[bookmark: _Toc4182261]What is an influence map?

An influence map is used to analyse data, Ian Millington states that “Tactical analyses of all kinds are sometimes known as influence maps.” [1] . Ian Millnigton states that they have a variety of uses within the game world. Ian Millington gives an example that they can be used “in real-time strategy games, where the AI keeps track of the areas of military influence for both sides.” [1], 
Contextualised in games they can be used to analyse game data, such as different areas of the level, enemies & goals. Ian Millington mentions that they can be used to track areas of shadows in a given level as “all locations within a chunk should have roughly the same amount of illumination. “. This illustrates that influence maps can be very useful within games.  

[bookmark: _Toc4182262]The Big 0 notation	

The big O notation is used to describe the time and space complexity of a given algorithm. Contextualised in games, this notation can be used to describe the amount of time and memory it takes the game to calculate the algorithm. Ian Millington states that “execution time is O(nm), and memory is O(m), where m is the number of locations in the level, and n is the number of units”. 

[bookmark: _Toc4182263]Influence Map Equations

There are different equations that impact the impact that an influence map has, listed below are four different equations and the difference of them.
All of the following equations assume that Io is the Influence source, d is the distance, It is the threshold of influence and Id is the resulting influence from the sum of the equation.

Above is the equation for linear drop off model. Ian Millington states that this equation works in a way that away from the influence the source, if you “double the distance and we get half the influence” [1]


Above is the rapid initial drop off, where you get high influence close to the source, but rapidly declines as you get further away from the influence source. 

Above is the equation for the influence source to impact the neighbouring areas in way where they first plateau and then rapidly drop off as you get back a certain distance.

Above is the method that was provided in which the neighbouring areas first plateau and then as you get further away from the influence source, rapidly decays 
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Above is the Gaussian Kernal Filter convolution method that can be used in order to reduce the noise levels of traditional Gaussian filter methods, and as a result make the surrounding areas around the influence source less diverse. 


[bookmark: _Toc4182264]Gaussian Kernel Filter

To illustrate the Gaussian filter calculation, I will be applying it on the following table that has been provided as requested. 
	
	Col 1
	Col2
	Col3
	Col4
	Col5
	Col6

	Row 1
	32
	32
	32
	34
	34
	36

	Row 2
	26
	26
	26
	26
	30
	36

	Row 3
	18
	18
	18
	24
	24
	24

	Row 4
	14
	16
	16
	22
	22
	24

	Row 5
	14
	14
	14
	20
	20
	18

	Row 6
	16
	20
	20
	22
	24
	26

	Row 7
	16
	22
	22
	24
	26
	30

	Row 8
	18
	24
	24
	26
	28
	32













The cell the filter will be applied to is row 2, column 2., As a result, the following will the 3x3 grid of cells that the filter calculation will be using.
 
	
	Col 1
	Col2
	Col3

	Row 1
	32
	32
	32

	Row 2
	26
	26
	26

	Row 3
	18
	18
	18








The calculation will be as follows. The 3x3 grid provided to me multiplied by the Gaussian filter convolution method.

	
	Col 1
	Col2
	Col3

	Row 1
	32
	32
	32

	Row 2
	26
	26
	26

	Row 3
	18
	18
	18


	
	Col 1
	Col2
	Col3

	Row 1
	1/16
	2/16
	1/16

	Row 2
	2/16
	4/16
	2/16

	Row 3
	1/16
	2/16
	1/16
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The resulting calculation table would look like this 

	
	Col 1
	Col2
	Col3

	Row 1
	(1/16) * 32
	(2/16) *32
	(1/16) * 32

	Row 2
	(2/16) *26
	(4/16) *26
	(2/16) * 26

	Row 3
	(1/16) * 18
	(2/16) *18
	(1/16) * 18








=
	
	Col 1
	Col2
	Col3

	Row 1
	0.0625 * 32
	0.125*32
	0.0625* 32

	Row 2
	0.125  *26
	0.25 *26
	0.125* 26

	Row 3
	0.0625* 18
	0.125*18
	0.0625* 18








The following table shows the influence map for cell 2,2 using the Gaussian filter convolution method

	
	Col 1
	Col2
	Col3

	Row 1
	2
	4
	2

	Row 2
	3.25
	6.5
	3.25

	Row 3
	1.125
	2.25
	1.125








After the filter has been applied to all of the 9 cells, and the calculations finished, the next step was to find the sum of all of the 9 numbers in the 3 x 3 grid.
The resulting sum looked like this ;
2+4+2+3.25+6.5+3.25+1.125+2.25+1.125 = 25.5
The next and final step of the equation is to divide the final value by the amount of cells in the filter, in this case 9;
25.5/9 =2.83333333
The answer is the cell influence for cell 2,2. Cell 2,2’s influence is 2.83333333.
[bookmark: _Toc4182265]Equation 1 calculation


Alongside the Given the following, I was tasked to find the influence for cell 2,2, with the range, ‘r’ 5. using the equation below.

[image: ]

The two influence sources I had been provided with are below.

Location of influence source 1 (Io1) = (1,1).  Io1=3.5
Location of influence source 2 (Io2) = (1,6).  Io2=4.3

· What is e  - write about

Id = 3.5/

The influence source for Influence source 1 is as follows;
 


Id1 =  3.405613878



The influence source for Influence source 2 is as follows;
 


Id2 = 4.184039907
The influence source for cell 2,2 is the sum of Id1 & id2,
Id = Id1 + Id2
=
Id = 3.405613878 + 4.184039907
The final influence value for cell 2,2 is;
Id = 7.58965378

[bookmark: _Toc4182266]Gaussian Kernel Filter Vs Equation 1
Before implementation it was important to consider the differences between the Gaussian kernel filter method of convolution against the other equation method we were given. Below Details the comparison.

The Gaussian filter has the advantage that it is less computationally expensive, as it is using simple mathematics. The Gaussian filter convulation method only utilizes additions, multiplications and a singular division at the end of the algorithm.

The equation provided to us however, is more computationally expensive as it involves more complex mathematics, complex mathematics illustrating square roots, and a number to the power of 2. Using the big O notation, it is clear to see how having a few extra calculations will not be too impactful on a smaller set of data, however as the program gets larger and more iterations of the algorithm is run, the amount of memory used and the time it takes for the algorithm to be used on the entire data set is going to get more expensive.

However, although it is less computationally expensive, the Gaussian filter kernel method has a major disadvantage in that it is less accurate. To understand why, it is first important to understand that the Gaussian filter will use the algorithm on every cell in the data set, for example if you had a grid of 20*20 pixels, it would calculate the influence for all 400 cells. The inaccuracy of the algorithm comes from the fact that each further calculation is influenced by the previous calculation thus skewing the results to a value which is not what it would have been otherwise. This meaning the algorithm has a lot of noise.

The equation 1 method does not run into this issue and has a high level of accuracy, as when it calculates the distance from every cell in the data set, it does not have any noise. This is because it does not use any data from any other cells other than the cell of choosing and the cell its calculating the distance from. Therefore, in the terms of accuracy the equation would be the better option.

Data Structures
· Structures 
· Vectors
· Graphs
· Arrays
The following are examples of data structures can be used for influence maps implementation. 




[bookmark: _Toc4182267]Which algorithm will I be implementing and the reasoning

I will be implementing the Gaussian filter kernel method as it is less computationally expensive and thus more likely to be used within games. Clients computers will be of varying speed and performance and the time and space complexity should be kept low enough to not hinder the use of products.

For the implementation, I will have each cell as an individual struct.

 [image: ]

Each cell will have a x and y value. These will dictate where in the grid of numbers they are, 1,1 being the top left in the grid, and GridWidth , GridHeight, being the final number in the grid.
[image: ]
Each cell will also have a floating point variable for the value and the influence, and as shown above these are both initialized to 0 on creation of the struct.

These structs will be stored in an array which will be initialized to the size of grid height * grid width
[image: ]
Code declaring the array to hold the structs;
[image: ]
Setting the number of cells variable to rows * columns.
 [image: ]
Creating the array of the size equals to the amount of cells.




Testing
	Test Number
	Description
	Expected Result
	Actual Result
	Pass/Fail

	1
	User is provided with multiple options on loading the program
	User is presented with multiple options on loading the program.
	User is correctly presented with multiple options on loading the program. (Illustrated example in Appendix figure 1.)
	Pass

	2
	The demo using the values provided to us in the appendix of the assignment brief, calculates the Gaussian filter then correctly calculates the influence for cell 2,2
	The math is the same as the correct math of the Gaussian filter convolution method documented in this report.
	The program correctly displays the math, and illustrates the workings out.
(Illustrated example in Appendix figure 2.)
	Pass

	3
	Loads the values of an influence map from a file and display them on screen
	User should be able to see the values from file on screen
	User is correctly displayed the values from the file
(Illustrated example in Appendix figure 3 & Appendix figure 4.)
	Pass

	4
	Using the values from file, calculate the Gaussian filter then correctly calculate the influence for a random cell, in this case, 3,4
	User should be able to see final influence for the cell. 
	User can correctly calculate the influence for any cell in the files values, however only works for cells that are not on the edge or a corner. Functionality has not been added for that yet
(appendix figure 3 & 5)
	Pass





[bookmark: _Toc4182268]Task 3 testing
Some AI bot was implemented. 
[image: ]
The above gets the r values of every neighbouring pixel and subtracts from it the blue value of that pixel, these values are stored in their corresponding variables.
[image: ]
The above checks which direction to go, it compares the values with each other, and sets the value to the lowest and then sets choice to the corresponding option, after this is done it then goes into a switch statement which will execute the choice.



	Test Number
	Description
	Expected Result
	Actual Result
	Pass/Fail

	1
	User is provided with multiple options on loading the program
	User is presented with multiple options on loading the program. Pressing 3 will bring it to the AI bot one.
	User is correctly presented with multiple options on loading the program. (Illustrated example in Appendix figure 6.)
	Pass

	2
	Using the space key button
	The user should be able to press space and move the ai bot
	Pressing space correctly moves the ai bot
(Illustrated example in Appendix figure 7 & figure 8.)
	Pass

	3
	AI bot seeks blue influence source
	AI bot should move towards the blue influence dot and away from the red influence dot
	AI bot correctly moves away from the red influence source but does into move towards the blue influence source and instead moves away (Appendix figure 7, 8, 9, 10, 11, 12,13,14,15)
	Fail
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
[image: ]



Figure 6
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Figure 7
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Figure 8
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Figure 9
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Figure 10
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Figure 11
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Figure 12
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Figure 13
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Figure 14
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Figure 15
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_CellStruct* cellArray;




image6.png
Elvoid cell
{

etNumber0fCells(int width, int height)

numberOfCells = GRIDHEIGHT * GRIDWIDTH; // sets the number of cells to correct amount

/*cout << "the number of cells in this grid is << numberOfCells << endl;*/





image7.png
Elvoid cell::initialiseCells(int num)
{
number0fCells = num;
cellArray = new _CellStruct[number0fCells];
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switch (key) {

case

break;

case

float left, right, up, down;

/1 get up rgb value
left = grid[ai.x + ((ai.y + 1)*GRIDSIZE)].r - grid[ai.x + ((ai.y + 1)*GRIDSIZE)].b;
/1 get doun rgb value

right = grid[ai.x + ((ai.y - 1)*GRIDSIZE)].r - grid[ai.x + ((ai.y - 1)*GRIDSIZE)].b;
/1 get left rgb value

up = grid[(ai.x - 1) + (ai.y*GRIDSIZE)].r - grid[(ai.x - 1) + (ai.y*GRIDSIZE)].b;
/1 get right rgb value

down = grid[(ai.x + 1) + ((ai.y)*GRIDSIZE)].r - grid[(ai.x + 1) + ((ai.y)*GRIDSIZE)].b;
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int choice

if (up < right 88 up < down &% up < left) choice = 0;
if (right < up 8& right < down & right < left) choice

if (down < up & down < right & down < left) choice

if (left < right 8 left < up &R left < down) choice

switch (choice)
{
case @:
aiy +=1;
break;
case 1:
aix
break;
case 2:
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2. demo loading a map of different values from a file and calculating the influence for user inputted cell
3. demo open GL bot
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struct _CellStruct

{

¥

int id;
int x;

int y;

loat value;
float influence;
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// assign values to the
for (int i = 0 i < GRIDHEIGHT; i++)
{
for (int j = 0; j < GRIDWIDTH; j++)
{
// set the x & y indexes in the cell & the cell number index
this->cellArray[cellNumber].id = cellNumber+l;
this->cellArray[cellNumber].x = xindex;
this->cellArray[cellNumber].y = yindex;
// set value and influence to © as initialised values
this->cellArray[cellNumber] .value = 0;
this->cellArray[cellNumber] .influence = 0;

//increment the x index and the ID index
xindext+;
cellNumber++;




