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a high altitude vehicle, and using optical sensors by a loW 
altitude vehicle for imaging the beacon and target for gener 
ating accurate relative GPS positioning of the target for 
improved the geolocation of the target preferably for precise 
delivery of a payload to the target. The method is applicable 
to military and civilian needs for accurate delivery of a pay 
load to a target, such as for precise delivery of humanitarian 
aid or Weapon munitions. 
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GPS AIRBORNE TARGET GEOLOCATING 
METHOD 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFEREN CE T 0 RELATED 
APPLICATIONS 

Notice: More than one reissue application has been ?led 
for the reissue ofU.S. Pat. No. 6,535,816. This application is 
a divisional of US. Reissued Pat. No. RE39,62O E, reissued 
May 8, 2007, which was a Reissue of US. Pat. No. 6,535, 
816, issued Mar. 18, 2003, each ofwhich is hereby incorpo 
rated by reference in their entirety. This application is also 
related to Reissue application Ser No. 11/552,323 filed on 
Oct. 24, 2006, which is also a divisional application of US. 
Reissued Pat. No. RE39,62O E. 

STATEMENT OF GOVERNMENT INTEREST 

The invention was made with Government support under 
contract No. F0470l-93-C-0094 by the Department of the 
Air Force. The Government has certain rights in the inven 
tion. 

FIELD OF THE INVENTION 

The invention relates to the ?eld of guided airborne pay 
loads and geolocation methods used by airborne vehicles. 
More particularly, the present invention relates to reference 
beacon geolocation methods by airborne beacon reference 
vehicles cooperating with airborne target-geolocating 
unmanned vehicles. 

BACKGROUND OF THE INVENTION 

Stationary beacons, such as stars or ground-based 
re?ectors, optical beams, and radar transponders, are com 
monly used as geolocation references. Examples of 
stationary-beacon geolocating systems includes split-?eld 
and star reference systems. Split-?eld reference attitude sys 
tems superimpose star images on photographs of ground 
objects. With knowledge of the latitude and longitude of the 
sensor platform and the time of day, the coordinates of 
objects in the photograph can be determined relative to star 
images on the ?lm. Star-reference attitude systems perform a 
similar function. Portable radar transponders can be used as 
references as well as for geolocating a target. In one 
application, the transponders are deployed by ground troops 
to designate the position of a nearby ground target for 
bomber aircraft. Surveyed latitude and longitude offsets 
from a target location relative to the beacon location appear 
as electronic blips on aircraft radar displays to indicate the 
target location to the bomber pilot. In other applications, 
?ashlight infrared beacons allow individual soldiers to indi 
cate their locations to helicopter pilots who can see the bea 
cons with their night vision goggles. Target offsets relative to 
the soldiers’ positions are radioed to the pilots for close-air 
support missions. 

To avoid risk to manned-piloted missions, unmanned 
vehicles are becoming widely used for surveillance and tar 
geting of military, terrorist, and civilian targets. Technology 
trends include ?re and forget smart munitions with commu 
nications networking and information sharing with 
unmanned vehicles both as sensor platforms and as weapon 
platforms using smaller bombs for striking multiple targets 
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2 
while reducing collateral damage and reducing logistics 
tails. More capable unmanned vehicles are to be widely 
deployed in future con?icts in aid of advanced tightly inte 
grated command and control functions through the use of 
advanced communications technologies. An unmanned 
vehicle can loiter in a search area and perform real time 
surveillance so that operators at remote sites can designate 
targets, release stand-off smart bombs or missiles, and then 
acquire damage assessment in real time. Unmanned vehicles 
can be adapted for dropping large numbers of low-cost 
precision-guided miniature bombs that separately target 
respective targets. 

Targeting sensors using infrared sensing and mounted on 
unmanned vehicles have about a one foot resolution from 
about 5000 feet altitude but suffer from geolocation errors 
that may be as high as 100 feet due to poor altitude determi 
nations. Bombers and satellites use star trackers to obtain 
precise altitude determinations. Star trackers could be 
adapted for low altitude unmanned vehicular operations, but 
star trackers are expensive and operationally complex, and 
unsuitable for cloudy environs. Stars for star tracking may 
not be visible from aircraft ?ying at low altitudes below the 
clouds. As such, star tracking may not always be suitable as 
a means for attitude determination for low altitude 
unmanned vehicles. Though widely employed, stationary 
beacons are not often suitable for calibrating the boresight 
pointing angles of aircraft-based sensors. Also, it may not 
always be feasible at times to place ground beacons close to 
targets of interest. 

Militarily, present trends are toward smaller and smarter 
weapons to precisely strike targets, such as trucks, fuel 
depots, power generators, missile sites, and terrain sites for 
obstructing moving ground vehicles, all executed with mini 
mal collateral damage to civilian centers. Remotely viewed 
damage assessments are also desirable for collateral damage 
veri?cation. Precision-guided nonlethal weapons are also 
playing increasing roles in foreign affairs where interna 
tional opinion is considered. With growing trends toward 
civilization infrastructure rebuilding in remote areas, foreign 
diplomatic missions need highly accurate means for deliver 
ing human aid and materials to depressed friendlies in 
remote populations centers, without inadvertently aiding 
enemy units. With the prospects of precision global position 
ing systems (GPS), airborne unmanned vehicular systems 
and methods are needed to provide accurate geolocating and 
targeting of both civilian and military ground targets. 
A seeker with homing guidance can be used to achieve 

one foot or less miss distance accuracy required to enable a 
miniature bomb to be an effective precision-strike weapon 
released from a stand-off distance. Such seekers may require 
risky proximal release from a mother vehicle. Relative GPS 
navigation using pseudo star navigation can provide ten foot 
accuracy using simple seekers released from a low ?ying 
unmanned vehicle for providing a shorter range to target 
without risk to an over?ying reference manned vehicle. Min 
iature precision guided bombs dropped from unmanned 
vehicles could harass and disrupt enemy movements and 
operation over wide areas without risks to pilots and with 
reduced risk to civilian centers. However, a maneuvering 
payload using conventional GPS navigation can not achieve 
a miss distance that is su?iciently accurate for miniature 
bombs. Miniature precision-guided weapons have a maneu 
vering radius that is determined by the acquisition range 
above a target and the lateral acceleration capability of the 
seekers. The ?eld of view of the seeker is a limiting factor at 
very short acquisition ranges in the presence of high lateral 
acceleration capability. The cost of a smart seeker is propor 
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tional to the square of the acquisition range times the area of 
the ?eld of vieW at the time of target acquisition. The siZe of 
the optical system and associated image stabilization sys 
tems is proportional to the square of the range Where the 
computational complexity of target recognition depends on 
ambiguities in determining the target point, and this compu 
tation complexity is proportional to the area of the ?eld of 
vieW. That is, the more precise the initial geolocation of 
target by a target acquisition sensor, the shorter the required 
acquisition range and the smaller the area of the ?eld of 
vieW. Reducing the target geolocation error and hence the 
required maneuver radius signi?cantly reduces the seeker 
complexity. Conventional seekers With associated guidance 
processors have expensive precision optical components for 
guidance control for reducing the target geolocation errors 
that can presently resolve ?ne features such as Windshields 
or exhaust pipes of moving vehicles. Hence, present geolo 
cating and targeting systems do not provide inexpensive yet 
highly accurate hombing seekers. These and other disadvan 
tages are solved or reduced using the invention. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a method for 
locating a target. 

Another object of the invention is to provide a method for 
locating a target using relative GPS navigation. 

Yet another object of the invention is to provide a method 
for locating a target using relative GPS navigation for deliv 
ering a payload to the target. 
A further object of the invention is to provide a method for 

locating a target using relative GPS navigation betWeen a 
high altitude beacon platform transmitting a beacon, and a 
loW altitude sensor platform for imaging the beacon using a 
beacon sensor, and for imaging the target using a target sen 
sor. 

Yet a further object of the invention is to provide a method 
for locating a target using relative GPS navigation betWeen a 
high altitude beacon platform communicating a beacon, and 
a loW altitude sensor platform for imaging the beacon using 
a beacon sensor having a beacon ?eld of vieW, and for imag 
ing the target using a target sensor having a target ?eld of 
vieW both of Which ?eld of vieWs have a common aligned 
boresight. 

The invention is directed to a method for relative GPS 
navigation and targeting. Using a precise GPS relative posi 
tioning method, a beacon from an over?ying aircraft can be 
used to reference boresight pointing angles of loW altitude 
airborne sensors for signi?cantly improving the geolocation 
accuracy of the target relative to loW altitude sensor plat 
forms. The high altitude vehicle is a beacon platform for 
providing the beacon as a reference. The loW altitude vehicle 
is a sensor platform for imaging the beacon and for imaging 
the target. The beacon sensor and target sensor preferably 
have common aligned boresights for accurate imaging of the 
beacon relative to the target. The beacon platform and sensor 
platform use the same four GPS satellites for respective GPS 
position determinations. Both the beacon platform position 
and sensor platform position have approximately the same 
GPS positioning errors that cancel out in the relative GPS 
navigation solution, so that the relative GPS positioning 
error betWeen tWo GPS navigation solutions is small. As 
such, precise offsets provided by relative GPS navigation 
provides highly accurate targeting. The sensor platform can 
determine the relative GPS location and precise target loca 
tion for accurately guiding a maneuvering payload toWard 
the target location. 
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4 
The method improves the geolocation accuracy of air 

borne beacons that can be applied to the development of 
loW-cost seekers for miniature precision-guided bombs, 
Which can be carried by the loW altitude sensor platform. 
The method reduces the target geolocation error for resolv 
ing aim-point ambiguities. The method can also be used With 
seeker feature-recognition algorithms that can recogniZe dis 
tinct features, such as a Windshield of a vehicle, and reduces 
the need for more complicated algorithms that must be able 
to select a particular vehicle among several similar vehicles. 
The geolocation method can also be used in other applica 
tions Where improved boresighting accuracy is required and 
relative GPS navigation techniques can be employed. These 
and other advantages Will become more apparent from the 
folloWing detailed description of the preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs an aligned boresight geometry. 
FIG. 2 shoWs an aligned target and beacon sensor. 

FIG. 3 is a How chart of a target geolocation determination 
process. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of the invention is described With refer 
ence to the ?gures using reference designations as shoWn in 
the ?gures. Referring to FIGS. 1 and 2, many systems imple 
mentations can practice the method, including a GPS arti? 
cial star airborne boresighting system. The preferred system 
implementation includes an acquisition unmanned airborne 
vehicle UAVl at a yl loW altitude relative to an x1=0 hori 
Zontal reference, and a beacon unmanned airborne vehicle 
UAV2 at a high altitude y2, at an x2 horiZontal position. The 
UAVl is a sensor platform and the UAV2 is a beacon plat 
form. The UVAl preferably includes a target and beacon 
sensor assembly as shoWn in FIG. 2, a GPS receiver, and 
tWo-Way communication equipment, both not shoWn. The 
UAV2 preferably includes a steerable beacon generator, for 
providing a beacon, a GPS receiver, and tWo-Way communi 
cation equipment, all not shoWn. GPS receivers and tWo-Way 
communication equipment are Well knoWn. 
The doWnWardly pointing target sensor is mounted on 

UAVl for imaging a target Within a target sensor ?eld of 
vieW. The target sensor could be a visible, ultraviolet, or 
infrared sensor. The upWardly pointing beacon sensor is 
mounted on UAVl for the imaging beacon of the UAV2. 
Both the beacon sensor and target sensor have a common 
boresight reference centered Within the upWardly pointing 
beacon ?eld of vieW and doWnWardly pointing the target 
?eld of vieWs. An alignment structure is used for coinciden 
tally aligning the boresights of the beacon sensor and target 
sensor so that both have a common boresight used as an 

angular reference. The target and beacon sensors are prefer 
ably in a ?xed back-to-back alignment as a compact con?gu 
ration using the alignment structure. The beacon sensor may 
be gimballed With respect to the target sensor to alloW a 
Wider beacon ?eld of vieW for receiving the beacon signal 
that alloWs in turn increased ?exibility in positioning UAV2 
With respect to UAVl. 

The beacon from UAV2 is imaged by the beacon sensor of 
UAVl. The beacon is a narroW directional beam that is pref 
erably a laser beam and brighter than stars for improved 
imaging of the beacon from background noise. The laser 
beam is directly positioned at the loW altitude UAV2. The 
laser beam has selected Wavelengths for maximum cloud 
penetration, such as visible, ultraviolet or infrared Wave 
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lengths. The beacon sensor is preferably a loW-cost, all 
aspect ?sh-eye solid-state device preferably using gratings 
to precisely measure the angles to the reference beacon. The 
beacon image appears as a point source, similar to a star, 
Which alloWs an offset angle of the beacon image to be pre 
cisely measured With respect to the beacon sensor boresight. 
To avoid detection, spoo?ng or jamming of the beacon, the 
beacon could be implemented as an encrypted sequences of 
pulses, Which could be synchronized to the receiver using 
GPS time. As such, both UAVl and UAV2 have GPS receiv 
ers that Would receive precise timing information. 

The narroW beam beacon can be accurately pointed at 
UAVl because the relative positions of UAVl and UAV2 can 
be derived from GPS measurements. The beacon UAVl is a 
beacon platform that can also be used for telemetry data 
relay from the target sensor to ground controllers. Remote 
command and control centers, not shoWn, may receive the 
data via conventional communication links from UAVl and 
UAV2. Such data may include a target sensor image, a bea 
con sensor image, UAVl GPS receiver position and time, 
and UAV2 GPS receiver position and time. With this data, 
the relative GPS coordinates of a target may be selected by 
an operator at the remote command and control centers. The 
position of the target With respect to UAVl can be computed 
With very high accuracy, on the order of ten feet. A maneu 
vering payload using relative GPS navigation and With hom 
ing guidance can achieve a small miss distance suitable for 
accurate miniature bombs. With relative GPS navigation and 
With homing guidance, a one-foot accuracy can be achieved 
by short-range terminal seekers having automatic target rec 
ognition and aim-point selection, at loW cost for providing 
cost-effective accurate miniature smart-bomb Weapons. 
Hence, the maneuverable payload is a small, loW cost, smart 
seeker that achieves miss distances of less than one foot. The 
seeker With an associated homing guidance processor can be 
inexpensive using conventional consumer digital camera 
technology, including CCD arrays, plastic lenses, and micro 
processors. 

Referring to all of the ?gures, and particularly to FIG. 3, a 
process is used for determining the position of the target so 
that precise targeting information can be communicated to 
the maneuvering payload so that the maneuvering payload 
can maneuver along a payload track toWard the target When 
seeking the target for delivering a payload to the target. The 
UAV2 at y2 and x2 has a GPS position. The beacon from the 
UAV2 de?nes a reference boresight angle 0t as a GPS coor 
dinate angle. The beacon is received by the beacon sensor of 
the UAVl at yl and x1 position for measuring a reference 
sensor angle 4) off the aligned boresight having the reference 
boresight angle 0t. The target sensor of the UAVl is used for 
measuring a target sensor angle 6, Which is the angular dif 
ference betWeen the boresight and target. Target offset from 
the x1=0 reference is x3 Where x3=yl tan[6+q)—0t] Where 
0t=arctan (x2/(y2—yl)). The angles 6, q), and 0t, and distances 
y1, y2, x2 and x3 are used for calculating precisely the target 
position. 

The method determines the position of a target. The 
method preferably is used to communicate target guide data 
to a maneuvering payload maneuvering toWards the target 
for delivering a payload to the target. A high altitude air 
borne beacon vehicle, such as UAV2, is a beacon platform 
that determines the beacon platform location by GPS navi 
gation. The loW altitude airborne sensor vehicle, such as 
UVA2, is a sensor platform that determines the sensor plat 
form location by the GPS navigation. The sensor platform 
uses the beacon sensor to form a beacon image Within the 
beacon ?eld of vieW, from the beacon platform having a 
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6 
beacon sensor, and forms a target image of the target Within 
the target sensor ?eld of vieW using the target sensor. The 
beacon and target images can appear Within a calibrated 
composite image for measuring the beacon sensor angle 4) 
and the target sensor angle 6. The calibrated composite 
image can be a horizontal plane having x and Z axes and 
referenced to a common alignment point of the boresight. 
The beacon sensor has a beacon sensor focal plane centered 
about the common boresight and the beacon sensor focal 
plane is calibrated to the beacon sensor angle 4). The target 
sensor has a target sensor focal plant centered about the 
common boresight and the target sensor focal plane is cali 
brated to target sensor angle 4). Those skilled in the art are 
adapted at fashioning optical sensors having calibrated focal 
planes for measuring angles to images Within the ?eld of 
vieW of the sensors. Preferably, the beacon and target sen 
sors are aligned by the common boresight so that the beacon 
image and target image are referenced to the common bore 
sight so that calibrated composite image provides accurately 
measured beacon and target sensor angles. The composite 
image, can be, for example, a horizontal image With a center 
common boresight crosshair location, With the beacon and 
target images appearing relative to the center boresight loca 
tion. The composite image is calibrated to angles, so that, the 
beacon image and the target image on the composite image 
can be calibrated together for precise measuring of the bea 
con sensor angle 4) and the target sensor angle 6. The com 
posite image provides a planar x-z coordinate frame for both 
horizontal x and z axes as references in a horizontal plane so 
that x and z beacon and target angles can be measured. The 
computation of a z3 axis location is the same for computa 
tion of the x3 axis location. Only the X3 computation is 
described in detail for convenience. 

After the determining GPS position of the beacon 
platform, the beacon platform then communicates the yl 
altitude and x2 distance to the sensor platform. The sensor 
platform measures the target angle 6 and measures the bea 
con sensor angle 4) using the calibrated sensors having a 
calibrated focal plane in reference to a calibrated composite 
image. The beacon platform GPS position is at the yl, alti 
tude With an x1 and Z1 horizontal position, and the target 
platform GPS position has a y2 altitude and an x2 and a z2 
horizontal position. The beacon offset angle comprises the 
angles of (bx and (1)2, and the target offset angle comprises the 
angles of 6,C and 62. The target location is a horizontal loca 
tion at x3 and z3. A computer, for example, on the sensor 
platform can compute the x3 coordinate, as Well as an z3 
coordinate for accurate relative target geolocation de?ned by 
an x3 and z3 coordinates of the target location. The sensor 
platform can then communicate the x3 and z3 target location 
to the maneuvering payload. The maneuvering payload 
determines the payload location also by relative GPS naviga 
tion. Upon reception of the x3 and z3 target coordinates, the 
maneuvering payload can then maneuver from the payload 
GPS location toWard the x3 and z3 coordinates along a pay 
load track to deliver a payload to the target at the target 
location. The maneuvering payload can be a smart bomb 
having GPS navigation. The maneuvering payload, beacon 
platform and the sensor platform all have the same relative 
GPS errors. Hence, the x3 and z3 target coordinates are accu 
rate relative to the GPS navigation solution of the maneuver 
ing payload. As such, the target is precisely targeted by the 
maneuvering payload, that is, precisely located relative to 
the payload GPS navigation solution. 

The sensor platform can support a plurality of maneuver 
ing payloads, released in turn or in mass. Also, the sensor 
platform can provide continuous x3 and z3 coordinate 
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updates over time, for example in the case of a moving 
target, so as to guide the maneuvering payload toward the 
moving target. The method could compute the altitude of the 
target, but Would have high relative errors as the sensors are 
calibrated insensitive to y altitude variations of the target, but 
accurate to x and Z horiZontal variations. Typically, the x3 
and Z3 coordinate information is related to a three dimen 
sional terrain map, Wherein altitude determinations are less 
accurate than relative GPS positioning, but deemed insig 
ni?cant because the trajectory of the payload track is often 
substantially vertical, Which signi?cantly reduces the effect 
of altitude positioning errors. 

An overall targeting error can be calculated using offset 
errors. The target offset error is Ax3 and Ax3=yl[A6+Aq)— 
Ax2/(y2—yl)]. The y l and y2 altitude errors are deemed insig 
ni?cant due to the substantially vertical trajectory of the 
maneuvering payload. The term Ax2 is the error in determin 
ing x2 from relative GPS measurements. The term Ax3 is the 
error in calculating x3 based on 6, 4), x2, y1 and y2. The term 
A6 is the error in determining 6 from target sensor measure 
ments relative to the target sensor boresight axis. The term 
M) is the error in determining 4) from beacon sensor mea 
surements relative to the beacon sensor boresight axis. Stan 
dard deviation of target offset error is 03 and o3=[Ao¢2+ 
Ao¢2+Ao¢2(y1—yl)2]O'5. The term 02 is the standard 
deviation of Ax2. The term 03 is the standard deviation of 
Ax3. The term 074 is the standard deviation of A6. The term 
04, is the standard deviation of M). The standard deviation 03 
can be used for computing error budgets, and hence the 
expected precision of the maneuvering payload. 

The UAVl target sensor has adequate resolution, such as 
one foot. The relative GPS navigation solution reduces the 
GPS geolocation of one hundred feet to less than ten feet. 
The UAV2 mounted beacon functions as an arti?cial star for 
providing a reference beacon for relative GPS positioning. 
The back-to-back boresight alignment of the beacon and tar 
get sensors alloWs for accurately calibrated sensing the tar 
gets beloW the UVAl and beacons above the UVAl, all of 
Which can be simultaneously imaged by the UVAl. The tar 
get sensor boresight alignment can be ?xed relative to the 
beacon sensor boresight alignment for providing accurate 
common boresight alignment. The sensors could be gimbal 
mounted for more ?exible pointing of the sensors toWards 
both the beacon platform and the target. 

The sensor platform, beacon platform and maneuvering 
payload can all use the same four GPS satellites to determine 
respective GPS positions. Beacon and target angles from the 
beacon and target sensors are measured relative to GPS navi 
gation solutions. The horiZontal offset to the maneuvering 
payload trajectory can be very accurately determined using 
calibrated sensors and relative GPS navigation. The inven 
tion provides for improved targeting for reducing the 
required acquisition range and acquisition time of the hom 
ing seeker of the maneuvering payload and reduced lateral 
acceleration requirements. The acquisition range can be 
reduced to about 100 feet, Which signi?cantly reduces the 
siZe and cost of the terminal seeker, and reduces lateral 
acceleration requirements. The method can be applied to 
seekers for miniature precision-guided smart bombs, Which 
can be carried by a loW altitude unmanned vehicle, using loW 
cost calibrated sensor optics, focal planes, processors, and 
pattern recognition softWare. Those skilled in the art can 
make enhancements, improvements, and modi?cations to 
the invention, and these enhancements, improvements, and 
modi?cations may nonetheless fall Within the spirit and 
scope of the folloWing claims. 
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8 
What is claimed is: 
[1. A method for determining a target location of a target, 

the method comprising the steps of, 
sensor determining a ?rst GPS position of a sensor 

platform, the ?rst GPS position having GPS positioning 
errors, 

beacon determining a second GPS position of a beacon 
platform, the second GPS position having GPS posi 
tioning errors, the ?rst and second GPS positions hav 
ing relative errors less than the GPS positioning errors, 

beacon measuring a beacon offset angle, 
target measuring a target offset angle, and 
computing the target location of the target from the ?rst 

and second GPS positions and the beacon offset angle 
and the target offset angle.] 

[2. The method of claim 1 further comprising the steps of, 
determining a third GPS position of a maneuvering 

payload, 
communicating the target location of the target to the 

maneuvering payload, and 
maneuvering payload toWard the target location.] 
[3. The method of claim 1 further comprising the steps of, 
determining a third GPS position of a maneuvering 

payload, 
communicating the target location of the target to the 

maneuvering payload, 
maneuvering payload toWard the target location, and 
repeating all of the steps for repetitively communicating 

the target location of the target to the maneuvering pay 
load While the maneuvering payload maneuvers along a 
payload track toWards the target] 

[4. The method of claim 1, Wherein: 
the ?rst GPS position has a yl altitude and an x1 and a Zl 

horiZontal position, the second GPS position has a y2 
altitude and an x2 and a Z2 horiZontal position, 

the beacon offset angle comprises the angle of (bx and (1)2, 
the target offset angle comprises the angles of 6,C and 62, 

and 
the target location is a horizontal location at x2 and Z3 
[5. The method of claim 1 Wherein, 
the ?rst GPS position has a Yl altitude and an xl horizon 

tal position, the second GPS position has aY2 altitude 
and an x2 horizontal position, 

the beacon offset angle comprises the angle of (bx, 
the target offset angle comprises the angles of (bx, and 
the target location is a horiZontal location at x3, Where 

x3yl tan[6x+q)x—0tx] Where (xx=arctan(x2/(y2—yl)).] 
[6. The method of claim 1 Wherein the beacon maneuver 

ing step comprises the step of, 
calibrating a focal plane of a beacon sensor of the sensor 

platform for measuring the beacon offset angle.] 
[7. The method of claim 1 Wherein the target measuring 

step comprises the step of, 
calibrating a focal plane of a target sensor of the sensor 

platform for measuring the target offset angle.] 
[8. The method of claim 1 Wherein, 
the beacon measuring step comprises the step of calibrat 

ing a beacon focal plane of a beacon sensor of the sen 
sor platform for measuring the beacon offset angle, 

the target measuring step comprises the step of calibrating 
a target focal plane of a target sensor of the sensor 
platform for measuring the target offset angle, and 

the calibrating of the beacon and target focal plane is rela 
tive to respective ?elds of vieW of a common bore 
sight.] 
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[9. A method for delivering a payload to a target location 
of a target, the method comprising the steps of, 

determining a ?rst GPS position of a sensor platform, 
determining a second GPS position of a beacon platform, 

the ?rst and second GPS positions having relative 
errors, 

measuring a beacon offset angle, 
measuring a target offset angle, 
computing the target location of the target from the ?rst 

and second GPS position and beacon offset angle and 
target offset angle, 

determining a third GPS position of a maneuvering 
payload, 

communicating the target location to the maneuvering 
payload, and 

maneuvering payload toWard to the target location for 
delivering the payload to the target location.] 

[10. The method of claim 9 Wherein maneuvering payload 
is a smart bomb comprising GPS navigation, guide 
communications, and a munitions payload.] 

1]. A methodfor providing a navigational beacon to a 
sensor platform, comprising: 

outputting a beaconfrom a moving beacon platform at a 
?rst GPS position; 

20 

10 
receiving the beacon from the moving beacon platform at 

the sensor platform, wherein the sensor platform is at a 

second GPS position at a lower altitude with respect to 
the moving beacon platform; 

imaging the beacon; and 
storing the location ofthe beacon. 
12. The method ofclaim I], wherein the beacon is a nar 

row directional beam. 

13. The method of claim 12, wherein the narrow direc 
tional beam is a laser 

14. The method ofclaim 13, wherein the laser wavelength 
comprises at least one of a visible wavelength, an ultraviolet 

wavelength, and an infrared wavelength. 
15. The method ofclaim I], wherein the moving beacon 

platform comprises an airborne unmanned vehicular sys 
tem. 

16. The method ofclaim I], wherein the sensor platform 
comprises an airborne unmanned vehicular system. 

1 7. The method of claim I], wherein the beacon is 
encrypted. 


