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Abstract. In order to extract the key and useful features of the target in the
UAV video image and strong marking ability, a feature extraction method for
the UAV video image based on target tracking is proposed. The sparse beam
method is used to adjust the splicing of UAV video images. Based on this, the
pixel coordinates are obtained through the frame difference method to detect and
locate the target. According to the target detection and positioning results, the
video image of the target area is selected and preprocessed by the wavelet
transform algorithm Target area video image, and extract the target area video
image feature, through hierarchical particle filtering to achieve target tracking, to
achieve the extraction of UAV video image feature. The experimental results
show that: in the ORL database experiment, the average feature extraction
percentage is 78.08%, and the average target tracking error is 1.16; in the COIL-
20 database experiment, the average feature extraction percentage is 82.55%,
and the average target tracking error is 1.20, which meets the needs of UAV
video image feature extraction and target tracking.
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1 Introduction

As a new aerial remote sensing platform, UAV has the characteristics of fast sailing,
flexible operation and low cost. The digital cameras and digital cameras mounted on
the aircraft can obtain high-resolution video images, and the processing of video
images can satisfy the vast majority. The needs of most users in aerial photography and
target monitoring [1]. However, the video image acquired by UAV has the charac-
teristics of high altitude and small image amplitude, which can not reflect the overall
situation of the camera area. In emergency rescue, it is often unable to meet the needs
and applications of information. Therefore, it is necessary to use video image feature
extraction method to provide the target information of camera area. Using wireless
transmission technology, the video images collected by UAV can be downloaded in
real time. Video image has the characteristics of small frame, low resolution, large
amount of data and high redundancy. When aiming at a certain target, we can’t get the
complete information of the target quickly. Therefore, the feature extraction of UAV
video image has important practical significance and application requirements.
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From the existing research results, feature extraction is one of the most fundamental
problems in the field of pattern recognition, and extracting effective screening features
is a prerequisite for solving target tracking. The research of feature extraction has two
main purposes: one is to find the most discriminative description between targets, so as
to distinguish different types of targets; the other is to compress the dimension of target
data under certain circumstances [2]. According to whether it can be linearly separable,
the feature extraction method can be divided into two kinds: one is linear feature
extraction method, the other is non-linear feature extraction method. Among them,
linear feature extraction methods include principal component analysis, independent
component analysis, factor analysis, local preserving projection, linear discriminant
analysis, local feature analysis and multi-dimensional scale analysis. The linear feature
extraction method is easy to understand and easy to implement, and has been suc-
cessfully applied to many fields such as face recognition, character recognition, speech
recognition and target classification. In order to extract the key and useful features of
the target in the UAV video image and strong marking ability, a feature extraction
method for the UAV video image based on target tracking is proposed.

2 Research on Feature Extraction Method of UAV Video
Image

2.1 Drone Video Image Stitching

The time difference of UAV video image acquisition results in gaps between video
images. In order to obtain complete video image information of high quality, the UAV
video image is spliced based on sparse beam adjustment [3].

Sparse beam adjustment is a method of minimizing the error between the measured
value and the estimated value of the matching point based on the Levenberg-Marquardt
algorithm using the irrelevance of the projection matrix. In this method, the sparse
structure of the normal equation is used to reduce the computational complexity, and
the optimal solution of the normal equation is obtained quickly, so that the error
between the measured value and the estimated value of the matching point pair is
minimized.

The sparse beam method adjustment can be used to globally optimize the spliced
UAV video image, and minimize the conversion error of each video image to the
reference plane. The UAV video stream splicing belongs to sequence video image
splicing. If the video image is globally optimized, it can only be done at the end of
aerial photography. In order to obtain high-quality splicing video image in real time,
this study uses the center constraint to dynamically select the reference plane, and
ensures that the spliced video image has the local optimal characteristics each time the
reference plane is changed. Finally, the middle frame of the flight belt is taken as the
final reference plane to complete the splicing of UAV video stream [4]. The specific
splicing steps are as follows:

Step 1: Using UAV trajectory planning data to obtain the approximate range of the
shooting area, determine the longitude and latitude of the first and last video images of
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each flight area, and convert them into geodetic coordinates to determine the geodetic
coordinates of the middle position of the flight area.

Step 2: When the drone reaches the preset altitude and is flying at a constant speed,
calculate the ground area of the video image during vertical shooting, and then roughly
determine the video image to be extracted for a single flight strip according to the first
and last geodetic coordinates of the flight strip and the given overlap Quantity n,
recursively calculate n=2, and store the result of each calculation in vector v1, then
recursively calculate n=2þ nð Þ=2, store the result of each calculation in vector vr, and
transform the reference plane before and after the intermediate frame as Pli and Pri;

Step 3: according to the camera parameters, altitude and flight speed, calculate the
sampling interval of the key frame, extract the key frame and correct the video image,
and cut the corrected video image into the corrected image with the shortest width as
the image width and the width height ratio of 4:3;

Step 4: Perform sequence stitching on the cropped corrected images. Before the
middle frame, when stitching to the reference plane Pli, optimize the absolute
homography matrix of each video image to the i� 1th reference video image and re-
splice; when splicing to the middle frame video image Pn=2, the projection surface is
fixed to the middle frame to continue splicing. When splicing to Pri, the video image
that has been spliced after the middle frame is optimized using the middle frame as the
projection surface, so that each transformation is guaranteed The stitched video image
before the reference plane is locally optimal and avoids the transfer of errors at both
ends of the aircraft belt [5].

Through the above process, the UAV video image splicing is completed, which is
ready for the following target detection and positioning.

2.2 Target Detection and Positioning

On the basis of the above video images, the pixel coordinates are obtained based on the
frame difference method, and the target is detected and located.

Among the many target detection methods, considering the high speed of the frame
difference method, this study selected this method as the basis of the pixel extraction
algorithm. According to the result of the frame difference method, the update of the
UAV video image is divided into pixel level and frame level. The former is used to
detect small and slow changes; the latter is used to detect global and sudden changes.
Different learning strategies and update speeds [6].

A dynamic feature matrix Di;j tð Þ is constructed to reflect the state of video image at
time t, which is expressed as:

Di;j tð Þ ¼ Di;j t � 1ð Þ � 1 Si;j tð Þ ¼ 0;Di;j t � 1ð Þ 6¼ 0
k Si;j tð Þ 6¼ 0

�
ð1Þ

In formula (1), Si;j tð Þ represents a logical matrix; k represents the pixel of frame k.
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The calculation formula of logical matrix Si;j tð Þ is:

Si;j tð Þ ¼ 0 fi;j tð Þ � fi;j t � sð Þ�� ��� Ts
1 otherwise

�
ð2Þ

In formula (2), fi;j tð Þ represents the gray value of pixel p i; jð Þ at time t; s represents
the interval; Ts represents the threshold.

If the values of logic matrix Si;j tð Þ and continuous k frame are all 0, it means that
the gray value of corresponding pixel has little change in continuous k frame. It is
considered that there is no target or noise at this point in this period of time. Therefore,
it can be considered that the gray value is the background gray value with great
possibility. The gray value can be used to update the corresponding background point.
The updating formula is:

Bi;j tð Þ ¼ a � fi;j tð Þþ 1� að Þ � Bi;j t � 1ð Þ ð3Þ

In Eq. (3), Bi;j tð Þ represents the background point update value; a represents the
update coefficient.

If the value of logicalmatrix Si;j tð Þ is 1 or it can’t guarantee that the continuous frame k
is 0, the gray value of the corresponding point is considered to be unstable, and the gray
value of the point should not be collected. According to the above analysis, matrixDi;j tð Þ
stores the changes of the corresponding pixels in the video image space at time t. if the
value is 0, it belongs to the pixels that have not changed the gray value of the continuous k
frame; if the value is not 0, it belongs to the pixels that have changed in the continuous k
frame. The larger the value, the closer the change is to the current frame [7].

The difference between the real-time gray-scale matrix fi;j tð Þ and the background
matrix Bi;j tð Þ and the thresholding will obtain the binarized video image data, which is
expressed as:

Fi;j tð Þ ¼ 1 fi;j tð Þ � Bi;j t � sð Þ�� ��� TF
0 otherwise

�
ð4Þ

In Eq. (4), TF represents the threshold parameter.
Binary video image data a usually contains Fi;j tð Þ lot of noise - unreal target area,

which is called false detection target, needs to be filtered. Because the specific location
of the target can not be determined, the convolution of filtering is carried out in the
whole video image space. Excessive filtering may cause the target area to be destroyed
by the convolution operation and the serious blurring of the edges. Even if a target
splits into multiple small targets or multiple targets merge into a target phenomenon,
these results will be It causes difficulties for follow-up [8]. Therefore, the goal of
filtering should not be to eliminate all noises, but to protect the target from being
eroded or blurred as much as possible while filtering. Therefore, this study adopts a
relatively conservative filtering process. The main steps are as follows: in order to
reduce the amount of calculation, Fi;j tð Þ is sub sampled twice; after the sub sampled
video image is processed by morphological filtering once, the video image matrix I tð Þ
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is obtained, and the pixel coordinates with the value of 1 are extracted to form a data set
composed of n pixel coordinates: X tð Þ ¼ x1 tð Þ; x2 tð Þ; � � � ; xn tð Þf g.

Calculate the initial clustering of X tð Þ, and merge the clusters repeatedly under the
guidance of the criterion function Jnn until the criterion function is the smallest. The
target is calibrated according to the final stable clusters. The calibration position used is
the cluster centroid coordinate, which completes the detection and positioning of the
target.

2.3 Feature Extraction of Video Image in Target Area

Based on the above target detection and positioning results, the target region video
image is selected, the target region video image is preprocessed by the wavelet
transform algorithm, and the target region video image feature is extracted.

Wavelet transform is widely used in video image processing because of its good
properties of multi-scale and multi-resolution. In video image processing, wavelet
transform has perfect reconstruction power, that is, it will not lose the original infor-
mation, nor generate redundant information. Wavelet transform can easily obtain the
frame information and detailed information of the original video image after wavelet
decomposition. After decomposing the video image, the two-dimensional wavelet
transform will produce four sub bands, namely LL, LH, HL and HH. Among them, LL
represents horizontal and vertical low frequency information; LH represents horizontal
low frequency and vertical high frequency information; HL represents horizontal high
frequency and vertical low frequency information; HH represents horizontal high
frequency and vertical high frequency information. The low frequency part corresponds
to the average gray level in a video image, and reflects the smooth part of the video
image. The high level part is the gray level which changes faster and faster in the video
image, corresponding to the edge, detail and noise in the video image. Therefore, the
processing of the low frequency part of the video image will not lose or change the
details and edge information of the video image, nor will it change the noise in the
video image [9, 10].

The steps of video image preprocessing based on wavelet transform algorithm are
as follows:

Step 1: Acquire the video image of the target area, record it as f x; yð Þ, and use db8
wavelet to decompose f x; yð Þ;

Step 2: In the four sub bands LL, LH, HL and HH, LL sub bands are selected for
histogram equalization;

Step 3: Set an appropriate threshold and use wavelet threshold denoising tech-
nology to suppress noise in high-frequency video images;

Step 4: The processed LL low-frequency video image and other high-frequency
video image are reconstructed by wavelet, and the video image f1 x; yð Þ is obtained;

Step 5: Then perform histogram equalization processing on the video image f1 x; yð Þ
to obtain the final video image g x; yð Þ.

Based on the video image g x; yð Þ of the target area obtained in the above steps,
Vectorize it to form a vector v of mn� 1 connected end to end, as shown in Fig. 1.
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Then the average vector of M target area video image is:

l ¼ 1
M

XM
i¼1

vi ð5Þ

Then the covariance matrix of the video image in the target area is expressed as:

C ¼ 1
M

XM
i¼1

vi � lð Þ vi � lð ÞT ¼ 1
M

XXT ð6Þ

In formula (6), XXT is the simplified formulation of
PM
i¼1

vi � lð Þ vi � lð ÞT . by

solving formula (6), the eigenvalues and eigenvectors of video images in the target area
can be obtained.

The feature vectors are sorted according to the size of the feature value. The larger
the feature value is, the better the feature vector can reflect the video image features of
the target area, and the size of the feature value decreases exponentially [11, 12]. The
video image of the target area corresponding to the feature vector is called a feature
sub-video image, that is, a feature face. The more blurred the feature face, the less
information it contains. The feature sub video image is used to reconstruct the video
image in the target area. It can be seen that a large amount of information of the original
video image in the target area can be recovered with fewer features. Then the feature
vector obtained is representative and recorded as Xg.

2.4 Feature-Based Target Tracking

Based on the video image feature vector of the target area obtained above, the target
tracking is realized by hierarchical particle filter.

Fig. 1. Vectorization of video image in target area
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Target tracking can be understood as adaptively “dragging” the window as the
target moves, so that the tracked target is always in the window, and the size and angle
of the window are adjusted in real time according to the size and posture of the target.
In the video image coordinate of UAV, the target tracking window is shown in Fig. 2.

As shown in Fig. 2, xt; ytð Þ represents the target coordinate; rt represents the length
of the window; ct represents the width of the window; ht represents the angle between
the tracking window and the coordinate axis.

The steps of target tracking algorithm based on hierarchical particle filtering are as
follows:

Step 1: set the tracking window manually, select the target to be tracked, take the
center of the window as the initial position of the target, the angle between the long axis
of the window and the axis as the initial direction of the target, and the size of the
window as the initial size of the target. Based on this, the initial value of the target state
can be determined as s0 ¼ x0; y0; r0; c0; h0½ �T . And extract the video image in the
window, and use the process of Sect. 2.3 to find the feature vector;

Step 2: initialization of particle filter. The initial state of the particle filter is
obtained by initializing N position particle with the position information in the initial

value vector of the target state: xi0; 1=Ns
� �Ns

i¼1;
Step 3: Importance sampling. At time t[ 0, Ns particles are re-sampled according

to the particle group of the previous two frames and the target state transition model to

obtain the predicted value of the filter: xit; 1=Ns
� �Ns

i¼1;
Step 4: Similarity measurement. Calculate freely to the left according to the

derivation process of the hierarchical particle structure, and finally get the target state

skt ¼ xkt ; y
k
t ; r

k
t ; c

k
t ; h

k
t

� �T
corresponding to the k th first-layer particle.

Fig. 2. Schematic diagram of target tracking window
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Step 5: target state estimation and target vector update. Firstly, the state value of the
target at the moment is estimated according to the state value of Ns target:

E stð Þ ¼ 1
Ns

PNs

i¼1
sit � xi

t, where sit � xi
t represents the state value of the first layer particle;

then, the corresponding video image is grabbed according to the target area corre-
sponding to E stð Þ and the feature vector pE stð Þ is calculated, and the similarity between
it and the original target is compared, and the target vector is updated or not according
to this. If it is updated, it will be used as a new target prototype feature;

Step 6: Determine whether the target disappears. If it does not disappear, return to
step three; otherwise, exit.

Through the above process, the feature extraction of UAV video image based on
target tracking is realized, which helps the application of UAV.

3 Performance Analysis of Feature Extraction Method
for UAV Video Image

This research will verify the effectiveness of the UAV video image feature extraction
method based on target tracking on ORL database and COIL-20 database. In the
experiment, two random partition methods are selected for each database video image
set to verify the feasibility of the proposed method. In the experiment, the nearest
neighbor classifier is used. The experimental software environment is matlab 7.0a. All
the experimental results are executed ten times Then take the average.

3.1 Simulation Experiment on ORL Database

The information of ORL database is not described in detail due to space limitation. In
this experiment, all UAV video images are cropped to the size of 64 � 64 dimensions,
and then each video image is divided into 4 blocks, row and column are divided into 16
blocks in total, then the size of each sub block video image is 16 � 16.

In this experiment, the ORL database is used as the input UAV video image set,
and 10 video images belonging to the same target are used as a class. For the first time,
5 video images in the database are randomly selected as training video images, and the
remaining 5 video images as a test video image, the training video image set has 200
images, and the test video image set has 200 images, referred to as 5train for short. In
the second random extraction of 3 video images in the database as training video
images and the remaining 7 video images as test video images, the training video image
set has 120 images and the test video image set has 280 images, referred to as 3train for
short.

Through experiments, the percentage of feature extraction of the proposed method
is shown in Table 1.
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It can be seen from Table 1 that at 5train, the proposed method is more robust, and
the feature extraction percentage remains almost unchanged, while at 3train, as the
number of targets increases, the feature extraction percentage decreases rapidly.
Through calculation, the average feature extraction percentage is 78.08%, which sat-
isfies the requirements for feature extraction of UAV video images.

The experimental results of target tracking error are shown in Table 2.

As shown in the data in Table 2, at 5train, the proposed method error is small and
almost unchanged; at 3train, the proposed method error gradually increases. The
average value of target tracking error is 1.16, which meets the requirements of target
tracking.

Table 1. Feature extraction percentage analysis

Number of goals 5train 3train

1 85.10% 85.46%
2 86.44% 80.12%
3 82.13% 82.25%
4 85.01% 80.00%
5 86.66% 79.45%
6 85.03% 78.11%
7 85.55% 76.23%
8 85.00% 75.00%
9 85.49% 75.00%
10 85.11% 74.22%
Average value 78.08%

Table 2. Target tracking error analysis

Number of experiments 5train 3train

10 1.2 0.7
20 1.1 1.0
30 1.0 1.1
40 0.9 1.1
50 1.0 1.2
60 1.1 1.3
70 1.2 1.5
80 1.0 1.6
90 1.0 1.6
100 0.8 1.8
Average value 1.16
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3.2 Simulation Experiment on COIL-20 Database

Due to space limitation, the information of COIL-20 database is not described in detail
[13]. In this experiment, in COIL-20 database, we select 24 video images under 15O
rotation of UAV, and there are 480 video images in total. If the image size is 64 � 64,
the video image is divided into 16 blocks, and the row and column are all 4 blocks,
then the video image size of each sub block is 16 � 16, so as to prepare for the
experiment.

The COIL-20 database is used as the input video image set, and 24 video images
belonging to the same target are used as a category. For the first time, 12 video images
in the database are randomly selected as training video images, and the remaining 12
video images are used as test videos. For video, the training video image set has 240
images, and the test video image has 240 images, referred to as 12train. In the second
random extraction of 9 images as training video images, and the remaining 15 video
images as test video images, the training video image set has 180 images, and the test
video image set has 300 images, referred to as 9train.

In the case that the dependent variable is the number of targets, the feature
extraction percentage of the proposed method is obtained through the simulation
comparison experiment, as shown in Table 3.

It can be seen from Table 3 that the proposed method is relatively robust at 12 train,
and the feature extraction percentage almost remains unchanged, while at 9 train, with
the increase of the number of targets, the feature extraction percentage drops rapidly.
The average percentage of feature extraction is 82.55%, which meets the requirements
of UAV video image feature extraction.

The experimental results of target tracking error are shown in Table 2.
As shown in Table 4, at 12train, the proposed method error is small and almost

unchanged; at 9train, the proposed method error gradually increases. Through calcu-
lation, the average value of target tracking error is 1.20, which meets the requirements
of target tracking.

Table 3. Feature extraction percentage analysis

Target quantity 12train 9train

1 84.12% 85.02%
2 84.00% 83.12%
3 84.02% 81.00%
4 84.13% 80.94%
5 84.44% 80.50%
6 85.00% 80.44%
7 85.01% 80.00%
8 84.49% 79.45%
9 83.39% 78.51%
10 85.46% 78.00%
Average value 82.55%
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Table 4. Target tracking error analysis

Experiments 12train 9train

10 1.0 1.2
20 1.1 1.1
30 0.8 1.1
40 0.9 1.6
50 1.0 1.2
60 0.9 1.4
70 0.9 1.5
80 1.0 1.9
90 1.0 1.6
100 0.8 2.0
Average value 1.20

Fig. 3. Comparison of video image feature extraction accuracy of UAV
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In order to further verify the effectiveness of this method, the proposed method and
the traditional method of UAV video image feature extraction accuracy are compared
and analyzed, the comparison results are shown in Fig. 3.

According to Fig. 3, the accuracy of UAV video image feature extraction in this
paper is up to 80%, while that of traditional method is only 65%. The accuracy of UAV
video image feature extraction in this paper is higher than that of traditional method.

4 Empirical Conclusion

This paper proposes a feature extraction method for UAV video images based on target
tracking, and the experimental results show that: under the ORL database experiment,
the average feature extraction percentage is 78.08%, and the average target tracking
error is 1.16; under the COIL-20 database experiment, the average feature extraction
percentage is 82.55%, and the average target tracking error is 1.20, which can meet the
needs of UAV video image feature extraction and target tracking.

Acknowledgements. The application of UAV spray in the city pest control service (2019H033-
KQ)
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