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Abstract. With the continuous development of remote sensing technology,
remote sensing images and other multimedia information in the civil field has
become more and more widely used. Unmanned aerial vehicle (UAV)/satellite
image recognition and extraction of ground targets has become one of the
important means of information acquisition in the civil field. At the same time,
intelligent systems (such as mobile phones) have gradually become the core of
UAV/nano-satellites. In this paper, through JAVA, the recognition and extrac-
tion of static targets in remote sensing images are realized. This method provides
a theoretical basis for future image processing in remote sensing applications.
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1 Introduction

Space smart platforms, such as smart phones, are becoming the core of UAVs/nano
satellites. Since April 2013, NASA has used Orbital Science’s Antares rocket to launch
mobile satellites into space and explore their applications. This paper discusses the
application of target recognition and extraction in remote sensing image in intelligent
platform, analyzes the method of static target recognition and extraction in remote
sensing image based on intelligent system platform, and finally demonstrates the
method by using JAVA to verify the vehicle in parking lot, which provides theoretical
basis for remote sensing satellite image acquisition and processing in the future. The
foundation.

2 Principles

The core principles of static target recognition and extraction based on intelligent
system platform are: imaging a certain area of the ground by satellite or unmanned
aerial vehicle (UAV) camera; focusing on the scale problem in static target extraction
based on satellite image after pre-processing, the scale conversion of vehicle satellite
image in parking lot is carried out. In the evaluation and analysis of scale effect, the
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correlation between scale and object extraction is used to extract static objects, and all
the static objects identified in the image are numbered in order. The specific task flow
chart is as follows (Fig. 1):

2.1 Image Preprocessing

Image Enhancement
Image distortion often occurs in the process of acquiring images, which makes the
obtained image different from the original image to some extent. For some imaging
conditions, the weak signal is highlighted to make it easier to distinguish. The methods
of image enhancement are divided into frequency domain method and spatial domain
method. Spatial filtering is based on the relationship between pixels and adjacent
pixels. Neighborhood processing method in spatial domain is used to highlight some
features of the image. In each transform domain, the transformed coefficients, such as
the coefficients of Fourier transform, DCT transform and so on, are modified to
manipulate the image, and then inversely transformed to obtain the processed image.

(1) Enhancement of Grayscale Transformation

In case of x ¼ f ði; jÞ as the gray value of the original image, y ¼ Fði; jÞ as the gray
value of the transformed image, the relationship of the function y ¼ hðxÞ as follows:

y ¼ hðxÞ ¼
y1
x1
x; 0� x\x1

y2�y1
x2�x1 ðx� x1Þþ y1; x1\x\x2

255�y1
255�x1 ðx� x2Þþ y2; x2\x� 255

8><
>: ð1Þ

ðx1; y1Þ and ðx2; y2Þ are the two turning points. These two turning points determine the
slope of three straight lines.

(2) Histogram Transformation Enhancement

The cumulative distribution function is used in histogram equalization because the
cumulative distribution function is a monotone increasing function (control size rela-
tionship) and the range is 0 to 1 (control crossing problem), so the cumulative distri-
bution function is used in histogram equalization.
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Fig. 1. Task process diagram.
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In case of the area of the image f ði; jÞ is A, and there are L gray levels. ni is used to
represent the pixel list of the grayscale ri. Histogram equalization is to establish a
transformation T, that is, to construct a monotone increasing function is as follows:

r
0 ¼ TðrÞ; r 2 ½fmin; fmax� ð2Þ

The gray value r of the original image f ði; jÞ is transformed into the gray r
0 2

½gmin; gmax� of the output image gði; jÞ.
The formula for histogram equalization is as follows:

r
0 ¼ L� 1

A

Xi

k¼0
nk þ 0:5

$ %
; ði ¼ 0; 1; . . .; L� 1Þ ð3Þ

(3) Smoothing Filtering

There are two types of smoothing filtering: one is fuzzy; the other is noise cancellation.
Smoothing filtering in spatial domain usually uses simple averaging method, which is
to find the average brightness of adjacent pixels. The size of the neighborhood is
directly related to the smoothing effect. The mean filtering formula for setting A is as
follows:

Fði; jÞ ¼ 1
M

X
ði0 ;j0 Þ2A

f ði0 ; j0 Þ ð4Þ

(4) Median Filtering

The basic principle of median filtering is to replace the value of a point in a digital
image or sequence with the median value of each point in a neighborhood of the point,
so that the value of the surrounding pixels close to the true value, thereby eliminating
isolated noise points. It uses a neighborhood A containing odd points, which is called a
sliding window, and replaces the gray value of the pixel in the center of the window
with the median gray value of each point in the window.

(5) High Pass Template Filtering

The high pass filter can smooth the high-frequency components and weaken the low
frequency. The edge and detail of the image are mainly located in the high frequency
part, and the blur of the image is caused by the weak high frequency component. High
pass filter can be used to sharpen the image, in order to eliminate blurring and highlight
edges. Therefore, high-pass filter is used to let the high-frequency component pass
through, so that the low-frequency component is weakened. The 5 convolution tem-
plates commonly used for high pass filters are sometimes referred to as convolution
kernels.
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Simulation takes H5 as an example.

Target Edge Detection
In this paper, Roberts operator is used, which uses the difference between two adjacent
pixels in diagonal direction to approximate the gradient amplitude to detect the edge, so
it is also called four-point difference method. Vertical edge detection is better than
oblique edge detection. It has high positioning accuracy and is sensitive to noise and
cannot suppress the influence of noise. The formula for the Roberts operator is as
follows:

gradf ðx; yÞj j ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðf ðxþ 1; yþ 1Þ � f ðx; yÞÞ2þðf ðxþ 1; yÞ � f ðx; yþ 1ÞÞ2

q
ð6Þ

gradf ðx; yÞj j ¼ f ðxþ 1; yþ 1Þ � f ðx; yÞj j þ f ðxþ 1; yÞ � f ðx; yþ 1Þj j ð7Þ

Image Morphology Design
This section is mainly reflected in noise filtering, area filling, expansion and corrosion,
to a certain extent, can eliminate the resulting contour loss and other phenomena. The
algorithm used in noise filtering is first open operation, then closed operation; region
filling operation first assigns 1 to the point within the boundary as seed point, and then
fills it by iterative method; expansion and corrosion operations are defined as follows:

ðf � bÞðs; tÞ ¼ maxff ðs� x; t � yÞþ bðx; yÞ ðs� x; t � yÞ 2 Df ;
�� ðx; yÞ 2 Dbg

ðf � bÞðs; tÞ ¼ maxff ðsþ x; tþ yÞþ bðx; yÞ ðsþ x; tþ yÞ 2 Df ;
�� ðx; yÞ 2 Dbg

�
ð8Þ

Df and Db are the definitions of image f and structure element b, which are
determined by the width and height of the image.

2.2 Image Segmentation

In this paper, a threshold based image segmentation method is used in image seg-
mentation and initial recognition. The aim is to divide the pixel set according to the
gray level, and each subset is formed into a region corresponding to the real scene.
Each region has the same attributes, while the adjacent regions do not have the same
attributes. The basic principle is to divide pixels into several classes by setting char-
acteristic thresholds. Common features include gray or color features directly from the
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original image, and features transformed from the original gray or color values. In this
paper, we use the best threshold segmentation iterative algorithm. The steps are as
follows:

The steps are as follows:

1. The maximum and minimum gray values of the image are calculated by Pmax and
Pmin, respectively. The initial value of the threshold T is as follows:

T0 ¼ ðPmaxþPminÞ=2 ð9Þ

2. Then, according to the threshold Tkðk ¼ 0; 1; . . .; kÞ, the image is divided into two
parts: the target and the background, and the average gray value PO and PB of the
two parts are calculated, as follows:

PO ¼
P

pði;jÞ\Tk
pði;jÞxði;jÞP

pði;jÞ\Tk
xði;jÞ

PB ¼
P

pði;jÞ[ Tk
pði;jÞxði;jÞP

pði;jÞ[Tk
xði;jÞ

8>><
>>: ð10Þ

In the upper form, pði; jÞ is the gray value of the image at ði; jÞ, and xði; jÞ is the
weight coefficient of the gray value pði; jÞ, usually taking xði; jÞ ¼ 1:0.

3. The new threshold is calculated as follows:

Tkþ 1 ¼ ðPOþPBÞ=2 ð11Þ

4. If Tk ¼ Tkþ 1, then the program ends, and the final Tk is the best threshold T.
Otherwise, k  kþ 1 returns to step 2.

2.3 Image Recognition and Extraction

The method of image recognition is based on template matching algorithm. A com-
monly used measure for template matching is the sum of squares of errors in the
corresponding regions of the template and the source image, which measures the
difference between the blocks and templates in the original image, i.e. the square error
measure. If f ðx; yÞ is the source image of M � N and tðj; kÞ is the template image of
J � KðJ�M;K �NÞ, the error square sum measure is defined as follows:

Dðx; yÞ ¼
XJ�1
j¼0

XK�1
k¼0
½f ðxþ j; yþ kÞ � tðj; kÞ�2 ð12Þ

Research on Image Static Target Recognition and Extraction 95



For upper type expansion, the following formula can be obtained.

Dðx; yÞ ¼
XJ�1
j¼0

XK�1
k¼0
½f ðxþ j; yþ kÞ�2 � 2

XJ�1
j

XK�1
k

tðj; kÞ 	 f ðxþ j; yþ kÞþ
XJ�1
j¼0

XK�1
k¼0
½tðj; kÞ�2 ð13Þ

If:

DSðx; yÞ ¼ PJ�1
j¼0

PK�1
k¼0
½f ðxþ j; yþ kÞ�2

DSTðx; yÞ ¼ 2
PJ�1
j¼0

PK�1
k¼0

tðj; kÞ 	 f ðxþ j; yþ kÞ

DTðx; yÞ ¼ PJ�1
j¼0

PK�1
k¼0
½tðj; kÞ�2

8>>>>>>><
>>>>>>>:

ð14Þ

In the above formula, DSðx; yÞ denotes the energy of the corresponding area of the
template in the source image. It is related to the pixel position ðx; yÞ, but the change of
DSðx; yÞ is slow with the change of the pixel position ðx; yÞ. DSTðx; yÞ template and the
corresponding region of the source image are correlated, which changes with the
change of the pixel position ðx; yÞ. When the template tðj; kÞ matches the corresponding
region of the source image, the maximum value is obtained. DTðx; yÞ represents the
energy of the template, which is independent of the pixel position ðx; yÞ of the image,
and can be calculated only once, which reduces the amount of calculation. After the
comparison of all pixels, finding the smallest error is the result of matching (Fig. 2).

3 Simulation

This section mainly compiles and implements the above contents. The parking lot is
used as the setting scene. The contrast expansion parameters are set as follows:
X1 = 50, Y1 = 30, x2 = 200, y2 = 210. The template of high-pass template filtering is
H5. The simulation results are as follows (Figs. 3, 4, 5, 6 and 7):

Fig. 2. Source images and partial template images
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Fig. 3. Visual preview of the original image and contrast extension, as well as comparison of
effects (top-left picture is the original one, bottom-left picture is the processed one, as contrast
extension)

Fig. 4. Histogram comparison before and after homogenization

Fig. 5. Template selection and effect comparison of high pass template filtering
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There are six target vehicles in the source image. After a series of processing, one
of the targets in the lower left corner is regarded as an invalid target because the edge is
not obvious. The other five targets can be recognized in the image, and the purpose is
basically achieved.

4 Summary

In this paper, the key technologies of remote sensing image recognition and extraction
system based on space intelligent system platform are analyzed and the strategy is
studied. The image pretreatment, target edge detection, image segmentation and pre-
liminary recognition are studied, which provides a theoretical basis for the future
remote sensing satellite image acquisition and processing.
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