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Influence maps are one of the many algorithms that can be used to convert a complex world into data that the AI is able to read, understand and use to help reach its goal or perform its task better. They rely on the concept that objects/ entities in the game world influence the strength relationships between the player / ai and the objects [1] .
An influence map can be described as a grid that covers the game world which has values assigned at each cell which represents the influence that the cell has from influence sources [2]. Influence maps provide a few different types of information which is useful to an AI.  Firstly, the AI can learn about the current state of the world, which areas are to be avoided and where should it head towards, etc [3]. The influence map can also provide information about the past. It can show Where the enemies have been and how well a previous attempt worked [3]. Finally, an influence map can assist in predicting what might happen next, for example, where an enemy might move or how his movement will affect the influence in that area[3].

[bookmark: _Toc4165776][bookmark: _Toc4165795]Convolution Filters
One approach that can be taken to create an influence map is to use a convolution filter. A convolution filter is a template that can be placed over a grid and compute a new value for the centre grid cell using different values from the surrounding cells.
[image: https://docs.gimp.org/2.8/en/images/filters/examples/convolution-calculate.png]
[bookmark: _Toc4165849]Figure 1 simple convolution filter [4]
Convolution filters can be used to make images sharper or blurrier depending on the numbers used, however in influence maps it can be used to calculate the spread of influence. The gaussian filter is a blur filter which will spread out influence from the source, the influence value will decrease as the influence spreads as the numbers being used to calculate the final value will decrease as the distance from the initial influence source increases.

[image: ]
[bookmark: _Toc4165850]Figure 2 Gaussian filter calculation
Figure 2 above shows an example of an influence calculation using the Gaussian filter. The influence map section on the left is multiplied by the Gaussian filter on the right and the resulting 9 numbers are added together and the total will give the influence value of the centre cell. This method can be calculated using matrices to allow for faster and simpler calculations. The gaussian filter has a big O notation of O(mn) [5]. Where m is grid size and n is number of cells with influence. Therefore, it can be said that memory usage is proportional to grid size.  Generally, this technique will require multiple passes because once an initial run of calculations has been completed the influence will appear to spread, which will allow for more calculations can be made. This method is unsuitable for the desired outcome of this assignment because the influence for the entire grid will need to be calculated on one pass, not on many passes.
 
[bookmark: _Toc4165777][bookmark: _Toc4165796]Linear Drop off
Another method of creating an influence map is to use a formula to calculate the influence at a given potion using the distance from an influence source. These equations provide a linear drop off for the influence. An example of this would be the following equation. Where d is the distance between the current point and the influence source and r is the range of the source’s influence.



[image: ]
[bookmark: _Toc4165851]Figure 3Influence calculations using equation
Figure 3 above shows examples of calculations which were calculated using the equation. The equation can be used to work out the total influence on a cell by adding together all the other influences that are acting on that specific cell. The distance can be calculated using a slight modification to Pythagoras’ theorem, this is the method shown above in figure 3. The final step of this distance calculation in to square root the number to give the distance. However, it is better practice to work in square space as it is more computationally expensive to square root the answer, especially if you are doing the calculations 1 or more times for each cell in the grid.

A convolution filter would be a better choice generally for the implementation of an influence map because for each cell there is a single matrix calculation where as the equation needs to do a distance calculation followed by an influence calculation for each influence source on the grid and then it will need total the influence at the cell. This is very computationally expensive when compared with the Gaussian filter. However, as the scenario chosen in this assignment requires an immediate influence calculation, the equation is a better fit.
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For this assignment a linear drop off equation was chosen. A basic model of this equation was created in C to ensure that the equation outputs the correct results. For this I used the data from the examples above along with a few other test values. The code for this equation can be seen in Appendix 1. Figure 4 below shows the output from the code when provided with the example data used previously. The first 3 numbers relate to the first source, the second set is the second source and the final number if the total influence. Of the cluster of 3 numbers, the first is the distance, the second number is the exponent and the final number is the influence of that source. Figures 5 and 6 show more examples of test data which was input into the equation.
[image: ] 
[bookmark: _Toc4165852]Figure 4 results from equation
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[bookmark: _Toc4165853]Figure 5 test data for equation next to results
[image: ]
[bookmark: _Toc4165854]Figure 6 results for equation using initial two sources as well as 2 user input sources
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After deciding on the method of creating the influence map and testing the method, the next step was to create a scenario to show how an AI can use the influence map to improve its ability to complete its goal. In the scenario chosen the AI’s aim is to traverse the map and collect all areas of blue influence, this removes them from the map, once all blue influence sources have been collected the AI stops. While collecting the sources of blue influence the AI will need to avoid walls and areas of red influence. This scenario is coded in c style using a family of function rather than classes.  The code for this scenario can be found in Appendix 2. The application loads in 1 of 3 influence maps which is selected by the user. Following this, there is an immediate calculation of the influence provided by the sources loaded in from the file. This data is then passed to the display function and drawn to screen. Once the display function has completed the application will call the update function which will recalculate the influence values and move the AI. The AI then use the provided data to try and make its way to every blue source on the map. When deciding on where to move the AI will calculate which direction is best to move to. This is decided by grabbing the blue value, subtracting 2 * red value and finally subtracting the green value. Shown in figure 7 below.

[image: ]
[bookmark: _Toc4165855]Figure 7 Calculation used to determine next move
This calculation is done for all 4 immediate directions. The results of these calculations are then compared with each other and the largest value will be the AI’s next step. If one of the next move possibilities happens to be a wall, then the calculation value is replaced with -999. This is to ensure that the AI doesn’t accidentally pass through a wall. The reason that the Ai checks against the green value is that for every location that the AI visits, it will increase the green value of the grid cell by 0.1. This is to ensure that the AI doesn’t repeatedly attempt to make the same moves after the first attempt has failed. This doesn’t prevent the AI from repeating a move or attempting a similar move but it does persuade the AI to try something new.
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[bookmark: _Toc4165856]Figure 8 Start of influence map 1
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[bookmark: _Toc4165857]Figure 9influence map 1 after AI has collected all blues
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[bookmark: _Toc4165858]Figure 10 Start of influence map 2
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[bookmark: _Toc4165859]Figure 11influence map 2 after all blues have been collected
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[bookmark: _Toc4165860]Figure 12Start of influence map 3
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[bookmark: _Toc4165861]Figure 13Influence map 3 after all blue sources have been collected
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#include <iostream>
#include "math.h"

using namespace std;

struct vec2 {
	float x, y;
};

struct infSource{
	float val = 0;
	vec2 pos;

};

float distanceCalc(vec2, vec2);

void main()
{
	float totalInfluence = 0;
	float influence = 0;
	float distance = 0;
	vec2 position;
	float radius = 0;
	float temp = 0;

	infSource infSor[4];
	//influence = sourceval / ((e^(d-r)) + 1)
	//d = pythag of position and sourcePos - radius

	position = { 5, 5 };
	radius = 8;
	infSor[0].pos = { 1,1 };
	infSor[0].val = 3.5;
	infSor[1].pos = { 1,6 };
	infSor[1].val = 4.3;

	for (int i = 0; i < 4; i++)
	{
		if (infSor[i].val == NULL)
		{
			cout << "Influence source - " << i+1 << endl;
			cout << "enter influence source x position" << endl;
			cin >> infSor[i].pos.x;
			cout <<  endl << "enter influence source y position" << endl;
			cin >> infSor[i].pos.y;
			cout << endl << "enter influence source influence value" << endl;
			cin >> infSor[i].val;
			cout << endl;
		}
	}
	//source 1
	for (int i = 0; i < 4; i++)
	{
		if (infSor[i].val == NULL)
		{ 
			continue;
		}
		influence = 0;
		distance = 0;
		temp = 0;

		distance = distanceCalc(position, infSor[i].pos);
		cout << distance << endl;

		temp = exp(distance - radius);

		cout << temp << endl;

		influence = (infSor[i].val / (temp + 1));

		cout << influence << endl << endl;

		totalInfluence += influence;
	}
	
	///////////////////////////////////////////

	cout << endl << totalInfluence << endl;
}

float distanceCalc(vec2 pos, vec2 source)
{
	float distance = 0;
	float changeX = 0;
	float changeY = 0;
	changeX = (pos.x - source.x) * (pos.x - source.x);
	changeY = (pos.y - source.y) * (pos.y - source.y);
	distance = sqrt((changeX)+(changeY));
	
	return distance;
}
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////// Includes
#pragma warning(disable : 4996)
#include <stdio.h>
#include <stdlib.h>
#include "glut.h"
#include "math.h"
#include <iostream>
#include <string>
#include <fstream>
using namespace std;

#define GRIDSIZE 50


////// Global Variables

////structures
typedef struct rgbtag {//colour values
	float r;
	float g;
	float b;
}rgb;
struct vec2 {//used for positions and to store colour values
	float x = 0, y = 0;
	rgb colour;
};
struct infSource { // structure for influence sources
	float val = 0;
	vec2 pos;
	float radius = 0;
	vec2 speed;
};
////


const int maxGrid = GRIDSIZE * GRIDSIZE; //size of the grid


//Arrays
vec2 gridArray[GRIDSIZE][GRIDSIZE]; //grid for display

char map1[maxGrid]; //used for loading influence map from file
char map2[GRIDSIZE][GRIDSIZE]; // used to convert influence map to a 2d array


infSource *infSorRed; //dynamic arrays for red and blue influence and walls
infSource *infSorBlue; 
vec2 *wall;

vec2 ai; //ai bot

//function prototypes
void init(void);//initialises variables and grid
void display(void);//used for rendering grid
void drawBox(float w, float h, float l); // called by display to draw grid cells
void reshape(int w, int h);//used for changing window size
void update(void);//updating influence and ai position
void aiMove(void);//called by update to move ai

float distanceCalc(vec2, vec2);//used in equation in update function


//initialise global variables
float maxInfluenceRed = 0;
float maxInfluenceBlue = 0;
float redRadius = 0;
float blueRadius = 0;

int mult = 1;//multiplier for movement speed - multiply by movement speed to reverse direction
int blueCollected = 0;
int blueCount = 0;
int redCount = 0;
int wallCount = 0;

string filename;//store filename
bool valid = 0;//used to ensure user input is correct;

// XZ position of the camera
float x = GRIDSIZE / 2, z = 15;


void menu()
{
	while (valid == 0)//cehck if valid selection
	{
		char d;
		cout << "Select an influence Map - (enter 1, 2 or 3)" << endl;
		cin >> d;
		
		switch (d) {
			//if user enters 1, influence map 1 will load, if 2 map 2 will load. etc.
		case '1' :
			filename = "influence.will";
			valid = 1;
			break;
		case '2':
			filename = "two.will";
			valid = 1;
			break;
		case '3':
			filename = "three.will";
			valid = 1;
			break;

		}
	}
	
}
void loadFile()
{
	menu();//call filename selection menu
	string line; 
	ifstream myfile(filename);//open maze file using maze name selected by user

	if (myfile.is_open())
	{
		int count = 0;
		while (getline(myfile, line))
		{

			line.copy(&map1[GRIDSIZE * count], GRIDSIZE, 0);//copy map details into array
			count++;
		}
		myfile.close();//close file
	}
	else cout << "Unable to open file"; //inform user if error opening file
	cout << endl << endl << endl;


	for (int i = 0; i < GRIDSIZE; i++)
	{
		for (int j = 0; j < GRIDSIZE; j++)
		{
			map2[i][j] = map1[i + j*GRIDSIZE];//pass into 2d array ---- easier to work with
		}
	}

	//loop through map data and count number of walls, red influence and blue influence
	for (int i = 0; i < GRIDSIZE; i++)
	{
		for (int j = 0; j < GRIDSIZE; j++)
		{
			if (map2[i][j] == '#')
				wallCount++;
			if (map2[i][j] == 'R')
				redCount++;
			if (map2[i][j] == 'B')
				blueCount++;

			
		}
	}
	//set dynamic arrays using counts
	infSorRed = new infSource[redCount];
	infSorBlue = new infSource[blueCount];
	wall = new vec2[wallCount];

	redCount = 0;
	blueCount = 0;
	wallCount = 0;
	//reset counts re-use again
	for (int i = 0; i < GRIDSIZE; i++)
	{
		for (int j = 0; j < GRIDSIZE; j++)
		{
			if (map2[i][j] == '#')
			{
				wall[wallCount].x = i;
				wall[wallCount].y = j;
				wallCount++;
			}
			if (map2[i][j] == 'A')
			{
				ai.x = i;
				ai.y = j;
			}
			if (map2[i][j] == 'R')
			{
				infSorRed[redCount].pos.x = i;
				infSorRed[redCount].pos.y = j;
				infSorRed[redCount].val = 5;
				infSorRed[redCount].radius = 2;
				infSorRed[redCount].speed.x = 0.25;
				infSorRed[redCount].speed.y = 0.25;
				//cout << "R - " <<  infSorRed[redCount].pos.x  << " , " << infSorRed[redCount].pos.y << endl;
				redCount++;
			}
			if (map2[i][j] == 'B')
			{
				infSorBlue[blueCount].pos.x = i;
				infSorBlue[blueCount].pos.y = j;
				infSorBlue[blueCount].val = 4;
				infSorBlue[blueCount].radius = 2;
				infSorBlue[blueCount].speed.x = 1.0;
				infSorBlue[blueCount].speed.y = 1.0;

				//cout << "B - " << infSorBlue[blueCount].pos.x <<" , " << infSorBlue[blueCount].pos.y<< endl;

				blueCount++;
			}
		}
	}
	infSorRed[0].radius = 4;
	//cout << redCount << " , " << blueCount << " , " << wallCount << endl;
}
void init()
// Initialize
//************************************************************************
// desc: initializes OpenGL
{
	glClearColor(0.0f, 0.0f, 0.0f, 0.0f);		// clears colour buffer 
	glEnable(GL_DEPTH_TEST);					// hidden surface removal
	glEnable(GL_CULL_FACE);						// do not calculate inside of poly's
	glFrontFace(GL_CCW);						// counter clock-wise polygons are out
	
	
	for (int i = 0; i < GRIDSIZE; i++) 
	{
		for (int j = 0; j < GRIDSIZE; j++) 
		{

			gridArray[i][j].colour.r = 0;
			gridArray[i][j].colour.g = 0;
			gridArray[i][j].colour.b = 0;
			gridArray[i][j].x = i;
			gridArray[i][j].y = j;
			//initialise grid
			
		}
	}
	
	loadFile();//load influence map
	
	
	
}
void update()
{
	//initialise variables
	float tempval = 0;
	float totalInfluenceRed = 0;
	float totalInfluenceBlue = 0;
	float influence = 0;
	float distance = 0;
	vec2 position;
	maxInfluenceRed = 0;
	
	maxInfluenceBlue = 0;
	
	//loop through grid and calculate influence at each cell based on distance from influence source/s
	for (int i = 1; i < GRIDSIZE - 1; i++) {
		for (int j = 1; j < GRIDSIZE - 1; j++) {

			totalInfluenceRed = 0;//total red influence on cell from all sources

			position.x = i; // set position
			position.y = j;
			
			//redRadius += 0.0001;
			influence = 0;
			distance = 0;
			tempval = 0;

			for (int l = 0; l < redCount; l++)
			{
				distance = distanceCalc(position, infSorRed[l].pos); // distance calc
				
				tempval = exp(distance - infSorRed[l].radius); // temp stroe exponent of distance - radius
				
				influence = (infSorRed[l].val / (tempval + 1)); // calculate final influence

				totalInfluenceRed += influence; // add calculated influence from the source to total influence of all sources on the cell

				gridArray[i][j].colour.r = totalInfluenceRed; // set red colour to total influene on the cell from red sources

				if (totalInfluenceRed > maxInfluenceRed)
				{
					maxInfluenceRed = totalInfluenceRed; // set max influence to total influence if total is bigge that current max
			
				}
			}
			

			//same calculations but for blue sources
			totalInfluenceBlue = 0;

			influence = 0;
			distance = 0;
			tempval = 0;

			for (int l = 0; l < blueCount; l++)
			{
				distance = distanceCalc(position, infSorBlue[l].pos);

				tempval = exp(distance - infSorBlue[l].radius);

				influence = (infSorBlue[l].val / (tempval + 1));

				totalInfluenceBlue += influence;

				gridArray[i][j].colour.b = totalInfluenceBlue;

				if (totalInfluenceBlue > maxInfluenceBlue)
				{
					maxInfluenceBlue = totalInfluenceBlue;


				}
				
			}

		} 
	}
	

	for (int i = 0; i < GRIDSIZE; i++) // normalize
	{
		for (int j = 1; j < GRIDSIZE - 1; j++)
		{
			//normalise colours by dividing by biggest values
			gridArray[i][j].colour.r = gridArray[i][j].colour.r / maxInfluenceRed;

			gridArray[i][j].colour.b = gridArray[i][j].colour.b / maxInfluenceBlue;
			

			//set the influence source cell to be max of its colour. i.e red sources have a red value of 1
			for (int o = 0; o < blueCount; o++)
			{
				if (gridArray[i][j].x == infSorBlue[o].pos.x && gridArray[i][j].y == infSorBlue[o].pos.y)
				{
					gridArray[i][j].colour.b = 1.0;
				}
			}
			for (int p = 0; p < redCount; p++)
			{
				if (gridArray[i][j].x == infSorRed[p].pos.x && gridArray[i][j].y == infSorRed[p].pos.y)
				{
					gridArray[i][j].colour.r = 1.0;
				}
			}
			
		}
	}
	
		//if ai hits blue source remove it from map
		for (int b = 0; b < blueCount; b++)
		{
			if (ai.x == infSorBlue[b].pos.x && ai.y == infSorBlue[b].pos.y)
			{
				infSorBlue[b].pos.x = NULL;
				infSorBlue[b].pos.y = NULL;
				infSorBlue[b].radius = 0;
				infSorBlue[b].val = 0;
				blueCollected++;
				//cout << blueCollected;
			}
		}
		//move ai.
		aiMove();
		
		//move the influence sources if required

		/*for (int bloo = 0; bloo < blueCount; bloo++)
		{
			for (int wallcheck = 0; wallcheck < wallCount; wallcheck++)
			{
				if (infSorBlue[bloo].pos.x + infSorBlue[bloo].speed.x != wall[wallcheck].x && infSorBlue[bloo].pos.y + infSorBlue[bloo].speed.y != wall[wallcheck].y)
				{
					infSorBlue[bloo].pos.x += infSorBlue[bloo].speed.x;

				}
				else
				{
					infSorBlue[bloo].speed.x = infSorBlue[bloo].speed.x  * -1;
				}
			}
		}*/
		if (infSorRed[0].pos.x + infSorRed[0].speed.x < GRIDSIZE  && infSorRed[0].pos.x + infSorRed[0].speed.x > 0)
		{
			infSorRed[0].pos.x += infSorRed[0].speed.x;

			if (infSorRed[0].pos.y + infSorRed[0].speed.y < GRIDSIZE  && infSorRed[0].pos.y + infSorRed[0].speed.y > 0)
			{
				infSorRed[0].pos.y += infSorRed[0].speed.y;

			}
			else
			{
				infSorRed[0].speed.y *= -1; //change direction if wall hit
			}
			
		}
		else
		{
			infSorRed[0].speed.x *= -1; //change direction if wall hit
		}

		//call display
		glutPostRedisplay();


		//cout << ai.x << " , " << ai.y << endl << endl;
}


void drawBox(float w, float h, float l)
//drawBox
//***************************************************************************
//This function first translates a further x,y,z units then draws a box of
//width w, height h, length l
{
	glPushMatrix();       //save modelview 
	w = w/ 2.0; h = h / 2.0; l = l/2.0; //adjust values so centre is in middle of box
	//draw faces of box
	glBegin(GL_POLYGON);
	glVertex3f(w, l, h);
	glVertex3f(w, l, -h);
	glVertex3f(-w, l, -h);
	glVertex3f(-w, l, h);

	glVertex3f(w, l, h);
	glVertex3f(-w, l, h);
	glVertex3f(-w, -l, h);
	glVertex3f(w, -l, h);

	glVertex3f(w, l, h);
	glVertex3f(w, -l, h);
	glVertex3f(w, -l, -h);
	glVertex3f(w, l, -h);

	glVertex3f(-w, l, h);
	glVertex3f(-w, l, -h);
	glVertex3f(-w, -l, -h);
	glVertex3f(-w, -l, h);
	
	glVertex3f(-w, -l, h);
	glVertex3f(-w, -l, -h);
	glVertex3f(w, -l, -h);
	glVertex3f(w, -l, h);

	glVertex3f(w, -l, -h);
	glVertex3f(-w, -l, -h);
	glVertex3f(-w, l, -h);
	glVertex3f(w, l, -h);
	glEnd();
	glPopMatrix();   //restore previous modelview matrix so leaving things as you found them 
}

// display
//************************************************************************
// desc: handles drawing of scene
void display()
{
	glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);		// clear screen and depth buffer
	glLoadIdentity();										// reset modelview matrix


	gluLookAt(x, x, z,
		x , x, z - 1,
		0.0f, 1.0f, 0.0f);
	
	
	//glRotatef(-10, 0,1, 0);
	//glRotatef(-45, 1, 0, 0);
	
	glTranslatef(0.5, 0.5, 0.5);  //move by x,y and z units
	//tests grid by applying greyscale values to each position
	//
	for (int i = 0; i < GRIDSIZE; i++) {
		for (int j = 0; j < GRIDSIZE; j++) {
			if (gridArray[i][j].colour.r > gridArray[i][j].colour.b)
			{
				glColor3f(gridArray[i][j].colour.r, gridArray[i][j].colour.g, 0);//if red > blue, colour is red
			}
			else
			{
				glColor3f(0, gridArray[i][j].colour.g, gridArray[i][j].colour.b);  //set colour	to blue otherwise	  
			}
			
			for (int w = 0; w < wallCount; w++)//make walls yellow
			{
				if (gridArray[i][j].x == wall[w].x && gridArray[i][j].y == wall[w].y)
				{
					gridArray[i][j].colour.r = 1.0;
					gridArray[i][j].colour.g = 1.0;
					gridArray[i][j].colour.b = 0.0;
					glColor3f(gridArray[i][j].colour.r, gridArray[i][j].colour.g, gridArray[i][j].colour.b);
				}
			}
			if (gridArray[i][j].x == ai.x && gridArray[i][j].y == ai.y)//set colour of the ais position to blue
			{
				glColor3f(0.5, 1.0, 1.0);
				gridArray[i][j].colour.g += 0.1;//set grid values of green to increase by 0.1 - this is to show where ai has been
			}
			
			
			glPushMatrix(); //save current position/orientation, etc.
			glTranslatef(i, j,0);
			drawBox(1,10,1);  //draw 
			glPopMatrix(); //restore previous "current" position/orientation etc.

			
		}
	}

	

	glFlush();  //force drawing

	glutSwapBuffers();			// bring backbuffer to foreground
	//any errors then display error codes 
	GLenum errCode;
	const GLubyte *errString;
	if ((errCode = glGetError()) != GL_NO_ERROR)
	{
		errString = gluErrorString(errCode);
		fprintf(stderr, "OpenGL error : %s\n", errString);
	}

	update(); // recalculate

 }

void reshape(int w, int h)
//reshape
//************************************************************************
//OpenGL reshape callback is called when the window is resized
{
	float ratio = w * 1.0 / h;

	glViewport(0, 0, (GLsizei)w, (GLsizei)h); //respecify size of view port to match new w and h
	glMatrixMode(GL_PROJECTION);  //go into projection mode
	glLoadIdentity();   //reset projection matrix
	gluPerspective(500, ratio, 0.1f, 100.0f); 
										   // viewing volume
										   // window limits of display
										   // left =0.0, right =2.0,
										   // bottom = 0.0, top = 2.0
										   // near =0.0, far = 100.0
		 //gluPerspective(60.0,(GLfloat)w/(GLfloat)h,1.0,200.0);  //redefine projection matrix to match changes in w and h
	glMatrixMode(GL_MODELVIEW);  //switch back to modelview mode
	glLoadIdentity(); //reset modelview matrix

	gluLookAt(x, x, z,
		x , x, z - 1,
		0.0f, 1.0f, 0.0f);
}



int main(int argc, char** argv)
{
	glutInit(&argc, argv);
	glutInitDisplayMode(GLUT_DOUBLE | GLUT_RGB | GLUT_DEPTH);
	glutInitWindowSize(500, 500);
	glutInitWindowPosition(100, 100);
	glutCreateWindow(argv[0]);
	init();
	glutDisplayFunc(display);
	glutReshapeFunc(reshape);
	
	glutMainLoop();
	return 0;
}


float distanceCalc(vec2 pos, vec2 source)//calculate distance
{
	float distance = 0;
	float changeX = 0;
	float changeY = 0;
	//pythag to find distance
	changeX = (pos.x - source.x) * (pos.x - source.x);
	changeY = (pos.y - source.y) * (pos.y - source.y);
	distance = sqrt((changeX)+(changeY));

	return distance;
}

void aiMove()
{
	//init temp variables
	vec2 temp;
	vec2 lookUp, lookDown, lookLeft, lookRight;

	if (blueCollected != blueCount)
	{
		//check current position agaisnt adjacent positions
		/***************************************************/
		lookUp = { ai.x, (ai.y + 1) };

		lookDown = { ai.x, (ai.y - 1) };

		lookLeft = { (ai.x - 1), ai.y };

		lookRight = { (ai.x + 1), ai.y };


		float tempUp = 0, tempDown = 0, tempLeft = 0, tempRight = 0;

		
		//grab colour values from the up, down, left and right movements
		//calculate total influence on ai in the next position based on the (blue value) - (2 * red value) - (green value) 
		//gets influence value based on both sources and where the ai has been (green value) 
		for (int i = 0; i < GRIDSIZE; i++)
		{
			for (int j = 1; j < GRIDSIZE - 1; j++)
			{
				if (lookUp.x == gridArray[i][j].x && lookUp.y == gridArray[i][j].y)
				{
					if (lookUp.y < GRIDSIZE - 1)
					{
						lookUp.colour.r = gridArray[i][j].colour.r;
						lookUp.colour.g = gridArray[i][j].colour.g;
						lookUp.colour.b = gridArray[i][j].colour.b;

						tempUp = lookUp.colour.b - (lookUp.colour.r * 2) - lookUp.colour.g;
						
					}


				}

				if (lookDown.x == gridArray[i][j].x && lookDown.y == gridArray[i][j].y)
				{


					if (lookDown.y > 0)
					{
						lookDown.colour.r = gridArray[i][j].colour.r;
						lookDown.colour.g = gridArray[i][j].colour.g;
						lookDown.colour.b = gridArray[i][j].colour.b;

						tempDown = lookDown.colour.b - (lookDown.colour.r * 2) - lookDown.colour.g;
						
					}

				}

				if (lookLeft.x == gridArray[i][j].x && lookLeft.y == gridArray[i][j].y)
				{
					if (lookLeft.x > 0)
					{
						lookLeft.colour.r = gridArray[i][j].colour.r;
						lookLeft.colour.g = gridArray[i][j].colour.g;
						lookLeft.colour.b = gridArray[i][j].colour.b;

						tempLeft = lookLeft.colour.b - (lookLeft.colour.r * 2) - lookLeft.colour.g;
						

					}

				}

				if (lookRight.x == gridArray[i][j].x && lookRight.y == gridArray[i][j].y)
				{
					if (lookRight.x < GRIDSIZE - 1)
					{
						lookRight.colour.r = gridArray[i][j].colour.r;
						lookRight.colour.g = gridArray[i][j].colour.g;
						lookRight.colour.b = gridArray[i][j].colour.b;

						tempRight = lookRight.colour.b - (lookRight.colour.r * 2) - lookRight.colour.g;
						

					}

				}

			}
		}
		//check if next space is outside of the grid.
		//set temp value to -999 to avoid ai leaving grid
		if (lookUp.y >= GRIDSIZE - 1)
		{
			tempUp = -999;
		}
		if (lookDown.y == 0)
		{
			tempDown = -999;
		}
		if (lookLeft.x == 0)
		{
			tempLeft = -999;
		}
		if (lookRight.x >= GRIDSIZE - 1)
		{
			tempRight = -999;
		}
		//check if next move is in a wall. set value to -999 to not allow movement over walls
		for (int wallCheck = 0; wallCheck < wallCount; wallCheck++)
		{
			if (lookUp.y == wall[wallCheck].y && lookUp.x == wall[wallCheck].x)
			{
				tempUp = -999;
			}
			if (lookDown.y == wall[wallCheck].y && lookDown.x == wall[wallCheck].x) {
				tempDown = -999;
			}
			if (lookLeft.y == wall[wallCheck].y && lookLeft.x == wall[wallCheck].x) {
				tempLeft = -999;
			}
			if (lookRight.y == wall[wallCheck].y && lookRight.x == wall[wallCheck].x) {
				tempRight = -999;
			}
		}

		//compare the total influence from previous calculations.
		//biggest value will become the ai's next move
		float max = 0;
		vec2 move;
		max = tempUp;
		move.x = lookUp.x;
		move.y = lookUp.y;
		if (tempDown > max)
		{
			max = tempDown;
			move.x = lookDown.x;
			move.y = lookDown.y;
		}
		if (tempLeft > max)
		{
			max = tempLeft;
			move.x = lookLeft.x;
			move.y = lookLeft.y;
		}
		if (tempRight > max)
		{
			max = tempRight;
			move.x = lookRight.x;
			move.y = lookRight.y;
		}


		//only allow the ai to move if the next space is within the grid.
		//this shouldnt happen because of the if statements prior which set values to -999 if outside of grid
		if (move.x > 0 && move.x < GRIDSIZE - 1 && move.y < GRIDSIZE - 1 && move.y > 0)
		{
			ai.x = move.x;
			ai.y = move.y;
		}
	

	}
}
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if (lookup.x == gridArray[i][j].x & lookUp.y == gridArray[i][j].y)

if (lookUp.y < GRIDSIZE - 1)

{

lookup.colour..r = gridarray[i][j]-colour.r;
lookup.colour.g = gridArray[i][j]-colour.g;
lookup. colour.b = gridArray[i][j]-colour.b;

‘tempup = lookUp.colour.b - (lookup.colour.r * 2) - lookup.colour.g;
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