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Kinematic Analysis

Conduct a complete kinematic analysis of a sporting action on two athletes of different abilities, or one athlete in at least two contexts in order to full describe the movement and highlighting training advice for the athlete or coach.

Write a 2000 words article (Journal of Sport science format) describing the data and justifying training advice.

Tasks


1. Using video and or other relevant biomechanical assessment techniques record a sporting performance that occurs primarily in 2 dimension.

2. Conduct and compare an identical second analysis on the athlete within a different context (fatigue, higher resistance, different equipment) or compare to a high performing athlete.

3. Describe the observed sporting action potentially in terms of;

a. Phases,
b. Joint angles,
c. Linear displacement, velocity and accelerations.
d. Angular displacement, velocity and accelerations.
e. Joint and muscle forces (if appropriate)
f. Additional biomechanical assessments as appropriate

4. Based on the information observed, collected and deduced justify training and performance recommendations.

5. Complete a 2000 work journal (in the format of the Journal of Sport Sciences) based report describing 


Assessment Criteria

Further details relating to the specific requirements of levels grading and format for the article will be provided during lectures and tutorials.
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Biomechanical analysis of a tennis ball 

Abstract: 
Within this assignment, a study was conducted to identify the bounce of a ball of different shots. These include a drop shot and a smash shot. The smash shot was shown to have an increase in acceleration in speed and both prior initial contact and post initial contact, whereas the drop shot showed to have a reduced acceleration post initial contact with the ground. With these findings, the type of shot being performed with both the power and angle of which the racket is striking the ball, has a huge part on determining the COF and COR of the tennis ball which helps determine the change in acceleration of the tennis ball. 

Introduction: 
For a tennis ball to be accepted by the International Tennis Federation (ITF), the ball must pass multiple tests before it is accepted as a match ball. From the ITF rules and regulations, a tennis ball that meets the correct criteria, should be able to bounce between 135 cm and 147 cm when the ball has been dropped on a concrete surface of a height at 254 cm (53-57 in from 100 in). This means that the ball should reach between 53% and 57% of the drop height when bouncing. Within tennis, the bounce of a tennis ball is widely analysed and only certain types of tennis balls are used, depending on the person’s ability. Another aspect of which the tennis ball is adapted accordingly, is the type of surface that the match is playing on e.g. clay, concreate and grass. As the modern game has progressed, tennis rackets have improved in both design and style to compensate the changes of the game. The playing style of the game has changed with the style to racket being advanced to determine the characterised by power and spin. The advanced technology that increases playing ability with both a combination of the stiffness of the rackets and materials being used and the biomechanical aspects of the tennis balls have become harder, has shown to have an increased pressure from the racket to the player, which is a high suspect to many major injuries with this to all types of abilities. 
[bookmark: _GoBack]A study was made by Cross (1999 that analyse the bounce off the ball and the characteristics. However, Cross (2000) stated that the impacts between the objects depends on the stiffness of each body. With that in mind, impacts upon a "rigid" surface, the vast majority of energy coming from the tennis ball is dissipation occurs.  However, the difference that is becomes most apparent between tennis and other ball games is not lead by the ball, but rather in the tennis racket. The racket surface has many points on which you can strike the ball but the most common area is most well known as the "Sweet spot" (Brody, 1981), which is most commonly used in professional athletes to receive the optimal ball trajectory.
 With the speed being the main dependence or even the pace upon the playing surface, the coefficient of friction (COF) and the coefficient of restitution (COR) is derived. Mathematics involved regarding the courts speed, was looked at to identify the severity of slow courts and the tendency the changes of speed to the game. Research suggests that athletes, in order to compensate for the loss of ball acceleration while playing on slow courts, the head of the racket would need to increase head speed 25%. When analysing the ball biomechanics, there is two physical areas that are vital to know when analysing the bounce of the ball. The coefficient of restitution, (COR), that the ball possess when playing on the court. To determine the COR, the ball is dropped onto the plying court, and ratio of that the speed that the ball travels post contact of the ground and just before contact of the ball coming in contact of the court. COR of the balls vertical speed is primarily affects by this. Another important aspect is coefficient of kinetic friction (COF) of the tennis ball and the court. The force of friction of the court on the ball affects the balls spin and horizontal speed. Other areas can also be looked at while using the same method on which the ball can be tested, examples such as football, volleyball and cricket uses a similar test. After a tennis ball is struck, follows impact onto the court, the contact is initially a skid and the court gives out a kinetic friction force on the side of which contact of the ball has been made. With this, the friction force gives off a torque around the centre of the ball that creates the rotational acceleration on the ball travelling forward. With that, the ball then starts going into topspin after first contact of the ground, unless topspin was already apparent prior contact. When the athlete has hit a shot with backspin, this creates the opposite of that to a topspin shot, and a reverse occurrence becomes apparent in both prior contact and post contact of the ground. Tennis balls that already possess topspin prior from contact to the court, have the potential to have their topspin increased during the bounce, but may decrease depending on the rotation of the ball. When a back spin shot is applied, the ball comes in contact of the ground and skids across the court. With that, gives off  kinetic friction force opposite to the direction of the ball in the direction of the overall horizontal motion of the ball. As the ball already is in a backwards rotation, the kinetic frictional force will continue for a greater amount of time on the ball prior rotation of the ball going forward. An increase of frictional force is inevitable in and decrease in horizontal speed than other shots such as flat and topspin shots of the ball. With that, the vertical speed of the ball to the horizontal speed is greater post contact to the court rather than before it, which leads to the ball to give of a greater angle than the angle coming into contact to the ground. Other aspects that influence that balls resulting force is drag, when a ball flies through the air, it experiences a drag force that acts in the direction opposite of the motion of the ball. Friction   of the strings of a racquet on a tennis ball is what allows spin to be imparted on the ball during a hit. Furthermore, friction between the ball and the court affects the way that the ball bounces. Kinetic friction is perpendicular to the normal force and opposite in direction to the velocity vector.

Method: 
The player will 4 service shots were taken from the baseline on a concreate floor. All shots analysed, were within an area of a 4 meter zone. The tennis ball being used were practise balls. The device being used to record was on an IPad second generation, and using the technique analysis app to record the action taking place. This analysis was taken within the UWTSD sports hall using their own tennis rackets and balls.  

Results: 
Drop shot/ backspin
To hit a ball with underspin, or backspin, a player angles his racquet back and slides it underneath the ball when hitting it. This type of shot is called a slice. It exerts a torque about the centre of the ball that causes the ball to rotate with a backward spin during its flight.

Analysis 1 - the drop shot recorded a COF at 0.7. The acceleration of which the ball was travelling was recorded at 2.3mps, once the ball made contact on the ground, the speed was then calculated at 1.3mps.
Analysis 2 – The second attempt of the drop shot was recorded a COF at 0.6. The acceleration of which the ball was travelling at was recorded at 2.0mps, the first initial contact of the ball was calculated in being 1.4mps. 

Picture A. Below is an example of the visual aspect of the spin of the ball after a back spin, drop shot (.
[image: Underspin bounce]




Top Spin
The definition of topspin is spin about a horizontal axis perpendicular to the direction of travel, where the top surface of the ball is moving forward with the spin. This causes the ball to swerve in the direction of the spin i.e. downward, much more than what would have been caused by gravity alone.
Analysis 3 – The smash shot was recorded at   2.3mps before initial contact of the ground and 2.0mps after initial contact of the ground. 
Analysis 4 – The second attempt of the smash shot as recorded at 2.8mps after contact of the floor and then 2.8mps after contact of the ground.  

Picture B. Below is the visual aspect of a tennis ball in motion after a Top Spin shot has been performed and the friction applied upon contact of the court.
[image: Topspin bounce]




Discussion:
Upon analysis of the four shots taken, the drop shot was shown to demon straight a lower COR and COF compared to the smash shot. This is because the force that is exhorted from the ball on the smash shot is greater, which resulted in a greater resolving force of that than the drop shot. However, there is a significant difference was recorded from their analysis between topspin and backspin shots in the angle of the racket at the completion of the backswing. This suggests that depending on the persons technique and the angle of which the athlete strikes the ball, will affect the COF and COR of the tennis ball, thus changing the direction of the balls motion upon game play. With that, the drop shot showed to have a deceleration after initial contact of the ground which resulted in a reduced angle 

Aspects of that may have impacted the results is the ability of the athlete performing the shots which gave a false reading of results. The tennis balls being used as they have not been changes in a few years which affects the playing characteristics of the balls biomechanics. Upon analysis, the camera used was not to the specification of which a thorough analysis could have been made. 



Conclusion: 
To conclude, the velocity and the projector of the tennis ball’s direction, is highly determined by the angle of which the ball is struck and the type of spin that is performed. With that, the COF and COR is effected and depending on the grade of speed and the spin of the ball and the ball type being used, the COF and COR will be effected accordingly. The spin is a huge factor on which the direction of the ball may travel. 
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