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Abstract:  

In this paper, we propose a method to measure the movement of skeletons of body of golf swing by the use of 

a Kinect sensor, and an algorithm to calculate the track of motion of the Gravity center of body. Because swing 

speed is usually fast, tracking a golf swing with one Kinect sensor causes less skeleton data to be sampled. 

Taking into account the continuity and trajectory characteristics of the skeleton data of the golfer, a reasonable 

interpolation method can effectively compensate for the lack of data. By comparing with the test data of the 

balance pedal, the measurement method is valid and accurate. 
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1. Introduction 

Golf is a popular gentleman sport in the world. In 

recent years, it has gradually attracted individua's 

attention in some developing countries. The critical 

action of golf is swing and putt. Among them, golf 

swing is the most basic and most important action in 

golf [1]. Golf has very high requirements for the 

accuracy of swing and the accuracy of swing. It is 

directly related to the final result of hitting the ball. 

The final effect of the professional golfer's hitting 

depends on the technical indicators of the player's 

swing speed, angle, etc., so the practice and 

improvement of the swing action is the key of player 

golf level [2-5]. Both the swing and putt need regular 

practice to get better. However, due to the constraints 

of place and cost, the expensive course training is not 

affordable for a lot of people. Therefore, the method 

of assisted training with cost advantages has attracted 

the attention of many golfers and coaches [6]. 

The current golf training is mainly aimed at swing 

and swing strength training. When the golfer is doing 

swing training, the instantaneous club head angle and 

head speed of the golf swing determine the direction 

and Distance of the golf ball, which are two key 

indicators to evaluate the athlete's swing stroke and 

swing strength [7]. The traditional golf teaching is 

usually through the face-to-face teaching and 

communication between the coach and the trainee. 

The coach observes the swing technical movement of 

the trainee, and then judges whether the movement of 

the trainee is based on his own teaching experience. 

Such training method only relies on the visual 

observation of the coach and the player's own feeling 

of swinging to analyze the technical movement. The 

player cannot see his complete swing process and 

cannot know the detail of his own action defect. 

With the rapid development of sensor and computer 

technology, the data acquisition and analysis of 

human motion are increasingly gained attention by 

using various sensors in sports training. In the past, 

the quality of the athlete's movements was limited to 

qualitative analysis without enough sport data, but 

now more and more athletic measurement data can be 

obtained, and the athlete's skill, strength, and 

coordination of movement could be quantitatively 

assessed. At present, the research on the 

measurement part of the motion data mainly uses the 

sensor sampling method combined with the computer 

processing The sensor transmits the sampled data to 

the computer, and the computer uses the 

corresponding algorithm for data analysis and 

processing. 

For golf, the study of the movement posture capture is 

very important. After accurately obtaining the golf 

and club head movement parameters, the following 

step is to analyze the reasons for such a shot, and the 

human posture changes. It is one of the most 

important factors in determining the impact of a ball 

http://www.baidu.com/link?url=PYDejhVd_paOlegSkQKhI1YtVCFy4EiaO3pbOYhxM-1x4cO6EsiTmjJqMrIHN7UEhA1kwh4281pbYBMDn3cwo2dJytCOK-vTW8-g2r2A4Ve
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[8]. Therefore, the analysis of the golfer posture is an 

important part of the golf training system. 

In this paper, we propose a novel approach for 

measuring the motion trajectory of the body's center 

of gravity. The novelty is that we use the movement 

data of human skeleton indirectly to estimate the 

moving track of the center of gravity when the golfer 

does the action of swing or butt. We propose a 

method for obtaining the body rotation and 

calculating the center of gravity, which is based on 

skeletal data. We consider four types of swing and 

butt of the golf: full-swing, half-swing, short-butt and 

long-butt. We show that on our measuring system the 

proposed method is accurate and facilitate for data 

analysis of the golf swing. The rest of this paper is 

organized as follows. In Section II, we introduce 

related works. Section III introduces the proposed 

measuring system of the body's center of gravity 

(MSBCG). In Section IV, we describe the 

experimental results. Finally, Section V presents our 

conclusions. 

2. Relation Work 

Using the balance pedal can conveniently obtain the 

accurate changes in the human body center of gravity 

for the golf swing. However, the balance pedal which 

has the High measurement accuracy is very 

expensive. In addition, the balance pedal needs to set 

up carefully in order to keep the accuracy. Using the 

Imaging equipment can easily record the movement 

of the human body, but the contour of the human 

body can't reflect the sports state well during the 

movement. The main factors are external 

interference, clothing and other factors[9]. The 

human skeleton is a good way to reflect the 

topological structure and shape information of the 

human body. The graphic recognition of the skeleton 

is an important research content in the computer field. 

With the Kinect2.0 depth camera, three-dimensional 

coordinate data of 25 skeletal points of the human 

body can be obtained, and according to the obtained 

three-dimensional data, we can more easily calculate 

the related kinematic indexes of the golf swing. The 

relevant kinematic indicators of this article were 

selected based on previous research [10]. The main 

calculations were human body weight center shift, 

shoulder rotation angle change, hip rotation angle 

change and the change of the adductor angle of the 

upper arm. 

Kinect is a somatosensory peripheral equipment 

released by Microsoft.  

 

Figure1.The structure of the Kinect sensor 

It projects a group of infrared laser lattices onto the 

player's body through an infrared laser projection 

lens, and two other CMOS cameras perform three-bit 

scanning to obtain the human body's depth of field 

data. Kinect provides libraries for interacting which 

makes it easy to implement bone tracking. Once we 

have initialized and opened the skeletal track, we can 

get skeleton data from the Skeleton-Stream. Each 

frame data skeleton-Frame generated by 

Skeleton-Stream is a collection of bone objects. 

Contains an array of skeleton data structures, where 

each element represents a skeleton information that is 

recognized by the skeleton tracking system. Each 

skeleton contains data that describes the location of 

the skeleton and the skeleton's joints. Each joint has a 

unique identifier such as head, shoulder, elbow, and 

corresponding three-dimensional coordinate data. 

Through the time mode, we can get the bone data we 

want at a certain time. 

 

 Figure2. The segments of human body 

3. Algorithm for the Center of Body’s Gravity  

In the course of a golf swing, in order to obtain a high 

speed and a small degree of hitting, it is necessary for 

the player's arms to move in the same plane as the 

club's trajectory, if the two are not in the same plane. 

A plane will have a loss of hitting energy or a 

deviation in the angle of hitting. At the same time, 

when the player's arms and the club's movement 

http://www.baidu.com/link?url=D7vvFa4KvXwb40FN6VnKgTJZ6Z2HzOk8TbIGrXw2d9HjkerfmEAUwbz9CisYgrn-rLXLtQTu4IRLp6jAuCf7A-2rkN2hA9flDQ87JrmSHdK
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trajectory are not on the same plane, the player's body 

will have different amplitudes in the Y-axis direction, 

and the player's body movement in the Y-axis 

direction can use the person's center of gravity. The 

movement in the direction of the Y axis is measured, 

and the large movement of the center of gravity in the 

direction of the Z axis results in a decrease in the 

power of the hitting ball. Therefore, we use the 

human body center of gravity as the research goal, 

record and analyze the movement of the center of 

gravity in the direction of each axis in the process of 

hitting the ball, thereby measuring the athlete's effort 

and energy loss during the completion of the action. 

Our calculation of the center-of-gravity shift is based 

on the human body segment method that is 

commonly used in the current method of measuring 

the body's center of gravity. The method firstly 

divides the human body into different body segments 

according to a certain proportion, and then calculates 

the respective centroid coordinates of all human body 

segments[11]. Finally, these centroid coordinates are 

calculated by a certain weighted average to obtain the 

barycentric coordinates of the human body. 

According to the human body link parameters study, 

the human body is divided into 15 segments 

including: head and neck, upper trunk, lower trunk, 

left and right upper arms, left and right lower arms, 

left and right hands, left and right thighs, left and 

right lower legs, and left and right feet. The 

barycentric coordinates of each link can be calculated 

according to the following Equation 1 

i
X % (1 % )

COM F C
X COM X COM                   (1) 

Among them, the iXCOM  coordinates of the centroid of 

the human segment i  in the X direction are the 

coordinates of the calibration point of the proximal 

limb in the X direction, and the FX  coordinates of the 

calibration point of the distal body of the limb in 

the X direction, the %COM  is constant parameter of 

each node. Symmetrical body parts have the same 

segment, and male and female have different 

parameters due to their different body types. For the 

specific parameter table, see the relative positions of 

the mass centers of the human body in Chinese adult 

human body inertia parameters as Table 1.  

Table1. The relative position of the centroids of body 

segments 

Segment 

name 

gende

r 
Lcs  Lcx 

Head and 

neck 

M 46.9% 53.1% 

F 47.3% 52.7% 

Upper 

trunk 

M 53.6% 46.4% 

F 49.3% 50.7% 

Lower 

trunk 

M 40.3% 59.7% 

F 44.6% 55.4% 

thigh 
M 45.3% 54.7% 

F 44.2% 55.8% 

shank 
M 39.3% 60.7% 

F 42.5% 57.5% 

Upper 

arm 

M 47.8% 52.2% 

F 46.7% 53.3% 

forearm 
M 42.4% 57.6% 

F 45.3% 54.7% 

hand 
M 36.6% 63.4% 

F 34.9% 65.1% 

foot 
M 43.8% 51.4% 

F 44.5% 54.9% 

After obtaining the centroid of each body segment, 

the overall center of gravity can be calculated and the 

overall center of gravity can be calculated: 

( ) /ii
COM COM m N                         (2) 

im  is the percentage of the body's total body weight 

by the weight of a certain segment of the body. The 

specific data values can be found in the following 

Table 2: China's adult human body inertia parameter 

standard, iCOM is the center position of the 

corresponding segment, and N is the segment 

number of the human segment, and we set =15N . 

Table2. Weight distribution of body segments 

Segment 

name 
gender Lcs  

Head and 

neck 

M 8.62% 

F 8.20% 

Upper trunk 
M 16.82% 

F 16.53% 

Lower trunk 
M 27.23% 

F 27.48% 

thigh 
M 14.19% 

F 14.10% 

shank M 3.67% 
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F 4.43% 

Upper arm 
M 2.43% 

F 2.66% 

forearm 
M 1.25% 

F 1.14% 

hand 
M 0.64% 

F 0.42% 

foot 
M 1.48% 

F 1.24% 

In comparison of the same set of swing data obtained 

by using Kinect and the balance pedal, it is found that 

there is a notable decrease in the center of gravity 

when the lower club is lowered. Combining the 

calculation method and the swing posture analysis, it 

can be known that the shift of the center of gravity 

occurs at the lower club moment. The reason is that in 

the method of calculating the center of gravity of 

human body segment method used in this article, 

when the head and the neck of the human body are 

intercepted according to the joint points obtained by 

Kinect, the head joint point of the head obtained by 

Kinect is the center point of the head, and thus 

calculated The head and neck body segment lacks the 

upper half of the head, resulting in a reduction in the 

weight of the head and neck, and at the moment of the 

athlete performing a full swing downswing, the 

athlete's head has a significant decline process, and 

the head and neck The reduction in weight will result 

in a reduction in the weight of the head and neck body 

segment in the calculation of the center of gravity, 

resulting in a decrease in the magnitude of the center 

of gravity reduction in the lower shaft. 

4. Experimental Results 

Figure3 is the experimental system. In the system, a 

Kinect sensor and a balance board are used. a golfer 

stand on the balance board while the Kinect sensor 

capture the skeleton data during golf swing once, and 

the data measured by the balance board are also 

recorded. Then, we compare the results of Kinect and 

balance board in the same golf swings.  

Y

X

Z

 

Figure3. The experimental system 

The movement of the player's center of gravity during 

a swing can be compared in three directions 

respectively. The vertical (Z-axis) center-of-gravity 

transition can be used to analyze the player's sense of 

rhythm and force when hitting the next shot. The 

more the center of gravity declines at the same time, 

the more force is applied at that time. The transfer of 

the standard can be used to determine the energy use 

of the player when swinging. The smaller the 

horizontal (X-axis) shift of the center of gravity, and 

the smaller the energy loss of the player's swing, Most 

of the potential energy is converted into the kinetic 

energy of players hitting the ball. The change of the 

center-of-gravity in Y-axis represents the stability of 

the body. 
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Figure4. The movement of gravity center of body 

From the above comparison of the 

center-of-gravity transition diagrams, it can be seen 

that the measurement of the center-of-gravity shift of 

the system equipment is consistent with the data 

obtained from the balance pedal in the general 

trajectory, and there are only a few gaps in the 

individual values, indicating that the accuracy of the 

system's measurement center of gravity can meet the 

requirements. Only the sampling frequency of Kinect 

is only 30 frames/s, and only one second of a swing is 

required to complete the swing from the down to the 

swing. Therefore, only about 10 pictures can be 

collected, this leads to a non-smooth curve. 

5. Conclusion 

This paper proposed a Kinect-based measurement 

system to estimate golfer’s the track of gravity center 

of body. We compared the experimental results 

between Kinect sensor and balance board, it shows 

that the proposed system could effective detect the 

movement. However, it is still needed to be further 

investigated to provide helpful guidance to improve 

swing motion with the data of gravity center of body. 
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