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Abstract: It is well known that the observation of the flow of sports games aids in the understand-
ing of game tactics. To this end, an image processing method has been proposed. Many  researches 
have focused on applying this technology to ball games;  this method supports observation by map-
ping the positions of players and ball, as extracted from video images of the game, to the front view 
of the game court as a bird's eye view transformation. However, when focusing on martial arts 
games such as karate, the motion of the limbs of the players is also important. Thus, this study has 
developed a method to observe the players’ limb motions from the front view of the court to sup-
port the observation of karate. Furthermore, the study has developed an application that runs on 
mobile terminals so that physical education teachers can easily implement the method in class. The 
method and result of a preliminary experiment are described in this paper. 
      

 
Introduction 
 

It is well known that observation of the flow of sports games aids in the understanding of game tactics.  
Thus, many researches have been conducted on aiding observation using image technology. In ball games, one such 
approaches focuses on mapping the positions of players and ball extracted from video images of the game to the 
front view of the game court as a bird’s eye view transformation (e.g., Farin, et al., 2005). In line with this and until 
recently, research has been preoccupied with using the player tracking information (Hu, et al., 2011), visualizing the 
prediction of the trajectory of the ball and the position of the important players in game scenes (Takahashi & Ha-
seyama, 2013; 2017) amongst other concerns. These researches have focused on ball games such as soccer. As a 
clear observation of the formation in the court is important toward understanding the tactics, each player’s position 
is often represented by a simple marker on the front view of the court (Fig. 1). However, when focusing on martial 
arts games such as karate, the motion of the limbs of the players is also important. To enable a detailed observation 
of the players’ limb motions, a method of generating 3D images using multiple cameras has been proposed (Ikeya, 
et al. 2018). This method requires large-scale camera equipment; consequently, it is difficult to implement it in the 
teaching of physical education. In this research, a simple animation generation method for observing players’ motion  
and position in the front view of the court has been developed. The method maps the player to the front view of the 
court using a body model (stick model), instead of a marker.  

Due to the evolution and spread of video technology in recent years, there has been growing interest in how 
to use video technology to teach game tactics in physical education (Koekoek, et al. 2018). However, it is said that 
physical education teachers tend to feel burdened by the preparation work (e.g., installation of cameras and camera 
calibration) for introducing video technology into classes (Palao, et al., 2015). Therefore, the system developed in 
this research automatically generates stick model animation for observation when a physical education teacher films 
or downloads a game video using a mobile terminal. The method developed for observing karate games and a pre-
liminary evaluation experiment are described in this paper. 

 

 
Figure 1. An example of players’ positions mapped to the front view of a soccer court using filled circle markers; the 
lines between the players indicate networks of the players of each team (Takahashi & Haseyama, 2017). 



Basic Idea of Transformation to the Front View of a Game Court 
 
Similar to previous researches, the proposed method maps the position of the player (i.e., position of 

player’s foot) extracted from the video images of the game to the front view of the court using a homography trans-
formation matrix. The matrix can be obtained from the geometric information of straight lines drawn in the karate 
game court. Furthermore, to present the animation in the front view of the court, the method detects the position of 
body parts, indicating the player’s poses from the video images of the game. This paper refers to the position of a 
body part as a "key point." In this research, OpenPose has been employed for the detection of key points (see Fig.2). 
OpenPose is a framework that detects key points from a single image using a convolution neural network (Cao, et al. 
2016). However, if all key points are mapped by homography transformation, as shown in Fig. 3, the mapped body 
model (stick model) is stretched to the point of deformation. This is because only the points on the floor of the court 
are transformed correctly by the homography transformation, whereas the position transformed from body parts not 
on the plane is wrong. Therefore, the proposed method transforms only the body parts landing on the court plane 
(i.e. foot parts) by homography transformation, and the other parts are mapped using affine transformation that ap-
proximates the transformation for the foot parts to reduce the distortion effect. With the animation of the stick 
model, both the position in the front view of the court and the motion of the players’ limbs are visualized.  

 

 
Figure 2. Examples of key points detection. The key points are connected with colored lines to display the stick 
model. Key points of the other players outside the court and the referee are also detected, but the method deletes per-
sons who are not wearing karate uniform and persons outside the court. 
 

 
Figure 3. Left: a scene image of karate game. Middle: the result; all key points were mapped by homography trans-
formation. The stick models of the players are wrongly extended. Right: the result showing mapping of the foot 
parts on the court plane by homography transformation; the other parts are mapped using affine transformation. 

 
Method 

 
To obtain the homography transformation matrix, at least four corresponding points are required between 

the game image and the front view of the court. The candidate for these points is the intersection of the lines that 
separate the court by color, and there are 48 points (see the left drawing in Fig. 4). The coordinates of the intersec-
tion in the game image are calculated by extracting the lines by hough transformation of the image (see the middle 
and the right in Fig. 4). Based on the distribution of the color of the court in the image, correspondence matching 
between the intersection of the image and the intersection of the front view of the court is performed, and the 
homography transformation matrix is calculated. 



Afterward, the method detects the key point of the foot whose coordinates do not change between two tem-
porally consecutive images as a landing point on the court plane. The point is correctly mapped to the front view of 
the court by homography transformation. Then, the affine transformation matrix is calculated from the coordinates 
before and after the transformation, and the other key points are mapped by the affine transformation. To calculate 
this matrix, three points of landing are necessary; however, there are cases when calculation based on the points of 
landing is impeded due to motions such as jumping. In this case, the method estimates the point on the court under 
the raised foot and employs it for the affine matrix calculation. 

 

 
Figure 4. A karate court has 14 straight lines, and there are 48 intersections on them (the left). Hough transformation 
detects these lines in game images (middle and right frames). 
 
System Overview 

 
In order to ensure easy implementation of the proposed method in the teaching of physical education, a 

software which operates on mobile terminal has been developed. However, to execute OpenPose at high speed, it 
has been placed on a server PC (CPU: Core i9-7900X. GPU: GeForce GTX1080 Ti. Memory: 40 GB). The mobile 
terminal uploads the game image to the server and obtains key point coordinates from the server. The outline of the 
system is shown in Fig. 5. 

 

 
Figure 5. The outline of the system.  
 
Experiment and results 

 
As a preliminary experimental evaluation of the proposed method, the study performed a mapping from the 

video images of a karate game. Figure 6 shows part of the image sequence of the video and the result of the map-
ping. A karate coach, upon being shown the animation for evaluation, said, "It is easy to understand the flow of the 
game by the animation..." Thus, because the gazing point of the camera tracks the movement of the players, the tar-
get location of the video image varies; but because mapping is performed to a fixed figure, observation is made eas-
ier. However, the coach identified a shortcoming of the proposed method: "…but there are some animation frames 
where the body proportion is deformed and it is worrisome." While not to the extent of the deformation following 
the homography transformation, deformation occurs following the affine transformation as well. Improvements to 
further reduce deformation will be tackled in the next step. 

Line  
detection 



 
Figure 6. Image sequence of a karate game; images were extracted at intervals of several tens of frames (a). Corre-
sponding mapping sequence (b).   
 
Conclusion 

 
A simple animation-generation method for observing the motion of players, along with their position, in the 

front view of a game court has been developed. As a result of preliminary experiments, the ease of observation ena-
bled by the animation was confirmed. However, a challenge of the method is the resultant deformation of the player 
model. Further work will focus on minimizing this deformation by improving the mapping method.    
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