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where i=1, 2, 3, 4 represent the four satellites having
positions, P;, C is the speed of light, tinis the time for the

satellite signal travelling from the ith satellite to P, then
to P, The trace of P, forms ellipsoidal surfaces with
respect to P; and P,. The point where the ellipsoidal
surfaces intercept represents the position of the target.

£ anly the distance et wean ha taroat an se:
If only the distance between the target and observation

station is of interest, this distance can be estimated eas-
ily. The distances from the target and the observation
station to the satellite are about 20,000 km, whereas the

distance R, between the target and observation statio
is pr Ubauly less than 100 km. Therefore the distance can

be estimated as
Roﬁ(c(liw— tia)

where t;,is the time for the satellite signal to travel from
satellite 1 to the observation point which is already
known from the conventionai GPS approach. In the
above equation, only the reflection from one satellite is

required.

3 Claims, 1 Drawing Sheet
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PASSIVE RANGING THROUGH GLOBAL

N
The invention described herein may be

and used hv or for

manufactured
nited States

he payment of

ths Govar Centoc

for the Government of t
for all governmenta] purposes without
any royalty.

BACKGROUND OF THE INVENTION

The present invention relates generally to a bistatic
radar system which uses the Global Positioning System
(GPS) satellites as radiation sources and uses GPS re-
ceivers, to passively measure the range to a target.

Passive ranging is critically needed information in
military operations. Several decades of study on this
technology provides very little new information. The
conventional approach is to measure the Angle of Ar-

wiunal FAMNMAY Af tha taroat warhacm tommat do demdnemddman
1ival \nwWwiay Uk uik largcl wiicn ulE tarEclL » micnuon-

ally emitting electromagnetic (EM) energy. The AOA
information is measured at several positions along the
flight path and a triangulation method is used to deter-
mine the range to the target. This approach requires
very accurate AOA measurements and a relatively long
time to obtain range accuracy.

The following U.S. patents relate to position locating
systems utilizing the GPS.

U.S. Pat. No. 5,043,736—Darnell et al

U.S. Pat. No. 4,894,662—Counselman

U.S. Pat. No. 4,870,422—Counselman, 111

U.S. Pat. No. 4,797,677—MacDoran et al

Ton wmartianlaes 4ha Taceall At 21 matnems dapasmilea

i parucuiar, the Darncll et al paicni QesCriocs a
positioning system which comprises a portable remote
unit and a base information display unit. The remote
unit includes a RF receiver circuit for use with a satel-
lite navigation system, a microprocessor for analyzing
coded signals, cellular phor odem circuits and a time
of day clock. The base unit includes a computational
system for decoding position data and a visual display
device In operation, the remote unit microprocessor is
used as the computational system that receives the out-
put from a signal demodulator in the GPS receiver, and
provides satellite range. This information is provided to
a cellular phone modem for transmission to the base
unit.

The Counselman 662 patent is directed to a method
and system for determining position on a moving plat-
form using signals transmitted by GPS satellites. In
operation, a measurement of the platform’s range to
each satellite is made based upon the L1 (band signalg)

achl salciliic 18 made dased upon iane L2 L2ang signa:s)

center frequency carrier phase. A correction for iono-
spheric effects is made, and the unknown basis in the L1
center frequency carrier phase range measurements is
determined from simultaneous pseudorange measure-
ment with time averaging. The instantaneous position of
the platform may then be derived from the ranges so
determined.

The Counseiman 111 *422 patent relates to a method
and system for measuring the baseline vector between a
pair of survey marks on the ground by radio interferom-
etry using radio signals broadcast from GPS satellites.
In operation, an antenna is positioned at each survey
mark, and the signals received by onc antenna are sepa-
rated into upper and lower sideband components. The
components are filtered, converted to digital form, and
multiplied together. The product is analyzed to deter-
mine the carrier wave that is implicit in the double-side-
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band signal being received from each satellite. The
powers and carrier phases of the signals from a plurality
of satellites are measured simultaneously, and numerical
data representing the measurement results are obtained
at each survey mark. The data from measurements at
two survey marks are then processed together to deter-
mine the baseline vector that extends from one mark to
the other.

The MacDoran et al patent describes a method and
apparatus for deriving pseudo range from earth orbiting

satellites. A modulated radio frequency signal transmit-
ted from a satellite is intercented at a user nosition. A

Irom a satcilite 1s micreepled at a uscer position. A

fractional phase is derived from the measured phase and
frequency of the signal. A Doppler range value is also
derived from the measured frequencies of the satellites.
The Doppler range value is divided by the wavelength

of the m\/Pq frﬁnupnnv to nrgdnnp an |ntm:n=r and a

remainder. The integer is added to the fractlonal phase
to produce a value proportional to the pseudo range.
There are two papers on GPS published by AGARD
in AGARDograph No. 245, “Principles and Opera-
tional Aspects of Precision Position Determination Sys-
tems”, July 1979, one paper by R. J. Milliken and C. J.
Zoller on “Principle of Operation of Navstar and Sys-
tem Characteristics” at pages 4-1 to 4-12, and another
paper by J. J. Spilker, Jr. on “Global Positioning Sys-
tem: Signal Structure and Performance Characteristics”
at pages 5-1 to 5-35. These two papers and the four
patents are hereby incorporated by reference for a dis-
closure of the conventional GPS System and Operation.

SUMMARY OF THE INVENTION

An objective of the invention is to provide a method
to passively measure the range to a target.

The method according to the invention uses GPS
signals, which are scattered by a target, to determine
the distance from the target to an observation station.

BRIEF DESCRIPTION OF THE DRAWING

1 IIC ugul: lh a Uldgl’dlﬂ U.l a
according to the invention.

atellites as radiation

hia A
form a bistatic radar

This approach uses the
GPS receiv
system. In order to make thxs system workable, the
AOA of the target must be measured first. This informa-
tion can be obtained from a conventional electronic

warfare (EW) receiver. Although the AOA can be

measured, the distance from the receiver to the target is

unknown. The intention of this invention is to find the
distance between the target and the receiver.

The figure shows the satellites Pj, P2, P3 and Pq,
where P, is the position of the target and P, is the posi-

tion of the observation station.

GP

eanroas and o
SOUrces ana a

From conventional

GPS, the power received at positions of Py, Pz, P3, P4
and P, can be written as

PGoGA2 O]
Py=
@m)(RiRory
where P is the transmitting power from satellite, G; is

the transmitting antenna gain from the satellite, o is the
cross section of the target, G, is the antenna gain of the
receiving antenna, A is the wavelength of the transmit-
ted signal, Ry, is the distance from the target to the ith
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satellite, and R, is the distance from the target to the
observation point. In the above equationi=1, 2, 3,4 and

the transmitting power and gain of each satellite are
assumed the same.

If the scattered energy by the target can be detected
by the observer, the distance Ry can be calculated.
However, the reflected energy from the target could be
very weak. In order to receive this energy, two ap-
proaches can be considered. First, use a directional

antenna to point at the target, since the direction of the 1

target is known from an angle measurement. Second,
use signal processing to improve the receiver gain, i.e.
correlate with the p-code for a longer period of time
than in conventional GPS s1gna1 processmg

11 lﬂc UCldy llmC IrUm lﬂC ]'CIICLM:U b]g"dl U ine
get can be measured, the position of the target can be

—
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calculated. The four equations from the four satellites -

can be written as

(x;_ x.\2+(v. v.)z-b(z. z,)2+(x_.:x9)2
+(.YI~—,V0)2+(ZI—Z:J)Z Ctito

whara 1 —
WiicT

12724
ei=1, 2, 3, 4 represent the four satel

represent the location of the target t; x; y;, z;, represent
the location of the ith satellite; xo, Yo, 2o, TEpresent the
location of the observation point; C is the speed of light;
and t;, is the time for the satellite signal travelling from
the ith satellite to P;then to P, Enuat!on (2) represents
simultaneous nonlinear equations. The trace of P, forms
ellipsoidal surfaces with respect to P;and P,. The point
where the eilipsoidal surfaces intercept represents the
position of the target.

If only the distance between P, and P, is of interest,
this distance can be estimated easily. The distances of
R,, and R,(7 are about 20.000 km, where R, is probably
less than 100 km. Therefore the distance can be calcu-
lated from the law of cosines as

vl bl
Ry = Ry + R;,, —~ 2R} - 2Rpc0s0 ) 3)
:i Rj; + Ry — 2Rir - 2Ror = (Rir — Ror)*
Ry = Ry ~ Ry
= Cltito — 1io)
where tj,is the time for the satellite signal to travel from

satellite 1 to the observation point which is already
known from the conventional GPS approach. This
equation is an approximation because R;=R;> >Ra,
and 6=0°. In the above equation, only the reflection
from one satellite is required.

In conclusion, solving for equation (2) provides the
absolute position of the target and this approach needs
four satellites. Solving for equaiion (3) only provides a
distance, but only one satellite is needed.

This method can be applied to the radar as a elec-
tronic counter-counter measures (CC) technology. If a
radar detects a target, it can turn off its transmitter and
RE
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track the target P 1 cine on
track the target Passively using satellites as the
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sources. Since the radar no longer transmits, it is very

difficult, if not impossible, for an intercept receiv

detect its existence.

It is understood that certain modifications to the in-
vention as described may be made, as might occur to
one with skill in the field of the invention, within the

scope of the appended claims. Therefore, all embodi-

ments contemplated hereunder which aChleVC the ob-
jects of the present invention have not been shown in
complete detail. Other embodiments may be developed
without departing from the scope of the appended

olaime
Cidliils.

What is claimed is:

1. A method for determining the distance from a
target to an observation station, using four GPS satel-
lites as radiation sources, and a GPS receiver at the

observation station to form a bistatic radar system,

wherein an angle of arrival (AOA) of the target to the
observation station has been measured first, said method
comprising:

measuring the respective delay times, tis, t210, t3pand

t4:0, Of signals travelling from the four satellites to

the target and then to the observation station, the

signals having been scattered by the target; and
calculating the position of the target, using the fol-

lowing four equanons Wthh represent simulta-

r to

Re— X2+ G312+ (21— 202+ (- Xo)?
L N s N2 .
+Wr=¥o)” T\&1—Lp)" = il

(x1= %2 + @122+ (21— 22+ (37— o)
+r—yor? +{a—2o7 =Ciap

(xr=X3)2+ (r 232+ 2 - 23 4 (X1 %0
+0 —.Va) + (Zl—za)‘ = '-«’3!0

(51 X824 ey o+ (2 - 202+ (xi— %)}
+ 01*}'0)‘ + (Zt—za)‘ =Clazo

where C is the speed of light, (x1, y1, 21), (X2, y2, 22), (X3,
y3, 23) and (X4, y4, 24) are respective positions of the four
sa!e]lites, (x,, Yo z,) is the position of the target, and (%o,
Yor Zo) 15 the position of the observation station, wherein
traces of the position of the target form ellipsoidal sur-
faces with respect to the positions of the satellites and
the position of the observation station, and a point
where the elllpsmdal surfaces intercept represents the
pu:ltiOﬁ of the target.

2. The method according to claim 1, which includes
pointing a directional antenna toward the target from
the receiver at the observation station, using said angle-
of-arrival information.

2 Tha athad ananrding

o
3. The method according to claim 1, which includes

s wililil N uGos

using signal processing to improve the receiver gain.
»* * * * *



