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Abstract: - Technology of passive location has broad prospects in applications. In this paper, phase difference
rate of change for single observer-passive location is introduced based on existing methods. We can obtain
the direction of the target with phase difference information of two orthogonal interferometers on the
observer and the radial distance with corresponding phase difference rate of change. Then the target can be
located with high speed and precision. When flying posture of the observer is changed, the target can be
located directly in the original coordinate system according to measurement data. Related locating
expressions are given. Simulations show that this method is effective.
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1 Introduction

Passive location technology is prior to active
location technology in far distance, secret receiving
and low probability of detection. The existing and
working abilities of corresponding systems in
complex electromagnetic environment can be
improved with these advantages. So the passive
location technology has broad prospects in ocean
saving, location and tracking of weapon control
systems, electronic scouting, measurement and
control of spacecrafts, satellite location. etc. Single
observer passive location technology works with
only one observing platform. Its superiorities are
few equipments and low cost. But this technology is
difficult to realize because the information obtained
is insufficient compared to multi-observer location
technology. Traditional methods of single
observer-passive location technology include
bearing only (BO), time only (TO), Doppler only
(DO), bearing/time (BT) and bearing/Doppler
(BD).The shortcomings of these methods are long
location time, low precision, high sensitivity on
direction measurement error and high demands
impersonally on measurement equipments.

A new method for single observer passive
location - phase difference rate of change method is
introduced in this paper on the applying background
of location to remote immovable ground targets
before launching weapons. In this method, targets
can be located with high speed and precision
through phase difference information received by

two orthogonal interferometers on the observer and
corresponding rate of change information. When
flying posture of the observer is changed, the target
can be located directly in the original coordinate
system according to measurement data in the
condition of variant posture. Related locating
expressions are given. Simulations show that this
method is effective.

2 Location Principle for Phase
Difference Rate of Change with

Variant Posture
In this method, the direction and radial distance of
targets can be obtained through phase difference
information  received by two  orthogona
interferometers on the observer and corresponding
rate of change. Then targets can be located.
Detailed demonstrations are as follows:

The curvature of the earth can be neglected
when targets are immovable. Suppose the plane
observer is flying horizontally along a beeline with
a constant velocity and without any posture change.
A three-dimensional orthogona coordinate system
is built on a fixed position. OX follows the
direction of fuselage axis towards the head. OY
points to the direction of the left airfoil. OZ is
vertical up to XOY according to the right-hand

relation. Location ( X5, Yo, Zo ) and velocity



(X5s Yo» Zo) of the observer in this coordinate

system can be obtained through navigation
equipments. The flying posture of the observer is
changed when t=i. Deflexions of the fuselage
relative to the origina coordinate system are:
roll angle- 8 , pitching angle-77,, yaw angle- ;.
Direction of corresponding angle velocity vector is
identical with OX, OY and OZ respectively. So a
new coordinate system O-X' Y’ Z' comes into
being with the same setup as O-XYZ. The rotating
matrix from O-XYZ toO-X'Y'Z s

cospcosy cosfsiny +sindsinngcosy
H, =| —cospsiny cosdcosy—singdsinngsiny

sing —sindcosy i

D

It's easy to validate that H,' =H,™. Suppose
R=H, )

Two orthogona interferometers  (three

antennas altogether) are equipped on the observer.
One antenna is placed on the ventral point of
intersection of the fuselage and the head, that is, O'.
One antenna is placed towards the tail along the
fuselage axis. The third antenna s placed on the left
airfoil towards the fuselage. When t=i, the azimuth
angle of the target relative to the observer in the
new coordinate system O-X'Y' Z' (thefiducial axis
is OY' axis) is [, and corresponding pitching
angle (the fiducial plane is X' Y Z plane) is & .
Suppose the radiating frequency of the target is
changeless and direction information of the target
obtained by the observer al comes from phase
difference  information received by two
interferometers. In the condition of no phase
ambiguity, geometrical connection that two
interferometers receive el ectromagnetic waves from
the target isshown in figure 1.

Fig. 1

In this figure, Ea and Eb are two antennas of
the interferometer placed on the fuselage axis, and

its baseline is d,. Ea and Ec are two antennas of
the interferometer placed on the airfoil axis, and its
baseline is d,. |, I, and |; represent the
direction of electromagnetic waves received

respectively by Ea, Eb, Ec. Considering the distance
between the target and the observer is much farther

than d, and d,, suppose /I, 111, . EaA, EbB,
EcC represent the projections of I, I, and I3

on the X' Y Z plane, with EaBl1EbB, BDI1EbDD,
EaCllEcC and CFUEcF Then, EaDUEbD,
EaF[1EcF. So, EbD is the wave route difference
between Ea and Eb. EcF is the wave route
difference between Ea and Ec according to figure 1,

In RtAEaBED,

EbB = EaEb* cosTEaEbB=d, cos(@ -9¢°) =d sin3

In RtABDEDb,

OBEbD =& , EbD =EbB*coseg =d, sin 3 cosg
(3

and in RtAEaCEc,

EcC = EaEc* coslEaEcC =d * cos(180° - B3

=-d, cosf;

In RtACFEc,

[OCEcF =¢ , EcF = EcC* cos[JCEcF

_ e gt (4)
=-d, cos S/ cos¢,

The phase difference of electromagnetic waves
received by Eaand Eb is:

@ = w.lt, = 27f, * %sin B cosg =k, frsin B cosg
(5)



Corresponding rate of changeis:

¢, =k, f- (B cosf cosg - & sinFsing)  (6)
The phase difference of electromagnetic waves
received by Eaand Eciis:

d
@ = w. A, =27 * —(-cos S cos&/)

c

o, ()

C

- ! I
= -k, f; cos S cos¢; y

Corresponding rate of changeis:
@, =k, . (B'sinB cose + & cosBsing)  (8)
Where @, is the angle frequency of

electromagnetic waves received by the observer,
and f; isthe corresponding frequency. At,, isthe

arriving time difference between Ea and Eb, Aty,

isthe arriving time difference between Eaand Ec. C
represents the velocity of light. From the four
expressions we can obtain:

cosg sing =g, 1k f;,

d(cosg'sinf) _ -

dlcosesnA) g ik,
dt

cosg cosf = —¢; 1k, T,

d(cose{ 008,3{) =g Ik f
wity T

\/k K2f2 - 2¢f2
kK, f
dsing _ _ k5¢xi¢xi + ki,
dt Kok, KK - K - Ko

sing =

Suppose the position of the observer in O-XYZ is

(Xi+ Yoir Zo) with velocity (o> Yoir Z)
when t=i. Its position in O-X' Y™ Z ' is
(%i» Yoir Zy) with velocity (X5» Voir Zy) -

The position of the target in O-XYZ is
(%> Yy» Zy) and radia distance r, from the

observer. Its position in O-X " Y~ Z ' s
(%> Yo Z;) and radia distance r/ from the
observer. So we can obtain:

Xo Xo

Yoi [=Hi*| Yo 9)

Zs Z

X5 Xo I cosg sinf X5
Yr | =| Yoi +1iCOSE COSB | =H, *| vy
Zy Zy — I 9NE Zy

Xy +1; COSE; sin B,
=H,*| yy 1, COSE; cosf,
Z, I SINE,

(10)
Then:

r'cosg sin B I, COSE Sin 3
r'cosg cosB | =H, *|r cosg cosf

—-r'sing —-I,SINg

Considering the radia distance between the target
and the observer is not changed with rotating of the

coordinate system, that is I, = ;" , above expression
can be simplified:

COSE, Sin g, cosg sin S/
cose, cosB | =H ' *|cosg cosB | =

—-sing, —-sing;

. (11)
cosg; sin g,
H/ *| cose cosf!
—-sing
The direction information of the target can be
obtained:
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\/k k f2 2¢2 (12)
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the derivative of (11) is:
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Thus, we have acquired direction and derivative
information of the target in O-XYZ according to
measurement data with variant posture. In addition,
there are some relationsin O-XY Z:

tgB = Xni ~ Xoi
i~ Yoi
Zy — Ly

tge; =
\/(X'I'l - XO|)2 + (yTI - yOI)2

ﬂ_(xT. X )(Yri = Yoi) = (X = X6 )(¥ni ~ Yoi)
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so:
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Then position of the target in original coordinate
system O-XY Z can be calculated:

=Xy 1, COSE SINS,
= %o *+ (% cosf -y, Snf)sn g
=Xy +&'[-2 cose, -
(X, sinB, +y,cosB,)sing ]cosg sin S,
(23)



Y1 = Yo T, COSE; COSS
= Yoi +Bi_1(xi Cosf3, — Y, sinf3)cosp,
= Yo +&7[~2 cose, -
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where Sinf,cosf, sing, cosg, [, & ae
calculated respectively through (14),(15),(12),

(13) and (17) .

It is deserving to note that the whole process of
location is based on two ideal suppositions. These
suppositions  include: (1)  frequency  of
electromagnetic waves radiated by the targets is
known and changeless, (2) rate information of
change for phase differences received by the two
interferometers is known. The researching progress
for this location method without above-mentioned
suppositions will be introduced in subsequent
papers.

3 Simulation

With the restriction of paper length and simulation
condition, simulations are given when posture
change of the observer is completed instantly.
Corresponding measurement data are:

f. =3x10°H

d, =10m,d, =5m. Measurement precisions are:
o, =35mrad g, = 75nmrad/s,

g, =0.1m/s,o, =16m,o, =10'H,

Suppose position of the target in O-XYZ is
(200, 20043 ,0)km in simulations. And jumping-off
point of the observer in O-XYZ is: (1,1,8)km With
velocity H™*(300,0,0) s .Simulation outcomes
are shown in figure 2.
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Fig. 2 (@ #=30° n=-5° y=0° (corresponding
deflexion of the observer: the left airfail is up and
the head is up) (b) 6=0%py=0° y=-5°
(corresponding deflexion of the observer: yaw
towards the right horizontaly) (c¢) ¢=30°, n=-5°,
y=-5° (corresponding deflexion of the observer:
the left airfoil is up, the head is up and the observer
yaws towards the right).

According to above simulations, the horizontal
departure distance is less than 2.2km in given
measurement precision. In most cases, the departure
distance is less than 1km. And applying needs can
be met.

4 Conclusion

In this paper, a new method for single observer
passive location - phase difference rate of change
method is introduced based on the applying
requirement of location to remote immovable
ground targets before launching weapons. Principle
and some location expressions are given when
flying posture of the observer is changed.
Simulations show that this method is effective.
After further improvement, it has broad prospectsin
applications with high conceament, speed and
precision.
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