rors in z or y axis and the R direction will never diverge in three typical target paths. It
is proved by the results that location and tracking technique besed on distance difference
and azimuth measurements is valuable when the target’s height need not accurate loca-

tion.

4 Conclusion

The way to track a 3-D moving target by using a receiver without elevation angle
measurements has put forward the development of passive location and tracking tech-
nique and has widened the range of SOPLAT. From simulation results we see that the
location effect is good in paths where the emitter's azimuth and distance are changeful,
which shows that height message can be extracted from variable distance and azimuth
measurements. Therefore some equipments in the receiver may be simplified and R sta-
tion will become more flexible. In a word the way proposed in this paper is useful in

ECM environment.
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The 3-D Tracking of Moving Emitters Using
Two-Coordinate R-Station’

Chen Yongguang Sun Zhongkang
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Abstract The paper presents a 3-D location and tracking algorithm based on the emit-
ter’s distance difference between two measurements and azimuth message. The location prin-
ciple and feasibility of the method are expounded in detail. On condition that an emitter moves
linearly at a constant speed, if we can locate and track the emitter only by using azimuth and
distance difference without any angle of elevation, the equipment in the receiver will be sim-
plified and the independence of the receiver will be Improved as well. Then the algorithm pro-
posed in the paper is of great importance to the practicability of the single observer passive
location and tracking system. Performance of this algorithm is evaluated with the help of
computer simulation of three typical target paths.

Key words Tracking, azimuth, filtering

0 Introduction

Today it becomes more and more dangerous to locate and track moving targets by
means of active radars due to the development of ECM!, Therefore radar experts turn
their attention to passive location and tracking technique. One of the important uses of
SOPLAT is to locate and track moving emitters with passive method. Generally a
target’'s position is determined by measuring its angle of azimuth and elevation relative
to the receiver and the difference of time of arrival between two radio waves that are
transmitted by the emitter. However some receivers have not any equipment to measure
target's angle of elevation,so it is necessary to do research on the ability of single station
to locate and track a moving emitter without any elevation message. This paper will dis-
cuss a tracking method only using distance difference and azimuth measurements based
on the WMEKF algorithm.

* Received June 16, 1993
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1 Location and Tracking Principle

1.1 Special Conditions

a. The target will fly at a constant speed. In other words v, v, and v, will not
change.

b. All measuring noises obey Gaussian distribution and are independent of each oth-
er.

c. The repetition interval of emitter signal is known.
1.2 Location and Tracking Principle

For an emitter in the air,let (ATOA)™ represent the difference of time of arrival
(mark m represents measurement). If the emitter moves at a constant speed and the

noises are considered,then:

(ATOA)TJ—] =T+ (rep — rr.k—-l)/c + T akk—~1 1§D
ﬁi":tg_li::z:‘*"lp.k

where: 7as.4-1»7p.4 are measuring noises of time difference and azimuth.
T is sampling period and ¢ is the speed of light.
r. is the distance between receiver and target.
The target's coordinate at point & is (x,,y:,2:). R-station’s coordinate is (z,,y,,2,).
In the same way distance difference of target to receiver between point ¢ and i—j(i

>j) can be easily written as;

AT.‘..'—, = C[(ATOA):-'~; - JT:]
=1
= (rr.l' - r".l—‘]) + qur.l—m.t—m—l
m=0

Na-=c7, is the noise of distance difference that is caused by measuring time difference.

In (1) (ATOA)],-; contains height message of the target,because:

row— roner = N (@ — 202+ (3 — 3t + (2 — 2,)?

- \/(71‘ —~Tv,—z)*+ (3 — Tov, — 02 + (2o — Tv, — 2,)°
On the one hand the height message contained in (ATOA)” may be extracted in order to
loecte and track a moving emitter without any elevation message,on the other hand we
must notice that there is no height message in 8, so time difference should be change-
ful. In other words if the distance has little change in an emitter path, location will cer-
tainly fail. According to what we have discussed it can be said that it is possible to track
a 3-D moving emitter by only using time difference and azimuth measurement. Comput-

er simulation will prove this.

2 Filtering Algorithm

2.1 State Function
17



When an emitter moves at a constant speed and the velocity disturbance is [w,,,
Wy.rWes ]y then:
X = 9X, + W,,where; X, = [I‘,y‘,z“v:.“v"“vzldr
Wi = [Tz'w,‘,,/z ,Tz'wy"/z ,Tz'w.../z yTw, s 9Twy.h 9T'wg.h:|T

M 0 0 T 0 0]
010 0T 0
e | EW.I = 0, COVWLW,) = Q.
000 0 1 0
0o 0 0 0 0 1]
(T4q%/4 0 0 Tq%/2 0 0 7
0 T'q/4 0 0 T3q%/2 0
Q, = E[W,WT] = 0 0 T'qi/4 0 0 T3q%/2
T3q%/2 0 0 T?q? 0 0
0 T3q}/2 0 0 Tq? 0
L 0 0 T3i/2 0 0 T?q: |

2.2 Measurement Functions
In order to increase the stability, observability and accuracy of the filter we intend
to use multiple measurement functions to locate the target. Here we will take four mea-
surement functions for example to study the algorithm. But in fact eight ones are used in
simulation in order to get better results.
Number K filtering process will use measuring data at point K, K—N;, K—N,—
I,, K—N,—1I1,—J, N,, I,. J,are not less than 1. Measurement function:
Zr = (X)) + Vy, where: Z} = (87, Bi-m» Brnzs Bi-wss
INTea-nys AT yia—ne» Arh—Nz.k—NJJT
In Z7 formula; N,=N,, N,=N,+1,, N.=N,+1,+J,,
E[V.] =0, COV{V,,V,} = R4y,
R, = diag[d3,0%, 0%, 04, N@wi,, Lok, Juok,]
2.3 Filtering Algorithm of Azimuth Measurements
According to reference [2] azimuth measurement function meet with condition of
WMEKEF algorithm. Let us first obtain g5 .(Z7, Xeio).
Ty = BN+ Mo

- _ — yb_NT'Uy,h_yr — BN
By =1g T — NTv., — . hE (X0 (2)

To make formula (2) pseudo linearization, it can be written as; H;(Z; )X,=0, where;
H.‘(Z: ) is;

[sinB;_n, — cosBi_n, 0, — NTsinfB{_y,NTcosf;_5,0]
Xe="[Zs — Zrs Yo — Yr» Zi — Zrs Vark» Uyks Vet J©
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If Bi_n=PB7-n—T7p._nis put in and suppose cos 7si-n=>1, then: H,(Z}) X, =T (Z7,X,,
V.). where H,(Z}) is H:(Z; ) when * is replaced by m. According to reference [2],
Z: - h.'(Xb/b—l)

= H,—(Z"),let:
H.AZD) Xupos '

g.,-(Zi" ,Xm—x) =

- 5’:./5—1 — Yr — NT9 Jk/k—1
Zn = Bpny h(Xups)) = tg7t 2 -
K Bi-w a1 g Ty/h-1 — Ly — NT Uz, kfk—1

X,,,,,_, = [in/n—l = ZpyJusp-1 — Yrv Bah-1 — Zro
Deasi-1s Dyapp—1s Desr-1]"
We obtain g (ZF, Xin-1)-
Four gh(Zr, Xip-) (N=0, Ny\wNy+1, Nyv+1,+J,) form a 4 X6 matrix

8ou(Z8y Xip-).
And. ,u,,,-=7L',:X;§—’Q, where i=1,2,3,4 are corresponding to N=0,N,;,N,+1,,
H.(ZY) h—1
Ni+1Li+Je
— H 1 ..... . 1
then; U‘—dlag[l—#.,’ ) 1_#“:!,
g;m(ZT, Xl/*—l) = U.gg..(ZT,X./._l),

: T i % %
Ry = UiRp, Uy = dlag[(l — m)?’ o - I‘M)z]

2.4 Filtering Algorithm of Distance Difference Data
The measuring functions of distance difference do not meet with condition of
WMEKTF algorithm, so we shall have to use EKF algorithm for filtering.
EKF is similar to WMEKF, g%, ,(Zr,X.s-1) is the local derivative in EKF.
R (X)) = Trpps — Trseins

ath.l(Xl) Xy — X, — kZTvz.l Ty — X, — levz.l

oz, - Trk—i2 B Tra—n ¥
ohX, 4 (Xp) = &,T z—z, — kTv,., — &, T e — z, — kTv,, 4)
v, Tri—i Trk—k2
. - . . ahzr.l(xk)
To replace x with y or z (including marks) in (3) and (4), we may get T or
k
oY, 4 (X0 R, 4 (X)) OAX, (X)) .
oz, and Eo or F R In which

@ ki=N,, k;=0. @ k1=N1.+Inkz=Nu
@ kM=N,+1L+J;, ky=N,+1,.
Three values of %, and %, form a 3 X 6 matrix ga,..+(ZFy Xis—1)» where each 1 X 6

gX i (Z7, Rin_1) is written as:

[3h1,..(x.> RN, (X)) ORX (X)) ORY, (XD
a.r,, i ay,, ’ az,, ’ av,,,, ’

OhY, 4 (Xe) OhY,..(Xs) ]
X =%

submatrix

a‘v_y.l ’ avz.l

m/n—1
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And R4, ,=diag[N,d%,, 1,0%,, J,04, ]
2.5 The Application of Filtering Formulae
WMEKEF algorithm is introduced as follows:

Ky = Pyur8i [83Pru-1887 + R
Py = [I — KigiJPip—y
Xb/k = Xm—x + K,[Z7 - h(X,,/,,_,)]
Xiiin = X0
P, iy = OP,, " + Q,

where: giis gi(ZF, Xuu—1)s Let: gi(Z0 Xunc ) =g (Z0 a1 s 85 Z0 s i) T

h(Rypuer) = LR Raper) s AR T
The original values of the filter are chosen by using following way.
The estimated distance R, between emitter and receiver can be predicted according
to the maximum effective distance of receiver. At the same time the target’s height z can

also be estimated. We choose;

z, = VR — 2%cosfr + z,, .= VR — #%sinfr + y,,8, = % + 2,,

(i).lo”aya”i}zo) = 0- S(Uxm‘x !vylmx’vzmlx)

P,, = diag[3(km)?, 3(km)?, 3(km)?, (100m/s)?, (100m/s)?, (100m/s)?].

3 Computer Simulation Test

3.1 Test Conditions and Environment
Receiver station address is (30,0,0) km.
Initial tracking point is (50,60,10) km.
Maximum speed is (—500,—500,0) m/s.

Path ® (—300,—300,0) m/s @(—450,0,0) m/s ®(0,—450,0)m/s.
op==2mrad, o,,=5m, q,=q,=20m/s?, g.=10m/s%.
R,=70km,z,=15km, Thirty times of Monte Carlo test.

3.2 Analyses of Test Results

a. Location and tracking effects vary from paths. Path &) reaches best result because
of its changeful distance and azimuth. Location effect of path (D is nearly the same as

that of path @) except for larger square deviation. Nevertheless its location errors at z

or y axis and R direction are still limited within 1km. Because distance between emitter

and receiver has little change in path @) so we fail to locate and track the moving emitter
in this path.
b. When a receiver locate and track a 3-D emitter moving at a constant speed only by

using distance and azimuth measurements, the maxlmum error is in the height while er
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rors in z or y axis and the R direction will never diverge in three typical target paths. It
is proved by the results that location and tracking technique besed on distance difference
and azimuth measurements is valuable when the target’s height need not accurate loca-

tion.

4 Conclusion

The way to track a 3-D moving target by using a receiver without elevation angle
measurements has put forward the development of passive location and tracking tech-
nique and has widened the range of SOPLAT. From simulation results we see that the
location effect is good in paths where the emitter's azimuth and distance are changeful,
which shows that height message can be extracted from variable distance and azimuth
measurements. Therefore some equipments in the receiver may be simplified and R sta-
tion will become more flexible. In a word the way proposed in this paper is useful in

ECM environment.
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