble to conduct relatively safe low-altitude helicopter f These and other objects of the invention are met by 
lights under reduced-visibility conditions. However, providing a cueing light system for aiding navigation of 
these devices are not sufficient in environments Offering an aircraft, which includes a first group of light Sources 
relatively featureless terrains, such as the desert or Over 50 projecting a leading cluster of lights onto the ground, 
large bodies of water. Under these conditions, the pilot each emitting a beam from a point of origin, the first 
may not be able to discern the true horizon, may per- group of light sources including at least one upper light 
ceive a false horizon in a serendipitous contrast varia- source and at least one lower light source, the point of 
tion, and/or may not be able to recover the structure, origin of the beam for the at least one upper light source 
slope and orientation of the terrain from the available 55  being vertically spaced from the point of origin of the 
information. As a result of any one or combination of beam for the at least one lower light source, and a sec- 
the above, the pilot may err in judging the aircraft’s ond group of light sources projecting a trailing cluster 
altitude and speed, with serious consequences. of lights onto the ground, each emitting a beam from a 

Lighting systems have been used on aircraft to aid point of origin, the second group of light sources in- 
pilots in navigation. U.S. Pat. NO. 2,064,722 to Bartow 60 cluding at least one upper light source and at least one 
describes an aircraft lighting system for projecting dis- lower light source, the point of origin of the beam for at 
tinctive patterns on the surface of the earth to enable a least one upper light source being vertically spaced 
pilot to ascertain the contour of the surface of the from the point of origin of the beam for the at least one 
ground and the elevation of the aircraft above the lower light source, the beams of the leading and trailing 
ground. This patent focuses on illumination of the 65 clusters of lights impinging upon the ground in a prede- 
ground and of objects in the flight path, with illumina- termined pattern at a nominal altitude and a level ter- 
tion lights at an angle to the pilots normal line of vision. rain, the predetermined pattern of at least one of the 
Thus, this patent does not relate to “cueing” lights, in first and second clusters of lights varying in accordance 
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with variations in at least one of altitude and terrain 
contour. 

Other objects, advantages and salient features of the 
invention will become apparent from the following 
detailed description, which, taken in conjunction with 
the annexed drawings, discloses preferred embodiments 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic side elevational view of a cue- 

ing light system according to a preferred embodiment 
of the present invention; 

FIG. 2 is a schematic top view of the cueing light 
system of FIG. 1; 

FIG. 3 is a chart showing the relationship between 
light patterns and flight conditions; 

FIG. 4 is a front view of an aircraft having the cueing 
lights mounted on a mast; 

FIG. 5 is a front view similar to FIG. 4, but with the 
cueing lights mounted on the sides and above the rotor; 

FIG. 6 is an enlarged, side elevational view of the 
mast and cueing light assembly according to the em- 
bodiment of FIG. 4; and 

FIG. 7 is a front view of the mast and cueing light 
assembly of FIG. 6. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring initially to FIGS. 1 and 2, a helicopter 10 
equipped with the cueing light system of the present 
invention projects a leading cluster of light beams 12, 
14, and 16. The middle light beam 14 emanates from a 
light source 13 mounted on the helicopter 10 vertically 
above the pilot’s vantage point or point of vision. The 
side beams 12 and 16 emanate from light sources 11 and 
15, respectively, mounted on the helicopter 10 verti- 
cally below the pilot’s point of vision. In the embodi- 
ment of FIGS. 1 and 2, the light source 13 is mounted to 
one side of the longitudinal, vertical plane of symmetry 
of the helicopter so that the beam 14 is not interfered 
with by the cockpit or fuselage of the aircraft. Also, the 
light source is just below the rotor assembly. The light 
sources 11 and 15 are mounted respectively on skids 18 
and 20 of the helicopter 10. The points of origin of each 

4 
dle beam 24 being vertically spaced from the point of 
origin of the two side beams 22 and 26. 

The light sources are positioned so that when the 
helicopter is in level flight and over level terrain, and at 

5 a predetermined nominal altitude, the various light 
beams form predetermined patterns when impinghg on 
the ground. This condition is represented in FIGS. 1 
and 2, where the leading cluster of beams 12,14, and 16 
impinge upon the ground 28 to illuminate three light 

10 spots 12a 144 and 16a all being in horizontal alignment 
along line “B. Similarly, the trailing cluster of beams 
22, 24, and 26 impinge upon the ground to illuminate 
three light spots 220,24a, and 26a, all being in horizon- 
tal alignment along line “C”. The six light dots are 

15 designed to form two horizontal rows, as seen in FIG. 2, 
when the aircraft is flying at a predetermined nominal 
altitude. In the illustrated embodiment, this altitude “ H  
(FIG. 1) is thirty meters above the ground 28. 

The projected pattern of lights is seen in FIG. 3. The 
20 arrangement of light sources described with respect to 

the embodiment of FIGS. 1 and 2 is known as the “dou- 
ble delta” configuration because when the aircraft flies 
above or below the nominal altitude, the two horizontal 
rows of cueing lights become two clusters of triangular 

25 shape. For example, as seen in FIG. 1, if the helicopter 
is flying too low, the ground 28’ (shown in broken line) 
is closer to the helicopter by an amount equal to the loss 
of altitude “h”. The new altitude is H-h. It can be seen 
that the middle light beams 14 and 24 impinge upon the 

30 ground 28’ after the side beams 16 and 26, thus creating 
the pattern seen in FIG. 3 in the column “Below Nomi- 
nal Altitude Level Terrain”. The two “delta” clusters 
of lights appear to be pointing upwardly, thus cueing 
the pilot to take corrective action to raise the altitude. 

35 Similarly, if the helicopter 10 is flying too high, a double 
delta pattern will appear, as seen in FIG. 3, cueing the 
pilot to take corrective action to lower the altitude. 

If the ground 28 changes contour to include a hill 30, 
when the leading cluster of lights hits the hill 30 the 

40 delta pattern will appear due to the middle light 14 
impinging upon the uphill slope above the side lights 12 
and 16. Again, the delta pattern of the leading cluster 
will cue the pilot to take corrective action to raise the 
altitude of the helicopter 10. The opposite pattern will 

45 appear if the helicopter encounters a downslope, SO that 
beam 12, 14, and 16, corresponding to the Position of the leading cluster of lights will cue the pilot to lower 
each respective light source 11, 13, and 15 all substan- the altitude. 
tially lie in the same vertical plane “A”, with the point Because the double delta pattern is capable ofhelping 
of origin of the middle beam 14 being vertically spaced the pilot maintain a predetermined nominal altitude, and 
from the point of origin Ofthe two side beams 12 and 16. 50 adopt a flight path which conforms to the contour of 

A tradmg cluster of l%ht beams 22, 24, and 26 also the ground, the system can be referred to as a “pseudo 
emanates from the helicopter 10. The middle light beam flight director”. Simple obstacle detection can be added 
24 emanates from a light source 23 mounted on the to the cueing light system by providing a detector light 
helicopter 10 vertically above the pilot’s vantage point source 32 which radiates a light beam 34. The range of 
or point of vision. The side beams 22 and 26 emanate 55 all of the light sources, including light sowe 32, is 
from light sources 21 and 25, respectively, mounted on preferably about 400 meters. Thus, if an object is in the 
the helicoDter 10 verticallv below the oilot’s wint of 
vision. In ;he embodimencof FIGS. 1 ind 2, t‘he light 
source 23 is mounted to one side of the longitudinal, 
vertical plane of symmetry of the helicopter so that the 
beam 24 is not interfered with by the cockpit or fuselage 
of the aircraft. Also, the light source 23 is just below the 
rotor assembly. The light sources 21 and 25 are 
mounted respectively on skids 18 and 20 of the helicop- 
ter 10. The points of origin of each beam 22,24, and 26, 
corresponding to the position of each respective light 
source 21, 23, and 25 all substantially lie in the same 
vertical plane “A”, with the point of origin of the mid- 

flight path of the helicopter 10, a beam spot will appear 
when the helicopter 10 is within 400 meters of the ob- 
ject, giving the pilot time to take corrective or evasive 

60 actions. This light has about a 1’ angle of visual declina- 
tion. 

The three lights of the trailing cluster converge in a 
row that is about 2 to 3 seconds ahead of the helicopter 
10. When the nominal altitude is 30 meters, this corre- 

65 sponds to a distance of about 125 meters, indicated in 
FIG. 2 by the letter “D’, at normal forward flight 
speed. The trailing cluster has about a 13.5’ angle of 
visual declination. The leading cluster of lights con- 
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verge in a row that is about 4 to 6 seconds ahead of the 
helicopter 10. At the nominal altitude of 30 meters, this 
corresponds to a lead of about 280 meters, and an angle 
of visual declination of about 6". Normal air speed is 
about 50 metedsecond. The upper light sources 13 and 
23 are about two meters above the lower light sources 
15,25 and 11,21. 

The light sources are all preferably highly focused 
energy beams. When operating in the visible light spec- 
trum, commercially available laser aiming lights can be 
used. These can be mounted on the helicopter with any 
suitable means. They can either be hard-mounted, such 
that they pitch and yaw with the aircraft, or attached on 
commercially available inertially-stabilized mounts. In 
the case of the latter, while being more costly, a more 
consistent pattern of lights projected onto the ground 
can be assured. Such inertially stabilized mounts are 
currently used as camera mounts. If it is desirable to 

6 
TABLE I1 

Long Lat Ver Azim Elev 
SPREAD MOUNTED 

5 0.0 -0.5 1.0 0.00' -5.91' 
0.0 0.5 1 .o 0.00' -5.91' 
0.0 0.0 -1.0 0.00' -6.32' 
0.0 -0.5 1.0 0.00' -13.90' 
0.0 0.5 1.0 0.00' - 13.90' 
0.0 0.0 - 1.0 0.00' - 13.06' 

10 0.0 0.0 - 1.0 0.00' -1.00' 
Adjuatcd for 30 meter nominal altitude 
Angulu diwnsionr m degrees 
O f f a  dimenrioar (relative to pilot's eya) in mctar: 
longitcdiud: + forward 
latenl: i. right (pilot's right) 

15 v d d : + d o w n  

While advantageous embodiments have been chosen 
to illustrate the invention, it will be understood bv those 
skilled in the art that various changes and modifications 

of the invention as defined in the appended claims. 

OFrate  in a stealth mode, infrared lights Can be used* Of 2o be made therein without departing from the scope course, in order to see the light patterns, the pilot would 
have to wear night vision goggles, such as Litton or 
ITT ANVIS 6 goggles. 

The light sources can be either spread-mounted on 
We claim: 
1. A cueing light navigation system for an aircraft in 

the vehicle, as shown in the embodiment ofFIGS. 1 and 
2 (two lights on the left skid, two on the right, and two 25 

substantially level flight, comprising: 
a plurality Of lower light sources projecting a plural- 

in the middle above the pilot), or mounted on a vertical 
line. Referring now to FIGS. 4, 6 and 7, the cueing 
lights are mounted on a vertical mast 36 which is prefer- 
ably detachably coupled to the helicopter 38 through a 
coupler 40. The coupler 40 includes an electrical cou- 30 
pling so as to provide power for the light sources 42,44, 
46,48,50, and 52, which form the two clusters of lights 
seen in FIGS. 1-3. Alternatively, self-contained light 
power sources can be used. The light sources are illus- 
trated to be hard-mounted on brackets. An obstacle 35 
detector light source 54 is mounted on top of the mast 
36. The exact angular alignment of the light sources will 
be defined by the aircraft's flight profile. Light sources 
50 and 52 emit the middle beams for the two clusters. 4o 
Light sources 42 and 44 emit the right side beams for the 
leading and trailing clusters, while light sources 46 and 
48 emit the left side beams. An example of the alignment 
parameters for a thirty meter nominal altitude flight 
profile is given below in Table I: 

TABLE I 

Long Lat Ver Azi i  Elev 

ity of light beams downwardly and forwardly from 
the aircraft at first and second angles relative to the 
aircraft; and 

a Plurality of upper light Sources Projecting a Plural- 
ity of light beams downwardly and forwardly from 
the aircraft at third and fourth angles relative to the 
aircraft, 

the Plurality of light beams from the lower and upper 
light sources impinging on the ground in first and 
second clusters of light spots, each cluster having a 
predetermined pattern when the aircraft is at a 
nominal, predetermined altitude and flying over 
substantially featureless terrain, 

each cluster pattern varying in accordance with one 
of the deviations from the nominal altitude and 
changes in terrain, 

each of the plurality of lower light sources having a 
point of origin disposed below an eye point of a 
pilot of the aircraft, and 

each of the plurality of upper light sources having a 
point of origin disposed above the eye point of the 
pilot of the aircraft. 

2. A cueing light navigation system according to 
0.0 0.25 0.6 0.70' -6.00' 5o claim 1, wherein the plurality of lower light sources 

includes a first light source projecting a center light 
0.0 0.25 0.6 0.70' - 13.24' spot into the first cluster and a second light source pro- 
0.0 0.25 0.6 -0.70' - 13.24' jecting a center light spot into the second cluster. 
0.0 0.25 -0.6 0.00' -13.76' 3. A cueing light navigation system according to 
0.0 0.25 -1.0 0.00' -1.00' 55 claim 1, wherein the plurality of upper light sources 

includes third and fourth light sources respectively 
projecting left and right-side light spots into the first 
cluster, and fifth and sixth light sources respectively 
projecting left and right-side light spots into the second 

A spread-mounted arrangement of cueing light 4. A cueing light navigation system according to 
sources is illustrated in FIG. 5, in which four light claim 1, wherein the plurality of lower light sources 
sources 56, 58, 60, and 62 are mounted on the skids of includes a first light source projecting a center light 
the helicopter 64. Three of the light sources 66, 68 and spot into the first cluster and a second light source pro- 
70 are mounted on a short mast above the rotor. Light 65 jecting a center light spot into the second cluster, and 
source 70 is the obstacle detector light. An example of wherein the plurality of upper light sources includes 
the alignment parameters for a thirty meter nominal third and fourth light sources respectively projecting 
altitude flight profile is given below in Table 11: left and right-side light spots into the first cluster, and 

45 

SINGLE POLE MOUNTED ON THE mors RIGHT SIDE 

0.0 0.25 0.6 -0.70' -6.00' 
0.0 0.25 -0.6 0.00' -6.24' 

Adjut4 for 24 meter n o m i ~ I  altitude 
Angulu dunmsioar m degrm 
Offset dimensions (relative to pilot's cya)  in me- 
h g i t u d i ~ I :  + forward 
latcnl: + right @iot*s right) 
vptjuI: + dowa 

60 cluster. 
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fifth and sixth light sources respectively projecting left 
and right-side light spots into the second cluster. 

5. A cueing light navigation system according to 

cluster of light spots is a fxst horizontal row, the prede- 
termined pattern of the second cluster of light spots is a 
second horizontal row parallel to and spaced behind the 
first horizontal row, and wherein the f i t  and second 
horizontal rows change to delta patterns when the air- io lower and upper light sowces. 
craft flies above or below the nominal altitude. 

6. A cueing light navigation system according to 
claim 1, wherein the plurality of lower and upper light 
sources radiate light in the visible light spectrum. 

5 claim 1, wherein the plurality of lower and upper light 

8. A cueing light navigation system according to 
claim 1, further comprising a vertically oriented mmt 
detachably coupled to the aircraft for mounting the 

1, wherein the predetermined pattern of the first 7. A cueing light navigation system according to 

radiate light in the infrared light spectrum. 

* * * * *  
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