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Abstract

To improved photoelectric detection performance and enhance the target recognition rate in
photoelectric detection system, this paper set up target optical property model in
photoelectric detection area based on the theoretical knowledge of illumination, analyze the
influence factor of detection system, give the calculation and deduction; set up the D-S data
fusion reasoning model and research target recognition algorithms for data fusion and
Multi-sensors signal fusion algorithm. Through experiment and calculation, when the sky
background luminance is greater, the detection performance is weaken in photoelectric
detection system, the new D-S evidence reasoning method can effectively improve target

recognition rate.
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1. Introduction

In recent years, with the development of
technology, target tracking and detection
technology at home and abroad has made new
breakthroughs, it is also research hotspot[1-2].
Development and application of infrared
technology in particular has the broad application
prospect, which promote weapon guidance,
infrared warning and real-time surveillance and
other aspects of reform. Target tracking is a
classical problem in computer vision, its basic
task is to determine or estimate the position,
velocity and effective features on interested
targets of video sequences|[3].

In the civil context, the application of
target tracking such as video coding, intelligent
transportation and video surveillance, provide
oversight and supervision role for travel safety to
avoid the occurrence of accidents. To effectively
identify the target information, we must master
and analyze the target feature, tracking dynamic
feature, target information recognition and
processing, and so on[4]. So, Data association is a
kind of information processing of multi-source
sensor network technology. Through the analysis
and extract of the relationship between multi-
source data, it can be obtain the target information
that from a single sensor can not to get. The way
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of multi-source heterogeneous detection has the
principle of complementarities by itself, in this
way; through the associate information sensors
can solve the problem that original detection
system cannot to solve. It provides a broader
method and ideas for information fusion
technology, D-S evidence reasoning method is
based on the detection of independent sensors[5].
In many practical applications, although the
probability assignment function of each sensor is
independent, and they may detect the target at the
same time, but their information related to certain.
This information is not reflected in the traditional
evidence reasoning, which does not make full use
of multi-source information. The establishment of
data association method between the sensors will
make full use of the related information, in order
to improve the system's target recognition
probability. To improve the performance of the
photoelectric detection system, this paper studies
the target optical property and the multi target
information fusion processing method.

2. Target optical property in
photoelectric detection system

2.1 The basis principle of photoelectric
detection system

Figure 1 is the schematic diagram of
photoelectric  detection system. photoelectric
detection track rotating platform includes angular-
encoder and rotational structure, the rotational
angle can be show in computer, synchronous
trigger provide a trigger signal to the image
acquisition module, under synchronous trigger
control, computer processing system can gather
target image and dispose it by image processing
techniques, at last, synchronous tracking target
information can be gained.

optical axis |

Tc-/\ rget

synchronous image acquisition computer
trigger module processing system

Figure 1. The schematic diagram of photoelectric
detection system

2.2 Target optical property calculation model
According to the optical detection principle of
photoelectric detection system[6], assuming that

the background light spectral irradiance is E, (1),
the optical detection system of radiation
luminance is E;.

E, = | f E,(A)dA (1)

In (1), A4 and A, are the spectrum
wavelength range of the optical system imaging
CCD detector response, according to the effective
aperture of optical lens, optical detector total
luminous flux of photoelectric detection system is
V.

1 s [k
y = 7D -Ll E,(A)dA @)

D is the aperture diameter of optical lens.
If tracking platform optical lens light
transmittance isz , then spectral flux obtained on
the photosensitive surface of the CCD detection
element is

1 e
1//=Z'7ID2~1'0-L1 E,(A1)dA (3)

Assuming that CCD exposure time ist,

the total radiation on CCD detector element
sensitive surface is

t 1 2
M :jo y/(/i,t)dtzz‘ﬂDz‘tof‘Ll E, (1A (4)

According to the detection principle of
CCD photoelectric couplin, assuming that the
CCD detector spectral quantum efficiency is
n(A), then the photo generated electron number

of CCD photosensitive surface is:
1 ) 2 A
N(2) = 7D -to-r-Lﬂ n(2); B, (1) (5)

In electro-optical tracking system, if the
target imaging covering energy is divided equally
by npixel of CCD, each pixel photo
generated electron number is:

N'(2) =%N(ﬂ) ©)

Then the outputvoltage value of
CCD photosensitive device is

eotyr 1 2 [ A 7
D L1 n(2) B, (2)d2 (7

V=""s? . —_ .7
C-G 4aM

In (7), ois the total charge
transfer efficiency, G is the amplifier
gain, C read the equivalent capacitance, e isthe
electron charge[7].

Through the relationship between the
natural numbers and the target signal detection
circuit noise signal output voltage, photoelectric
detection ability of the tracking system can be
obtained.

3 Target recognition algorithms for data fusion
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Established on the basis of the underwater
target recognition, in order to obtain the real target
signal, we need to identify and the relevant data
reason the underwater target detecting sensor
network , and provide a reliable identification for
underwater detection system[8]. Assuming that
P(x) and P(Xp) are two independent
underwater sensor evidence emerged of target
recognition probability, P(Ax,) and P(AX2) is
a probability that the evidence of two sensors and
associated evidence. Also determined probability
of the target, when the given correlation values

appear, namely £, . the conditional probability can

be gain by formula (8),(9) and (10).

P(Al%) = p(Alx)/ p(x) ®)
P(AIX) = P(A[X;) ] p(x,) ©)
B =p(AIX)/ p(x)+p(Alx)/ p(x;) (10)

According to (9), because of detection
sensors with independent probability assignment
function and sensors associated independent from
each other in multi-sensor photoelectric detection

system, . can be used as independent judgment

evidence, as the basis of D-S evidence reasoning.
In this way, the multi-sensor photoelectric
detection system can obtain p+q evidences, q is
the number of relevance of evidence. Because in
assuming that the sensors have independent
probability assignment function, and sensors
associated independent each other, so the system
of ¢ associated criterion can be directly through
the laws of D-S evidence reasoning synthesis[10].
Although, £, independent each other, compare
with the original sensor output information is not
independent, so B and the original sensor

criterion mi cannot directly synthesis with the
laws of the D-S evidence reasoning. At the same
time S must be alone based on D-S evidence

reasoning rule of synthesis.

Suppose, a detection system contains P
sensors, the detection probability assignment of
each sensor to target isW,. The sensor P, and

q(q < p—21) sensors associated. So, when every
association evidences appears, it will give support
to the sensor B of target detection probability
assignment[11-12]. Let the ratio of correlation
information of real measured relevance and the
setting relevance to K, at the same time ,setting

the impact factor of related information to be A .

According to the relevant information, it can give
out the revision value of W, .The modified

calculation method of W, can be expressed by
formula (11).

W, = (1+pz_1ﬁ’iKi)Wi (11)

i=1
W, is the revision value of W, . When P, does not

1
correlate with another sensor, K, =0.

Based on (11), Sensor modified detection
probability assignment still meets the application
conditions of D-S evidence reasoning method; it
can be synthesized by D-S evidence reasoning
synthesis method.

4 Multi-sensors signal fusion algorithm

Assume that there are m numbers of
evidence; for each of the evidence, there is a basic
probability assignment function of M. M is a
mapping from 0 to 1, at the same time satisfies the
formula (12).

M (¢)=0
D> M(A=L

AcO

0<M(A)<1 (12)

’

Suppose there are g+1 sensors exist two
independent associations, according to the
formula (12) calculate the threshold value of
correlation probability of target assignment, its
corresponding  basic  probability assignment
function isM (A), and meet the D-S evidence

reasoning conditions.
M(A) =M, (A®M,(A) = Y w (13)

XNY=A
In(13), K= > M, (X)xM,(Y) A= .
XY D

After obtain M(A), system obtained under
the two combined evidence reasoning results, at
this time as well as the results of the two
reasoning according to the conditional probability
calculation to merge, it also can continue to
according to D-S evidence reasoning to
approximate synthesis the combination of
evidence reasoning results.

5 Calculation and experiment analysis

5.1 Detection ability calculation and
analysis

According to the calculation principle
mentioned above, we chose the optical lens focus
is 85-125mm in the design of photoelectric
detection system, and the conversion response rate
of the photoelectric detector is(3~4.5)x10°us.

Based on the SNR’s formula of photoelectric
detection system, the detection signal-to-noise
ratio change curve of the photoelectric detection
system in different sky background luminance can
be obtained under the condition of the changeless
solar altitude angle in the sky-screen detection
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area, when the target Iuminance 1s 5 star
magnitudes and 6 star magnitudes. The figure 2
shows the change curves SNR versus sky
background luminance.

8
v\ - 5 star magnitudes
" — 6 star magnitudes
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Figure 2. The varied curve of SNR under different sky
background luminance

It is known from figure 2 that the SNR
decreases with the increases of the sky
background luminance, when the photoelectric
tracking optical detection system design
parameters are changeless. The SNR is less than
5.6 when the sky background luminance is greater
than 2.0x10%cd/m?, which is lower than the
photoelectric detection system steady working
requirement. It means photoelectric detector
output saturation and the photoelectric detection
system cannot detect and recognize the target
information; when the sky background luminance
is greater than 2.0x10%cd/m?, it will results in
abnormal working of the photoelectric detection
system.

To improve the detection sensitivity of the
photoelectric detection system in the strong
background illumination effectively, the sky
background luminance should be
(0.5-2.00x10%d/m?, it is conducive to the
improvement detection performance of the
photoelectric detection system, and the dynamic
information capture rate of space target is very
high.

Figure 3 shows the different caliber
targets detection capability curve in different
background illumination. From figure 3, we know
if photoelectric detection system detects the same
caliber target, with the increase of the background
luminance, the SNR reduces and the detection
ability also decreases, and it illustrates that this
condition is not conducive to detect targets. When
the target caliber increases, the photoelectric
detection system detection ability improves,
which is mainly reflected in that the detection area
of the space target increases, then the light energy

obtained by the electro photonic detector

increases.
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Figure 3. The varied curve of detection magnitude
limit and different diameter at different background
luminance

5.2 The experimental analysis on data
fusion recognition processing

Based on D-S evidence reasoning, if a
framework  for  target  recognition is

Q={nn,n;}, the detection system uses four

kinds of sensors to design photoelectric detection
system, we calculate and analyzed their measure
data by different multi-sensors detection system.
The basic probability assignment function
corresponding to a sampling period is shown in
Table 1, which represents the basic probability
assignment function of uncertain proposition.
There is a correlation between the two groups of

sensors corresponding. Y, ~ Yy, are four sensors
target recognition probability under Q.

Table 1.The basic probability assignment value of four
kinds sensors

Target

recognition n n, n, Q
probability

Y, 0.21 | 0.26 | 0.28 | 0.191
Y, 0.25 | 0.27 | 0.15 | 0.302
Y, 0.17 | 0.31 | 0.22 | 0.385
Y, 0.24 | 0.18 | 0.34 | 0.351

Table 2 is target judgment probability
under the calculation of a given correlation value.

In table 2, o, represent sensor 1 and sensor 2
correlation degree, o, represent sensor 3 and
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sensor 4 correlation degree. Based on table 1 and
table 2, we assemble Y, ,Y, Y;andY, ,and obtain
the correlation value. Without considering the
correlation information y,,Y, Y;andy,, the four

kinds of evidence synthesis probability can be
calculated, the result can be shown in table 3.

Table 2. Target judgment probability under the
calculation of a given correlation value

correlation

degree M N, s
oy, 0.221 0.035 | 0.047
Oy 0.023 0.031 | 0.029

Table 3. Four kinds of evidence synthesis probability

evidence

synthesis n n, n, Q
probability

K, 0.31 |0.36 | 0.27 | 0.154
Ky 0.24 |0.32 | 0.21 | 0.143
K134 0.38 | 0.32 | 0.36 | 0.122

In table 3, x, and &k, Iis target

recognition probability on the sensor 1
respectively with other sensors’ evidence

synthesis. Such as, x;, is sensors 1 and sensor 2
synthesis recognition probability. x;,, is sensor 3
and x, synthesis recognition probability under

certain condition, x,;, IS sensor 4 andx;,,

synthesis recognition probability under certain
condition. Through calculation and analysis, we

can calculate target determine probability A,

under the condition of a given relational values,
table 4 is the value of target determine probability.

Table 4.Target determine probability S, and /3,

target

determine n n, n, Q
probability

B 0.26 | 0.27 | 0.26 | 0.158
B, 0.33 |0.29 | 0.38 | 0.131

We combine B, and f, by using D-S
evidence reasoning method, and get the

probability distribution of four sensors after
combining, Table 5 is total recognition rate.

Table 5. Total recognition rate of four target fusion

total
recognition rate My N, N, Q
P 0.44 |1 0.40 | 0.26 | 0.128

Through the comparison and analysis, D-
S evidence reasoning method can improve
recognition rate. Strong correlation original goal
was to improve the probability of detection,
conversely, if target signal are not correlation, the
target detection recognition rate will weaken.

From the whole experiment process, the
D-S evidence reasoning method that based on the
data association has two cores. First, it is how to
get the correlation information from multi-source
sensor data. Second, it is how to make full use of
the correlation information, to form a correct
judgment for the target. The method mainly is use
the application of the correlation function to get
the target detection probability and the correlation
information. And this method solves the problem
of the extraction and application for the
correlation information in multi-targets
recognition. At the same time, the method
effectively combines the D-S evidence reasoning
method, and greatly improves the overall
detection performance of detection system.

6. Conclusions

According to the principle of photoelectric
detection system, this paper set up target optical
property model in photoelectric detection area,
analyze the influence factor of detection system,
give the calculation and deduction, the result
shows when the sky background luminance is
greater, the detection performance is attenuated,
so, We must use reasonable extinction technology
to weaken strong background luminance
influence. In addition, these papers set up the D-S
data fusion reasoning model, and give calculation
and analysis; D-S data fusion reasoning can
effectively improve the recognition rate of
photoelectric  detection  system.  Through
experiment and calculation, after the introduction
of correlation information through the appropriate
approach, multi-source sensor detection system of
target recognition accuracy than traditional D-S
evidence reasoning method had obvious increase,
at the same time, the uncertainty of the system is
also greatly reduced.
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