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(57) ABSTRACT 

A method and system for determining the position of an 
object, such as an aircraft, utilizes tWo-Way ranging With a 
polystatic satellite con?guration and ground radar. A ground 
transceiver at a ?rst knoWn location provides a bidirectional 
communication path betWeen the ground transceiver and the 
object Wherein the ground transceiver transmits a ?rst rang 
ing signal to the object and the object transmits a second 
ranging signal to the ground transceiver in response to the 
?rst ranging signal. A ?rst communication transceiver at a 
second knoWn location provides a ?rst unidirectional com 
munication path betWeen the ?rst communication trans 
ceiver and the object Wherein the ?rst communication trans 
ceiver performs one of transmitting a third ranging signal to 
the object and receiving a third ranging signal from the 
object in response to the ?rst ranging signal. A second 
communication transceiver at a third knoWn location for 
providing a second unidirectional communication path 
betWeen the second communication transceiver and the 
object Wherein the second communication transceiver per 
forms one of transmitting a fourth ranging signal to the 
object and receiving a fourth ranging signal from the object 
in response to the ?rst ranging signal. A signal processor 
determines a ?rst, second and third path length, and deter 
mines the position of the object based on the ?rst, second 
and third knoWn locations and the ?rst, second and third path 
lengths. 
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METHOD AND SYSTEM FOR DETERMINING A 
POSITION OF A TRANSCEIVER UNIT UTILIZING 

TWO-WAY RANGING IN A POLYSTATIC 
SATELLITE CONFIGURATION INCLUDING A 

GROUND RADAR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0002] This application is related to co-pending applica 
tion Ser. No. 08/803,936 entitled “Method and System For 
Determining a Position of a Target Vehicle Utilizing TWo 
Way Ranging,” ?led Feb. 21, 1997 issued as US. Pat. No. 
5,969,674 on Oct. 19, 1999 and is further related to co 
pending application Ser. No. 08/803,937 entitled “Method 
And System For Determining A Position Of A Transceiver 
Unit UtiliZing TWo-Way Ranging in a Polystatic Satellite 
Con?guration,” ?led Feb. 21, 1997. 

TECHNICAL FIELD 

[0003] This invention relates to methods and systems for 
determining a position of a transceiver unit, such as 
employed on an aircraft, utiliZing tWoWay ranging in a 
polystatic satellite con?guration including a ground radar. 

BACKGROUND ART 

[0004] Current Automatic Dependent Surveillance (ADS) 
technology, such as Global Positioning System (GPS), Wide 
Area Augmentation System (WAAS) or GLONASS, pro 
vides positioning information utiliZing satellite transmis 
sions. For eXample, the GPS, developed and deployed by the 
US. Department of Defense, consists of 24 satellites orbit 
ing the earth tWice a day at an altitude of 12,000 miles, as 
Well as ?ve ground stations to monitor and manage the 
satellite constellation. Using atomic clocks and location 
data, GPS satellites transmit continuous time more satellites 
at once to determine the user’s position. By measuring the 
time interval betWeen the transmission and the reception of 
a satellite signal, the GPS receiver calculates the distance 
betWeen the user and each satellite, and then uses the 
distance measurements of at least three satellites to arrive at 
a position. 

[0005] Such systems, hoWever, utiliZe one-Way ranging in 
Which an accurate, synchroniZed clock is required at each 
station. Any synchroniZation error or error regarding the 
location of one of the satellites results in an error in the 
determined position of the target vehicle. Thus, there is a 
need to provide very accurate position and velocity infor 
mation With a high degree of integrity and reliability. 

DISCLOSURE OF THE INVENTION 

[0006] It is thus a general object of the present invention 
to provide a method and system for determining a location 
of an object With a high degree of integrity and reliability 
utiliZing tWo-Way ranging in a polystatic satellite con?gu 
ration to derive independent estimates of the transceiver’s 
state vectors including position and velocity. 

[0007] In carrying out the above object and other objects, 
features, and advantages of the present invention, a method 
is provided for determining position of an object. The 
method includes the steps of transmitting a ?rst ranging 
signal from a ?rst knoWn ground location to the object and 
transmitting a second ranging signal in response to the ?rst 
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ranging signal to the ?rst knoWn ground location. The 
method also includes the steps of transmitting a third rang 
ing signal in response to the ?rst ranging signal to a second 
knoWn location and transmitting a fourth ranging signal in 
response to the third ranging signal to a third knoWn 
location. The method further includes the step of determin 
ing a ?rst delay corresponding to a time difference betWeen 
transmission of the ?rst ranging signal and receipt of the 
second ranging signal. The method also includes the step of 
determining a second delay corresponding to a time differ 
ence betWeen transmission of the ?rst ranging signal and 
receipt of the third ranging signal. Still further, the method 
includes the step of determining a third delay corresponding 
to a time difference betWeen transmission of the ?rst ranging 
signal and receipt of the fourth ranging signal. The method 
?nally includes the step of determining the position of the 
object based on the ?rst, second, and third knoWn locations 
and the ?rst, second and third delays. 

[0008] In further carrying out the above object and other 
objects, features, and advantages of the present invention, a 
system is also provided for carrying out the steps of the 
above described method. The system includes a ground 
transceiver at a ?rst knoWn ground location for providing a 
bidirectional communication path betWeen the ground trans 
ceiver and the object Wherein the ground transceiver trans 
mits a ?rst ranging signal to the object and the object 
transmits a second ranging signal to the ground transceiver 
in response to the ?rst ranging signal. The system also 
includes a ?rst communication transceiver at a second 
knoWn location for providing a ?rst unidirectional commu 
nication path betWeen the ?rst communication transceiver 
and the object Wherein the ?rst communication transceiver 
performs one of transmitting a third ranging signal to the 
object and receiving a third ranging signal from the object in 
response to the ?rst ranging signal. The system further 
includes a second communication transceiver at a third 
knoWn location for providing a second unidirectional com 
munication path betWeen the second communication trans 
ceiver and the object Wherein the second communication 
transceiver performs one of transmitting a fourth ranging 
signal to the object and receiving a fourth ranging signal 
from the object in response to the ?rst ranging signal. 
Finally, the system includes a signal processor for determin 
ing a ?rst path length corresponding to a ?rst time length of 
the bidirectional communication path, determining a second 
path length corresponding to a second time length of the ?rst 
unidirectional communication path, determining a third path 
length corresponding to a third time length of the second 
unidirectional communication path, and determining the 
position of the object based on the ?rst, second, and third 
knoWn locations and the ?rst, second, and third path lengths. 
[0009] The above object and other object, features and 
advantages of the present invention are readily apparent 
from the folloWing detailed description of the best mode for 
carrying out the invention When taken in connection With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a diagrammatic representation illustrating 
a communication system employing the method and appa 
ratus of the present invention; 

[0011] FIG. 2 is a block diagram of the aircraft segment 
and the ground segment included in the system shoWn in 
FIG. 1; 
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[0012] FIG. 3 is a block diagram of a preferred transmitter 
and a preferred receiver for the traf?c controller station used 
in the system of FIG. 1; and 

[0013] FIG. 4 is a block diagram of a preferred transmitter 
and a preferred receiver for a vehicle in the system of FIG. 
1. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

[0014] Referring ?rst to FIG. 1, a communication system 
10 With a typical geometry for practicing the present inven 
tion is diagrammatically illustrated. The present invention is 
particularly suited for determining the position of an aircraft 
during Category I landings, as described With reference to 
the preferred embodiment. HoWever, the present invention is 
also suitable for tracking other objects, such as a surface 
ground vehicle. There are typically tWo communication 
satellites 11 Within the ?eld of vieW of an aircraft 12 When 
aircraft 12 is in a ?nal landing phase. Aircraft 12 commu 
nicates With at least one traf?c controller station 16 via a 
ground radar 13 and/or a satellite ground station 14. Com 
munication satellites 11 are preferably in multiple planes 
using how Earth Orbit (LEO) satellite constellations and/or 
Medium Earth Orbit (MEO) satellite constellations such as 
Iridium, Intermediate Circular Orbit (ICO), Teladesic and 
Globalstar. In addition, a Geosynchronous Earth Orbit 
(GEO) satellite constellation may also be used in conjunc 
tion With the LEO and/or MEO satellite constellations. The 
planned ICO con?guration With ten to tWelve satellites in 
tWo planes is adequate to implement the position location 
and tracking of aircraft 12. 

[0015] The stationary ground radar 13, such as a Second 
ary Surveillance Radar (SSR), provides better accuracy in 
determining the position of the aircraft 12 since it is at a 
?xed knoWn location on ground. Stationary radar 13 inter 
rogates a transceiver (not shoWn) on board aircraft 12 With 
a pulsed ranging signal. Aircraft 12 then responds by trans 
mitting a return pulsed ranging signal With a time stamp 
back to stationary ground radar 13, thus utiliZing tWo-Way 
ranging. 
[0016] To obtain more accuracy and ?exibility, the present 
invention employs a polystatic con?guration. A polystatic 
con?guration consists of several transceivers at separated 
locations, Which cooperate With each other. The transceivers 
may be stationary or moving. In a monostatic con?guration, 
the forWard and return ranging signals propagate through the 
same link. As such, the equal range locations of the mea 
surement are con?ned to a spherical surface centered on the 
relay satellite position With a radius (range) equal to a 
distance betWeen aircraft 12 and the relay satellite. By 
utiliZing polystatic techniques, in Which the forWard and 
return ranging signals propagate through different satellites, 
the equal range locations of the measurement are con?ned to 
an ellipsoidal surface. The tWo foci are located at the satellite 
positions so that the sum of the distances betWeen aircraft 12 
and the tWo satellites 11 is a constant. 

[0017] Thus, the interrogating signal initiated by station 
ary ground radar 13 also triggers aircraft 12 to regenerate 
additional ranging signals With respective time stamps for 
receipt by each of the communication satellites 11. Com 
munication satellites 11 then forWard the ranging signals to 
ground via satellite ground station 14, such as a Satellite 
Access Node 
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[0018] Similarly, various ranging signals from satellite 
ground station 14 to aircraft 12 via communication satellites 
11 trigger different responding signals from aircraft 12. The 
responding signals are forWarded back to ground in one of 
tWo Ways: 1) only back to stationary ground radar 13 directly 
or 2) back to stationary ground radar 13 and each of the 
communication satellites 11. Preferably, traf?c controller 
station 16 informs the aircraft 12 of Which return link 
strategy to employ prior to initiation of the tWo-Way ranging. 

[0019] Traf?c controller station 16 compares the received 
time stamps to the time at Which the ranging signals Were 
initiated on ground. Preferably, traffic controller station 16 is 
an Air Traffic Controller (ATC) facility having signal pro 
cessing capability. Alternatively, the signal processing capa 
bility may be located at stationary ground radar 13 and/or 
satellite ground station 14. The lengths of the various paths 
are determined by calculating the difference betWeen the 
received time stamps and-the initiated time stamps of each 
of the ranging signals. Traf?c controller station 16 then 
determines the location of aircraft 12 utiliZing a triangula 
tion calculation based on the lengths of the various paths, the 
position of stationary ground radar 13 and the ephemeris of 
communication satellites 11. ATC facility 16 Will also relay 
the ground-validated position and velocity vectors to aircraft 
12 for use by the pilot of aircraft 12. 

[0020] The present invention may be utiliZed in conjunc 
tion With GPS. When GPS signals are available, the GPS 
signals are used to derive the aircraft state vector Which is 
then transmitted to traf?c controller station 16, via commu 
nication satellites 11 and satellite ground station 14. 
Improved estimation of the aircraft state vectors is accom 
plished through data fusion of the tWo independent mea 
surements, i.e, the GPS measurement and the tWo-Way 
ranging measurement. The updated aircraft state vectors are 
then transmitted to aircraft 12. 

[0021] The time stamps through various forWard links 
arrive at aircraft 12 in different time slots. It is possible to 
alloW ?xed processing delays to multiplex the time stamps 
together, and then transmit the multiplexed ranging signal 
through different return links simultaneously or sequentially. 
HoWever, it is also possible to transmit the multiplexed 
signal through a single return link to save return link space 
assets When needed. Similarly, the present invention is 
?exible enough to save forWard link assets also. In addition, 
it is possible to use ICO satellites either as forWard or as 
return link relays (not both) and to utiliZe other (GEO, MEO 
or LEO) mobile satellites as the complementary link relays. 

[0022] The positions in space of communication satellites 
11 are knoWn so that the ranges R1 and R2 betWeen each of 
communication satellites 11 and satellite ground station 14 
are knoWn. HoWever, ranges R1 and R2 can be calibrated 
over time to obtain a more accurate measurement. The links 
R3 and R4 are then employed to determine the state vectors 
by tWo-Way ranging from satellite ground station 14 to 
aircraft 12. The time difference betWeen the time at Which 
the ranging signal is transmitted by satellite ground station 
14 and the time at Which the responding ranging signal from 
aircraft 12 is received by satellite ground station 14 is used 
in determining ranges R3 and R4. 

[0023] Turning noW to FIG. 2 there is shoWn simpli?ed 
block diagrams of both an aircraft segment 18 and a ground 
segment 20 of the present invention. Aircraft segment 18 
includes a conventional GPS receiver 22 for receiving GPS 
signals from a GPS satellite 24 via an antenna 25. GPS 
receiver 22 sends a position signal to a conventional 
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Extended Kalman-Filter 26 Which tracks the position 
signal as a state vector. An optional input 27 to EKF 26 is 
a signal from an Inertial Navigation System (INS), such as 
a conventional mechanical gyro system Which monitors the 
distance traveled by aircraft 12 from a predetermined posi 
tion. 

[0024] Aircraft 12 receives ranging signals from commu 
nication satellites 11 and stationary ground radar 13 via a 
second antenna 28. Second antenna 28 is preferably a 
retrodirective antenna implemented With a Butler matrix, a 
loW-pro?le digital beam former, and Wavelet-based Finite 
Impulse-Response (WFIR) signal processing. The retrodi 
rective antenna measures the direction of the received signal 
from communication satellite 11 and stationary ground radar 
13 and automatically transmits the return signal back 
accordingly. The Butler matrix implements a Fourier trans 
form forming a set of nearly orthogonal beams covering the 
?eld-ofvieW and is a relatively inexpensive approach to 
realiZing a retrodirective antenna. The loW-pro?le digital 
beam former array lends itself to a thin conformal array 
con?guration Which is preferred for aircraft installation. 
Optionally, a tracking antenna can be used in place of the 
retrodirective antenna Which consists of either an electroni 
cally or mechanically steered antenna driven by a 
monopulse, step-scanned, or conicallyscanned tracking 
loop. 

[0025] In order to utiliZe polystatic techniques in the 
present invention, a digital implementation of the Butler 
matrix is also required, such as a conjugate gradient digital 
beam former, in order to memoriZe the phase gradients of 
signals from various communication satellites 11, i.e, the 
direction of the incoming signals, and to apply proper phase 
conjugations to the outgoing signals so that the outgoing 
signals are directed to appropriate communication satellites 
11. 

[0026] The data betWeen aircraft segment 18 and ground 
segment 20 can be combined With the unique ranging code 
signal in one of several Ways: 1) Overlaying a Auslander 
Barbano Code Division Multiple Access (CDMA) 
tracking code on the communication link channels as loW 
level Additive White Gaussian Noise (AWGN), thermal 
noise-like signals Which slightly raise the thermal noise 
?oor; 2) Modulating the communication data With the AB 
CDMA ranging code and sent as a single Waveform, as 
shoWn in FIG. 3; and 3) Separating the ranging links from 
data links. In the preferred embodiment shoWn in FIG. 3, 
ATC facility 16 transmits data Which is modulated by a 
WFIR Waveform With a unique AB ranging code assigned to 
each aircraft being tracked in the particular time slot. WFIR 
modulation enables the ranging signals to have variable 
resolution in addition to variable length. The Waveform 
speci?cally provides a means to transmit a relatively Wide 
band WFIR ranging Waveform over a group of narroW-band 
communication satellite channels, simultaneously or 
sequentially, and supports simultaneous ranging/doppler 
measurements and data demodulation. 

[0027] The tWo-Way ranging data 30 is sent to ground 
segment 20 via stationary ground radar 13 and satellite 
ground station 14. TWo-Way ranging data 30 is used to drive 
a dual alpha-beta (ot-[3)/EKF tracking loop 32 Wherein the 
fast ot-[3 loop tracks the AB CDMA code in communication 
coordinates, and the sloW EKF tracks the target aircraft in 
Earth Centered Inertial (ECI) coordinates to provide a 
unique preferred tracking architecture With loW-complexity, 
high accuracy, and high integrity With fast-response valid 
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track metrics, and the ability to track out total-electron 
content (TEC) induced Waveform transmission range and 
doppler offsets. 

[0028] The ot-[3 loop is a relatively fast pair of time and 
frequency tracking loops Which measure and smooth the 
received tWo-Way ranging signals during each access. The 
four dimensional state vector Z for the ot-[3 loop consists of 
the timing offset, time drift, frequency offset and frequency 
drift. Time drift refers to clock drift Whereas frequency offset 
refers to doppler shift due to link motion plus TEC. The state 
vector X for the EKF loop has eleven components consisting 
of the three-dimensional ECI position coordinates, velocity, 
acceleration, and the ranging plus doppler coordinates asso 
ciated With ionospherical TEC effects. 

[0029] Based on the ot-[3 observation data from a previous 
access, the EFK loop predicts ahead its state Xk at the state 
transition time k*T, Where T is the update interval for the 
EKF. This state is mapped into the corresponding predicted 
state Zk of the ot-[3 loop. During the access slot time AT, the 
ot-[3 loop generates a smoothed state Zk Which is then used 
by the EKF to smooth the predicted state to generate the 
smoothed state Xk. This alloWs the EKF to predict ahead the 
state Xk+1 at (k+1)*T. This procedure is repeated for the next 
access. 

[0030] The predicted state vector from the dual ot-[3/EKF 
tracking loop 32 and the estimated state vector 34 from 
aircraft 12 are transmitted to a fusion processor 36 Which 
performs data fusion and validation betWeen the tWo inde 
pendent measurements to obtain an improved state vector 
estimation. Fusion processor 36 also receives other terres 
trial based data 37, such as position of stationary ground 
radar 13, position of satellite ground station 14, and position 
of communication satellites 11. The improved state vector 
estimation is forWarded to ATC facility 16 Which then 
transmits this information to aircraft 12. The improved state 
vector estimation 38 received by aircraft 12 is processed by 
EKF 26 to generate a neW state vector. 

[0031] Referring noW to FIG. 3, additional details of the 
receiver and transmitter used in traf?c controller station 16 
are shoWn comprising a transmitter 40 and a receiver 42. 
Satellite ground station 14 transmits data Which is modu 
lated by a Wavelet-based ?nite impulse response (WFIR) 
Waveform With a unique AB ranging code assigned to each 
aircraft 12 being tracked in the access time slot. The TDMA 
data to the targeted aircraft is modulated by the N-chip AB 
code sequence, unsampled by the WFIR sample rate M, and 
added With signals to other aircraft sharing the same access 
slot. The summed output is ?ltered by a Wideband WFIR 
?lter With overlaid envelope of the AB ranging Waveforms. 
A bank of narroWband WFIR ?lters channeliZes the Wide 
band Waveform into a set of narroWband Waveforms Which 
are compatible With the satellite communication channels 
such as ICO. 

[0032] The receive processing at satellite ground station 
14 is shoWn at 42. The baseband signal from the digitiZer, 
shoWn as an analog-to-digital function and an in 
phase-quadrature (I/Q) function Which may be combined is 
detected by a bank of narroWband (NB) WFIR ?lters 
matched to the ICO communication channels. The outputs 
are used to perform reconstruction of the Wideband WFIR 
ranging signal for each aircraft. This reconstructed Wide 
band WFIR Waveform is then detected by on-time, early, and 
late correlators. The ranging time and data from each aircraft 
is recovered by separate processing Which performs the AB 
CDMA despreading, acquisition, tracking, time recovery, 
and data recovery. 
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[0033] As best shown in FIG. 4, the aircraft receiver/ 
transmitter 44 preferably includes a retrodirective antenna 
46. A Butler matrix, loW pro?le digital beam form (DBF), 
and WFIR signal processing are preferably employed. The 
retrodirective antenna 46 measures the direction of the 
received signal from the satellite 11, and automatically 
transmits the return signal back to the appropriate satellite 
11. The Butler matrix implements a Fourier transform form 
ing a set of nearly orthogonal beams covering the ?eld of 
vieW, and has been proven to be a relatively inexpensive 
approach to realiZe a retrodirective antenna. The loW pro?le 
DBF array lends itself to a thin conformal array con?gura 
tion Which is preferred for aircraft installation. The imple 
mentation technique eliminates the need for an expensive 
tracking antenna on the aircraft Which usually consists of 
either an electronically or a mechanically steered antenna 
driven by a monopulse, step-scanned, or conically-scanned 
tracking loop. 
[0034] The principles of the present invention are utiliZed 
by an aircraft in a ?nal approach and landing phase. HoW 
ever, the method and system can be extended to air space 
having a high density of traf?c and covered by existing 
S-band secondary surveillance radars. The present invention 
compliments ADS techniques based on Global Navigation 
Satellite System (GNSS) using GPS and/or Glonass sys 
tems. HoWever, this invention Will function Without ADS. 

[0035] While the best modes for carrying out the invention 
have been described in detail, those familiar With the art to 
Which this invention relates Will recogniZe various alterna 
tive designs and embodiments for practicing the invention as 
de?ned by the folloWing claims. 

What is claimed is: 
1. A method for determining position of an object using a 

minimum of tWo satellites located in a ?eld of vieW of the 
object, the method comprising: 

transmitting a ?rst ranging signal from a ground radar 
directly to the object; 

transmitting a second ranging signal from the object 
directly to the ground radar, in response to the object 
receiving the ?rst ranging signal; 

transmitting a third ranging signal from the object directly 
to a ?rst satellite located in the ?eld of vieW of the 
object, in response to the object receiving the ?rst 
ranging signal; 

transmitting a fourth ranging signal from the ?rst satellite 
directly to a satellite ground state, in response to the 
?rst satellite receiving the third ranging signal; 

transmitting a ?fth ranging signal from the object directly 
to a second satellite located in the ?eld of vieW of the 
object, in response to the object receiving the ?rst 
ranging signal; 

transmitting a sixth ranging signal from the second sat 
ellite directly to the satellite ground station, in response 
to the second satellite receiving the ?fth ranging signal; 

determining a ?rst time delay corresponding to a time 
difference betWeen transmission of the ?rst ranging 
signal and receipt of the second ranging signal; 
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determining a second time delay corresponding to a time 
difference betWeen transmission of the ?rst ranging 
signal and receipt of the fourth ranging signal; 

determining a third time delay corresponding to a time 
difference betWeen transmission of the ?rst ranging 
signal and receipt of the sixth ranging signal; and 

determining the position of the object based on knoWn 
locations of the ground radar, the ?rst satellite, the 
second satellite, and the satellite ground station, and the 
?rst, second, and third time delays. 

2. The method of claim 1 Wherein: 

the ?rst ranging signal includes a unique code assigned to 
the object, Wherein transmitting the second, third, and 
?fth ranging signals from the object is performed in 
response to the object receiving a ?rst ranging signal 
having the unique code assigned to the object. 

3. The method of claim 1 Wherein: 

the ?rst, second, third, fourth, ?fth, and sixth ranging 
signals are AB CDMA ranging signals. 

4. The method of claim 1 Wherein: 

the ground radar is a secondary surveillance ground radar. 
5. The method of claim 1 Wherein: 

the object is an aircraft. 
6. A method for determining position of an object using a 

minimum of tWo satellites located in a ?eld of vieW of the 
object, the method comprising: 

transmitting a ?rst ranging signal from a ground radar 
directly to a ?rst satellite located in the ?eld of vieW of 
the object; 

transmitting a second ranging signal from the ?rst satellite 
directly to the object, in response to the ?rst satellite 
receiving the ?rst ranging signal from the ground radar; 

transmitting a third ranging signal from the object directly 
to the ?rst satellite, in response to the object receiving 
the second ranging signal from the ?rst satellite; 

transmitting a fourth ranging signal from the ?rst satellite 
directly to the ground radar, in response to the ?rst 
satellite receiving the third ranging signal from the 
object; 

transmitting a ?fth ranging signal from the object directly 
to a second satellite located in the ?eld of vieW of the 
object, in response to the object receiving the second 
ranging signal from the ?rst satellite; 

transmitting a sixth ranging signal from the second sat 
ellite directly to the ground radar, in response to the 
second satellite receiving the ?fth ranging signal from 
the object; 

determining a ?rst time delay corresponding to a time 
difference betWeen transmission of the ?rst ranging 
signal and receipt of the fourth ranging signal; 

determining a third time delay corresponding to a time 
difference betWeen transmission of the ?rst ranging 
signal and receipt of the sixth ranging signal; and 

determining the position of the object based on knoWn 
locations of the ground radar and the ?rst and second 
satellites, and the ?rst and second time delays. 
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7. The method of claim 6 wherein: 

the second ranging signal includes a unique code assigned 
to the object, Wherein transmitting the third and ?fth 
ranging signals from the object is performed in 
response to the object receiving a second ranging signal 
having the unique code assigned to the object. 

8. The method of claim 6 Wherein: 

the ?rst, second, third, fourth, ?fth, and siXth ranging 
signals are AB CDMA ranging signals. 

9. The method of claim 6 Wherein: 

the ?rst and second satellites are separated from the object 
and the ground radar in a substantially vertical plane. 

10. The method of claim 6 Wherein: 

the object is an aircraft. 
11. A system for determining position of an object using 

a minimum of tWo satellites located in a ?eld of vieW of the 
object, the system comprising: 

a satellite ground station; 

a ground radar for transmitting a ?rst ranging signal 
directly to the object, and for receiving a second 
ranging signal transmitted from the object directly to 
the ground radar in response to the object receiving the 
?rst ranging signal; 

a ?rst satellite located in the ?eld of vieW of the object for 
receiving a third ranging signal transmitted from the 
object directly to the ?rst satellite in response to the 
object receiving the ?rst ranging signal, and for trans 
mitting a fourth ranging signal directly to the satellite 
ground state in response to receiving the third ranging 
signal from the object; 

a second satellite located in the ?eld of vieW of the object 
for receiving a ?fth ranging signal transmitted from the 
object directly to the second satellite in response to the 
object receiving the ?rst ranging signal, and for trans 
mitting a siXth ranging signal directly to the satellite 
ground station in response to receiving the ?fth ranging 
signal from the object; 

a processor for determining a ?rst time delay correspond 
ing to a time difference betWeen transmission of the 
?rst ranging signal and receipt of the second ranging 
signal, for determining a second time delay correspond 
ing to a time difference betWeen transmission of the 
?rst ranging signal and receipt of the fourth ranging 
signal, and for determining a third time delay corre 
sponding to a time difference betWeen transmission of 
the ?rst ranging signal and receipt of the siXth ranging 
signal, Wherein the processor determines the position of 
the object based on knoWn locations of the ground 
radar, the ?rst satellite, the second satellite, and the 
satellite ground station, and the ?rst, second, and third 
time delays. 

12. The system of claim 11 Wherein: 

the ?rst ranging signal includes a unique code assigned to 
the object, Wherein transmitting the second, third, and 
?fth ranging signals from the object is performed in 
response to the object receiving a ?rst ranging signal 
having the unique code assigned to the object. 
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13. The system of claim 11 Wherein: 

the ?rst, second, third, fourth, ?fth, and siXth ranging 
signals are AB CDMA ranging signals. 

14. The system of claim 11 Wherein: 

the ground radar is a secondary surveillance ground radar. 
15. The system of claim 11 Wherein: 

the object is an aircraft. 
16. A system for determining position of an object using 

a minimum of tWo satellites located in a ?eld of vieW of the 
object, the system comprising: 

?rst and second satellites located in the ?eld of vieW of the 
object; 

a ground radar for transmitting a ?rst ranging signal 
directly to the ?rst satellite, Wherein the ?rst satellite 
transmits a second ranging signal directly to the object 
in response to receiving the ?rst ranging signal from the 
ground radar; 

Wherein the ?rst satellite receives a third ranging signal 
directly from the object in response to the object 
receiving the second ranging signal from the ?rst 
satellite, and Wherein the ?rst satellite transmits a 
fourth ranging signal directly to the ground radar in 
response to receiving the third ranging signal from the 
object; 

Wherein the second satellite receives a ?fth ranging signal 
directly from the object in response to the object 
receiving the second ranging signal from the ?rst 
satellite, and Wherein the second satellite transmits a 
siXth ranging signal directly to the ground radar in 
response to receiving the ?fth ranging signal from the 
object; and 

a processor for determining a ?rst time delay correspond 
ing to a time difference betWeen transmission of the 
?rst ranging signal and receipt of the fourth ranging 
signal, and for determining a third time delay corre 
sponding to a time difference betWeen transmission of 
the ?rst ranging signal and receipt of the siXth ranging 
signal, Wherein the processor determines the position of 
the object based on knoWn locations of the ground 
radar and the ?rst and second satellites, and the ?rst and 
second time delays. 

17. The system of claim 16 Wherein: 

the second ranging signal includes a unique code assigned 
to the object, Wherein transmitting the third and ?fth 
ranging signals from the object is performed in 
response to the object receiving a second ranging signal 
having the unique code assigned to the object. 

18. The system of claim 16 Wherein: 

the ?rst, second, third, fourth, ?fth, and siXth ranging 
signals are AB CDMA ranging signals. 

19. The system of claim 16 Wherein: 

the ?rst and second satellites are separated from the object 
and the ground radar in a substantially vertical plane. 

20. The system of claim 16 Wherein: 

the object is an aircraft. 

* * * * * 


