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Abstract: Tennis service is an important part of winning a match. This study analyzed the mechanics of tennis serving speed and divided ten tennis players into two groups. One group carried out conventional training, while the other group carried out auxiliary training on shoulders through elastic band besides conventional training. The actions were photographed by cameras and analyzed. The results showed that the throwing height and hitting point height of the two groups improved after the experiment, and p < 0.05 in the comparison between Groups A and B; the ball deflection angle reduced after throwing, but the improvement of Group B was more significant compared to Group A (p < 0.05); the service speed and success rate also significantly improved in Group B, i.e., the performance of Group B was better (p < 0.05). The results show that shoulder training plays a positive role in improving the service speed and the video analysis method is reliable in training, which is conducive to improving the training efficiency.
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1  Introduction

Tennis has a long history of development. It originated in France [1] and was introduced into China at the end of the 19th Century. It has become a world-class event, with great changes in playing methods and skills. Serve is one of the most important actions in tennis [2,3] and also the key and difficult point of teaching [4]. It is the beginning of a confrontation between two parties. In a match, the players usually break the game to suppress the other side through serving. The speed, angle, and landing point of serve is the key to win. Therefore, in a tennis match, it is very important to serve with high quality [5]. In recent years, with the development of computer technology, the information of scenes can be obtained through the pictures taken by the camera. The motion research method based on video analysis can obtain human motion data without affecting the athletes and analyze technical movements, which has been widely used in sports [6]. Klongratog et al. [7] measured the vertical jump height of 30 athletes with remote infrared cameras. Combined with energy conservation and gravity movement, they found that the calculated results of the cameras were slightly different from the measured values in the coordinate system. Caniberk et al. [8] pointed out that monitoring athletes’ movements with cameras and analyze them can reduce movement limitation and unobservable defects. Gksu et al. [9] studied 18 shot putters, recorded their throwing actions by cameras, and then processed data with Skill Spector V1.3.2 and Dartfish Team Pro 5.5. They found that the throwing angle of female athletes was related to the external and internal rotation of the left and right buttocks, the left hip flexion was negatively related to the throwing angle, and the influence of body posture on the throwing was greater than that of male athletes. An et al. [10] designed a dual depth camera motion capture system to analyze athletes’ running. The experiment found that the error of the system for data measurement was 0.0045, i.e., the biomechanical analysis of athletes was feasible. In this study, through video analysis, the mechanical characteristics of tennis service speed were studied. The comparative experiment found that the auxiliary training of the shoulder improved the service speed and the video analysis method could find out the non-standard action in time, which could improve training efficiency and technical level. This work is beneficial to the further application of the video analysis method in sport training and makes some contributions to the further enhancement of coaches’ training and teaching levels.

2  Research Subjects and Methods

2.1 Research Subjects

Ten tennis players of Chengdu Textile College were taken as the subjects, all of whom were females. They held the racket in their right hand, were healthy, had no physical injury, had good mental conditions, and had no major diseases and bad hobbies. All of them knew the purpose and method of the experiment and signed the informed consent. The players were randomly divided into two groups. One group only received conventional tennis training, named Group A. The other group received auxiliary training on shoulders through elastic band besides the conventional training, named Group B. The general information is shown in Table 1. There was no significant difference between the two groups.
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2.2 Tennis Serve

Tennis court is shown in Fig. 1. It is more conducive to scoring if the player can control the falling point of the ball near the two corners of the rectangle to improve the difficulty of the opponent. When serving, the player needs to stand on the left or right side of the midpoint of the baseline and serve to the opponent’s service area. The process is as follows (Fig. 2): the player throws up the tennis ball, leans back, lifts the racket, swings the racket down based on the body’s twist, and hits the ball to make it fall into the opponent’s area quickly. Flat serve is fast and threatening; therefore, this study took flat serve as the research subject.
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Figure 1: Tennis court
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Figure 2: The serving process

2.3 Experimental Methods

The two groups of players were trained for eight weeks. Group A received conventional tennis training under the guidance of coaches, while Group B used the elastic band to assist shoulder training besides the conventional training. The training content is as follows:

(1)   Standing position with external rotation: the player stood naturally, put his hands on the front side of the abdomen, held the elastic band, bent his elbows for 90°, and returned to the starting position after turning to the neutral position.

(2)   Standing position with 90° external rotation: the player raised the forearm to parallel to the ground and to form a 90° angle with the trunk, bent elbows for 90°, pulled the elastic band by external rotation, and returned to the starting position after the arms were perpendicular to the ground.

(3)   Standing position with 90° internal rotation: the player lifted the forearm to make it perpendicular to the ground, bent the elbow joints for 90°, pulled the elastic band by internal rotation of the forearm, and returned to the starting position after being parallel to the ground.

(4)   Service practice: one end of the elastic band was fixed, the height was kept the same level as the highest point of the athlete’s shoulder. The player held the other end tightly with the right hand, stood in a service posture, kept the trunk stable, and pulled the elastic band for service practice.

After tennis training, Group A received the above training every week. Each action was done 12 times, and four actions were taken as one group. The player rested 30 s after every action and rested two minutes after one group. Two groups of actions were done every week.

Before and after the experiment, the serve speed of the two groups was tested. The athletes were photographed by two JVC GR-DVL9800 cameras at a frequency of 100 Hz. The pictures are shown in Figs. 3 and 4. Fig. 3 shows a photo taken by Camera 1 located in front of the athlete, and Fig. 4 shows a photo taken by Camera 2 behind the athlete. The video was analyzed by Ariel video analysis software to calculate the mechanical characteristics of the action. Every player used the same Babolat Pure drive PD GT racket to flatly serve for ten times. Before every test, the players practiced serving once.
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Figure 3: A photo taken by Camera 1
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Figure 4: A photo taken by Camera 2

2.4 Statistical Analysis

The data obtained from video analysis were summarized and sorted in Excel and analyzed in SPSS 18.0 software. Data were expressed as 
x¯±sd
and compared by the t-test. The significance level was 0.05.

3  Research Results

Before and after the experiment, the comparison of throwing height and hitting point height between the two groups is shown in Fig. 1.

It was seen from Fig. 5 that there was no significant difference in the throwing height and hitting point height between the two groups before the experiment; after the experiment, the throwing height and hitting point height of Group A was 1.56 ± 0.21 m and 2.53 ± 0.12 m (p < 0.05 compared with before the experiment) and the throwing height and hitting point height of Group B was 1.72 ± 0.22 m and 1.72 ± 0.21 m, respectively (p < 0.05 compared with before the experiment and Group A). The above results showed that the throwing height and hitting point height became higher after shoulder auxiliary training, which is more conducive to the smooth completion of the service.
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Figure 5: Comparison of throwing height and hitting point height, *: compared to before experiment, p < 0.05, #: compared to Group A, p < 0.05

Before and after the experiment, the comparison of ball deflection angle between the two groups is shown in Table 2.
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After the ball was thrown out, whether it was vertical and stable had a great influence on the following serve action. It was seen from Table 2 that there was no significant difference in the ball deflection angle between the two groups after the ball was thrown before the experiment; after the experiment, the left and right deflection angle of the ball in Group A was 5.87 ± 2.12 (p < 0.05 compared to before experiment), and the front and rear deflection angle was 10.68 ± 3.16° (compared with that before the experiment, the deflection angle was slightly decreased, but p > 0.05); the left and right deflection angle of the ball in Group B was 5.33 ± 3.09° (p < 0.05 compared to before experiment and Group A), and the front and rear deflection angle was 9.46 ± 3.34° (p < 0.05 compared to before experiment and Group A). The above results indicated that the conventional tennis training was effective in improving the ball deflection angle, but the effect was not as good as that of Group B that was trained by the shoulder auxiliary training.

Before and after the experiment, the comparison of the serving speed between the two groups is shown in Fig. 6.
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Figure 6: Comparison of serve speed, *: compared to before experiment, p < 0.05, #: compared to Group A, p < 0.05

It was seen from Fig. 6 that the service speed of the two groups was 128.43 ± 9.67 km/h and 129.68 ± 10.84 km/h, respectively, before the experiment (p > 0.05). After the experiment, the service speed of group A was 135.69 ± 11.21 km/h (p < 0.05 compared with before the experiment), which indicated that the service speed of Group A significantly improved after conventional training. After the experiment, the service speed of Group B was 145.88 ± 12.36 km/h (p < 0.05 compared with before experiment and Group A), indicating that Group B had a better training effect and significantly improved service speed.

Before and after the experiment, the comparison of the service success rate between the two groups is shown in Fig. 7.
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Figure 7: Comparison of service success rate

It was seen from Fig. 7 that the service success rate of the two groups was below 50% before the experiment, and there was no significant difference; after the experiment, the service success rate of Group A was 58.95 ± 7.56%, which showed a significant increase compared with before the experiment (p < 0.05); the success rate of Group B was 73.64 ± 8.12% after the experiment, which showed a significant increase compared with before the experiment, and p < 0.05 compared to Group A, which suggested that Group B had more significant improvement of the service success rate.

4  Discussion

In the process of tennis service, the upper limbs, lower limbs, and trunk should participate together [11], and the strength is transferred from bottom to top [12], and finally to the racket [13]. The service speed is maximized through appropriate energy transfer [14]. The shoulder is the link part between the upper limb and the body. The twist of the body drives the shoulder joint and the upper limb to provide energy for the serve. Therefore, shoulders’ stability also has a great influence on the serve speed. In the process of tennis training, there is few special shoulder training; therefore, the role of shoulder training is not clear.

The process of elastic band training is similar to human movement. Elastic bands can train single joint or multiple joints. Its advantage is that athletes can overcome the resistance [15] by motivating more muscles [16] and increasing muscle strength [17] in the centrifugal stage or centripetal stage of limbs. Page et al. [18] found that elastic band training had a short-term effect on the service speed of Spanish squash. Kim et al. [19] found that elastic band training could promote proper muscle development and reduce the common muscle imbalances that dancers often experience when training unfamiliar specific movements or strengthening muscles for specific movements. Thus, shoulder training with elastic bands can promote the coordination of antagonistic and synergistic muscles around the joint, and improve muscle strength, and produce a positive impact on the service speed.

The height of throwing and hitting will not only affect the accuracy of hitting but also affect the rhythm of the whole service. If the throwing is too low, the body cannot be completely extended so that the hitting will be too fast. The height of the hitting point will affect the speed and landing point of the service. If the hitting height is appropriate, enough time difference between throwing and hitting can make the service complete smoothly and ensure service speed. If there is a conspicuous irregular movement track after the ball is thrown, then the athlete needs to determine the position of the ball and adjust the posture, which leads to a slower response to hit the ball and a lower service speed. The results demonstrated no significant difference in the height of throwing and hitting between the two groups before the experiment, but the height of throwing and hitting in Group B significantly improved after the experiment, which was more conducive to the smooth completion of the service. From the perspective of the ball’s deviation after throwing, the player’s posture will affect the trajectory of the ball. If the ball has obvious deviation when being thrown, then before hitting the ball, it is necessary to judge the position of the ball and adjust the posture, which will reduce the accuracy of hitting. Therefore, it is very important to ensure the vertical flying and stability of the ball. It was seen from Table 2 that the ball deviation of the two groups improved, and Group B was more significant, which showed that the effect of throwing the ball in Group B was better and is more conducive to the realization of the ideal service. It was also seen from Figs. 6 and 7 that the service speed of Group B improved more greatly, and the service success rate was also higher. The above results that the shoulder training improved the stability of the shoulder and the support for the service action and thus enhanced the service speed, which resulted in better service.

This paper analyzed the impact of different training methods on tennis serve speed by comparing the results of conventional training and shoulder training and verified the importance of shoulder training to the improvement of the serve speed; moreover, it also verified the reliability of the video analysis method in studying tennis training, which provides some theoretical bases for its further application in actual sport training. However, this article only conducted a relatively sufficient study on serving speed and did not conduct research on serving stability and accuracy, and the research subject was limited to female tennis players. In future research, the scope of the research subject will be expanded, and more tennis indicators will be studied.

5  Conclusion

This study analyzed the mechanical characteristics of tennis service speed through video analysis and compared the effects of different training methods on service speed from aspects of speed and angle. It was found that:

(1) The throwing height and hitting height of both groups significantly improved; p < 0.05 in the comparison between Groups B and A;

(2) After throwing the ball, the ball deflection angle improved in both groups; p < 0.05 in the comparison between Groups B and A and the comparison in Group B before and after the experiment;

(3) The service speed improved in both groups, but the improvement of Group B was larger;

(4) The service success rate of both groups significantly improved, and p < 0.05 compared to before experiment; the service success rate of Group B was higher than that of Group A (p < 0.05).

The experimental results show that the shoulder training assisted by an elastic band increases the stability of the shoulder, which is more conducive to the smooth completion of the service and improves the quality of service. In the actual training process of athletes, athletes can strengthen shoulder training. This work also verifies the reliability of the video analysis method in sport training, which can be further promoted and applied in practice.
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Table 1: General information
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Table 2: Comparison of the ball deflection angle

Before the experiment After the experiment

Group A Group B Group A Group B
Left and right angle 6.78 £2.64° 6.77 £2.56° 5.87+£2.12°%% 5.33£3.09%%#
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Note: *: compared with before experiment, p < 0.05.
#. compared with group A, p <0.05.





OEBPS/Images/copy.png





OEBPS/Images/MCB_17050-fig-3.png





OEBPS/Images/MCB_17050-fig-1.png
I
Center line of the
service court
¥
Right Left
service service
court
court J— Net
Left Right . -
. Singles sideline
service service
court court ol
\ Doubles sideline
Service line "
|

2

Mark of center line Bottom line





