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[bookmark: _Toc183433617]Introduction
Within this paper, we will be discussing some basic integration methods and additionally, we will cover their applications in a gaming context, then in the second part of this paper I will be creating code for a friction calculation.

[bookmark: _Toc183433618]Section 1
Numerical integration methods are algorithms, which according to Wikipedia “numerical integration comprises a broad family of algorithms for calculating the numerical value of a definite integral” [1].

Numerical integration methods are commonly used for physics calculations in video games[2], numerical integrations are used for estimating the value of a value when it is difficult to find the intended value[3]. In the section below will discuss two integration methods, as well as commonly used integrations in gaming.

[bookmark: _Toc183433619]Integration 1
The first integration we will be discussing is the Midpoint rule, the midpoint rule defined as :[image: ]
Fig.1 Midpoint rule definition [4]

The midpoint rule finds the halfway point along a line, the advantage to using the midpoint rule is that it gives a good value for a line between two points, however it is ineffective for a curve as it doesn't factor in the change in gradient, as the integration loses accuracy[5].

An application for the usage of the midpoint rule is that it allows us to calculate the halfway point on a line. An example usage of this is to find the center of a shape with a straight line such as a circle [9]. This is helpful as it allows us to find the CenterPoint of a shape, even when its size has been changed. This is especially helpful, as for collision calculations we want to find the CenterPoint of an object, if possible, but when an object is created it will use a default position for the object, which is usually in the corner of the square image. Making usage of this integration allows us to define a Centrepoint for the calculations.

[bookmark: _Toc183433620]Integration 2
The second integration we will discuss is the trapezoidal rule. The trapezoidal rule is defined as:
 [image: ]
Fig.2 Trapezium rule formula [5]

The trapezium rule is used for the calculation of the area under a curve [9]. The rule does this by defining the area under a graph as trapezoids, and then defining the area of these shapes [9]. This rule assists us in the approximation of integrals.

A negative to the usage of the trapezium rule is that for a declining gradient, the rule will always give an underestimate, while with an inclining gradient the integration will always give an overestimate [5].

A common usage of the trapezium rule is for the estimation of volumes such as the calculation of rainfall [10].
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Integrals have many different uses in gaming, one usage of numerical integration in gaming is the calculation of realistic physics [6], a method of integration that is commonly used in game development is the Eruler calculations which are used to calculate the velocity and speed of a object in a direction after a set time[6]. (example of equation below)[image: ]
Fig.3 Calculation of velocity [6]

This example integration can then be used to calculate the position change, such as a object moving on a 2d plane[6]
[image: ]
Fig.4 Change in position [6]

These calculations can be applied to a program to make more realistic physics calculations and improve the games feel, and immersion.

Eruler calculations are often used for rigid body physics calculations as the calculation does not consider that the objects change shape/ deform.
 
Another commonly used numerical integration method is Verlet integration, Verlet integration can be used to simulate physics such as cloth physics [7]. Verlet integration is used frequently as it is more efficient and less resource intensive to implement compared to other popular integration methods [8].
[image: ]
Fig.5 Calculation for Verlet integration [7]

However, Verlet integration has some disadvantages that need to be planned around for usage in games development, one is that extra implementation is needed for velocity to affect the integration [6].
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Within this section of the report, we will be creating and discussing implementation of integration and using it to create a calculation for friction the program then should generate outputs based on this calculation, which is stated in the assignment brief as follows: [image: ]
Fig. 6 integration from brief

Fd is the forward motion of the car in movement, and additionally this integration factors in the rolling distance, wind resistance, and any breaking force on the car. We then need to ensure the program can calculate the velocity as we are not given this. Additionally, the program needs to calculate the distance travelled by the car and output the distance travelled in meters and the time in seconds. Athis data will then need to be calculated and graphed in a table.

Additionally, if the distance travelled is greeted then 6 meters, then ft needs to be set to 0. And if velocity is less than or = to 0 then Fd needs to be set to 0. For this calculation as it it simulates friction on a straight line, we do not need to calculate the y axis only the x axis

The code is outputted into a external file and then plotted onto a graph, this graph is attached below

[image: ]
Fig. 7 velocity change over time
Additionally, the data is also stored within a spreadsheet, a picture is shown below[image: ]
Fig. 8 table of calculated values

This data is counted until velocity reaches 0

Now it is time to evaluate this model and discuss its issues and advantages. With this integration model it allows for a decently accurate calculation of friction as well as velocity in a 2d plane. However, this calculation does not take into account some factors, one of these is if the car is on a non-level plane, as if the ground is not flat the data will have a different result output.

The code is structured as follows, first the values for the calculation are declared, next the code is programmed to loop until time exceeds 5 seconds or if velocity is equals to or is less than 0. The calculation, first calculated Fd, then Ft, then acceleration, this is then used to calculate the velocity. This value is finally used to calculate the position. Additionally, the code on each loop writes the values of position, velocity and time to an external file.
[image: ] (
Fig. 9 code for the friction calculatio
n
)[image: ]Fig. 10 Filewriter code

[bookmark: _Toc183433623]Conclusion
In conclusion this assay has covered 2 integration methods, these being verlet integration and trapezium rule. Additionally, we have discussed a few integration methods and their applications in a gaming context. Within the second segment of this paper we have discussed the integration from the brief, calculated it using a program and evaluated and analysed the code written.
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#pragma once

v #include <string>
#include <iostream>
#include <fstrean>
#include <iomanip>

v class fileuriter //this writes the results of the code to a output file.

1
File.open(filepath);
if (ifile.is_open())
{

st

| cerr << "error: could not open file for writeing. \n";
¥

else

{

file << "time(s), Position(M), Velocity(M/s), \n

H

~fileWriter()
1
| if ('file.is_open())
{
| file.close();
¥

std::cout << "Simulation is compleated. Results were saved to: " << filepath;
}

void mrite(float time, float position, float velocity)
1

if (File.is_open())

i

| file << std::Fixed << std::setprecision(2) << time << "
<< std: :Fixed << std::setprecision(u) << position << "
<< std::fixed << std::setprecision(4) << velocity << "\n

void log(float time, float position, float velocity)

std::cout << "time: " << time << "s position: " << position << "m velocity" << velocity << std
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#include <iostream>
#include <math.h>
#include "filewriter.h”

int mainQ)

filewriter fu("sin.csv");
//this is for the calculation of velocity
const float g = 9.81

#loat velocity = 6.9, position

o, deltaTime = o

float Fd, Ft, accelaration, Cr = 8.21, M = 1 /+kg*/, Cd = .34, airDensity = 1.2 /+kg+/, A = 0.61; //values for calculation of formard distance

//caleulation for velocity and also writes to velocity. this loop can also be used for the full calculation
for (float time time <= 5.0; time += deltaTime)

1

| Fd=Cr*Mg+0.5* (Cd * airDensity * A * pow(velocity, 2)/+ calcs forward distances/]
Ft=1.2 (16 - position);

accelaration = (Ft - Fd) / M; /+calc for accelarations/

velocity = velocity + (accelaration * deltaTime);//(position « deltaTine) //calculates velocity
position = position + (velocity » deltaTime); //calculates position change
if (velocity <= 6)

std::cout << "Time: " << time << " Position: " << position << "M Velocity: " << velocity << std::

ndl;

if (position == 6)
break;
#u.write(tine, position, velocity); // writes time, position and velocity to a file.
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