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Detection and Tracking of Infrared Dim Small Image Sequence Moving

Target
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Abstract: Infrared dim target detection and tracking is widely used in precision guidance, automatic control and other
fields. As the small target imaging system has far distance, small area, low SNR infrared characteristics and undergoes
image preprocessing, dim target detection technology is more important and more difficult. As a full play of the ad-
vantages of infrared small target detection technique has been provided, this has significance in infrared imaging. Based
on introducing the tracking technology development status at home and abroad by the study of small target detection, the
problems of detecting and tracking small moving target in infrared image sequence of background noise and interference
conditions, aiming at dynamic planning in energy diffusion problem are presented. The improved algorithm of dynamic
programming is also presented including weighted dynamic programming algorithm and the realization steps of the algo-
rithm. Detection structure and the experimental results are analyzed. The results show that the algorithm has a good effect.
In the end, this paper studies the rejected false targets in IR image track association method to obtain real object trajecto-
ries for moving small target detection, so as to improve the detection rate and reduce the false alarm rate.
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1. INTRODUCTION

The requirements of modern high technology war weap-
on system include a fast response and good stealth perfor-
mance that can timely detect the target, track the target, cap-
ture and lock the target, and realize the effective attack [1-6].
The infrared detection and imaging distance tracking tech-
nology can well satisfy this condition as it possesses conven-
tional imaging modalities such as visible light imaging and
radar imaging compared. Moreover, it has the following ad-
vantages: better environmental adaptability to visible light,
especially at night and work ability even in harsh climate;
good hidden performance, generally passive acceptance of
the information of the target; the ratio of radar and laser de-
tector security and confidentiality, which is not easily dis-
turbed and discovered; compared with radar, its infrared
wavelength is short, can obtain the target image with high
resolution and is more suitable for the target key parts (point
of impact) choice [7].

With the increase of application and detection distance of
various infrared stealth technology, when the imaging sys-
tem and the target distance are far, even if the target itself is
very big, the projection in the image plane becomes a small
target, with size only a few pixels, or even a pixel [8-11].
Because of the requirements of the role of distance, target
with low SNR than the average gray level of clutter is some-
times even higher than the target gray. At the same time, this
kind of application has multi requirements of target detection
with real-time and low false alarm probability. This provides
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a dim target detection, causing difficulty in recognition and
tracking [12].

This paper studies wavelet transform infrared image pre-
processing method based on multi resolution analysis of
wavelet transform. The characteristics of suitable small tar-
get infrared image preprocessing, image preprocessing after
background clutter suppression and signal to noise ratio are
observed to be improved. Based on the research background
in infrared image sequences generated with target detection
algorithm based on Kalman filter, the principle of the algo-
rithm is given. Background generation method in time do-
main of the fading recursive least squares method and mov-
ing object extraction method has been used in the experi-
ment. The results show that the algorithm can detect small
target in infrared image target having better effect. On the
basis of pretreatment of small moving target continuity char-
acteristics, the sequence image motion of small target detec-
tion algorithm is studied based on weighted dynamic pro-
gramming while providing a dynamic programming (DP)
algorithm principle and analyzing the direct gray adding
method and dynamic programming based on the likelihood
function (DP) algorithm.

2. RELATED IMAGE THEORY AND RESEARCH
STATUS

2.1. Current Situation of Infrared Small Target Detection

Small infrared target detection and tracking is one of the
most challenging issues. From the beginning of 1989 [13-
16], SPIE organizes a "small target signal and data pro-
cessing" international conference every year for conducting
small target detection of new technology exchange. The
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United States [17] in the 20 century 50s and 60s began infra-
red search and tracking technology research work, which
was followed by France, Germany, Russia, Canada and other
countries carrying out the research work [18]. At present,
foreign research on "passive infrared early warning system"
technology to increase investment, especially in the United
States is an important task for national security defense sys-
tem. "Passive infrared early warning detection system re-
search" technology has also promoted the research work on
the subject of "detection of infrared dim small target". Alt-
hough, the research on the subject has begun recently at
home, but from the published papers, it can be seen that the
research is being conducted similar to the foreign level with
all kinds of new ideas. Moreover, new algorithm has been
put forward, and the theory system of infrared dim target
detection has been enriched and perfected [19, 20].

According to the different angles, the detection algorithm
can have different classification methods: the different in-
formation used can be divided into direct method and indi-
rect method; the detection and tracking of sequence can be
divided into different detections before tracking method
(DBT) and track before detect method (TBD); and also a
classification method of spatial filtering and time filtering
and static background and moving background classification
method [21]. The following classifications according to the
direct method and indirect method are introduced and a brief
analysis of the existing detection algorithms is conducted in
this paper [22].

The direct method of directly using the gray values of
pixels was detected. The flow detection algorithms can be
divided into three parts: first, background estimation, obtain-
ing the estimation of image; segmentation according to the
difference between the original image and the background
image and then obtaining the candidate target points; finally,
making use of the target's moving character, removing high
frequency noise points to obtain the real target [23, 24].

2.2. The Basic Principle of Sparse Representation

The number of vector elements contained are called vec-
tor dimension, an M dimensional vector by M elements, with
each element of the vector corresponding to the value of the
dimensions, namely ¢ ={¢,},i=12,...M T linearly inde-
pendent vectors ¥ ={¢,},i=1,2,...,7, can be composed of a
set of base and can use linear combinations representing oth-
er vector in this space. For any M dimensional vector space,
when T<M, the linear combination can be only a part of the
representation of space vector, which is called underdeter-
mined, or is incomplete. But when T=M, any vector s of M
dimensional vector space can only use linear combinations to
represent:

s=Yap,i=12,.,M
" (M

Because of the infinite matrix being at full rank, any vec-
tor s only carries on the decomposition, and is uniquely de-
termined by the factorization results obtained. Usually the
type (2) is written in matrix form:
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3. ADAPTIVE INFRARED SMALL TARGET DETEC-
TION FOR OVER COMPLETE SPARSE REPRESEN-
TATION OF IMAGE

3.1. The Infrared Small Target Image Model
Given a digital infrared image f(x,y) of size M x N , its
transformed form in the frequency domain is:

M-1 N

-1
Fy)= 0 ¥, 3 fy)exp(=j2n/M+wiN)  (3)
= =0

X

<

As in the 1-D case, (2) must be the evaluated values of
the discrete variables u# and vin the ranges u =0,1,2,....M -1
and v=0,1,2,..,N—1. Given the transform F(u,v), f(x,y)
can be obtained by using the inverse discrete Fourier trans-
form:

M-1 N-1

f,y)= ﬁ Z Z F(u,v)exp(j27(ux/M+vy/N)) @)

u=0 v=0

In general, the components of the Fourier transform are
complex quantities. As in the analysis of complex numbers,
it is more convenient to express F(u,v) in polar coordinates:

F(u,v)=| A(u,v) | exp(=j P(u,v)) )

where its magnitude A(u,Vv), namely the amplitude spectrum
of the Fourier transform can be expressed by,

A(u,v)=[R*(u,v)+ I*(u,v)]' (6)

And P(u,v), called the phase spectrum of the transform
is defined as:

_ I(u,v)
P(u,v) = arctan {—R(u, v)} (7

Both A4(u,v) and P(u,v) are the real and imaginary parts of
F(u,v) , respectively.

Because the zero-frequency term dominates the values of
the amplitude spectrum, the dynamic range of other intensi-
ties in the displayed image is compressed. To bring out those
details, a log transformation is carried out. The log amplitude
spectrum is obtained by:

L(u,v) =log(A(u,v)) )

For a better illustration of the above amplitude spectrum,
Fig. (1) (a) shows an original infrared image. Fig. (1) (b)
shows the amplitude spectrum.
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(a) The infrared image
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(b) The amplitude spectrum

Fig. (1). The original infrared image and its log amplitude spectrum.

Dim small target in image sequences detection and track-
ing is one of the key technologies of detection and tracking
system of imaging. The related technology which is involved
mainly includes image preprocessing, dim small target detec-
tion and tracking small target in three aspects. For the infra-
red imaging target detection system, usually the target is
always hidden in the strong background. In this case, if the
direct detection of target is very difficult, the most feasible
approach is to use some method of signal processing, remov-
ing the background interference in target detection, namely,
image preprocessing. Image preprocessing is the precondi-
tion and basis of target detection and tracking algorithm,
with its performance directly affecting the performance of
target detection and tracking.

3.2. Log Amplitude Spectrum Calculation

The endpoint detection is from a section of speech signal
in the detection of the starting point and ending point of
speech, deleting the silent section, in order to reduce the cal-
culation amount of feature extraction and accuracy, shorten
the training and recognition time system, and improve the
recognition rate. The traditional endpoint detection method is
used for obtaining image signal short-time energy and short-
time zero crossing rate because of the short time energy
point of view, maximum imaged signal and minimum sound
signal of silent period.

Suppose an image over frame processing after the N
frame signal for Xn (m), its length is denoted by N, defined
by short-time energy and short-time zero crossing rate:
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Fig. (2). Section of imaged signal and the image signal short-time energy.

N-1 ground, enhancing the contrast of the target, which is con-
E = Zx:(m) ) venient for small target detection and tracking follow-up.
m=0

The short-time zero crossing rate of Zn is:

1 N-1
Z = WZ‘sgn[xn(m)]—sgn[xn(m— 1)]‘ (10)
m=0 (a) Origin image
Sgn[] is the sign function, the expression for which:
1 >0
sgn(x)=4 * (11)
-1, x<0 (b) LP1 filtering image

Fig. (2) shows a section of imaged signal and the image
signal short-time energy and short-time zero crossing rate:

4. EXPERIMENTAL RESULTS (¢) LP1 difference image

Fig. (3) shows the experimental results of multilevel filter
method: Fig. (3) (a) is the original image containing target
part; graph (b) is the result of the first stage low-pass filter of
the results after Lpl graph: graph (c¢) is a graph; (a) and (b)
is the difference chart diagram. From graph (¢), it can be
seen that most of the background interference is filtered by
the residual noise and the target. Diagram (d) is a graph (b)
of the results of the second stage low-pass filter after the Lp2 . .
graph; graph (E) is a graph (a) and map (d) is the difference (¢) LP2 difference image
map which can be seen from the graph two times after filter-
ing with suppressed background signal and enhanced target
and noise. Diagram (f) is a graph (e) through which the re-

(d) LP2 filtering image

sults of the third stage low-pass filter after the map, when the . LO diff I .
noise is suppressed and the target is enhanced. Visible, mul- (f) LQ difference image
tilevel filter for infrared small target image that meets the Fig. (3). The experimental results of multilevel filter method.

above conditions can effectively suppress noise and back-
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Fig. (4). The image with the infrared small target.

Gauss gray model was first proposed by Chan. The sim-
ple point source target using two-dimensional Gauss distri-
bution has the mathematical formula as:

10,j) =1, exp(~3[ - +425) (12)

In the formula, Im is the maximum gray value at the cen-
ter of the target, the maximum brightness deciding target; ¢
X and oY levels are attenuation parameters and vertical at-
tenuation parameters, determining the target pixel value at-
tenuation characteristics; (X0, YO0) is the center position for
the target in infrared image; (i, j) is the coordinate of the
value of each pixel in infrared image. The figure below
shows the use of Gauss gray model. The pixel near infrared
small target model and the center of the generated values has
Im=100, with 6X and oy being 0.5, 0.5. Fig. (4) shows the
image with the infrared small target and the value of gray
scale image center Table 1.

Table 1. The value of gray scale image center.

5.2382e-10 2.1324e-7 | 1.6321e-6 2.1324e-7 5.2382e-10

1.3362¢-05 0.0058 0.0326 0.0058 1.3362e-05
0.0058 1.6257 12.3548 1.6257 0.0058
0.0326 12.3548 100 12.3548 0.0326
0.0058 1.6257 12.3548 1.6257 0.0058

1.3362¢-05 0.0058 0.0326 0.0058 1.3362e-05

5.2382e-10 2.1324e-7 | 1.6321e-6 2.1324e-7 5.2382e-10

From the graph, it can easily be seen that Gauss gray
model has shortcomings: attenuation is too sharp, causing
the target edge present a saw tooth shape, but the actual im-
aging infrared small target is generally relatively smooth
edge. Therefore, the need for Gauss gray level attenuation
model parameters and vertical attenuation ox and oy respec-
tively make the corresponding constraint. When Im is large,
X and sigma y should also take larger values but when Im is
low, X and the oy should also take a small value. The ratio
of Im and X and oy is within a certain range, which is the
improved Gauss gray model:

The value of the constraint parameter T1 and T2 is de-
cided by experience. The figure below shows the pixel near
infrared small target model and center Gauss gray model
generated using the improved value, including Im=100, X
and the Y as 0.5, 0.5, T1=20, T2=60. Fig. (5) shows the im-
age with the infrared small target and the value of gray scale
image center Table 2.

(b)

Fig. (5). (a) The image with the infrared small target, (b) the value
of gray scale image center.
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Fig. (6). The Kalman forecast tracker combined with template matching.

Table 2. The infrared small target and the value of gray scale
image center.
73.2367 78.8303 79.5432 78.8303 73.2367
82.5428 87.1628 90.0216 87.1628 82.5428
87.8943 96.7453 98.2342 96.7453 87.8943
92.6552 98.3264 100 98.3264 92.6552
87.8943 96.7453 98.2342 96.7453 87.8943
82.5428 87.1628 90.0216 87.1628 82.5428
73.2367 78.8303 79.5432 78.8303 73.2367

As the change situation of each pixel in the image is the
basic principle of Gauss distribution background model
based on Gaussian functions with Gauss, because of the
Gauss model proposed for every pixel point, so it has some
advantages of small target detection. Based on the Gauss
function, each point in the image modeling is different, and
the background modeling methods can be divided into two
distribution and distribution background modeling, and
background modeling.

Fig. (6) lists the Kalman forecast tracker combined with
template matching algorithm for target tracking results.
Here, respectively tenth, 20, 30 tracking results, 40, 50, 60,
70, 80, 90 frame diagram are intercepted.

CONCLUSION

With the development of infrared imaging, infrared im-
aging system has been widely used in aviation and space
remote sensing, night navigation, target detection and fire
control, guidance and other civil and military fields. Detec-
tion and tracking technology is one of the key techniques of
infrared imaging system as it uses the image processing al-
gorithm in clutter background and the strong noise environ-
ment target automatic detection. The key is the performance
of the algorithm on infrared imaging, and the intelligent de-

gree of the operating distance of the system. Research on
technology in the field of perfect development, new theories
and new algorithms is constantly emerging. Infrared imaging
of moving target detection and tracking has its special tech-
nical difficulties, as how the signal-to-noise ratio is low, the
environment of complicated background, when failure oc-
curs in the traditional detection method, and how the infrared
small target can be detected accurately in real time tracking.
Target feature extraction is a hot topic at this stage of re-
search at home and abroad.
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