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Abstract. At present, behavioral gesture recognition
technology has a wide range of applications in various
fields, including sports. With the 2022 Beijing Win-
ter Olympics approaching, it is highly required to im-
prove the training quality of athletes by developing a
video action retrieval system using behavioral gesture
recognition technology. This system is based on Open-
Pose, which enables us to recognize the athlete’s pos-
ture in the video and extract each posture feature and
its frame number. Bayesian classifier is used to classify
the extracted posture feature based on the constructed
human posture database. When an athlete retrieves a
certain action type in the training video, the classifier
finds out all the actions of this type contained in the
video. The frame number of all these actions will be
converted into the position of the video progress bar
and output. The system allows athletes to quickly re-
trieve specific actions in training videos and better dis-
cover the technical issues.

Keywords: behavior gesture recognition, OpenCV,
Bayesian classifier, video stream processing, action re-
trieval

1. Application background of video action re-
trieval system

1.1. System design inspiration

In the modern military, the detection of military targets
is a very important technology. At present, various de-
tection methods are emerging one after another: vision-
based infrared imaging detection, ultrasonic detection,
and so on. These detection methods have made a great
contribution to the success rate and execution efficiency
of military operations. Inspired by the detection technol-
ogy in the military, we thought: Can such a similar detec-
tion technology be introduced in the field of sports? For
example, for the training of athletes, if the athlete records
his training process in advance and wants to see whether a
certain training action is standard after the training, he/she
can use the detection technology to test his actions in the
video. In order to meet this demand of athletes, a video
action retrieval system came into being.

2. ActivityNet Dataset

In many large-scale video analysis scenarios, people
often want to locate and identify human activities that
appear in short time intervals in long-untrimmed videos.
Current behavior detection methods are still difficult to
handle large-scale video collections, and it is still difficult
for computer vision systems to effectively solve this task.
This is because:

1. The computational complexity of current action
recognition methods;

2. There is a lack of methods that can propose fewer in-
tervals for each video, so that behavioral processing
is still concentrated in a large number of candidate
time segments.

ActivityNet is currently the largest data set used for be-
havior detection. It contains more than 648 hours of
untrimmed videos. There are about 20,000 videos in
which there are 200 different actions, such as:‘walking
the dog’, ‘long jump’, and ‘vacuuming floor’ etc. Consid-
ering the complexity and extensiveness of athletes’ move-
ments, we selected this data set as the database.

2.1. Posture Detection Processing
Based on the tensorflow framework, we adopt an im-

proved neural network overall structure neural network
model: Convolution→ Activation→ Pooling→ Convo-
lution→Activation→ Pooling Layer→ Fully Connected
Layer→ Fully Connected→ Dropout→ Softmax linear
regression, a total of 7-layer structure design.

Fig. 1. Neural Network Structure
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2.2. Evaluation indicators for recognition results

Since action behavior processing is concentrated in a
large number of candidate time segments in the video, we
call these candidate time segments Action Proposals. We
use the average of the recall value AR (Average Recall)
and the total number of behavior suggestions divided by
the number of videos in the test subset AN (Average Num-
ber of Proposals per Video) curve, that is, the AR-AN
curve as an evaluation indicator. We introduce Intersec-
tion over Union (IoU) as a standard for judging the accu-
racy of recognition. This is a standard for measuring the
accuracy of detecting corresponding objects in a specific
data set. It is used to measure the correlation between the
true value and the predicted value. The higher the correla-
tion, the higher the value. Here we assume that a behavior

Fig. 2. Explanation of the mathematical meaning of IoU

recommendation is true: the IoU value (tIoU) of the sug-
gested time interval and the true value interval is greater
than or equal to a threshold. In general, tIoU>0.5 repre-
sents a good recognition effect. Among them, AR satisfies
0.5 < tIoU < 0.9 and the step size is chosen as 0.05.

Preprocess the submitted files as follows: If R < 1, then
for each video in the test subset, we will classify its pro-
posal according to the proposal score, and discard the be-
havior suggestions with the lowest R% score. If R >= 1,
then for each video in the test subset, we will sort the pro-
posals according to the proposal score, copy the (R−1)%
proposal with the lowest score in each video, and add the
resulting data points to AR-AN curve. Then calculate the
resulting area under the final curve and use it as the metric
score of the submitted file. The filtered submission result
file will have: AN=ANmax. For each p-value (from 1
to 100, with a step size of 1), only use the top p% recom-
mendations to calculate the AR, and add the resulting data
points to the AR-AN curve. Then calculate the resulting
area under the final curve and use it as the metric score
of the submitted file. Provide the results of the baseline
behavior suggestion method (called uniform random) on
the validation subset. Uniform Random: The center and
length of each proposal are independently drawn from the
uniform random distribution [0,d] in the interval, where
d is the length of the video. The score of this model:
44.88%.

Fig. 3. The relationship between average recall perfor-
mance and the average number of behavior suggestions in
each video

3. OpenCV-based Gesture Recognition

3.1. OpenCV system support
OpenCV can run on Windows, Android, Maemo,

FreeBSD, OpenBSD, iOS, Linux and Mac OS platforms.
Users can get the official version at OpenCV.org, or get
the development version from Github. OpenCV also uses
CMake. When compiling the parts related to camera input
in OpenCV on Windows, some base classes in the Direct-
Show SDK are required.

3.2. Human body motion pose estimation process
1. By correctly linking the detected key points of the

human body in the picture, the posture of the human
body can be estimated.

2. The key points of the human body usually corre-
spond to the joints with a certain degree of freedom
on the human body, such as neck, shoulder, elbow,
wrist, waist, knee, ankle, etc.

3. Estimate the current posture of the human body by
calculating the relative position of the key points of
the human body in the three-dimensional space.

3.3. OpenCV plane tracking method
3.3.1. Image features

There are three types of image features: Edge, Corner
and Blob. In Fig. 4, the black box is the edge. When the
black box moves in the horizontal direction, the edge in-
side the box does not change. When the black box moves
in the vertical direction, the edge inside the box changes.
The red box is the point of interest (also called the corner),
no matter whether the red box moves in the horizontal or
vertical direction, the corners in the box will change. Re-
gardless of whether the blue frame moves horizontally or
vertically, there will be no change in the image inside the
frame, so the blue frame does not contain image features.
(The area of interest is not explained here.) We use the
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Fig. 4. Edge, Corner and Blob.

feature of points of interest. Because the point of inter-
est is the intersection of two edges, at this point, the di-
rections of the two edges change, so the intensity of the
image changes greatly along the two edge directions at
this point. As long as this change is detected, the point of
interest can be detected.

3.3.2. The principle of interest point detection
For a grayscale image, let its grayscale intensity be I.

Scan a small window w on the scanned image, the dis-
placement of the scan is u on the x-axis and on the y-axis,
and then calculate the change in intensity E(u,v):

E(u,v) = Σx,yw(x,y)[I(x+u,y+ v)− I(x,y)]2

w(x,y): Window in (x,y) coordinates I(x,y): Gray inten-
sity on (x,y) coordinates I(x+u,y+ v): Gray intensity at
position (x+u,y+v) of the window that has been moved.

3.3.3. The performance of the detector
An example of the ORB detection method is illustrated

in Fig. 5.

Fig. 5. An example of using ORB detector.

It can be seen that most of the points of interest appear
on the contours of the athlete’s body, but a few detection

points appear in other places. This is because the prin-
ciple of point-of-interest detection is that the gray-scale
intensity of the image changes, and points of interest will
appear where the intensity changes significantly.

3.4. Calculate Feature Descriptor
Feature Descriptor (Feature Descriptor) is the spatial

feature vector of the point of interest, which will be used
in subsequent feature matching. In OpenCV, the func-
tion for calculating descriptors is compute(src, keypoints,
descriptors), it can also be calculated together with the
detector function, the function used is detectAndCom-
pute(src, noArray(), keypoints, descriptors).

3.5. Feature matching
Through the matcher, the point of interest of one image

is matched with the point of interest of another image.
There are Brute-Force and FLANN matchers in OpenCV.

3.6. Target Detection
3.6.1. Transformation

After finding the points of interest and the matching of
the points of interest of the two images, use the findHo-
mography function to calculate the transformation rela-
tionship between the two points of interest.
Suppose the transformation relationship is H, then the re-
lationship between H and the two images is

si

x8i
y8i
1

v H

xi
yi
1


And H satisfies to minimize the back-projection error, the
back-projection error is:

Σi[(x8i−
h11xi+h12yi+h13

h31xi+h32yi+h33
)2+(y8i−

h21xi+h22yi+h23

h31xi+h32yi+h33
)2]

Because the dimension of the homography matrix will
not be very large, h33 is generally 1.

When using the findHomography function to calculate
the transformation relationship, at least a certain number
of correct matching points of interest are required.

The point of interest is considered to be an out-
lier match. Use the findHomography function of the
RANSAC method to get the transformation relationship
and internal matching.

3.6.2. Transformation mapping
When the tracking target is selected, find out the points

of interest of the tracking target. Use the previously ob-
tained transformation relationship as a transformation ma-
trix, and use the perspectiveTransform function to map the
point of interest of the target to another image to find the
target in the other image, that is, to determine the target
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void perspectiveTransform (InputArray src, OutputArray dst, InputArray mtx)
Parameter Description
src The original image of the selected tracking target
dst The target image to be tracked (the size and type must be the same as the original image)
mtx Transformed matrix

in the other image Location. The perspectiveTransform
function and its parameters are as follows:

(x,y,z)→ (x
′

w
,

y′

w
,

z′

w
)

in which
(x′,y′,z′,w′) = mat [̇x y z 1]

w=
{

w′ if w′ 6=0
∞ otherwise

When the element is a two-dimensional vector, the term
in the formula is ignored.
After using the perspectiveTransform function, the image
to be tracked will show the mapped interest points, and the
location of these interest points is the location of the track-
ing target. At this point, the various steps of the OpenCV
plane tracking process are completed.

3.7. Image target tracking
The following is a brief summary of the previous plane

tracking steps:

1. Read in two images, detect the points of interest in
the two images, and calculate the descriptors of the
points of interest.

2. Calculate the distance between the interest point de-
scriptors on the two images, find the closest distance,
and get the interest point matching.

3. According to the matching of the interest points of
the two images, the homography transformation re-
lationship is calculated, and the internal matching is
obtained at the same time.

4. Set one of the two images as the original image, se-
lect the target to be tracked in the original image,
frame the target position, and perform transforma-
tion mapping on the target position.

5. In another image, the mapping point is obtained, and
the location of the mapping point is the target loca-
tion for tracking.

Take the figure skater’s picture as an example to track the
athlete’s goal. The detection method used is ORB, the
BruteForce matcher is used, the calculation method of the
transformation relationship is RANSAC, and the effect of
image tracking is shown in the following figure:

Fig. 6. Effect of tracking the athletes.

3.8. Video target tracking
Based on the principle of image target tracking, the

general process of target tracking on a video is: disas-
semble one frame of the video, and then the user can
pause to select any frame as the original image, and select
the tracking target on the original image, and then Target
tracking is performed every frame in the video.

3.8.1. Trace package
Encapsulate the various steps of plane tracking, such

as detector, matcher, transformation, and mapping, into
a class. At the same time, the function codes related to
video processing such as “pause to select any frame as
the original image”, “select the tracking target on the
original image”, etc. are also encapsulated into the class.

3.8.2. Tracking target in the video
In the main function, the video is disassembled into a

frame of image, and each frame of image is tracked using
the previously encapsulated plane tracking class func-
tion. In the following main function programming, the
detection method used is ORB, the BruteForce matcher
is used, and the calculation method of the transformation
relationship is RANSAC.

3.9. Tracking effect evaluation
Because OpenCV plane tracking is not a method

specifically used to track the human body, the effect of
OpenCV plane tracking is not ideal for the gesture recog-
nition of ice and snow athletes.

4. Human body posture tracking and recogni-
tion method based on OpenPose

4.1. The disadvantages of the traditional OpenCV
plane tracking method

The traditional OpenCV plane tracking method uses
a “bottom-up” method, the so-called “up”, that is, given
a picture, the human body is detected first, and an edge
is obtained at each person’s position Box information;
“down”, that is, on each box, a single person’s body
pose is estimated, and the two steps of “up” and “down”
are repeated until the final gesture recognition result of
everyone is obtained. We tested the algorithm using
several ice and snow sports videos. Experimental results
show that the algorithm has two main drawbacks.
First, the recognition accuracy is very dependent on the
results of human posture detection. In the test, when the
program recognizes the human posture in group ice and
snow sports (such as ice hockey), there are often multiple
people next to each other during the game. Under the
circumstances, the OpenCV plane tracking method often
only obtains the information of an edge box, and these
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people are recognized as one person, so its final result
will also be biased.

Fig. 7. A biased case of plane tracking.

Second, the speed of the algorithm is directly propor-
tional to the number of people in the picture. For team
games like ice hockey, there are often ten or more people
on the same screen. This means that the program has to
be repeated at least 10 times for a single human body esti-
mate, which is so huge. The amount of calculation makes
the calculation speed of this method very slow in a multi-
person scene.
Therefore, we have done a lot of research on algorithms
related to human pose recognition, and finally we chose
OpenPose as the basis for algorithm development. Open-
Pose is based on convolutional neural networks and su-
pervised learning algorithms of Carnegie Mellon Univer-
sity in the United States and uses Caffe as the basis. An
open source library developed by the framework can real-
ize posture estimation of human body movements, facial
expressions, and finger movements. It is suitable for sin-
gle and multiple people, and has excellent robustness.

4.2. The core idea of the algorithm
We built a “top-down” method based on the OpenPose

open source library: first detect the position of the key
points of the human body, and the result of the detection
is a heat map generated by predicting the key points of
the human body. In the heat map Above, each key point
of the human body corresponds to a Gaussian peak, which
means that the neural network believes that there is a key
point of the human body. After the test results are ob-
tained, the test results of the two key points are connected.
Repeat this connection step until we can get all the infor-
mation about the human skeleton.

4.3. Algorithm recognition performance display
4.3.1. Single player effect display

We used figure skating videos to test in a single scene,
and the recognition results are as follows:

Fig. 8. Recognition effects in single-player stating.

4.3.2. Multiplayer performance display

We used hockey sports videos to test in a multiplayer
scene, and the recognition results are as follows:

Fig. 9. Recognition effects in multiplayer hockey sports.

4.4. Algorithm practice summary

We tested the program with videos of ice hockey games
and figure skating games. The results show that the
human body posture tracking and recognition based on
OpenPose has a good real-machine effect. It is not only
suitable for single-person tracking and recognition but
also suitable for multi-person scenes. The video can be
analyzed in real time under the frame number of 13-15
stably, and it has good robustness. However, there is room
for improvement in this program: its operation consumes
computer video memory, and the video frame rate of less
than five minutes can only reach a dozen frames. The fan
noise is very loud during operation. When people inter-
fere, the detection accuracy will be reduced.
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Fig. 10. Recognition effects in noisy environment.

5. Video stream processing

Video signal processing is an extension of image pro-
cessing. The so-called video sequence is composed of
images arranged in a certain order, that is, a frame. This
is mainly to record how to use Qt + OpenCV to read each
frame in the video, and then apply some image processing
algorithms to each frame on this basis (such as using the
Canny operator to detect edges in the video).

5.1. Read video sequence

OpenCV provides an easy-to-use framework to extract
video files and image frames from a USB camera. To read
a certain video, we only need to create a cv::VideoCapture
instance, and then extract each frame in the loop.

5.2. Process video frames

In order to process each frame of the video, we cre-
ate our own class VideoProcessor, which encapsulates the
video acquisition framework of OpenCV. This class al-
lows us to specify the processing function to be called
for each frame. First, we want to specify a callback pro-
cessing function, which will be called every frame. This
function accepts a cv::Mat object and outputs the pro-
cessed cv::Mat object. Its function signature is void pro-
cessFrame(cv::Mat& img, cv::Mat& out). Then create
a VideoProcessor class to deploy video processing mod-
ules. Before that, we need to create another class, the
frame processing class used internally by VideoProces-
sor. This is because in object-oriented programming, it is
more suitable to use a frame processing class rather than
a frame processing function, and the use of a class has
more flexibility in terms of algorithms. Name this inter-
nal frame processing class FrameProcessor. Next define
the video processing class, which will be associated with
a callback function. Using this class, we can create an
instance, specify the input video file, bind the callback
function, and then start processing each frame.

6. Conclusion and outlook

In our continuous debugging process, the Bayesian
classifier is used to perform ideal action classification on
each frame of the processed video stream, and the search
keywords are associated, and a good video retrieval effect
is obtained. However, the system can only be applied to
videos with a duration of no more than two hours. After
actual testing, when the training video exceeds two hours,
the computing efficiency of the computer is reduced by
10% for every additional half hour. The computer brings
more action information. This achievement has broad ap-
plication prospects in various fields. The most direct ap-
plication is to assist athletes in winter Olympic ice and
snow sports in daily training. When reviewing a series
of daily training videos, athletes can quickly retrieve the
location of similar actions. Provide convenient feedback
effect for training optimization. In addition, it can also be
used in security, criminal investigation and other fields. In
the follow-up optimization, considering that the system is
still unable to detect the accuracy of high-complex sports,
such as gymnastics, the main reason is that the neural
network is not enough for complex movement training
and behavioral posture. The storage of complex motion
data in the database is insufficient. We will strengthen the
training of neural networks, optimize the OpenPose algo-
rithm, extract more complex actions from complex sports
training (such as gymnastics) videos, and expand the Ac-
tivityNet data set to improve the recognition efficiency of
the system.
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