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ACCBO17 -
GAMES ARCHITECTURE AND
MECHANICS

Assignment 1

We are demonstrating the importance of numerical
integration within game architecture and game engines.
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Part 1

Numerical integration, in mathematics, is the study of finding an “approximate value”. Despite
these methods providing only an approximate value, certain methods can be so accurate that the
value is as close as the value can get [1]. An example of such a method is the “Trapezoid Rule”,
which is used to calculate an approximate area under a curved graph.

These numerical integration methods are incredibly useful and important when creating a realistic
game engine. Using numerical integration methods such as Euler (explicit, implicit or semi-
implicit), Verlet and Runga-Kutta can create smooth fluid dynamics and particle systems (sand,
water, smoke). This allows developers/programmers to implement these methods to see how each
particle reacts and give an approximate of how the particle will continue to react (predict). If the
physics within the game works differently to how we would expect it to work (i.e water not taking
shape of its container), then immersion is broken. Deciding which method to use on aspects of a
game (particle-based, grid based) can reduce the instability and computer resource cost.

Euler’s Method

Euler’s method is described as a “step-by-step” approach to numerical integration. The idea behind
Euler’s is to “join” smaller segments together to form an approximate value of the whole segment
[2]. This method is also known as the “Marching Method”. Euler’s calculates the next value by using
the rate of change to move forward in small steps. This rate of change is implemented in Part 2 as
“deltaTime”, which is a time interval of 0.01s. It uses the previous value to then find the newest
value.

This method is used primarily in first derivative equations such as “Velocity = Acceleration x Time”,
which is one of the methods used in part 2. It’s a simple and efficient use of numerical integration,
as it is easy to understand and requires minimal resources. This makes the formula simple to use
and read while also reducing strain on the engine. In turn this reduces execution time, making it
more useful on simple physics engines.

This method also has its flaws/disadvantages. Due to the method primarily using first derivate, the
approximation is less accurate. The acceleration in part 2 is a constant, therefore the
approximation is quite accurate, but this changes when acceleration is no longer a constant. The
smaller rate of change also affects the accuracy of Euler’s method. Having larger intervals causes
the method to become less accurate while increasing intervals (deltaTime in part 2) can cause the
data to become more accurate, at the cost of slowing down the enginelsimulation
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FIGURE 3 FROM RESOURCE [3]

From figure 3 above, we can visually see the inaccuracy that Euler’s can create. Due to how quickly
Euler’s approximates data, these errors or inaccuracies also increase quickly and more drastically.

An example of Euler’s method being fine to use is when a game character jumps while sprinting. If
the objective is to keep the characters momentum/velocity the same when in the air and landing,
then Euler’s would be fine to use as those constants remain constant.

Navier-Stokes Equations

The Navier-Stokes equations are extensions of Euler’s method. These equations describe the
pressure, temperate and density of moving fluid [4]. These equations are the study called
Computational Fluid Dynamics or CFD. Not many 3D games implement this. A prime example of a
2D game using CFD is Noita, released in 2020.

Runge-Kutta Method
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FIGURE 4 [5] =4

Runge-Kutta (also known as RK4) has the formula above. I[T'Uses a fourth-order integral by taking
the values of the initial slope of the graph (K1), two values from the centre of the graph (K2, K3)
and the end of the graph. The values at the centre are weighted (x2), and then all added together
to then by divided by 6. This creates an average at the graph, which calculates more accurately
than Euler’s when intervals are larger.




The advantage of using RK4 seems to oppose Euler’s method, where using RK4 ignores the need for
smaller intervals to produce more accurate values. RK4 reduces the number of calculations needed
due to not relying on more intervals.

The accuracy provided by using RK4 is far more advantageous when used in real physic
simulations/games compared to simple simulations [6]. Games like Kerbal Space Program and
Microsoft Flight Simulator most likely take advantage of RK4 to create an immersive experience.
This can be a cost to the game engine though, as the calculations can take longer, which can cause
performance and visual issues. That’s why its recommended to use Euler’s or Heun's when making
simpler calculations.

Heun’s Method

Heun’s method is another example of numerical integration. Heun’s method is a modified version of
Euler’s method by using second-order integration. This was found/created when Runge-Kutta
method was being developed. This method was created to attempt to decrease the inaccuracies
that Euler creates [7]. This would have the same advantages as Euler, while reducing the
disadvantages when using Euler’s method.
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FIGURE 8 - HEUN METHOD FORMULA




Part 2
The Simulation Code

In part two, we are asked to create simulation in C++ of a spring-powered car being released and
have the code calculate the velocity, acceleration (or deceleration) and position of the car at
different time intervals. We can use different numerical integration methods to calculate these
factors.

We first include the libraries “lostream”, “cmath” and the FileWriter.h file.

The screenshot above shows that we first must set the constants provided by the assignment. These
constants allow us to calculate the initial force of the compressed spring using “Hooke’s Law”,
which is the “FT = 1.2 (16-x)” provided in the assignment, with “x” being our distance. The
FileWriter function creates a csv file named “SpringSimul” which is where the results are recorded.

We set our initial acceleration and velocity to be 0, as the car has not started moving at 0 seconds.
The constant “deltaTime” is the time intervals of 0.01 as stated in the assignment.

Fd=Crmg + % CppAV?

FIGURE 1 - FD FORMULA FROM ASSIGNMENT

The constant “fd1” is the first part of the equation above (figure 1), being the Coefficient of Drag
multiplied by mass multiplied by gravity. The constant “fd2” is the remainder of the equation. This
will be useful later when we want to calculate the acceleration later in the simulation.




The first line of the screenshot above prints out the initial time, position, velocity and acceleration
of the car (these being 0), and “fw.write” records this information to the Excel file.

We then start providing the setting the bounds for the calculations. We set a while loop for as long
as the velocity is greater than 0 or the time is equal to 0. This will allow the simulation to start.
When the velocity becomes less than 0, the simulation should escape the loop, which would
indicate the car has stopped moving.

We then set a for loop which will increase the time intervals by 0.01. This will provide us the time
intervals of 0.01. Within this loop, it calculates our first equation, being Hooke’s Law. This will
calculate the moving (tractive) force of the spring on the car (FT). Calculating FT is fundamental
for calculating the acceleration, and then the velocity of the vehicle.

The if loop applies the condition that if the distance travelled by the car is greater than 6 metres,
then FT = 0. This means that the car is no longer accelerating and should start decelerating until
velocity becomes 0. We then calculate the drag force on the car by adding the constants “fd1” and
“fd2”, creating FD.

The calculation for acceleration is (FT - FD) / mass. This is a numerical integration, as this is the
“change in force” divided by mass. This is a rearranged version of Newtons 2™ Law, F=MA. This will
allow us to then calculate both the velocity and the position of the car.

The use Eulers Method of numerical integration is to calculate the velocity and position of the car.
Using “velocity = velocity + acceleration * deltaTime”, this will update the velocity of the car for

every time interval of 0.01 seconds. We can then use the new calculated velocity to calculate the
position of the car using “x = x + velocity * deltaTime” (x being the distance travelled by the car).

The screenshot above applies another if statement, that if the velocity greater than or equal to 0,
then fd (drag) becomes 0, and so does the velocity.




Within the for loop, the results are printed to the console, and then written to the Excel file.
Outside the loop, the same is done to print out the position, velocity, time and acceleration of the
car when the car has stopped.

These are the results using Eulers
Method on the console.

The other numerical integration method used was the Runge-Kutta method, also known as RK4. The
RK4 method is inputted in the same place that the Euler’s method would be implemented in the
simulation.

* deltaTime;

* deltaTime;

deltaTime;
) * deltaTime

* velocityk3 + velocitykd) / 6.8f

The screenshot above shows how RK4 is implemented, where we are calculating an initial velocity
and an initial position. Rather than using the previous velocity and position, RK4 calculates the next
three velocity and position data, and then calculates the velocity using the equation of “velocityki
+2.0f * velocityk2 + 2.0f * velocityk3 + velocityk4” all divided by 6 (creates an average velocity).

The same is done when calculating the position “x”.

This creates a more accurate estimate of the values of velocity and positioning, as discussed in part
1.




These are the results provided from RK4.

Results and Comparison

Graph of simulated spring-powered car
Euler's Method
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This is the graph created by the data recorded in the Excel sheet. The data on the console and the
graph show that the car has travelled 45.4%9 metres in 7.07 seconds before coming to a stop. The
graph shows that the velocity starts to decrease after 6 metres, and the acceleration also drops to
a negative value (indicating deceleration), which is correct as FT becomes 0 after the car has
travelled 6 metres. The deceleration is a constant -2.0601m/s"2 as the equation of acceleration
becomes -FD divided by mass.




Graph of simulated spring-powered car
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We can see the same graph shape when using the RK4 method, but the actual results are different.
We can make the statement that the RK4 graph would look more detailed if there was more data to
be had (more velocity, distance and time).

6.77 4541126 0.60032 -2.0601 6.77 4561315 063334  2.0601
6.78 4541706 0.57972 -2.0601 6.78 45.61938 0.61274 -2.0601
6.79 4542265 0.55912 -2.0601 679 456254 059214  -2.0601
6.8 45.42804 0.53852 -2.0601 6.8 4563122 0.57154 -2.0601
6.81 4543322 051792 -2.0601 6.81 4563683 055094  -2.0601
6.82 4543819 049732 -2.0601 6.52 4564224 053034  -2.0601
6.83 4544296 047672 -2.0601 6.83 4564744 050974  -2.0601
6.84 4544752 0.45611 -2.0601 6.84 4565243 0.48914  -2.0601

6.85 45.65722 0.46854 -2.0601
6.86 45.6618 0.44794 -2.0601
6.87 45.66618 0.42733 -2.0601
6.88 45.67035 0.40673 -2.0601
6.89 4567431 0.38613 -2.0601

6.9 45.67807 0.36553 -2.0601
6.91 45.68162 0.34493 -2.0601

6.85 4545188 043551 -2.0601
6.86 4545603 0.41491 -2.0601
6.87 4545997 0.39431 -2.0601
6.88 4546371 037371 -2.0601
6.89 4546724 0.35311 -2.0601
6.9 4547057 0.33251 -2.0601

6.91 4547369 0.31181 -2.0601 6.02 4568496 0.32433  -2.0601
6.92 454766 0.29131 -2.0601 693 456881 0.30373  -2.0601
6.93 4547931 0.27071 -2.0601 6.94 4569104 0.28313  -2.0601
6.54 4548182 0.2501 -2.0601 6.95 4569376 0.26253  -2.0601
6.95 4548411 02295 -2.0601 6.96 4569629 0.24193  -2.0601
6.96 454862 02089 -2.0601 6.97 45.6986  0.22132  -2.0601
6.97 4548809 0.1883 -2.0601 6.98 4570071 0.20072  -2.0601
6.98 4548977 0.1677 -2.0601 6.99 4570261 0.18012  -2.0601
6.9 4549124  0.1471 -2.0601 7 4570431 0.15952  -2.0601
7 454925 01265 -2.0601 7.01 457058 0.13892  -2.0601
7.01 45.49356 0.1059 -2.0601 7.02 45.70709 0.11832 -2.0601
7.02 4549442 0.0853 -2.0601 7.03 4570817 0.09772  -2.0601
7.03 4549507 0.0647 -2.0601 7.04 4570904 0.07712  -2.0601
7.04 4549551 0.04409 -2.0601 7.05 4570971 0.05652  -2.0601
7.05 4549575 0.02349 -2.0601 7.06 4571017 0.03592  -2.0601
7.07 4571043  0.01531  -2.0601

7.06 4549578 0.00289 -2.0601

7.07 45.4956 0 -2.0601 7.08 45.71048 0 -2.0601

FIGURE 6 - RK4 RESULTS
FIGURE 5 - EULERS RESULTS

We can see many different in results between the two methods used. Figure 5’s results’ end
position is lower than the end position of Figure 6’s results’, by approximately 0.20 metres. We can
also see that the car’s velocity becomes 0 at 7.07 when using Euler’s, but 7.08 when using RK4. The




position and velocity are different at every time interval when comparing the two results. When we
compared the two methods in Part 1, the conclusion was that RK4 is more accurate.

mass
area =

density = 1.
drag = 0.34;
grav = 9.81;
res = 0.21;

acceleration
velocity = 0.

%

By changing the constants, we get different results. The mass has been increased by x5 and the
frontal area of the vehicle to 5m"2 with the remaining constants kept the same. This caused the
car to stop at only 9.13metres in 4.5 seconds. This is because the car is not accelerating as quickly
due to the equation (FT-FD)/mass. The acceleration is directly affected by the mass of the car. The
FD is directly affected due to the increase in the frontal area of the vehicle. This causes FD to be
larger than FT sooner, causing deceleration to happen sooner in the simulation.

mass =
area =

density = 0.020;
drag = 0.34,
grav = 3.73;

res = 0.21;
acceleration = 0;
velocity = 0.0;

The constants for air density and gravity have now been changed (Mars’ air density and gravity).
The data shows that despite the mass and area being larger, the constants being reduced increase
the distance the car travels. Comparing the distance travelled of the original car to the distance
travelled by the car above, we can see that the velocity does not reach as high (maximum of
5.28761m/s with Mars “climate”, and 12.788m/s with original constants).

The higher acceleration/deceleration and the higher velocity causes the original car to come to a
stop quicker than the “Mars” car, while also travelling a further distance. These small changes in

constants allows for programmers/game developers to create different physics within their games
(driving on Mars compared to driving on Earth like Beam.NG).




Graph of spring-powered car
When x > 16
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When changing the parameters in the if statement “X > 6”, (where FT = 0 after 6 metres), the
graph shows the same shape/trend. When this statement is changed to “if(X>16)" this creates the
maximum force potential provided by this spring using Hooke’s Law. Although all constants are the
same, the car travels the furthest distance possible with this spring potential. We can then assume
that changing the spring potential in the equation “FT = 1.2(16-x)” would also increase or decrease
the distance travelled.

This code should have implemented functions for each method used, as this would have made the
code easier to follow and much tidier.

Conclusion

Even when simulating something as simple as a spring-powered car, we can see how important
using numerical integration methods are. We even understand that each method has their
advantages and disadvantages, and that we can implement different numerical integrations within
the same game engine. The importance of choosing when and where to implement these methods
will affect the game’s performance, as well as keeping the customer immersed and content with
the experience they are being provided.

Appendices




Filawrit, {1apa Filepatn(si,

£ilopath

This is the FileWriter.h file, showcasing the code that saves the recorded data to a suitable
application.

If the file is open when the simulation is run, then the data will not be saved as it will print out the
error “Could not open file for writing”. This can be useful if someone else is accessing this data, as
it does not allow the simulation to overwrite this file until closed.

This just allows the user to change how the data is displayed in the Excel files, as we can set the
precision of the data recorded (significant figures/decimal points), without having to
manually edit the Excel sheet themselves.
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Engagement with Literature: 12/15
Knowledge and Understanding: 14/15
Cognitive and Intellectual Skills: 20/20

Practical Skills: 40/45

/1 O O Transferable Skills: 2/5

Overall 88/100
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’ Comment 1

Great work
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. Comment 2

Am | missing figures one and two?

Ideally what you would do is just after the introduction provide a table of figures providing the
source of the figure etc there, rather than using an intext citation like this

’ Comment 3

Interesting research here!

. Comment 4

(A follow on from the comment on the previous figure)

What would have been a good use of caption here is to provide a brief but informative title for
the figure.. for example

"A screenshot of the RK4 Methods formulae"
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. Comment 5

Fantastic research again. Good work.
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Comment 6

This wasn't exactly hookes law, but an adaption.

While Ft=1.2(16-x) exhibits a linear relationship between force and a variable
(similar to Hooke's Law), it models a system with a linearly
diminishing force where the force drops to zero when x=16
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Great idea
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