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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.

1. 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.

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

2. Phases,
2. Joint angles,
2. Linear displacement, velocity and accelerations.
2. Angular displacement, velocity and accelerations.
2. Joint and muscle forces (if appropriate)
2. Additional biomechanical assessments as appropriate

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

1. Complete a 2000 work journal (in the format of the Journal of Sport Sciences) based report describing 
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Morris T.R.
A  cricket ball  is made up of  6 rows of stitches with about 70-90 stretches depending on the brand of ball and has a prominent seam  which joins the two halves of the ball with several layers of cork bound tightly with several layers of string. The position of seam, the roughness of the ball, and the style of the bowling all  affects the flight of the ball and the way the ball bounces, the primary objective of this work is to determine the coefficient of restitution  and the coefficient of friction  of different bowling speeds of spin bowling and medium pace bowling and the data analysis will be looking at the difference of this, where the differences could be the  angle of contact and the velocity of the ball.
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Introduction
Cricket is a sport that relies heavily on the ability of the bowlers to be able to do something with the ball so that the batters feel uncomfortable when they are playing, therefore understanding the Coefficient of Restitution and the Coefficient of Friction is vital to understand what the ball will do with the different styles of bowling as said by Haron and Ismail (2012) where they stated that the dynamic behaviour of sports balls on different surfaces when the ball impacts the ground and plays a major role in cricket and can have great effect on the style of play adopted by players.
[bookmark: _Hlk30076133]The Coefficient of Friction as defined by The American Heritage Science Dictionary (2011) is the “measure of the amount of resistance that a surface exerts on a substance moving over it, equal to the ratio between the maximal frictional force that the surface exerts and the force pushing the object toward the surface.” Whereas the Coefficient of Restitution is defined “The ratio of the relative velocity of an object before impact to its relative velocity, in the opposite direction, after impact and as the nature of the surface and speed of impact of the object” by the Oxford Dictionary of Sports Science & Medicine (2007). Haron and Ismail (2012) also defined CoR as “the ratio of the velocity of separation (post impact velocity) to the velocity of approach (pre impact velocity).”
Research into the effect of the bouncing ball was also done by the International Tennis Federation where they projected a tennis ball bounce at a low angle and at a high angle where the rebound speed and angle gave enough information to determine the coefficient of friction of the ball (Cross, 2006). Cricket balls “have a pronounced seem that may produce a different response than the face” (Singh and Smith, 2015) which means that depending on where the ball lands the coefficient of friction will vary drastically.
Arakawa et al (2007) found that “friction between the ball and the target gradually reduces the ball velocity along the target and gradually increases the angular ball velocity” and also found that friction played a big role in the behaviour of the ball. When objects touch there is a tendency for them to try and slide over each other, to stop this from happening a resistance force opposite to the direction of travel is applied to the to the object, this is know as friction, the magnitude of this is determined by calculating the coefficient specific of the two surfaces.
Methods
The ball used in this work was a Slazenger Victorious ball, it measured at 22cm across the ball and 23.2 cm across the seam. The ball was bowled at the length of a standard cricket pitch of 22yds with two cones placed for the bowler to aim for at 5m apart, on an artificial surface. The iPad was placed on a stand 4m away to ensure both cones were in view and that the iPad remained still.
The bowler was asked to bowl three balls of spin and the footage was reviewed to make sure all balls landed within the two cones, and when one didn’t the bowler was asked to bowl it again, the same method was then used to measure the medium paced bowler and the bowler was asked to continue bowling until the correct footage was acquired.
A fast bowler was asked to bowl as well but with the footage acquired the ball was travelling at too fast a speed to be able to be seen by the camera clearly, so the fast bowler was not able to be used. Therefore, the two bowlers will be identified as a seam bowler and a spin bowler.
Once all the footage was acquired, the footage was analysed using laminate paper and the Hudl Technique app to measure the coefficient of restitution and the coefficient of friction by calculating the angle of the ball. Two cones were placed apart at 5m and another one placed 1m apart to be able to get a scale for a more accurate result and so that the velocity of the ball could be calculated. The coefficient of Restitution was calculated by using the formula:


The formula used for the Coefficient of Friction:

Formula for calculating Velocity:

The mean would then be calculated and compared.
Results
Table 1
	Bowling Style
	Coefficient of Restitution
	Coefficient of Friction

	Spin 1
	0.87
	0.69

	Spin 2 
	0.75
	0.72

	Spin 3
	0.68
	1.01

	Mean
	0.76
	0.81

	Seamer 1
	0.71
	0.82

	Seamer 2
	0.64
	0.71

	Seamer 3
	0.73
	0.88

	Mean
	0.69
	0.803



The bowling was conducted by using two styles of bowling, Spin bowler and a Seam bowler. Table 1 Shows the CoR and the CoF of both styles of bowling on one surface. Three results were taken from each bowling style to calculate a mean so that the results would be more reliable.
By looking at the results it is clear to see that the coefficient of restitution is higher when a spinner is bowling than when a seam bowler is bowling, with a mean CoR of 0.76 for the Spinner and then a mean Coefficient of Restitution of 0.69 for the Seam bowler. But there is not a huge difference (0.07), this shows that the ball has a very consistent CoR with a range of 0.09 for the seamer and 0.19 for the spinner.
There was no difference in the mean of the Coefficient of Friction between both the Seamer and the Spinner, 0.81 for the spinner and 0.803 for the Seamer. However, the range for both the spinner and the Seamer is vastly different. The seamer had a range of 0.18 which is very similar to the CoR, whereas the spinner had a range of 0.32, a difference of 0.12 from the seamer. 
Table 2
	Bowler
	Impact 
	Rebound 

	Spin 1
	10.78
	7.71

	Spin 2
	10.86
	7.53

	Spin 3
	10.14
	8.38

	Mean
	10.59
	7.87

	Seam 1
	11.6
	10.54

	Seam 2
	16.1
	10.9

	Seam 3
	12.38
	10.47

	Mean
	13.36
	10.64



There was a clear difference in velocity of both bowlers with a difference of 3  in the velocity on the impact of the ball and on the rebound of the ball.  There is however clear evidence that Friction slows the velocity of the ball down with a difference of 3  after the ball impacts the ground. 
Discussion
A batsman would much rather face bowler where the CoR is very consistent so that the batsmen knows how high the ball will bounce when batting. This helps the batsman predict what shot they are going to play when facing the bowling. The ball used had a very consistent CoR and would therefore be very useful for teams whose strengths are batting, such as in Australia the balls used have a very consistent CoR as they have very high scoring games. The ball also had a very consistent Coefficient of Friction which would also be very good for a batsman as they would find it easier to time the shot they play. However [image: Image result for seam placement when bowling pace"]bowlers would much rather have an inconsistent [image: Image result for seam placement when bowling pace"]Coefficient of Restitution and Friction as it would mean the bounce wouldn’t be as reliable and would increase the chances of the bowler getting the batsmen out.
The governing body in Cricket would also want a consistent a consistent CoR so that there is a consistent speed and bounce of the ball, the ball used in this experiment would be ideal for a governing body to use as it had both a consistent Coefficient or Restitution and Coefficient of Friction as both were very consistent in this experiment. The range in the velocity of the ball was also very similar which would again be ideal for a governing body.Figure 2: Seam position for a Seam Bowler

[image: Image result for seam placement when bowling spin"]The Coefficient of Friction on the ball played a big role in the difference of the velocity of the ball after the impact with an average of 3  lost after impact, this further proves the point made by Arakawa et al (2007) where he stated  “that friction played a big role in the behaviour of the ball.” But with the large range in the CoF seen when bowling spin shows that although both means with seam bowling are similar, it shows that when bowling spin the CoF is inconsistent. This could be because of the seam placement when bowling spin and the direction of which the ball will spin, as seen in Figure 1. In comparison, the seam position when bowling at a quicker speed is very different and could affect the CoR and the CoF as the ball would be landing on different areas which would affect the flight and bounce of the ball. See figure 2 for the position of the seam when bowling at pace. With the spin bowler the large difference in the range could be dependant on how much effort they put into spinning the ball as the aim of the spinner is for the ball to grip on the surface and turn, therefore a spin bowler would prefer a greater coefficient of friction. Figure 1: Seam position when bowling Spin

To further the analysis into this, different brands of Cricket balls should be used and they should be analysed to suit the conditions and the home team using them.
Conclusion
To conclude the difference in style of bowling does have a big difference in the consistency of the Coefficient of Friction as the spin bowler had a greater range due to their ability to determine how much effort they put into spinning the ball. However, the Coefficient of Restitution was very consistent throughout both styles of bowling. The limitations of this was the fact that only on e brand of ball was used and that a true fast bowler was not able to be used due to technological reasons. More could be done to identify how the balls react on difference surfaces as that can also affect the CoR and Cof and would be useful due to the varying conditions of cricket pitches.
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