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Abstract

Aiming at the problem that the positioning accuracy of passive acoustic localization algorithm is
influenced by wind speed, temperature, humidity and other factors, a passive optical positioning
algorithm is proposed. Time delay of a plane cross array technology is easy to introduce blind spot
area, a five element solid array positioning model based on time delay is proposed. In this paper,
the geometric relations and parameters of the array elements of the three-dimensional array of
five elements are studied; using the knowledge of spatial geometry and the cosine theorem, the
calculating formula of target location is derived; according to the error theory, the error analysis is
carried out. The experimental results show that, the passive optical positioning technology used in
this paper is feasible, and the algorithm can overcome the influence of passive acoustic localization
accuracy is affected by environmental temperature, humidity, wind speed, noise, to meet the certain
measuring condition can ensure better measurement precision.
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1. Introduction

Some weapon system according to its attack target
and damage mechanism often need in aerial fixed-
point detonated and detonate the position coordinates
directly determines the damage its effectiveness,
and aerial blast point coordinates of the test become
an important index to measure the performance of
a weapon, so the burst point 3D coordinate mea-
surement is for the weapon range test is one of the
important objectives [1,2]. The present test method
of 3D coordinate has some problems, such as: double
array CCD test system, visualization of the system
is good, but the capture rate is low; acoustic target,
the object to be measured from the acoustic signal as
the signal source, however sound signal test accuracy
is easily affected by environmental temperature, hu-
midity, wind direction, wind and other factors; The
measurement method of photoelectric detection tar-
get with high speed camera combination, the test of
photoelectric detection target is accurate, but by the
high speed photography coverage of the field of view
and image resolution is limited, there is the problem
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of small field of view[3,4,5,6]. In order to improve the
above problems, the passive optical positioning tech-
nology based on the array is proposed. The technolo-
gy uses a plurality of photoelectric detectors to build
the base array, and receive the intrinsic characteristics
of the object itself, which is an explosive light signal.
Through a certain signal processing circuit to obtain
an effective signal, and then obtain the time delay of
the optical signal received between the two detectors
by the precise timing circuit[7,8,9,10]. According to
the coordinate calculation formula of mathematical
modeling, the 3D coordinate information of the final
point is obtained.

Compared with the previous model of plane posi-
tioning, this paper uses the three-dimensional array of
five elements positioning model to carry on the whole
three-dimensional space, and the positioning range
is improved. Compared with the previous multiple
elements cross localization model, this paper used
the five elements localization model to overcome the
cross array model cannot accurately locate the point
of the distance that are equal to the elements of the
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model, which can overcome the failure of the blind
spot area[11,12].Compared with the passive acous-
tic localization, the passive optical positioning is
used to overcome the influence of noise, wind speed,
wind direction, temperature, humidity and so on. The
use of passive optical positioning is more rapid re-
sponse than passive acoustic localization, can realize
real-time positioning[ 13].

2. The aerial blast point coordinate measuring
principle

At present, the aerial blast point measurement
model of the three-dimensional coordinates com-
monly used planar array and three-dimensional
arrays, among them, the use of the majority is based
on matrix model of detection time delay cross array,
The cross array detector is arranged symmetrical-
ly and the geometrical relation is clear, and the cal-
culation is simple and easy to be simplified, but the
most deadly is the cross array can't measure the dis-
tance of each detector is equal to the point and the
point of the small range around this point. When the
explosion point is in the range, the time delay be-
tween the signal arrival time delay is zero or almost
zero, then the calculation formula based on the prin-
ciple of time difference is invalid, this gives a very
large error and even positioning failure. In order to
overcome the impact of this factor, the measurement
model of this paper by using the three-dimensional
array of five elements, which can solve the problem
of measuring blind spots[14,15].

Figure 1. The three-dimensional array of five elements

The three-dimensional array of five elements is
shown in figure 1. Ino — xyz , A, B, C, D and O points
are put on the photoelectric detectors, and its coordi-
nates are known by the graph, d is a known constant,
P is the projection point in the X0y plane of the burst
point P, ™ is a target azimuth angle, 0 as target pitch
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angle. From Figure 1, Firstly, the time difference of
the photoelectric detector is obtained by measuring
the light source to detectors of different position, and
the distance difference between the different position
sensors is obtained. Finally, the 3D coordinates of the
explosive light can be obtained by using the geomet-
rical knowledge. From the distance formula between
two points:

(1
)
3)
)
€)
knowledge of the three-dimensional space:
x=rsiné@cos @ (6)
y=rsin@sing ?)
z=rcos6 (8)

The time difference between the point light source
P to A point and O point is t1, the time difference
between O and B is t2, the time difference between O
and C is t3, the time difference between O and D is t4:

)
(10)
(11)
(12)
From formula (1),(5),(9):

(13)
(14)
(15)

(16)
By (13), (14), (15) the expression of the three-

dimensional coordinates of the point can be got:

(17)

(18)

(19)

Will (6), (7), (8) respectively by (13), (14), (15),
(16) available:

(20)

(21)

No. 8 — 2015



Engineering science

(22)

(23)
From formula (20),(21),(23):

(24)
From formula (20),(21)the expression of tangent
azimuth can be got:

(25)
From (8), (24) a pitch angle cosine expression:

(26)
This formula can be the burst point distance
measurement for distance from origin:

27
According to the cosine theorem, the geometr(ica)l
relationship of Figure 1 is available:
(28)
(29)
(30)

(31)
From the upper formula:

(32)
(25) can be used:

(33)
Given that the blast site is located in the far
field, : r>>ct;:

(34)

(35)
From formula (27), (30):

(36)
Given that the blast site is located in the far
field, r™>>ct, :

(37)

38
All above, three-dimensional coordinate infor(rna2
tion of blast point can be obtained.
3. Error analysis
The positioning performance of the target is rela-
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ted to the speed of light C, the geometrical dimension
d of the array of photoelectric detector, and the er-
ror of time delay estimation. In theory, the array size
under certain conditions, the accuracy of time delay
estimation is the key to the performance of the target
location. In practical applications, the speed of light
C and the size of d can be corrected and calibrated in
advance. The influence of delay estimation error on
location accuracy is considered. The standard devi-
ation for the assumption of time delay estimation is:
o,=o0, =0, =0, =0,  the propagation velocity C of
light in the air is about 3.0x10% m/s. According to the
error theory, the functiony = f(x,x,,---,x,)is set up,
and the standard deviation of the error is:

(39)
Where x,x,,---,x, for direct observation of the
unknown quantity, y is unknown variable to be cal-
culated, m;,m,,---,m, for the unknown error standard
deviation.
3.1. Azimuth error analysis
According to the error theory, the standard de-
viation of the azimuth error is from the formula (39):

(40)
By (40) the accuracy of azimuth estimation is:

(41)
By the formula (41), the error estimation accuracy
of the azimuth angle is related to the pitch angle, azi-
muth angle, time delay estimation error and array size
of the photoelectric detector.
3.2. Pitch angle error analysis
According to the error theory, the standard de-
viation of the azimuth error is from the formula (39):

(42)
By (42) the accuracy of the pitch angle estimation
can be estimated:

(43)
By the formula (43), the estimation accuracy of

pitch angle error is related to the pitch angle, time
delay estimation error and array size of photoelectric
detector.
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3.3. Distance error analysis
According to the error theory, the standard de-
viation of the azimuth error is from the formula (39):

(44)
By (44) the accuracy of the distance estimation is:

(45)
Given that the blast site is located in the far field,
r>> ct,, from formula (32), (45):

(46)
By the (46), the distance error estimates are related
to the array size, the time delay estimation accuracy,
the pitch angle, the azimuth angle, and the explosion
light to the measurement model.
4. Error simulation and analysis
In the practical application environment, the mea-

Figure 2. ¢ = 30° error of azimuth and pitch angle and
array size variation diagram
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surements of external environment is more complex,
in addition effective speed of light error affected by
temperature, humidity, wind speed caused by the out-
side, and array optical model, size and signal arrived
time of different position of photoelectric detector
difference. In order to verify the performance of the
five element array model, the MATLAB simulation
can be used to view and compare the effect of the
different variables on the positioning results.

4.1. Simulation analysis of azimuth error

Formula (41) shows that: In the case of certain
error of time delay estimation, the accuracy of the
error estimation of the three-dimensional array of five
elements is related to the pitch angle, azimuth angle
and array size of the explosive light. Assume
, ,r=1000m , the relationship between
the azimuth error and the array element size and the
pitch angle is shown in figure 2, figure 3, figure 4:

Figure 3. ¢ = 45°rror of azimuth and pitch angle and
array size variation diagram

Figure 4. ¢ = 60° error of azimuth and pitch angle and array size variation diagram
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From Figure 2 we can see that when the array size
d or pitch angle @ close to 0, the azimuth error are
suddenly increased; When the d >75 m or 6 > 0.3 rad
error in the distance slowly decreases and tends to a
constant value, can obtain small azimuth error. From
Figure 3 and Figure 4 shows the azimuth angle has
little effect on the azimuth error when the size change
when d >75 m or 6 > 0.3 rad; When the array size d
or pitch angle @ close to 0, the rate of change of the
azimuth error is large and suddenly increases more
quickly.

4.2. Pitch angle error simulation analysis

Formula (43) shows that: In the case of certain
error of time delay estimation, the pitch angle
error estimation accuracy of the five element array is
inversely proportional to the size of the array, size of
the explosive light and the pitch angle of the optical
detector, has nothing to do with the explosion light
azimuth angle. Assume , , the
relationship of the pitch angle error with the array
element size and the pitch angle is shown in figure 5:

Figure 5. Relationship chart of pitch angle error and pitch angle and array element size

As can be seen from Figure 5, array size d < 75
m or 0 < 0.6 rad ,pitch angle error increases rapidly;
d>75mor 6 > 0.6 rad, , azimuth error changes gra-
dually sharp decreases and tends to be gentle, indica-
ting that the range can be obtained within a smaller
range of angle error.

4.3. Distance error simulation analysis

Formula (46) shows that: In the case of certain

Figure 6. 9=30°Relationship chart of distance error and
pitch angle and array element size
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error of time delay estimation, the accuracy of the
distance error estimation of the five element array-
is related to the pitch angle, the azimuth angle and
the array size of the explosive light. Assume

, ,# =1000m , the relationship be-
tween the azimuth error and the array element size
and the pitch angle is shown in figure 6, figure 7, fig-
ure 8, figure 9:

Figure 7. ¢=45° Relationship chart of distance error and
pitch angle and array element size
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Figure 8. 9=60° Relationship chart of distance error and
pitch angle and array element size

From Figure 6: Under the condition of 7" = 1000m
,0=30° , when d >150m , the distance error is close
to 1™ when the array size is constant, the greater
the pitch angle the smaller the distance error. Con-
trast Figure 6, figure 8, Figure 7 shows, the change
of azimuth angle has little effect on the distance
error. Observe figure 9, explosive light distance
of the five element array model of the origin of the
=1000m is located at the top of the r=500m chart.
Under the condition of , — 1000 » Wwhen the array
size is d >180m , the distance error O, . Under
the condition of 7 = 500m , when the array size is d >
40 m, the distance error o . <lm. By (2-8) and Figure
9, when the target distance of five element array mo-
del is far from the origin, the higher the dimension of

the model is, the accuracy of distance error estima-
Table 1. Experimental data comparison
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Figure 9. » =1000m, r = 500m distance error and
pitch angle and array element size change diagram

tion can be reduced by increasing the array element
size.

In the analysis, the three-dimensional array of
five elements can effectively use the passive light to
3D coordinate location of the explosion point. Time
delay estimation error % in a certain precision
range, by setting a reasonable array element size
can ensure the positioning accuracy, more precise 3D
coordinates.

5. Testing and data analysis

In order to facilitate the experimental data mea-
surement and verification of the accuracy of the po-
sitioning performance, do a certain point of tipping,
and get the tipping point P (150,80,420). , the
experiments were done in d =100m and g = 200m
respectively, experimental data are as follows:

Array d =100m d =200m
element size
r=453.1004303683677m 7 =453.1004303683677m
Theoretical [ _ <7 563773059854550° 6 = 67.963773059854550°
value
Theoretical
delay
t, = - 6.7729100669065667x10 5
= 453.1004303683644m = 452.1539093026779m
Model results
o, =2.55055058058256m o, =5.5407277079007 1m
Thzorletlcal o, =0.002432359240007° o, =0.00418174032675°
cla
Y o, =0.000001016445715° o, =0.000006728933896°
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6. Conclusions

In this paper, a passive optical positioning algo-
rithm based on the three-dimensional array of five
elements is studied, which solves the problem of 3D
coordinates of the point of the air blast in the near
surface, the error factors affecting the positioning
accuracy of the positioning algorithm are analy-
zed theoretically, the corresponding error analysis
chart is given, after the comprehensive analysis, the
improvement method and the way are put forward.
Finally, the correctness of the error analysis is veri-
fied by experiments. Experimental results show: the
size of the array element directly determines the size
of the measurement error, when the measured burst
point distance origin measurement is certain, the
greater array element spacing, the higher measur-
ing accuracy. In this paper, the passive optical posi-
tioning algorithm and the three-dimensional array of
five elements model are well realize the 3D coordi-
nate positioning of aerial blast point, avoid the planar
cross array bring in blind area, overcome the problem
that the passive acoustic localization is easily influ-
enced by environmental factors.
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