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A Dim Small Target Detection Algorithm
Based on Multi-Features Fusion Algorithm
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Abstract: Based on the transcendental information under the specific scene, by analyzing multiple features’
performance on dim small target detection, this paper designs a dim small target detection algorithm,
which combines multiple features’ Eigen values by taking advantage of the multiple features. Taking the
following three features as examples, the Space Gray Model Matching, the Region Gray Weighed Entropy
and the Adaptive Thresholding in Frequency Domain, based on the transcendental detection results of
multiple features under the specific scene, we propose two multi-Eigen values fusion method by using
probability theory. Experiments show that the two methods can both effectively improve the performance
of dim small target detection in a single frame.
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such as the EFK (extended Kalman filter) algorithm
and the PF (pipeline filtering) algorithm etc. The
TBD have been highly improved in the terms of the
detection accuracy, the detection speed and the

0 Introduction

For the detection of dim small targets, there are mainly
two categories: the TBD (tracking before detecting)

algorithm and the DBT (detecting before tracking)

algorithm[l'sl. Because of the complicated calculations,

the research on the TBD algorithm just stayed at
theoretical analysis in the past. But in recent years the
TBD is becoming more and more popular with the
development of computer technology and the new

algorithms about it which has been proposed recently,
Weis HHER: 2015-03-11; f&iTHHR: 2015-07-20.

reliability, but the complicated calculations still limits
its further development and appliances. On the other
hand, although the research on the DBT started earlier,
its reliability and detection accuracy are no better than
the former™”. When taking both the appliance and
implementation into consideration, we will see
advantages of the DBT which don’t need very
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complicated calculations. So, it has been widely used
in real-time monitoring applications. In this paper, we
analyze and design three developed detection algori-
thms, combined with characters of the imaging system;
we construct two three-feature fusion methods finally.

1 The Multi-features Fusion Algorithm

The traditional single-feature target detection has
highly developed after years of research, which can
realize detection of the small targets from different
feature domains. While, its shortages are obvious that
it often gains unsatisfactory effect in the area of dim
and small target detection. Since the dim and small
target imaging process is subject to the energy
equivalent and high-energy clutter, the target detection
will be affected by the complex background and noise
in  most single-feature domain, the detection
probability also largely limited to imaging conditions,
system noise. The primary task to improve the effect
of detection algorithm is how to avoid the peak of the
interference which called “the blind area” when using
single-feature algorithm.

Here, we will introduce a target detection method
based on the multi-features fusion algorithm. In this
algorithm, we can extract and select mutual independ-
ence features according to the environment of the
target and imaging system to ensure that the different
features can make up for deficiencies in each single-
feature algorithm, and finally improve detection pro-
bability. In order to illustrate the problem more clearly,
multi-features fusion algorithm will be introduced in
the following.

Hypothesis, there are three characteristics will be
used: E(the Region Gray Weighed Entropy algorithm),
S(the Adaptive Thresholding in Frequency Domain
algorithm), F(the Space Gray Model Matching
algorithm), the Eigen value CDV (Character Digital
Value ) corresponding to the three features is defined as
follows:

CDV1=fi(E) (1)
CDV,=f(S) ()
CDV;=f5(F) 3)

The f;, f,, f3 is Eigen value calculation functions of
the three features; we can calculate target detection
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probability depending on corresponding feature’s
probability distribution by the following formula:

‘[EVILJ(X) X

- PDFhack i(X)

P =pt, (CVDi): — PDF_ (y)
ﬂ'J- T Uy

= PDE.._ (1)

back _i

(4)

Where: pt; is the probability distribution of the

feature i; The PDF, (x) , PDF_ (x) is the

tar _i

probability density function of the target and
non-target points under the feature i Whether a pixel is
a target or not, it depends on its feature’s probability P;.
Based on the calculated transcendental probability
distribution, we can solve each feature’s joint
probability distribution by using the above formula.
After acquiring the feature’s joint probability
distribution, this paper will use the following two
kinds of methods to estimate whether a pixel is a
target.

1.1 The Multi-features Fusion Method 1

The essence of multi-feature fusion target detection
method is sampling probability density with using
different methods. So, we need calculate the
probability distribution of each feature, and estimate
the probability that the being-detected point is a real
one.

Here, we have three features: the RGWE (Region
Gray Weighed Entropy) , the SGMM (Space Gray
Model Matching) and the ATFD (Adaptive Thres-
holding in Frequency Domain) as examples to calcu-
late their probability distributions P;. Using the above
method, we can calculate the probability distributions
of three features as follows :

1) The Region Gray Weighed Entropy Algorithm!?

2) The Space Gray Model Matching Algorithm!

3) The Adaptive Thresholding in Frequency
Domain Algorithm!**®

The probability calculating formula is shown as the
following:

1 n
arget g - ptl CD\/I (5)
T g+, 4+, Zl (%)
>a-=1 (6)
i=1
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In this article, three weight variables is q;=1/3, Q2
=1/3, g3=1/3. The normalized probability density
distribution of both the target and non-target points of
the three algorithms are shown in Fig.1, Fig.3, Fig.5,
The normalized probability distribution of the target
points of the three algorithms are shown in Fig.2,
Fig.4, Fig.6. The features and their joint probability
distribution are continuous, complex curve in the
above formula, we should interpolate, fitting when
detects target, it will increase the complexity of
operation. Therefore, to ensure the accurate and
reliable of algorithm, we modify three joint probability
distributions as follows.

Probability Distribution@Entropy
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Fig.5 PD of target and non-target points

1) To normalize the probability density distribution
for each characteristic. Normalize Eigen value CVD; of
No. i, the segmentation threshold is Ti1, Tiz, ***, Tin—a),
it is normalized as N interval, and so on, the number of
segmentation threshold we can get is i X (j—1). Here
we assume the i=1, 2, 3, N=10.
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Fig.2  Normalized PD of Target points
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2) Calculate the mean of various feature’s proba- 1
P NP=— 1 $°q.NCDV, (11)
g, +0, +0; =

bility in each interval PD; ,as follows:

___ [ pt,(cov,)dcvp,
PD;=—1> ()
[ et (cDV,)dcvD,
Where: i=1, 2, 3, j=1, 2, 3,-*, N, Tjpequals to —oo,
Ti equals to+oo. Three normalized features’ proba-
bility in each interval is shown in the Fig.7 to Fig.9.
3) Calculate multi-feature joint probability distri-
bution Prarget:

13
Target :gzllkZ:l:PDik “H, 9)
o 1 Ti(H) <CDhV, <Tij (10)
"o others

1.2 The Multi-features Fusion Method 2

We will construct new characteristic NP (normalized
parameter) , then analysis both the target point and
non-target points’ NP distributions, count the NP’s
probability distribution NPD. NP is formed by

downward formula:
Probability @E

Probability @F

NCDV; (Normalized Character Digital Value) is
Normalized Eigen value of feature i, it’s calculation
formula is shown as the following:

NCDV = | (PDF_ (X) + - Py, ()¢

J-_ (PDFtar|(y)+,u'PDFback_i(y))dy
The PDF, ;(x), PDR, ; is the probability

density function of the target and non-target points
under the feature i; x is an adjustment coefficient, and
it was be set to be 1 here. Then by fitting the tran-
scendental data with the following formula, we can get
the relationship between the NP and the NPD as
followings:

(12)

NP PDF_(x )
Lo PDF, (x)
2 [P0y

~ PDF_, ()

With the same normalizing method as the Multi-
Features Fusion Method 1, we can obtain the NPD,

and the discrete distribution between NP and NPD, ,
which is shown in the Fig.10 and the Fig.11.

NPD =npt(NP) =

(13)
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In order to achieve the goal of fast target detection
in practical application, we need normalize the proba-
bility distribution curve; the normalizing method is
identical to the first method in feature normalizing.
After test, infer and calculate the NP’s probability
distribution is shown in the Fig.12.

1.3 The Comparison of Two Methods

The method that dim small target could be detected
with joint probability of multi-features has been
constructed by method 1. The target detection is based
on three relatively independent feature in their feature
domain and the method diversities the measurement
ways of target detection and improves reliability and
detection probability of single-frame target detection
effectively, strongly offsetting their own non-sensitive
parts of target detection between features through
subtly constructing joint mode of multi-features.

Although multi-features fusion algorithm is more
reliable than that with any single-feature detection
algorithm, large amount of calculation would be
needed and the Eigen values of all features need to be
calculated respectively. Therefore, the performance of
the algorithm depends on the reasonableness of
selected features, which contains amount of calcu-
lating these Eigen values, the correlation extent of
these features, and their individual target detection
ability in a specific environment and so on.

Compared with method 1, method 2 could merely
store less probability function quantitative values
NPD, while running and is easy for hardware
implementation because of smaller occupied storage
space. Moreover, the calculation including three

normalization operations of features, one construction
operation of multi-features and one numerical search
could accomplish the estimation of probability and the
amount of calculation will be relatively small.

What the shortcoming is, that the method need to
collect large statistics of samples while carrying on
curve fitting of transcendental probability distribution
function in the early stage to ensure diversity of
samples and reliability of results. The target condition
out of samples of early stage will result in lower
reliability of processing results.

2 Experiment Result and Analysis

In order to ensure the effectiveness of experiment
results, the data is obtained from the same imaging
system, and similar target is taken images in the same
applied circumstance of data acquisition. These 200
images including target are respectively detected with
three single-feature methods and two multi-features
methods, the detection result figures are shown below.
From Fig.13 to Fig.17, the detection results of 200
frames including target images by using corres-
ponding target detection algorithms are shown in the
left. It is concluded that the detection probability
fluctuates to some extent when images change with
time, which may mainly because the target SNR vary
strongly in the successive images with strong back-
ground intensity. The right figures collect statistics of
200 frame images’ detection results for all kinds of
algorithms and clearly explain the relation of these
algorithms’ performance and the SNR of the target.

Probability @FusionAlogrithm

1

0.8

0.6

NPNP

0.4

0.2

Fig.12 Normalized PD @multi-features fusion algorithm 2

639



$316 Fe
201548 H

EANENE S N
Infrared Technology

Vol.37 No.8

Aug.

2015

640

TargetProbability @Entropy

TargetProbability @Frequence

TargetProbability@Space

TargetProbability@method 2

TargetProbabiIityDistribute

Ll il m
i) (MR

0.8

0.6

0.4

0.2

0 50 FrarﬁQRIumblso

0.8

0.6

0.4

0.2

0.8

0.6

SRR Rk F K Rk R Kk
I T S

*l# %*%%‘**HF

#4@\4@ M L L‘L

AR
T — T g

e
1

ok oolbok ok | ek o

TargetProbability @Entropy

200

TargetProbability Distribute

! i e
| |
| |
0.8F------- . —— E———
| |
| |
-
0.6/~ e -
: -
| |
0.4 - T T
| W 1
0.2F-—————- N SN
AR A
0 oy : :
0 5 gNR 10O 15

Fig.13 The results by the Region Gray Weighed Entropy method
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Fig.14 The results by the Adaptive thresholding in frequency domain method
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Fig.15 The results by the space gray model matching method
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Fig.17 The results by multi-features fusion method 2

As is shown in the left images, target detection
probability has been improved in statistics after taking
multi-features fusion algorithm and the values of
target detection probability could mostly be increased
to more than 0.5. As is shown in the right images from
the view of the SNR, the detection probability, for the
targets with the same SNR, by taking an arbitrary
single-feature target detection algorithm is lower than
those by taking multi-features fusion algorithms.
Especially for low SNR target, fusion algorithms
obviously get higher probabilities over most single-
feature algorithms by 0.3.

3 Summary

In the theory, after selecting reasonable features,
multi-features fusion algorithm can take all the
features’ advantages of target detection by analyzing
images in several features’ domains to overcome their
shortcoming. In this way, the performance of the
multi-features fusion target detection algorithm has
been highly improved. What’s more, by taking the
advantages of the difference sensibilities to target
condition between the features, and by accomplishing
the detection missions in different stages with different
features dynamic, the method could decrease the
calculation of multi-features fusion algorithm effect-
tively. Especially for the low SNR targets, the effect
could be better.

However, there are still some drawbacks for the
algorithm. The first problem is the selection of
relatively independent features. When taking the
design and selection of features into consideration, it’s
difficult to guarantee their relatively independent,
because they are often relative directly and indirectly,
besides, the weight relationship among features will

also have an effect on the performance of this algori-
thms. So, more research needs to be carried on for this

algorithm.
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