Architecture assignment 1  

Task 1  
Euler’s numerical integration method 
Differential equations 
Can simply be put as the solution to the path through the world  
This can be shown through a simple equation as velocity (v) = force (f) (location (x) times the time(t) 
V = f ( x, t ) 
Firstly to get the first differential equation we first need to know that acceleration (a) equals –gravity(g) so that is  
A = -g 
Once we integrate this we are left with velocity  = -gravity times time (t) + initial velocity (v(0)) 
V = -gt + v(0) 
This is our first deferential equation and is a function of a time and position of an entity equal to the velocity of the object. 
So going back to our original equation and linking it to our new one we can find that the time in the new equation and the velocity can be used to solve the differential equation and can be solved multiple times at different times to find the position of the entity granted that you already know the initial position of the entity and its velocity.  
Once these are known you can detect the positions using velocity and its starting distance for example  
X(0) = x(t(0)) 
V(0) = v(t(0)) 
X(0) is the initial position of the entity  
V(0) is the initial velocity of the entity 
(t(0)) is the initial time   
So taking these numbers we can find the next point of the position of the entity like this   
X(1) = x(0) + v(0) (delta)t 
(delta)t = the total change of time of the potions time and velocity's or distances time from the last step. 
t(1)- t(0) = (delta)t this does not mean the time since the project started but the time of the interval  
this equation can keep going as many times as needed so in the end the final equation is as follows 
X(n+1) =  x(n) + v(n) (delta)t  
N being the number of intervals that have passed  
Since we know that v = f (x,t) we can substitute this into the last equation  making this equation  
X(n+1) =  X(n) + f( x(n),t(n) ) (delta)t 

Advantages and disadvantages when looking at  using Euler’s method 
Using a graph, we can already see some of the Eular's methods advantages and disadvantages see for example a disadvantage is the accuracy of the results shown to us though depending on what X value you input will vary in the accuracy shown at the end if we plot it out on a graph next to the original graph, we are using with the predetermined line we can see that it's not entirely accurate. 
This gets worse at the time steps increase making the method even more inaccurate the higher the time step implemented  

 However, using Eular's method we can simplify it using computers processing power to find the duratives of the line extremely fast and if it has already been coded then even fast still if inputting the numbers is all you need to do. [1] 
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Other numerical integration methods used in gaming 
The midpoint predicts a point on a graph between two intervals. Then you can find the area of the rectangles. This is a good approximation since the mid-point always hits the line however the longer the forwards force is applied the more inaccurate the midpoint method becomes. This is because the quicker the slope goes up on the x axis the more likely that the midpoint method may add onto the value unlike the Eular's method when it can only predict a lower value.  
Taking into account what midpoint is we can see on this graph here [2] 
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This example shows that the rectangles that are shown are both leaving inaccuracy's the faster the slope rises. 6-8 shows us a massive inaccuracy showing that a large part of the rectangle is over the line.  
 Part 2 

Eular's method

This is Euler's method in code form removing all the excess code 
a = Ftot / Mass; 
vnew = vcurr + dt * accel;   
xnew = xcurr + dt * vcurr;   
vcurr = vnew; 
xcurr = xnew; 
Using this coded method I will intergrate from the problem using “fd” and “ftot” in the a =f/m. After finding this out I can then sub into the eulars method and find the approximation at certain time farmas of 0.06 seconds which is represented as “h” in this equation. Finding the drag force means I must put together a large amount of different numbers in an equation already given to me. Finding the total force forward has a problem as the assignment states that ft must equal zero after a distance of 6. using an if stament here was my solution as when xcurr (distance) is less than or equal to 6 then continue with the method that applys forward force. However once that mark has been passed then stop applying forward force as the spring has now been detached from the car that was being propeled forward.  
Midpoint method 

The midpoint method is as follows 

xnewi = xcurr + ((h/2) * vcurr);  

vnewi = vcurr + ((h / 2) * a); p 

xnew = xcurr + h * vnewi;  

vnew = vcurr + h * a; 
Subbing in “a” from the total forces finding the newest distance and velocity using the midpoint method makes the code more accurate than Eular's because there is two points taken into account and subbed into the final formular as “xcurr” is used in the before in the code.  

Code  

Since most of the code is used for the same features in both the methods I am using then I am simply using the same program for both and inserting the code I need at the time. Both code is available in the program and i have programmed an if statement to use the Eular's method type 1 and the midpoint type 0. this way only one method will be used in and they will not interrupt each other giving wrong answers to the user. 
Explaining the attributes of the code and what is being used and what they are  

Lets show the variables:

A – acceleration used in finding both the midpoint and the eulars method 

Ftot – total amount of forward force and uses a set method as well as current distance

Fd – total drag of the force and many variables will be used to calculate this  

V new – newest velocity  

V curr – current velocity shows the speed of the car in x position  

xnew – newest distance used in both midpoint and Eular's methods and is increasing every loop until it hits 6 

xcurr – current distance  

Time – total time  

H – time step and is used in both eulars and midpoints methods to calculate velocity and distance travelled in an interveal  

Mass – mass of the car and is used in finding “fd”  

Ft – used in finding ftot 

Invmass – mass of the car 

Cd - drag coefficient and is used in the “fd” calculation  

Ad – air density and is used in the “fd” calculation 

Area – area of the front of the car 

Cr – coefficeint of rolling resistance and is used in the “fd” calculation 

Half – used in equation “fd” in the code. 

Gravity – used in the equation “fd” in the code. 
Results  

Eular's method screen shot of results 
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Midpoint method screen shot of results  
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Comparing results  

When comparing the results of both methods using my code I see one major inconsistency between them. The position of the car varies. I believe this is because the Eular's method becomes more inaccurate faster than the midpoint does. Time being a constant variable for both methods does not change as well as traction. As a prediction the midpoint rule will continue to become inaccurate that applies to the Eular's method as well however for the midpoint rule it will take longer to get dangerous inaccuracy as shown in the graphs. The same time has a applied to both and yet Eular's is off by almost 5 meters. If the velocity continued for another 4 meters which would be 10 meters of force, we would likely see the inaccuracy between these two methods increase experientially. However looking at the graphs both methods show a correct rise in position as the car moves forward and then a slow lack of energy until it comes to a stop around 35-40 meters  meaning both methods are correct predictions and both work well to find a predicted location of the car stopping and its total max speed produced.  

Eular's benefits is the fact that its fast and takes a small amount of CPU load however its accuracy is much lower than the midpoints method since when the method is active it increases in its inaccuracy. The midpoint while not perfect since it can sometimes give an answer that is more than the actual answer as well as lower than the actual answer.   
If you are looking for a method that takes a lower toll on your CPU then use the Eular’s method and if you want a heavier method that is more accurate then use the mid-point method. 
The accuracy of both methods show that the midpoint is the best method as the middle of the two times steps always hits the main line however the inaccuracy's show when you need to calculate the rectangles as space is missing and the rectangle comes over the line adding extra area to the equation when you should only calculate the area under the line.  
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Testing  
Test1  
Test to see if loop works as intended  
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Loop works as intended rework on code however 

Test 2 
Test to see current code
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Traction is wrong  
One of the variables was showing 0 making the equation that linked to the showed value wrong  
Has now been resolved. 

Test 3 
Testing the if statement works for both methods in the code.
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If statement correctly works for both equations showing the results needed.  
Excel information 
Both excel screenshot were taken from the two excel documents located in the same folder as where you found this document. 

