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Abstract—In two-dimensional plane, for a
target moving uniformly in a straight line, if a
single stationary station can obtain the azimuth
information of the target three times in a row at
equal spacing in the moving path of the target, the
flight trajectory of the target can be regarded as
the baseline of the one-dimensional double-base
array. Therefore, by using the relationship among
the course angle, the lead angle and the arrival
angle, the definite solution of the target course
angle can be obtained from the median tangent
relationship.
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I. INTRODUCTION

The estimation of course angle has a wide range of

. . [1-5] .
applications™™. The theory of azimuth-only target
motion analysis proves that a stationary single station
can estimate the course of a moving target with
uniform speed by at least three azimuth-onl
measurements on a two-dimensional plane®®?.
However, in fact, the existing analysis process
contains time parameters, so the information required
to obtain does not seem to be purely directional.

The author focuses on the azimuth-only estimation
of the course angle of a moving target with a fixed
single station. Existing research results show that in
the plane rectangular coordinate system, assumed that
a single stationary station can obtain the azimuth of
the target with equal spacing in the moving path of the
target by only three successive direction finding, the
analytical expression of target course angle can be
derived by using the equation of the moving trajectory
line of the target and the azimuth line equation
between the station and the target in the case of has
nothing to do with the detection of time parameters™.

In this paper, the azimuth-only estimation of target
course is studied again by using the tangent median
relation among three arrival angles of a one-
dimensional double-base array.

Il.  TANGENT MEDIAN RELATION

For the one-dimensional equidistant double-base
array shown in Fig.1, the following identity can be

obtained by projecting the radial distances of the three
stations onto the X and Y axes respectively

r,sing, =r;sing, —d 1)
r,sing, =r,sing, +d (2)
r,cos@, =r,cosd, 3)
r, C0s @, =r,cos b, (4)

If we add Equations (1) and (2), we can get
2r,siné, =r,sing, +r,sin 6, (5)

Then substitute Equations (3) and (4) into the
above equation to eliminate radial distances r, and r

, and get

r, sin g, cos 6, L sin @, cos 6,

2r,sin g, =
cos 6, cos 6,

(6)

Thus it can be proved that there exists the
following tangential median relation among the arrival
angles of the three stations

2196, =196, +196; ()

L §

5, d 3, d s, ¥

Fig. 1. One-dimensional double-base array
I1l. EQUATIONS FOR SOLUTIONS

As shown in Fig. 2, a fixed single station is taken
as the origin of the Cartesian coordinate system. It is
assumed that the target moves at uniform speed
along the line AB, and the stationary single station is
assumed to be able to obtain the azimuth information
of the target three times in a row with equal spacing
on the target's moving path. At this point, the flight
path of the target from position 1, through position 2
and to position 3 can be regarded as the baseline of

www.jmest.org

JMESTN42353797

14047


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 8 Issue 5, May - 2021

the one-dimensional double-base array. And by the
trigonometric relationship, we have

6=9"-5 (B <90° (i=1-3) ®)
6=p5-90° (B>9° (i=1-3 ©)
a=@ +f (i=1-3) (10)

Where : @ is the arrival angle relative to the fixed
detection station S; g the lead angle of the target; «

the course angle of the target; ¢ the azimuth angle of
the target measured by the fixed detection station.

By substituting Equation (10) into Equation (8) or
Equation (9), it can be obtained

(B, <90°) (11)

(B, >90°) 12)

6, =90° —a+o,
0 =a—gp, —90°
Substitute Equation (11) or (12) into Equation (7),

the equation containing only unknown course angle
can be obtained

2tg(9007a+(p2)

:tg(900 —a+(pl)+tg(900—a+(p3) (% <90°%) 9
2tg(a—¢2 —900)
:tg(a—gol—900)+tg(a—¢3—900) (B >90°%) =

Because for any angle ¢

tg(—¢)=-tge

Therefore, in actual calculation, Equation (14) or
(15) can only be used.
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Fig. 2. Static single station azimuth-only tracking diagram
IV. ANALOG CALCULATION

The equations are solved directly by using the
fsolve() function of MATLAB.

In order to verify the accuracy of the course angle
formula, the theoretical value is used to replace the
measured value to carry out the mathematical
simulation. Preestablish the distance r, between the

target and the detection station, the azimuth angle ¢, ,

the moving distance d of the target. And make the
lead angle of the target end change continuously in

the specified area (900 —p +5° < g <180° —(pl).

Then, from the trigonometric relationship, the
remaining radial distances r, and r, , and the

azimuthal angles ¢, and ¢, can be solved in turn.
The leading angle B, and g, at the target are

calculated from the relationship between internal and
external angles, and the theoretical value of the
course angle « of the target is obtained directly.
Then, the Matlab fsolve() function is directly used to
solve the equation (14/15), and the course angle of
the target can be solved. Then, the relative calculation
error is obtained by comparing with the corresponding
theoretical value. The parameter values taken are : (1)
The equidistant moving distance of the target:
d =10km; (2) Radial distance of the detection station:

r, =300km; (3) Initial azimuth of the station: ¢, = 750,

Fig.3. shows the relative calculation error of
course angle. The simulation results show that: within

the limited area : [900 —g +5° < g <180° - (pl], the derived

course angle calculation formula is correct. By
increasing or decreasing the moving distance of the
target, radial distance and initial azimuth, the effect on
the relative calculation error is very limited.

At present, it seems difficult to give the correct
value of the course angle outside the restricted area.
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Fig. 3. Relative calculation error of course angle

V. ERROR ANALYSIS

According to error estimation and synthesis theory,
the total measurement error of course angle
generated by direction finding is

305 2
c=o0, Z[ a] (16)

i 00

Where: o, is the root mean square value of the

direction finding angle error of the detection station.
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By differentiating ¢; on both sides of Equation
(15), we obtain

Oa | sec2(90O *0‘+¢l) .
op [5602(900 —a+ (pl)+ secz(goo —a+ (pg)— Zsecz(goo —a+o, )J

Oa _ | 25602(9007a+g02) .
op [Zsecz(goo —a+ gaz)— secz(goo —a+ (pl)— secz(goo —a+ (DS)J

Oa sec2(900 7a+(/)3) .
op3 [secz(goo —a+ gol)+ secz(QO0 -—a+ (p3)— ZSecz(QOO —a+ (pz)J

Because for any angle ¢, there is

sed—¢)=secy

Therefore, the partial differential result obtained
from Equation (15) is also applicable to Equation (14).

Using the same parameter value as in the
simulation calculation, take the root mean square
value of the direction finding angle error of the

detection station as o, =05°7/180°.

Figure 4 shows the measurement errors of course
angle at different starting azimuth angles. Figure 5
shows the measurement errors of course angle at
different moving distances. Figure 6 shows the
measurement errors of course angle at different radial
distances.

Additional note: in order to make the drawing
process simple, the theoretical value of course angle
is directly used to replace the solution value in the
calculation process of measurement error, which will
not have a great impact on the expression of error
curve.
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Fig. 4. Measurement error of course angle at different
starting azimuth angles
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Fig. 5. Measurement error of course angle at different
moving distances
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Fig. 6. Measurement error of course angle at different
radial distances

VI.

In this paper, the tangent median relation is used
to study the problem of determining the direction of
motion of a moving target only by single station
direction finding. Finally, the analytical formula is
purely related to the azimuth measurement angle.
However, when the target moving speed is unknown,
it is still difficult to accurately obtain the target azimuth
in the equidistant distance of the target moving path,
so the current research results may not be applicable
to engineering.

CONCLUSION
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